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REALIZAREA SISTEMULUI DE RĂCIRE PENTRU PANOUL FOTOVOLTAIC
Mincu F.
DETERMINATION OF THE VOLATILE COMPOSITION (ELECTRONIC NOSE) OF WINE YEAST
BIOMASS USING THE MULTISENSOR SYSTEM / DETERMINAREA COMPOZITIEI VOLATILE (NAS
ELECTRONIC) A BIOMASELOR DE DROJDII DE VIN FOLOSIND SISTEMUL MULTISENZOR
Dumitrache C., Bărbulescu I.D., Begea M., Frîncu M., Matei P.M., Tudor V., Teodorescu R.I.
INTELLIGENT APPLICATION SYSTEMS BY SPRAYING SUBSTANCES IN AGRICULTURE /
SISTEME INTELIGENTE DE APLICARE PRIN PULVERIZAREA A SUBSTANȚELOR ÎN
AGRICULTURĂ
Marin F.M., Gurau G., Gurau C., Ș.L. Marin M., Matache A., Petre A.A., Vanghele N.A.
THE PHOTOCATALYSIS PROCESS FOR REMOVAL ORGANIC POLLUTANTS FROM
WASTEWATER / PROCESUL DE FOTOCATALIZĂ PENTRU ÎNDEPĂRTAREA POLUANȚILOR
ORGANICI DIN APELE UZATE
Stoian O., Covaliu C.I., Paraschiv G., Niţa-Lazăr M., Moga I. C., Paun I., Marin B., Banciu A., György
ECOLOGICAL CONTROL METHODS OF AGRICULTURAL WEEDS/
METODE ECOLOGICE DE COMBATERE A BURUIENILOR DE INTERES AGRICOL
Cojanu D., Țane M.C., Fătu A.C., Marin E.
PRE-FEASIBILITY STUDY ON THE LOCATION OF PHOTOVOLTAIC PANELS IN THE AREA OF
MOLDOVA NOUA, ROMANIA /
STUDIU DE PREFEZABILITATE PE LOCUL PANELURILOR FOTOVOLTAICE DIN ZONA MOLDOVEI
NOUA, ROMÂNIA
Pișleagă M., Caba I
ANALYSIS AND OPTIMIZATION OF A SAVONIUS-DARRIEUS HYBRID WIND TURBINE /
ANALIZA ŞI OPTIMIZAREA UNEI TURBINE EOLIENE HIBRIDE SAVONIUS-DARRIEUS
Maican E., Dumitrescu L., Rădoi R., Ciobanu O., Preda D.
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58.

59.

60.

61.

SOURDOUGH AS INSTRUMENT FOR IMPROVING SHELF-LIFE AND QUALITY OF WHEAT BREAD
USING MICROBIOLOGICAL AND MICOTOXIN DETERMINATIONS /
MAIAUA CA INSTRUMENT PENTRU CREȘTEREA PERIOADEI DE VALABILITATE ȘI A CALITĂȚII
PÂINII DIN GRÂU FOLOSIND DETERMINARI MICROBIOLOGICE ȘI ALE MICOTOXINELOR
Cucu Ş.E., Mustățea G., Cucu M.E., Popa M.E.
MONITORING OF AMBROSIA ARTEMISIIFOLIA L. SPREADING IN WEEDING CROPS IN SOUTHERN
ROMANIA / MONTORIZAREA RĂSPÂNDIRII SPECIEI AMBROSIA ARTEMISIIFOLIA L. ÎN
CULTURILE DE PRAȘITOARE DIN JUDEȚUL ILFOV ROMÂNIA
Grădilă M., Jalobă D., Jinga V., Eugen M., Sorica C., Grigore I.
IMPACT OF LOCKDOWN ON AIR QUALITY IN BUCHAREST DURING COVID-19 PANDEMIC /
IMPACTUL CARANTINEI ASUPRA CALITĂȚII AERULUI DIN BUCUREȘTI ÎN TIMPUL PANDEMIEI
DE COVID-19
Gheorghiță N.-E.
NUTRIENT REMOVAL FROM WASTEWATER BY MICROALGAE CHLORELLA VULGARIS /
ELIMINAREA NUTRIENȚILOR DIN APA UZATĂ DE CĂTRE MICROALGA CHLORELLA VULGARIS
Ungureanu N., Vlăduţ V., Popa (Ivanciu) M.
EXPERIMENTAL MODEL OF BIOFERTILIZED EXTRACTOR / BIOINSECTICIDES FOR
ECOLOGICAL AGRICULTURE / MODEL EXPERIMENTAL DE EXTRACTOR BIOFERTILIZAT /
BIOINSECTICIDE PENTRU AGRICULTURA ECOLOGICĂ
Voicea I., Gageanu I., Matache M.G., Milian G., Nenciu F.
ASPECTS REGARDING THE TREATMENT OF SLAUGHTERHOUSE WASTEWATER/
ASPECTE PRIVIND TRATAREA APELOR UZATE DIN ABATOARE
Ungureanu N., Valentin Vlăduţ, Popa (Ivanciu) M., Nenciu F.
CONSIDERATIONS ON THE MEASURABLE FACTORS OF INFLUENCE OF MICROCLIMATE IN
PROTECTED SPACES / CONSIDERAŢII PRIVIND FACTORII MĂSURABILI DE INFLUENŢĂ A
MICROCLIMATULUI ÎN SPAŢIILE PROTEJATE
Cujbescu D., Persu C., Găgeanu I., Matache M., Dumitrescu L., Murgescu I., Petre C., Jinga V., Nenciu F.
USE OF GREENHOUSES IN THE CONTEXT OF CLIMATE CHANGE/
SPAŢIILE PROTEJATE DE TIP SERE ÎN CONTEXTUL SCHIMBĂRILOR CLIMATICE
Cujbescu D., Persu C., Găgeanu I., Dumitrescu L., Murgescu I., Petre C., Jinga V., Nenciu F.
CONSIDERATIONS ON OBTAINING COMBINED PELLETED FISH FOOD / CONSIDERAŢII PRIVIND
OBŢINEREA DE HRANĂ COMBINATĂ PENTRU PEŞTI SUB FORMĂ DE PELETE
Găgeanu G., Găgeanu I., Cujbescu D., Persu C., Costache M., Nenciu F.
ANALYSIS OF THE CURRENT SITUATION REGARDING THE TEMPORAL EVOLUTIONS OF GHG
EMISSIONS AND ABSORPTIONS / ANALIZA SITUATIEI CURENTE PRIVIND EVOLUTIILE
TEMPORALE ALE EMISIILOR SI ABSORBTIILOR DE GES
Neagoe M., Voicea I., Dumitru D., Eng. Gageanu I., Matthew M., Boboc M., Nenciu F.
CURRENT STATE CONCERNING THE CONSTRUCTION OF SOIL MODELING EQUIPMENT FOR
COMPARTMENTED FURROWS/
STADIUL ACTUAL PRIVIND CONSTRUCŢIA ECHIPAMENTELOR PENTRU MODELAREA SOLULUI
CU BRAZDE COMPARTIMENTATE
Marin A.M., Manea D., Biriș S.S., Olteanu B.G., Miron I.C., Stefan V., Popa L.
LABORATORY DEVELOPMENT OF AN AQUATIC PLANT CULTURE SUITABLE FOR THE
POLICULTURE FISH FARMING SYSTEM /
DEZVOLTAREA ÎN LABORATOR A UNEI CULTURI DE PLANTE ACVATICE PRETABILĂ PENTRU
SISTEMUL DE CREȘTERE A PEȘTILOR ÎN POLICULTURĂ
Neagoe M., Voicea I., Gageanu I., Moga I.C., Arsenoaia V., Nenciu F.
RESEARCH REGARDING THE REALISATION OF GRANULAR ORGANO-MINERAL FERTILIZERS
BASED ON BIOSOLIDS / CERCETǍRI PRIVIND OBŢINEREA FERTILIZANȚILOR ORGANOMINERALI GRANULARI PE BAZĂ DE BIOSOLIDE
Coța C., Cioica N., Nagy E., Gyorgy Z., Fechete R.
A REVIEW ON NATIONAL AND INTERNATIONAL REGULATIONS REGARDING THE ACCOUNTING
AND REPORTING OF GHG EMISSIONS AND ABSORPTIONS IN THE AGRICULTURAL SECTOR/
O REVIZUIRE A REGLEMENTǍRILOR NAŢIONALE ŞI INTERNAŢIONALE PRIVIND
CONTABILIZAREA ŞI RAPORTAREA EMISIILOR ŞI ABSORBŢIILOR DE GES DIN SECTORUL
AGRICULTURǍ
Cioica N., Pruteanu A., Voicea I., Cota C., Nagy E. M., Gyorgy Z.
THE CURRENT STAGE REGARDING THE CONSTRUCTION OF MECHANISMS WITH
RETRACTABLE FINGERS / STADIUL ACTUAL PRIVIND CONSTRUCȚIA MECANISMELOR CU
DEGETE ESCAMOTABILE
Miron I.-C., Olteanu B.G., Marin A.M., Popa L., Stefan V.
VERIFICATION OF THE ACHIEVEMENT OF THE USUAL QUALITIES FOR
COMPARTMENTALIZATION OF WATERING FURROWS AFTER THE USE OF SOIL MODELING
SYSTEMS IN COMPARTMENTALIZED FURROW FODDER CROPS -DMBC-5 / VERIFICAREA
MODULUI DE REALIZARE A INDICILOR CALITATIVI OBȚINUȚI LA COMPARTIMENTAREA BRAZDELOR
DE UDARE DUPĂ UTILIZAREA DISPOZITIVULUI DE MODELAT SOLUL ÎN BRAZDE COMPARTIMENTATE
LA CULTURILE PRĂȘITOARE-DMBC5
Oprescu R., Dumitru D., Dumitru I., Angelache D., Biriș S. Șt., Nenciu F.
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73.
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76.

METHODS OF COLLECTING AIR HUMIDITY FOR THE PURPOSE OF VALORIZATION FOR CROP
IRRIGATION/ METODE DE COLECTARE A UMIDITĂȚII DIN AER ÎN SCOPUL VALORIFICĂRII LA
IRIGAREA CULTURILOR
Popa R., Popa V., Marin E., Manea D., Mateescu M., Gheorghe G.
CONSIDERATIONS REGARDING THE RISK MANAGEMENT IN THE FIELD OF MACHINES AND
INSTALLATIONS DESIGNED TO AGRICULTURE AND FOOD INDUSTRY/
CONSIDERAȚII PRIVIND MANAGEMENTUL RISCULUI ÎN DOMENIUL MAȘINILOR ȘI
INSTALAȚIILOR DESTINATE AGRICULTURII ȘI INDUSTRIEI ALIMENTARE
Brӑcӑcescu C., Cristea O., Iorga C.S., Dumitru O.M., Brăcăcescu R.-V.
EXPERIMENTAL RESEARCHES REGARDING WORKING QUALITATIVE INDICATORS OF A
PERFORMANT MACHINE FOR THE APPLICATION OF PHYTOSANITARY TREATMENTS IN FIELD
CROPS, WITH THE PURPOSE OF PREVENTING ENVIRONMENTAL DEGRADATION /
CERCETARI EXPERIMENTALE PRIVIND INDICII CALITATIVI DE LUCRU AI UNEI MASINI
PERFORMANTE DESTINATE APLICARII TRATRATAMENTELOR FITO-SANITARE ÎN CULTURA DE
CÂMP CU SCOPUL DE PREVENIRE A DEGRADĂRII MEDIULUI
Nagy E.M., Cota C., Cioica N., Gyorgy Z., Sipos St.,.Cotlar D.A., Bodnar T.
RECOVERY OF VEGETABLE WASTE IN THE FORM OF COMPOST/
VALORIFICAREA DEȘEURILOR VEGETALE SUB FORMĂ DE COMPOST
Olteanu B-G., Ciuperca R., Nedelcu., Popa L., Miron.C., Marin.A.
ENVIRONMENTAL POLLUTION CAUSED BY AGRICULTURAL ACTIVITIES/
POLUAREA MEDIULUI ÎNCONJURĂTOR CAUZATĂ DE ACTIVITĂȚILE AGRICOLE
Tăbăraşu A-M., Matache M., Grigore A.I., Vlăduţoiu L., Ungureanu N., Eng. Biriş S.Şt.
CONSIDERATIONS REGARDING COMPUTER APPLICATIONS INTENDED FOR MICROCLIMATE
MONITORING IN PROTECTED AREAS – REVIEW / CONSIDERAȚII PRIVIND APLICAȚIILE
INFORMATICE DESTINATE MONITORIZĂRII MICROCLIMATULUI ÎN SPAȚIILE PROTEJATEREVIEW
Dumitru I., Persu C., Cristea M., Stroescu Gh., Grigore A.I., Oprescu R.M., Anghelache D., Vladutoiu L.,
Sorică E., Nenciu F.
CONSIDERATIONS REGARDING THE ENVIRONMENTAL POLLUTION FACTORS IN AGROZOOTECHNICAL HOLDINGS AND THEIR PREVENTION MEASURES /
CONSIDERAŢII PRIVIND FACTORII DE POLUAREA MEDIULUI ȊN EXPLOATAŢIILE AGROZOOTEHNICE ȘI MĂSURILE DE PREVENIRE A ACESTORA
Brӑcӑcescu C.,Matache M., Vanghele N., Petre A., Matache A., Cristea O.
INTEGRATING CLIMATE CHANGE ADAPTATION MEASURES INTO SECTORAL DEVELOPMENT
STRATEGIES AND POLICIES /
INTEGRAREA MASURILOR DE ADAPTARE LA SCHIMBARILE CLIMATICE IN STRATEGIILE SI
POLITICILE DE DEZVOLTARE SECTORIALA
Cristea O.D., Matache M., Bolintineanu Ghe., Cristea M., Cristea L.C., Nenciu F.
CONSIDERATIONS REGARDING THE USE OF UV-C RADIATION WITHIN THE ACTIVITY OF
SANITIZING VARIOUS WORKING SPACES/
CONSIDERAŢII PRIVIND UTILIZAREA RADIAȚIEI ULTRAVIOLETE UV-C ÎN ACTIVITATEA DE
IGIENIZARE A DIVERSELOR SPAȚII DE LUCRU
Sorică C., Sorică E., Grigore I., Cristea M., Grigore A. I., Vladutoiu L., Milian G., Nenciu F.
RESEARCH ON THE ESTIMATION OF THE OPTIMUM OPERATING DURATION OF THE
DENTAL CUTTER HEAD / CERCETĂRI PRIVIND ESTIMAREA DURATEI OPTIME DE FUNCȚIONARE
A CAPULUI FREZEI STOMATOLOGICE
Sărăcin I.Al., Filip I., Sărăcin I., Cârdei P., Voicu Ghe.
VALORIZATION OF BAMBOO IN INDUSTRY /
VALORIFICAREA BAMBUSULUI ÎN INDUSTRIE
Vanghele N. A., Muscalu A.T., Matache A., Petre A.A., Mihalache D.B., Nenciu F.
THE PRODUCTION OF BIOHUMUS FOR A HEALTHY AND ORGANIC AGRICULTURE/
PRODUCEREA BIOHUMUSULUI PENTRU O AGRICULTURĂ BIO ȘI SĂNĂTOASĂ
Laza E-A., Caba I., Nenciu F.
CONSIDERATIONS REGARDING THE CALCULATION OF THE SOUND PRESSURE LEVELS FOR A
SOURCE LOCATED INDOORS/ CONSIDERATII PRIVIND CALCULUL NIVELULUI DE PRESIUNE
SONORA PENTRU O SURSA AFLATA ÎNTR-O ÎNCAPERE
Sorică E., Grigore A. I., Nenciu F., Cristea M., Milian G., Dumitru I.
EXPERIMENTAL MODEL OF GRANULATED / PELLETIZED FEED PRODUCTION INSTALLATION
FOR AQUACULTURE/ MODEL EXPERIMENTAL DE INSTALAȚIE PRODUCERE FURAJE
GRANULATE/ PELETIZATE PENTRU ACVACULTURA
Voicea I., Gageanu I., Matache M., Vladut V., Moga I.C., Arsenoaia V., Costache M., Nenciu F.
SIMPLIFIED METHOD FOR PRODUCING BIOETHANOL FROM JERUSALEM ARTICHOKE
TUBERS, RESEARCH ON THE INFLUENCE OF CLIMATIC CONDITIONS, SOIL AND PROCESSING
METHODS FOR THE PRODUCTION OF BIOFUELS/
METODA SIMPLIFICATA DE PRODUCERE DE BIOETANOL DIN TUBERCULII DE TOPINAMBUR,
CERCETĂRI ASUPRA INFLUENȚEI CONDIȚIILOR CLIMATICE, A SOLULUI ȘI A METODELOR DE
PRELUCRARE IN PRODUCEREA DE BIOCOMBUSTIBILI
Nenciu F., Gǎgeanu G., , Matache M.G., Gǎgeanu I., Voicea I., Milian G., Nae G.
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77.

78.

79.

80.
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82.

83.
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86.

87.

88.

89.

90.

91.

92.

CONSIDERATIONS ON THE INTERCONNECTION OF CUTTING MACHINES WITH DIGITAL
CONTROL – Review / CONSIDERAȚII PRIVIND INTERCONECTAREA MAȘINILOR DE DEBITAT CU
COMANDĂ NUMERICĂ – Review
Dumitru D., Gageanu I., Petre A., Mihalache B., Vanghele N., Nenciu F.
RESEARCH ON THE USE OF TECHNICAL PLANTS AND POMICULTURE WASTE IN THE
PRODUCTION OF BIOFUELS / CERCETĂRI ASUPRA UTILIZARII PLANTELOR TEHNICE SI A
DESEURILOR DIN POMICULTURA IN PRODUCEREA DE BIOCOMBUSTIBILI
Nenciu F., Gǎgeanu G., Matache M.G., Gǎgeanu I., Voicea I., Milian G., Mircea C.
RESEARCH ON THE CURRENT STATE OF TECHNICAL EQUIPMENT FOR THE EVACUATION OF
SEEDS FROM BUNKERS / CERCETĂRI PRIVIND STADIUL ACTUAL AL ECHIPAMENTELOR
TEHNICE PENTRU EVACUAREA SEMINȚELOR DIN BUNCĂRE
Petre A.A., Vanghele N.A., Mihalache B.D., Grigore A.I., Matache A., Dumitru D.N., Stanciu M.M.,
Grigore I., Nenciu F.
POLLUTION OF THE ENVIRONMENT AND ORGANISMS IN THE CONTEXT OF MODERN
AGRICULTURE/
POLUAREA MEDIULUI ȘI A ORGANISMELOR ÎN CONTEXTUL AGRICULTURII MODERNE
Matache A., Matache M.G., Petre A.A., Vanghele N.A.,Cristea M.
DIGITALIZATION OF AGRICULTURE /
DIGITALIZAREA AGRICULTURII
Mihalache D.B.,Vanghele N. A., Petre A.A.
ALTERNATIVE SOLUTIONS FOR WEED CONTROL ON VEGETABLE CROPS /
SOLUȚII ALTERNATIVE DE COMBATERE A BURUIENILOR ÎN CULTURILE DE LEGUME
Marin E., Baltatu C., Mateescu M.,.Cristea O-D., Andrei A-M, Gradila M.
REACTIV EXTRUSION PROCESSING OF NUTRIENT-ENRICHED BIOSOLIDS /
PROCESAREA PRIN EXTRUDARE REACTIVǍ A BIOSOLIDELOR ÎMBOGǍŢITE ÎN NUTRIENŢI
Cioica N., Coța C., Nagy E. M., Gyorgy Z., Nicola C.
CONSIDERATIONS CONCERNING THE EFFICIENT USE OF WATER IN AGRICULTURAL
PRECIPITATION /
CONSIDERAȚII PRIVIND UTILIZARE MAI EFICIENTĂ A APEI DIN PRECIPITAȚII ÎN AGRICULTURĂ
Oprescu R, Dumitru D. , Dumitru I., Angelache D., Voicea I., Biris S., Nenciu F.
STUDIES ON THE QUALITY OF JUICES OBTAINED FROM THE PROCESSING OF BLUEBERRY
FRUITS /
STUDII PRIVIND CALITATEA SUCURILOR OBȚINUTE ÎN URMA PROCESĂRII AFINELOR
Stanciu M.M, Muscalu A.T., Petre A.A., Eng. Vanghele N.A., Eng. Matache A., Nenciu F.
NEW SOLUTIONS FOR MECHANICAL APPLICATION OF TREATMENTS WITH BIOINOCULANTS
IN VEGETABLE CROPS / SOLUȚII NOI DE APLICARE MECANICĂ A TRATAMENTELOR CU
BIOINOCULANȚI ÎN CULTURILE DE LEGUME
Marin E., Constantinescu L-M., Mateescu M., Cristea O-D., Andrei A.M., Fătu A.
RECOVERY OF LIGNOCELLULOSIC WASTE FROM HORTICULTURE BY TABLETING /
VALORIFICAREA DEŞEURILOR LIGNOCELULOZICE DIN HORTICULTURĂ PRIN TABLETIZARE
Găgeanu I., Persu C., Cujbescu D., Gheorghe G., Nenciu F.
ONTRIBUTIONS TO THE GENERATION OF PRECESSIONAL GEAR TEETH BY PLASTIC
DEFORMATION /
CONTRIBUTII LA GENERAREA PRECESIONALA A DANTURII PINOANELOR PRIN DEFORMARE
PLASTICA
Trifan N., Ciobanu R., Hristea M.-Al., Tudor B.-Al., Dumitru D.
PRELIMINARY RESEARCH ON ECONOMIC EFFICIENCY IN MECHANIZED HYSSOP (HYSSOPUS
OFFICINALIS L., FAM LAMIACEAE) HARVESTING /
CERCETĂRI PRELIMINARE PRIVIND EFICIENȚA ECONOMICĂ LA RECOLTAREA MECANIZATĂ A
ISOPULUI (HYSSOPUS OFFICINALIS L., FAM LAMIACEAE)
Muscalu A., Tudora C., Dumitru E., Barcanu Tudor E., Mârzan O., Bîrsan M.
CONTRIBUTIONS TO THE IMPROVEMENT OF A TECHNICAL EQUIPMENT FOR DIRECTLY
SOWING STRAW CEREALS /
CONTRIBUŢII LA ÎMBUNĂTĂŢIREA UNUI ECHIPAMENT TEHNIC DE SEMĂNAT DIRECT CEREALE
PĂIOASE
Mateescu M.
STUDY ON THE ELEMENTS OF PRODUCTIVITY AND PRODUCTION OF CORN IN DIFFERENT
TECHNOLOGICAL CONDITIONS /
STUDIU PRIVIND ELEMENTELE PRODUCTIVITĂŢII ŞI PRODUCŢIA LA PORUMB ÎN CONDIȚII
TEHNOLOGICE DIFERITE
Sterian R.A., Viorel I., Muraru Ionel C., Stoleru V., Muraru S., Condruz P., Muraru V.
RESEARCH ON THE USE OF PHOTOVOLTAIC SYSTEMS TO POWER OFF-ROAD ELECTRIC
TRACTORS/
CERCETARI PRIVIND UTILIZAREA SISTEMELOR FOTOVOLTAICE PENTRU ALIMENTAREA
TRACTOARELOR ELECTRICE CU FUNCTIONARE OFF-ROAD
Nenciu F., Matache M.G., Cristea M., Gǎgeanu I., Voicea I.

10

497

503

509

515

523

528

532

538

546

550

554

559

568

573

577

586

INTERNATIONAL SYMPOSIUM

COMPARATIVE STUDY ON EXTRACTION OF VOLATILE OILS WITH EUV-500 AND EUV-1000
EQUIPMENT/
93.
STUDIU COMPARATIV PRIVIND EXTRACTIA DE ULEIURI VOLATILE CU ECHIPAMENTELE
EUV-500 SI EUV-1000
Grigore I., Vladutoiu L.C., Grigore A. I., Sorica C., Mario C., Petre A.A., Sorica E., Nenciu F.
CONSIDERATIONS ON THE PROCESS OF CONDITIONING FRUITS AND VEGETABLES /
CONSIDERATII PRIVIND PROCESUL DE CONDITIONARE A FRUCTELOR SI LEGUMELOR
94.
Grigore A. I., Grigore I., Vladutoiu L., Sorică C., Cristea M., Petre A.A., Milian G., Sorică E., Dumitru I.,
Nenciu F.
STUDY ON INSTALLATIONS FOR VERMICOMPOST PRODUCTION /
95.
STUDIU PRIVIND INSTALATIILE PENTRU PRODUCTIA DE VERMICOMPOST
Zaica Al., Olan M., Păun A., Caba I., Bunduchi G., Zaica A., Popa L-D., Teliban G.
CONTRIBUTIONS TO THE IMPROVEMENT OF TECHNICAL EQUIPMENT FOR SOIL SUBSTRATUM
TILLAGE, ADAPTED TO CONSERVATION TECHNOLOGY /
96. CONTRIBUŢII LA ÎMBUNĂTĂŢIREA UNUI ECHIPAMENT TEHNIC DE LUCRAT SOLUL ÎN SUBSTRAT
ADAPTAT TEHNOLOGIEI CONSERVATIVE
Neagoe V., Neagoe M., Marin E., Voicea I.
CONSIDERATIONS REGARDING TECHNOLOGIES FOR HEMP STEM HARVESTING /
97.
CONSIDERAŢII PRIVIND TEHNOLOGIILE PENTRU RECOLTAREA TULPINILOR DE CÂNEPĂ
Nedelcu A., Popa L.-D., Zaica Al., Zaica A., Ştefan V.
PROCESSING OF MAIZE SEEDS TO OBTAIN HIGH QUALITY FINISHED PRODUCTS IN THE
CONTEXT OF THE REQUIREMENTS FOR FUNCTIONAL AND COMMERCIAL DIVERSIFICATION OF
FOOD PRODUCTS /
98. PROCESAREA SEMINŢELOR DE PORUMB ÎN VEDEREA OBŢINERII UNOR PRODUSE FINITE DE
CALITATE SUPERIOARĂ, ÎN CONTEXTUL CERINŢELOR DIVERSIFICĂRII FUNCŢIONALE ŞI
COMERCIALE A PRODUSELOR ALIMENTARE
Bunduchi G., Gageanu P., Păun A., Zaica Al., Olan M., Epure M.
NEW DESIGN PRINCIPLE OF INNOVATIVE EQUIPMENT TO SEPARATE THE FRIZZED BERRIES
AND THEIR SEEDS FROM FOOD BY-PRODUCTS POWERED BY COMPLIANT FLUIDIC
ACTUATORS - PAM’S /
99.
PRINCIPIUL NOU DE DESIGN A ECHIPAMENTELOR INOVATIVE DEDICATE FRUCTELOR
CONGELATE ȘI A SEMINȚELOR DIN SUBPRODUSELE LOR ACȚIONATE DE ACTUATORI FLUIDICI
COMPLIANȚI- PAM
Visan L., Dumitru M., Zaica A., Paun A., Dumitrescu C., Matache G.
SUBASSEMBLIES WITH VERTICAL AXIS ROTORS /
MODELE STRUCTURALE ELEMENTARE FOLOSITE PENTRU SUBANSAMBLURI ALE GRAPELOR
100.
AGRICOLE CU ROTOARE CU AX VERTICAL
Iordache V., Saracin I., Cardei P., Sfaru R., Muraru S.L., Iordache S.D.
ESTABLISHMENT OF THE OPTIMAL SOLUTION FOR A NEW TYPE OF INSTALLATION /
ANALIZA CRITERIALA A ECHIPAMENTELOR PENTRU PRODUCERE BIOHUMUS
101.
SI STABILREA SOLUTIEI OPTIME PENTRU UN NOU TIP DE INSTALATIE
Olan M., Zaica Al., Bunduchi G., Vlăduț V., Păun A., Găgeanu P., Caba I.
BIODEGRADABLE WASTE COMPOSITION SYSTEM WITHTHERMAL ENERGY RECOVERY /
SISTEM DE COMPOSTARE DESEURI BIODEGRADABILE CU RECUPERAREA ENERGIEI
102.
TERMICE
Ciupercă R., Zaica A., Nedelcu A., Popa L., Ştefan V.
REGULATIONS REGARDING THE GAS EMISSIONS OF DIESEL ENGINES USED IN INDUSTRY AND
AGRICULTURE / REGLEMENTĂRI REFERITOARE LA EMISIILE DE GAZE ALE MOTOARELOR
103.
DIESEL UTILIZATE ÎN INDUSTRIE ŞI AGRICULTURĂ
Zaica A., Matache M.G., Zaica Al., Ciupercă R., Popa L.D.
CONTRIBUTIONS TO THE REALIZATION OF AN INNOVATIVE EQUIPMENT FOR SOWING
TECHNICAL PLANTS / CONTRIBUŢII LA REALIZAREA UNUI ECHIPAMENT INOVATIV DE
104.
SEMANAT PLANTE TEHNICE
Zaica A., Ciupercă R., Zaica Al., Ştefan V., Popa L-D.
EXPERIMENTAL RESEARCH ON THE AGRO-TECHNICAL PARAMETERS CARRIED OUT WITH A
SEEDING PLANT WITH CUPS DISTRIBUTOR /
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ABSTRACT
The paper contains a description of the lack of technical equipment designed to separate the frozen
berries, necessity that was mentioned by the sea buckthorn orchards owners which have made nowadays
extensive investments both in plantations establishment works and in berries processing lines, as the fruit fresh
state period is very short, of about three days, after that is necessary to fast-freeze them due to the oxidation
process that takes place afterwards, and for this reason it is necessary to make investments in dedicated types
of equipment to capitalize the raw material in high-value products such as juices, jams, liqueurs, powders,
colorants, teas, phyto-pharmaceutical products and fodder. The constructive solution studied in this case will be
to optimize the separation process of frozen sea buckthorn berries with crank mechanism implemented in the
processing technologies in order to achieve low damage the frozen fruit, high purity at equipment evacuation at
low energy consumption.
REZUMAT
Lucrarea conține o descriere a lipsei de echipament tehnic conceput pentru a separa boabele înghețate
de cătină, necesitate menționată de proprietarii de livezi de cătină, care au făcut investiții mari în zilele noastre
în lucrările de înființare a plantațiilor și în liniile de prelucrare a fructelor de pădure, deoarece fructul proaspăt
are perioada de stare proaspăta foarte scurtă, la aproximativ 3 zile și după aceea este necesară congelarea
rapidă datorită procesului de oxidare care are loc după aceea, și din acest motiv, este necesar să se facă
investiții în tipuri de echipamente dedicate pentru a valorifica materia primă în produse cu valoare adăugată
cum ar fi sucuri, gemuri, lichioruri, pulberi, coloranți, ceaiuri, produse fito-farmaceutice și furaje. Soluția
constructivă studiată în acest caz va fi optimizarea procesului de separare a fructelor de cătină înghețate cu
mecanism bielă -manivelă implementat în tehnologiile de prelucrare pentru a realiza daune mici fructelor
congelate, puritate ridicată și consum redus de energie.
INTRODUCTION
Lately, in the Romanian orchard farms, the most high-value economic activity in the pomiculture is the
capitalization of sea buckthorn fruits because, at international level, our fruits are appreciated and according to
scientists in this field of activity, have all the nutritional values required by the food and phyto-pharmaceutic
industry, (Brad et al, 2002; Florea, 2013; Jochemsen, 2013; Rati and Rati, 2003).
Romania had presented a great interest on this sector of pomiculture before 1974, and from that time
onwards the research activities were conducted with great success by our specialists (Brad et al, 2002; Voicu
and Căsăndroiu,1995). Lately, taking into consideration the fact that this sector is growing, from exchange
market share point of view, and the opportunities to capitalize the sea-buckthorn fruit at high-value, the local
farmers encounter a technological barrier, due to the lack of equipment’s design to separate their fruits in cold
conditions.
In most prestigious UE food companies (Hranemann and Sanddorn Storchennest GmbH Company Germany, Forst Schneebecke Company- Poland, Ernst Triquardt - Finland) and in Asia (Beyond and
Guangdong - China), the technologic processing lines dedicated from sea buckthorn pre-processing lines are
not visible and only few technological information can be accessed from ISI and BDI scientific papers.
The most valuable product obtain from the fruits is the oil, this fraction is obtained from: burke, pulp, guise
and seeds, some of the research results obtained by specialists make a distinction of its use in accordance with
production method. But the main concern is to obtain clean berry material in a short period of time in order to
avoid oxidation or defrost.
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Usually, the technological process involves multi operational tasks that are alternated with fast freezing
tunnels or chambers, so the separation equipment can work in continuous process or in batches. From our
research, the most used separation equipment is endowed with vibratory plane sieves, like Hranemann,
Sanddorn Storchennest GmbH, and etc. (Aan and Heinloo, 2015; Milea et al, 2019; Voicu and Căsăndroiu,
1995; https://www.amos-industrie.com; https://www.socma.info/equipements /egreneur-vibrant-le-cube).
MATERIALS AND METHODS
In this paper will be presented a mathematical modelling of plane sieve kinematic regime to optimize the
separation process of frozen Romanian sea buckthorn berries (H. Rhamnoides ssp. Carpatica), fruits that
present a special particularity (Vișan et al, 2019), like the bristles on fruits and also on leaves and the fruits are
sensitive to mechanical hits. Some of the mechanical properties of these berries that must be taken into account
are presented in the fig.1.

Fig. 1 - Structural physical dimensions of Romanian sea buckthorn berries

The data presented in the fig.1 will be used in a plane sieve kinematic regime mathematical modelling, an
useful assumption is that due to low temperature (lower than 100C) in the processing chamber, the particle /
berries have low moisture and low wet friction forces, because the water particles will be in an ice crystal shape
and also almost all Romanian sea blackthorn berries have the outer surface covered with thin scaly hairs,
respectively several point contact with the sea buckthorn beery bark.
In our case, the separation material that must be separated has the components: large vegetal particles
(peduncle, small branches and leaves, etc.), freeze berries and small impurities (parts of leaves and berries), so
the working principle that must be applied are for sieves for large impurities (the processing material applied on
the sieve can have a large variation from the supply opening until the evacuation. If the cinematic regime is not
adjusted, the material upon the sieve surface can be framed in the next 4 cases: case I - relative rest; case II relative displacement without detachment; case III - relative displacement with detachment and case IV detachment from the sieve surface.
More than that, for an efficient sieve separation the material must have a relative displacement in bought
directions and in the same time the feed material is necessary to register a total displacement directed to the
sieve evacuation.
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So, the mathematical conditions that our martial must respect during the separation process are (Voicu
and Căsăndroiu, 1995):
• case I: the k˂{ks,kj,ko};
• case II: a) only for upper displacement ks˂k˂kj, (1-with detachment k>ko,, 2-without detachment k˂ko);
• case II: b) only for lower displacement kj˂k˂ks, (1-with detachment k>ko, 2-without detachment k˂ko);
• case III: a) only for upper displacement k>kj>ks, (1-with detachment k>ko, 2-without detachment k˂ko);
• case III: b) equal displacement k>ks=kj>, (1-with detachment k>ko , 2-without detachment k˂ko);
• case III: c) only for lower displacement k>ks> kj , (1-with detachment k>ko, 2-without detachment k˂ko);
• case IV> the ε=π/2-α and k>ko;
Where:
k is the sieve cinematic regime index, equation (1);
ks is particle upper relative displacement, equation (2);
kj is particle lower relative displacement, equation (3);
ko is the sieve minimal cinematic regime, equation (4).
The sieve location and geometric parameters are represented in fig. 2.

Fig. 2 - Operating scheme of the suspended oscillating flat screen and
separation block eccentric mechanism

(

)

k = r   2 / g , k  cos( +  +  )  cos(t )  sin ( +  )

(1)

ks =

sin ( +  )
cos( +  +  )

(2)

kj =

sin ( −  )
cos( +  −  )

(3)

k0 =

cos 
sin ( +  )

(4)

Where: ε – sieve oscillatory movement angle, created by axes that passes throng sieve mass centre with
the fixed articulation of the crank mechanism and with horizontal direction h-h, degrees;
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α – sieve angular displacement in accordance with horizontal direction h-h, degrees;
φ – particle friction angle on sieve surface under its weigh when is in repose, degrees;
r – crank radius, mm;
ωt – angle of the crank mechanism, degrees;
ω – angular velocity,rad/s;
g – gravitational acceleration, m/s2;
The mathematical study presented is made according the next assumptions: the material consist from
isolated material particles, which does not interact with each other; is neglected the air flow within separation
chamber; the sieve is assimilated with a smooth plane surface (are neglected the sieve openings); the particle
friction angle is constant during functioning and the sieve has an oscillatory linear displacement according with
the equations system (5) and the operating environmental temperature is maintained constant at 10 0C.


 x = −r  cos(t )

dx

= r    sin (t )
v =
dt

dv

a=
= r   2  cos(t )

dt


(5)

The mathematical model is applied on a separation module MII , with stainless steel oscillatory sieves
with rectangular openings placed on the elastic hook-up 1 are poisoned at an angle α = 12 0, represented in
fig.3. The separation block is suspended on the vertical elastic blades, powered with eccentric mechanism
made from elements: 3 and 4 a 180 0 positioned brackets representing the connecting rods and a 7 central shaft
with a rotational speed ω = 320 rot/min driven by a belt wheel 5, the nominal stroke x = 24 mm, oscillation
amplitude An = 12 mm, and sieve oscillatory movement angle ε=10 0, presented in fig.3.
The separation material is defined like ellipse-shaped particles with next geometrical dimensions: height
l=7.2 ÷12.3 mm, diameter d= 6.3÷9.4 mm, weight of 100 berries m100=19÷72 g (values that where gather from
fig. 2), particle friction angle on sieve surface φ = 20 0 and the moisture 10÷ 14 %.
From experimental point of view the optimal value of sieve cinematic coefficient k depends also by the
supply specific flow q, kg/dmh, equation (6), and separation coefficient εsep, equation (7),

k opt =

 sep =

a + b*q
Q
,q =
g
B
1
c *b*q
1+
L

(6)

(7)

where: a and b – experimental coefficients specific of separation material, angle α and shape of sieve openings;
c - initial impurity content, %; Q – sieve separation capacity, kg/h;L -sieve length, mm; B -sieve width, mm.
RESULTS
The separation process occurs under normal conditions if the separation material is moved in both
directions, more towards the outlet orifice, with or without detachment (depending on the size of the particle),
operating conditions that correspond to mathematical condition III. c (1.372>0.712>0.139).
Then minimum value of k must be estimated, so the particle to stay on sieve cos (ωt)=-1, working
conditions that corresponds to conditions III. c2 (1.372˂2.612). In this cases, the ko change’s its value, only if
the α=ct. So, the minimal value of k0 =0.9781 and k0min = cos α. which corresponds of an oscillation direction ε’ =
π/2-α, that in our case is estimated at 780 and the k’0min = 0.978. But, sometimes the cold particles, respectively
the frizzed sea blackthorn berries have the tendency to attach to the stainless steel sieve, case in which the
particle must have a slide detachment from the separation surface (working conditions that corresponds to
conditions III.c1, respectively 1.372>0.978), so the k>komin and for this reason operating conditions must be reevaluated using equation (1), especially the detachment moment that now ωt’=73.340.
Appling the equation (5) were drawn the dynamics parameters graphs for eccentric shaft coping point E
during the sieve functioning mode, fig. 3.
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Sieve separation capacity was initially estimated to work at max 500 kg/h and the plane sieve dimensions
are Lz=1000 mm and B =550 mm.
Using the mathematical expression form equation (4) was obtained q= 90.91 kg/dmh and taking in to
account that the percentage of foreign bodies initially is high c =10 % (the lives width is smaller than the berry
diameter, so this value is justified) the b = 0.15 (value established in the cases of cereal sieves).

Fig. 3 - Point E dynamics graphs on x-x direction

Introducing these parameters in equation (7) the separation coefficient εsep= 0.999986, in order to respect
the technical recommendations.
These values are near to superior separation (εsep=0.8), but in order to do this function is recommended
to recalculate the q for the same b, so the nearest values of those imposed in the equipment design are: q’
=166.667 kg/dmh and the Q’ = 916.6667 kg/h.

19

INTERNATIONAL SYMPOSIUM

The relative particle velocity vlim on sieve is determined by its physical properties (l and d) but also by
sieve surface, respectively the rectangular opening length, which is l1= 34 mm, according to equation (8). So,
the vlim =0.865*10-3 m/s and is almost equal with 0 m/s.

vlim =

(l − l 2 )cos
1

(2 * l1 )sin  + b

,

(8)

cos 

g
In order to pass the elliptical particles through rectangular openings is necessary to provide enough time
to pass throw, so the vlim to be smaller than the sieve minimum speed, condition that in our case is
accomplished.
CONCLUSIONS
This mathematical model was applied in order to verify the designed model of an oscillating plane sieve
separation equipment for sea buckthorn berries.
Adjusting the ε, we can decide if the particles are detached from sieve surface for a better separation and
the angle of the exocentric mechanism ωt=73.34 0.
When was determine de sieve determination capacity, the sieve experimental coefficients (a, b and c)
cannot be applied in our case, and it is necessary to make those determinations in the near future in order to
determine the proper separation coefficient and berries flow rate.
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ABSTRACT
Animal nutrition has a special role and intervenes in: maintaining animal health, the function of
reproduction, growth and development; the process of improvement; selection works, creation of new lines,
types and breeds. Obtaining good quality concentrated feeds requires the use of technologies and technical
equipment that lead to obtaining a wide range of compound feeds directly on the farm, in terms of efficiency and
quality according to global requirements. An important factor in this regard is the process of mixing
(homogenization) of the components of concentrated feed. The paper will present the factors that influence the
mixing of the ingredients of a feed recipe both theoretically and experimentally.
REZUMAT
Alimentația animalelor are un rol deosebit și intervine în: menținerea sănătății, funcția de reproducere,
creștere și dezvoltare; procesul de ameliorare; lucrările de selecție, de creare de linii, tipuri și rase noi etc.
Obținerea unor nutrețuri concentrate de bună calitate impune utilizarea unor tehnologii și echipamente tehnice
care să conducă la obținerea unei game largi de nutrețuri combinate direct în fermă, în condiții de eficiență și de
calitate conform cerințelor pe plan mondial. Un factor important în acest sens îl reprezintă procesul de
amestecare (omogenizare) al componentelor nutrețului concentrat. În cadrul lucrării vor fi prezentați factorii care
influențează amestecarea ingredientelor unei rețete furajere, atât teoretic cât și experimental.

INTRODUCTION
Animal husbandry in Romania has been and will be a major activity in providing the agri-food goods
necessary for population nutrition, for the food processing industry, as well as for participation in international
trade. Animal nutrition has a special role and intervenes in (Brăcăcescu et al, 2017; Karimirad et al, 2020; Păun
et al, 2009):
• maintaining animal health; a balanced diet of nutrients is the main means of preventing animal
deficiency diseases that can cause significant economic damage;
• the function of reproduction, growth and development;
• the process of improvement; selection works, creation of new lines, types and breeds;
• realization of planned productions and profitability of the animal husbandry sector.
Obtaining satisfactory results in animal husbandry depends largely on the use of good quality feed, the
functional quality of equipment and production, processing facilities, the quality of staff involved in the
production process. Among the products intended for animal feed, concentrates occupy a special place, (Ben
Salem et al 2010; Hernández et al, 2011). Concentrated feeds are characterized by a high net energy content
(FUM - net energy value, expressed in “feed unit milk”, FUM - net energy value, expressed in “feed unit meat”),
(Păun A., et al, 2017; Păun a., et al., 2016), per kilogram of dry matter. Concentrated feeds are grouped into:
simple and mixed feeds. Simple concentrated feeds or concentrated raw materials are products obtained on the
user farm or resulting from some industrial processing of various primary agricultural products. Mixed feeds are
a mixture of simple concentrated feeds and in rare cases dehydrated feeds. The proportion of raw materials in
feed recipes are calculated in such a way as to present a chemical composition and a nutritional value
according to the type of ration or animal for which they are intended, (Pérez et al, 2017; Ungureanu N., et al.,
2016).
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Knowing the importance of feed as a determining factor in the process of highlighting the genetic potential
of animals, its content directly influencing the quality and efficiency of livestock production, it is necessary to
process and prepare feeds for various and complete feed recipes. For the superior capitalization of the existing
feed resources in the zootechnical farms, especially in those that also have their own cereal sector, the aim is to
develop technologies with the help of which a wide range of mixed feeds can be obtained directly on the farm, in
conditions of efficiency and quality. For example, experiments showed that the physical form of feeds influenced
the production efficiency index of chickens (Păun et al, 2009). That is why feeds processing technologies must
be taken into account depending on the species. The processing technologies for feeds made of cereal seeds
are based on the zootechnical requirements for each type of feed corresponding to its destination. These
technologies include a series of operations, including the mixing (homogenization) of the components of a
mixed feed. This paper aims to perform tests with a vertical and a horizontal mixer in order to compare
performance and technological effect.
MATERIALS AND METHODS
The mixing of the feeds is done in order to homogenize its components, following the proportions
established by the recipe. Therefore, the animals are required to eat all the feeds that make up the mixture, the
feed being better utilized. Also, mixing allows the introduction into recipes of feeds that cannot be administered
alone in animal feed (flours of animal origin, mineral salts, products and residues from the pharmaceutical
industry, antibiotics, etc.). Depending on the destination and type of feeds, they are processed according to a certain
technology. Figure 1 shows an innovative technology for obtaining concentrated feeds from cereal seeds (Păun,
2009).

Fig.1 - Technology for obtaining concentrated feeds from cereal seeds (Păun, 2009)

When the main purpose is to obtain mixed feeds, the requirements require a high degree of
homogenization. For the superior capitalization of the existing alimentary resources in the zootechnical farms it
is necessary the elaboration of technologies and installations with the help of which a wide range of mixed feeds
can be obtained directly on the farm, in conditions of efficiency and quality according to the world requirements.
Within INMA Bucharest, several pieces of technical equipment, installations, figures 2, 3 and 4 were
made, which are intended for obtaining concentrated fodder from cereal seeds.
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The installation for obtaining concentrated feeds IONC, is composed of a horizontal mixer, figure 5, and
the Installation for producing feed flours IPFF 500, a vertical spiral mixer, figure 6.

Fig.2- Installation for obtaining
concentrated feeds IONC (Păun, 2009)

Fig.3 - Installation for producing
feed flours IPFF 500 (Păun, 2009)

a general view
b-screw conveyor
Fig.5. Horizontal mixer – AO 1000 (Păun,2009)

Fig.4 - Mobile installation for
grinding fodder IMMF
(Păun, 2009)

Fig.6. Vertical spiral mixer

In the case of mixed feeds, the requirements impose a high degree of homogenisation. In this case, a
mixing ratio (the ratio of the weight of the material to be added, microelements, minerals, and the weight of the
basic material: maize, barley, oats, peas) must be ensured of 1:1 up to 1:20, and between basic feeds and
premixtures of minerals and other substances of 1:100 up to 1:1000. A deviation of up to or less than a
maximum of 10% of the premixture content of the basic material is permitted.
To achieve these requirements, the multi-stage mixing method is used. Thus, the premixture is produced,
containing all the elements that enter in very small quantities in the composition of the mixed feeds, which are
then mixed with the basic feeds. Particles with the same granulation are favourable for fast and quality
homogenization. The particle size must be as small as possible, especially for components with a low
percentage of participation, the higher their biological value is.
These factors are of particular importance for flours of animal origin, biostimulators, medicines, vitamins
and other additives which, participating in very small proportions, must be dispersed as evenly as possible in the
mass of the mixture.
The efficiency of the homogenizer can be evaluated using the following two methods:
- based on the dispersion of the sample compositions, which can be expressed by weight;
- based on the dispersion of the number of particles of any type in the sample.
The first method can be used with the help of current analytical methods, while the second one is
complicated due to the determination of the particle distribution.
In most cases the analysis of weight-based compositions is used.
The mathematical expressions for the mixtures formed by several components are very complicated, for
this reason the degree of homogenization is determined for the component with the lowest weight (or of special
importance), in the mass formed by the other components (Butănescu,2018).
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The composition of a binary mixture, consisting of materials P and Q containing the weight ratios GP and
GQ of both constituents, is given by the relation:

P* =

GQ
GP
*
and Q =
,
G
G

(4.1)

where:
- P* and Q* – the average concentrations of the individual constituents in the mixture;
- G – the total amount of mixed material
P* and Q* are expressed in fractions, so we can write:
P*+Q*=1
( 4.2)
Considering a sample of weight g <G in the mixture, it will consist of two constituents having the weight gP
and gQ, so that:
gP+gQ=g
(4.3)
The total amount of the mixture can be written as a sum of N small quantities:
N

 gi = G

(4.4)

i =1

The concentrations of both components, expressed as fractions of an arbitrary sample I and denoted by
Xi for component P and Yi for component Q, are obtained by means of the relations:

Xi =

g Qi
g Pi
; Yi =
gi
gi

(4.5)

Xi+Yi=1
(4.6)
In a statistical mixture, the Xi and Yi values normally differ from the values of a perfect mixture.
According to the error theory, the dispersion of the frequencies of concentrates Xi and Yi around the
average values P* and Q* can be characterized by the formulas:

Sx 2 =

1
N

N

(X
i =1

i

− P* ) 2

(4.7)

and

Sy 2 =

1
N

N

 (Y
i =1

i

− Q* ) 2

(4.8)

where S2 is the variation of the frequencies of concentrations Xi and Yi, respectively.
The general execution of the deviation of the concentration frequencies in the samples for a binary
mixture can be written in the form:

S=

1 N
( X i − P* ) 2

N i =1

(4.9)

this equation determines the standard deviation of the sample.
Standard deviation - represents the “Euclidean distance” of the values from the arithmetic mean. The
standard deviation has the same unit of measurement as the arithmetic mean and the values of the data set.
Dispersion range (DR):
DR = Xmax-Xmin
(4.10)
where:
-Xmax - the maximum value in the data set;
-Xmin - the minimum value in the data set;
Disadvantage: it is based only on extreme values.
Coefficient of variation (CV) - is a relative measure of data dispersion. CV represents the evaluation of the
standard deviation (S) in relation to the arithmetic mean (Xmed).
CV=S/Xmed
(4.11)
Properties:
- CV is independent of units of measurement;
- CV is used to compare the relative variability of two data sets;
- CV intervenes in the study of the homogeneity of some populations.
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RESULTS
The main objective of the experimental research was to verify the parameters that influence the technical
performance of a mixer, in the process of obtaining concentrated feeds from cereal seeds by milling. For the
experiments, seeds of wheat, corn and sunflower were used as raw materials. For the correct evaluation of the
experimental results, the characteristics of the raw material subjected to the milling-homogenization operation
were determined in the laboratory. The values obtained are shown in Table 1.
Table 1
Characteristics of the raw material
Parameter
determined

Den. no.

1.

Moisture

2.

Hectolitre mass

3.

Foreign
bodies

4.

Colour

5.

Smell

6.

Appearance and
taste

U.M

wheat
corn
sunflower
wheat
corn
sunflower
wheat
corn
sunflower
wheat
corn
sunflower
wheat
corn
sunflower
wheat
corn
sunflower

%

kg/dm3

%

-

-

-

Parameter value
Determined during the tests
PI
PII
PIII
Mean
14.8
14.6
14.1
14.5
14.5
14.7
14.6
14.6
14.1
14.2
14.3
14.2
77
75
76
76
70
69
68
69
41.5
42
42.5
42
1.5
1.5
1.7
1.66
3.3
3.1
2.9
3.1
2.8
2.2
2.5
2.5
reddish yellow
orange
black with gray lateral and marginal stripes
without the smell of mould or other odours
without the smell of mould or other odours
without the smell of mould or other odours
specific to healthy wheat
specific to healthy corn
specific to healthy sunflower

Table 2
Operating indices

Mixture
components
%

Wheat
Corn
Sunflower

The diameters of the holes of the
laboratory sieves through which the
grain milling was sifted, mm
ø1.5

ø2

Arithmetic mean
Xmed

Standard deviation
S

Coefficient of
variation (CV)

ø2.5

Grain milling left on the sieves /
mixed product. %
15.6/18.20 9.8/21.81
0.9/8.20
33/38.60
14/31.20
3.5/32.20
36.9/43.20 21.1/46.99
6.5/59.60

ø1.5

ø2

ø2.5

ø1.5

ø2

ø2.5

ø1.5

ø2

ø2.5

28.50 14.96 3.63

4.71

4.66 2.28

0.14

0.31

0.63

Note * The hammer mill was equipped with a sieve with a hole diameter of ø 5mm (Păun et al.2019)
The tests were performed with the Horizontal Mixer - AO 1000, figure 5 and with the Vertical Spiral Mixer,
figure 6. Using the wheat, corn and sunflower milling, three mixtures were made for each laboratory sieve. The
values obtained from the determinations were processed using the above relations and resulting in: Standard
deviation S and coefficient of variation (CV).
CV intervenes in the study of the homogeneity of some mixtures and there may be variants:
1. CV <10% homogeneous mixture;
2. 10% < CV < 20% relatively homogeneous mixture;
3. 20% < CV < 30% relatively heterogeneous mixture;
4. 30% < CV heterogeneous mixture
If we analyse the obtained results, it can be noticed that we are in the situation 1. Following the tests, we
found:
- for a good homogenization it is recommended that the ratio between the sizes of the particles be 1:1, and the
components of small participation to be incorporated in the form of premixture;
- heavy products tend to be placed towards the bottom, and the lightest ones, in the upper layers of the mixture,
during handling and mixing;
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- the shape of the particles most favourable to homogenization is the spherical one, and the most
disadvantageous is the acicular one (sunflower), which leads to their tendency to migrate towards the bottom of
the mixture;
- the greater the difference between them regarding the friction coefficients of each component, more interaction
forces develop that give rise to self-separation tendencies, which negatively influences the homogenization;
- the number of components of the mixture is inversely related to the degree of homogenization, due to the
possibility of a greater variety of their physical and mechanical properties, which complicates the
homogenization process.
- the share of components in the recipe directly influences the homogenization, the biggest problems regarding
the degree of homogenization being caused by the ingredients with the lowest participation ratio.
- the optimal mixing time depends on the component raw materials and the type of equipment. In the case of
recipes containing more than 16% bran, the homogenization time is longer, the danger of dehomogenization
appearing faster when it is extended, compared to recipes in which the participation of bran is less than 6%, in
the case of which the optimal homogenization time is shorter.
- the type of homogenizer also has a special influence on both the optimal time and the degree of
homogenization.
Experiments showed that the use of the mixer in Figure 5 leads to better results than the model in Figure 6.
CONCLUSIONS
In general, the homogenization degree of a mixture is influenced by:
• the characteristics of the ingredients: granulation, density, particle shape, coefficients of friction, etc.;
• the number of ingredients and the lowest percentage of participation, the order of their feeding into the
homogenizer;
• the constructive conception of the equipment and its exploitation parameters;
• integration of the homogenization process in the manufacturing flow of a product.
Theoretically, the homogenization of a mixture should be between two limits:
- minimum homogenization of dosed products before mixing;
- maximum, ideal homogenization, defined by the possibility to find in any point of the mixture the same
percentage of a given element.
After the presentation of the main factors influencing the homogenization process, it can be concluded
that the improvement of the homogenization quality can be achieved by analysing and optimizing each of these
factors. When evaluating the degree of homogenization of solid particles, statistics are used to establish the
relations that allow a comparison between the actual homogenization effect and the maximum theoretical effect.
Even for a mixture with two components, the equation is quite complicated requiring the knowledge of several
factors whose measurement is difficult, thus presenting especially a theoretical interest.
In practice, the efficiency of the homogenizer is usually determined experimentally according to the
average compositions of a few samples taken at random. The particle distribution obtained after a certain
homogenization time is a decisive factor for evaluating the efficiency of a mixer. The measure of the
homogenization effect of the mixer is either the standard deviation of the sample composition taken after a
specified homogenization time, or the so-called degree of homogenization expressed by the ratio between the
actual standard deviation and the theoretical standard deviation of the perfectly mixed material.
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ABSTRACT
Control system design in terms of monitoring microclimates in protected spaces is a complex process due
to the interaction of several environment variables which affect plants’ growth and production. The need to
adapt the food production to the needs of today's population requires accurate knowledge of the factors that
limit agricultural production. The paper presents a brief communication regarding the partial or complete control
of the environment from a protected space for plant growth (greenhouse with controlled environment or
automated greenhouse) in order to regulate the fluctuations of the natural environment over the plants’
behaviour.
REZUMAT
Proiectarea sistemelor de control privind monitorizarea microclimatului în spațiile protejate este un proces
complex datorită interacțiunii mai multor variabile de mediu care afectează creșterea și producția plantelor.
Necesitatea adaptării producției de alimente la nevoile populației actuale necesită cunoașterea exactă a
factorilor care limitează producția agricolă. În lucrare se prezintă o scurtă comunicare privind controlul parțial
sau complet al mediului dintr-un spațiu protejat de creștere a plantelor (seră cu mediu controlat sau seră
automatizată) în vederea reglării fluctuațiilor mediului natural asupra comportamentului plantelor.

INTRODUCTION
Precision agriculture involves combining information technology with agricultural production, using
monitoring and control systems that allow managing and making the works performed (Ameur et al., 2001;
Bolintineanu Gh., et al., 2010; Matache M., et al., 2010; Niţu M. et al., 2012; Petre A., et al., 2020; Vlăduţ V., et
al., 2010a; Vlăduţ V., et al., 2010b).
The fundamental elements for the success of modern agribusiness are efficient production management,
high productivity and improved quality of the obtained products. The cost of growing a crop in greenhouses is
higher than growing it by traditional methods in the field. Therefore, for greenhouses to remain competitive, they
must be able to reduce production costs and increase crop yields.
Energy costs typically represent 15 to 40% of the production costs of plants. The efficiency of the
production of greenhouse plants depends significantly on adjusting the optimum conditions for growing the
microclimate in order to obtain a high yield with low costs, good quality (Takakura et al., 1971).
Influence factors, such as air temperature, relative humidity and CO2 concentration, must be within
optimal limits, given certain processes of heating, ventilation and CO2 injection (Kimball, 1986).
Greenhouse microclimate control considerations provide an introduction to the many options available in
greenhouse microclimate control. It differed significantly from the control of the environment in traditional
industrial and commercial buildings. The rapidly varying solar intensity creates sudden thermal changes
(heating-cooling), in particular the cooling process (Critten and Bailey, 2002).
Traditionally, the control of the microclimate of a greenhouse is done manually by: pulling a chain to open
or close a ventilation, actuating a tap to control the heat or irrigation or a switch to start / close a pump or a fan.
Over time, the greenhouse systems themselves have become more complex and reliable. Early automatic
control consisted of thermostats and independent timers. Even these simple devices have made major strides in
product efficiency and quality, and have simplified the lives of growers. However, many of these devices and
control methods cannot provide the required level of automation and efficiency (Martinovića and Simonb, 2014).
Different aspects of greenhouses, including (mathematics) modelling, monitoring, control strategy
and environmental problems have been well developed over time through experimental studies and
research (Chalabi et al, 1996; Marhaenanto and Singh, 2002).
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MATERIALS AND METHODS
The main features of a modern greenhouse are the introduction of sensor technology, wired and wireless
communication technology in the design of the monitoring system and control of the greenhouse microclimate.
The main components of any control system are the measurement, processing and recording of data. With the
advent of microelectronics and computer technology, a computer-based automatic control system can be
developed relatively easily and economically.
A smart greenhouse will ensure plant development conditions regardless of the climate of the area in
which it is located.

Fig.1 – Principle scheme of an automated greenhouse (Ponce et al., 2015)

The greenhouse must create the best conditions for the growth and development of future plants and can
avoid the influence of plant growth due to changing seasons and severe weather. The optimum condition of
crop growth is obtained based on the full exploitation of natural resources, changing environmental factors with
a greenhouse effect, such as temperature, humidity, light and CO2 concentration (Zhang et al, 2017).

Fig.2 – Scheme for monitoring environmental conditions in protected areas
(https://www.postscapes.com/smart-greenhouses/)
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Greenhouses are designed to capture heat, but excess heat in a closed area can quickly destroy
plants. Proper ventilation prevents overheating and is essential for maintaining a healthy microclimate. The
ventilation not only cools the interior of the greenhouse, but also provides fresh air, which is necessary for the
production of carbon dioxide. Plants that do not get enough CO 2 are unhealthy and usually have abnormal
growth. These systems include ventilated roofs, side vents and forced fans that are powered by electricity,
fitted with sensors that signal the operation of greenhouse systems outside the preset parameters.
RESULTS
The greenhouse temperature is a very complex dynamic system due to its extremely non-linear
behaviour, which creates difficulties in regulating the greenhouse microclimate. To cope with the nonlinearity
of the temperature in the greenhouses, several useful methodologies have been developed for controller
design, based on nonlinear geometric theory, which can accurately transfer the nonlinear model into a linear
one by means of a feedback control law (Bang et al, 2015; Lascu et al, 2016).
A predictive control model based on the linearization of feedback for regulating the temperatur e in a
greenhouse, assumes that the air in the greenhouse is homogeneous, and the dynamic changes in the
temperature in the greenhouse are determined by the energy and mass flows (Lijun et al, 2018).

Cg

dTg
dt

= Qrad + Qcov + Qsoil - Qtran + uh

(1)

where:
Cg represents the heating capacity of the air in the greenhouse, [Cg = 32000 J/(°Cm2)];
Tg represents the temperature inside the greenhouse, [°C];
Qrad represents the heat induced by the sun in the greenhouse, [W/m2];
Qcov represents the energy lost in the external air due to transmission through the greenhouse

ceiling, [W/m2];
Qsoil represents the transfer of heat between the internal air and the ground, [W/m2];
Qtran represents the loss of heat through the transpiration of crops, [W/m2];
uh represents the amount of energy consumed by the heating system, [W/m2].
The terms of equation (1) are modelled as follows:

Qrad = η×G

(2)

η represents the conversion factor of solar radiation

where

Qcov = kcov ×(T0 - Tg )

(3)

kcov represents the heat transfer coefficient ( kcov = 0.5 [W/(°Cm2)]).

where

Qsoil = ksoil ×(Ts - Tg )

(4)

where:

k soil represents the heat transfer coefficient of the soil to the surface ( k soil = 5.75 [W/(°Cm2)]).
Ts represents the temperature of the soil, [°C].

Qtran = λ ×Etran

(5)

where:

λ represents the latent heat of water vaporization, λ = 2.45 [J/kg];
Etran represents the rate of leaf transpiration, which is expressed by means of the following equation
(Yao, 2013):

Etran =

+2 LAI

1
r
λ[ s + r (1 + s )]
rb

{sηG[1 - exp(- k L ×LAI )] +

17.4Tg
ρa Ca
p0 exp(
) - Λ(Tg + 273.15)Vh }
rb
239 +Tg
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s=

17.4Tg
17.4 x 239
×p0 ×exp(
)
2
(239 +Tg )
239 +Tg

(7)

where:
s represents the slope of saturated vapor pressure relative to air temperature, [kPa/°C];
r represents a hygrometric constant, [r=0.0646 kPa/°C];
rs represents the impedance of the crop leaf to water vapor, [rs=100 s/m];
rb represents the dynamic impedance of the air relative to the leaf layer of the crop, [rb=100 s/m];
kL represents the extinction coefficient of the culture crown, [kL =0.8];
LAI represents the index of the leaf surface

ρa represents the density of air under standard conditions, [ ρa =1.29 kg/m3];
Ca represents the specific thermal capacity of the air at constant pressure;
p0 represents the saturated vapor pressure of the air at 0°C,

Λ

represents the universal constant of the ideal gas, [ Λ =0.46152 N·m/(°C·g)];

Vh represents absolute humidity.

The model described by equation (1) is nonlinear, however, the nonlinear state model is linear at the
control input uh. Defining the state variable x=Tg and the control input u=uh temperature inside the greenhouse
can be defined as a normal form of a nonlinear system with a single input and output, as in equation (8).

x = f ( x) + g ( x) ×u
y = h( x ) = x

(8)

where:
y represents the system output;
h represents the output function;
f and g represent functions with the following format:

f ( x) =

1
[- (kcov + ksoil ) x + ηG + kcovT0 + ksoilTs - Qtran ]
Cg
g ( x) =

1
Cg

(9)

(10)

The process of removing water vapor from wet air is a dehumidification process. There are two
methods of performing dehumidification processes:
➢ the first method consists in cooling the air below its dew point and condensing the moisture in the air;
➢ the other technique is to absorb / adsorb moisture from the air through desiccant (any material that
attracts water vapor, either by adsorption or by absorption).
The air dehumidification process exists when there is a vapor pressure difference between desiccant
and the air passing through. The dehumidification efficiency can be calculated by the following equation
(Fumo and Goswami, 2002):

Î Y=

Yin - Yout
Yin - Yequ

(11)

where:

Î Y represents the dehumidification efficiency;
Yin represents the ratio of air humidity to the inlet, [kgapă/kgaer uscat];
Yout represents the ratio of air humidity to the outlet, [kgapă/kgaer uscat];

Yequ represents the ratio of air humidity to equilibrium with the desiccant solution, [kgapă/kgaer uscat].
The relationship between relative humidity and partial pressure is a nonlinear relationship. Therefore,
the two equations are not identical.
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The saturation pressure of the water can be calculated by the following equation (ASHRAE, 2009):

ln Pws =

C8
+ C9 + C10T + C11T 2 + C12T 3 + C13 ln T
T

(12)

where:

Pws represents the saturation pressure, [Pa];

T represents the absolute temperature, [°K].
C8,9,10,11,12,13 coefficients, the values of which are shown in Table 1.
Table 1
The coefficients of the saturation pressure equation (Ashrae, 2009)
Coefficient

Value

C8
C9
C10
C11
C12
C13

-5.8002206 E+03
1.3914493 E+00
-4.8640239 E-02
4.1764768 E-05
-1.4452093 E-08
6.5459673 E+00

CONCLUSIONS
Main advantages of smart greenhouses:
✓ data will be obtained through the computer regarding the functioning of each individual system
and thus the whole system can be coordinated to provide an optimal environment for the
development of future plants;
✓ the computer can record environmental data that can be displayed, stored, processed;
✓ several greenhouses can be controlled through a high speed computer;
✓ through a weather station, the computer will be able to anticipate the meteorological changes and
will make adjustments in the programming of the heating and ventilation systems, thus saving
energy;
✓ the computer can be programmed to trigger an alarm in case the weather conditions become
unacceptable, as well as being able to provide information related to sensor and equipment
malfunctions.
On the other hand, the use of this type of greenhouse has some disadvantages such as:
✓ high initial cost;
✓ requires qualified operators.
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ABSTRACT
Tractors are more common on farms than any other piece of equipment and are used to carry mounted and
semi-mounted implements, to transport equipment and materials, to pull tillage equipment and wagons and as
remote power sources for other equipment. Unfortunately, farming accidents and injuries are common and according
to the National Safety Council, tractor accidents are the leading cause of death and injury for farmers and agricultural
workers. The paper presents a number of risks associated to the construction, use and maintenance of tractors.
REZUMAT
Tractoarele sunt mai frecvente în ferme decât orice alte echipamente și sunt utilizate pentru a transporta
echipamente purtate și semi-purtate, pentru a transporta echipamente și materiale, pentru a tracta echipamente
de cultivat solul și remorci și ca surse de alimentare la distanță pentru alte echipamente. Din păcate,
accidentele agricole și rănile sunt comune și, în conformitate cu Consiliul Național de Securitate, accidentele de
tractor sunt principala cauză de deces și vătămare a fermierilor și lucrătorilor agricoli. Lucrarea prezintă o serie
de riscuri asociate cu construcția, utilizarea și întreținerea tractoarelor.
INTRODUCTION
Tractors are an integral item for agriculture, green keeping, gardening, landscaping and other activities.
Being versatile in nature, tractors can have numerous functions not only on the farm but throughout industry.
Tractors are heavy and powerful machines that can lead to a serious injury or death through only a minor
mistake. In terms of fatalities and work-related injuries, the agricultural sector is one of the three most
hazardous sectors of activity, along with construction and mining. In Romania, at the level of 2018, 32 fatal work
accidents occurred in agriculture out of the total of 235, which represents 13.61% (Eurostat, 2018).
For this reason it is important to take all measures so as to ensure the safety and security in operation of
agricultural equipment in general and tractors in particular (Persu C., et al., 2013; Vlăduţ V., et al., 2006a),
through tests and simulations in real operating conditions or in accelerated regime (Vlăduţ V., et al., 2006c; Vlăduţ V.,
et al., 2006d; Vlăduţ V., et al., 2007; Vlăduţ V., et al., 2008), according to the European and international
directives, norms and standards in force (Băjenaru S. et al., 2016; Vlăduţ V., et al., 2006b; Vlăduţ V., et al., 2008).
The fatal hazards associated with tractors’ use include:
- Tractor rollover; Tractor run over; Tractor power take offs (PTOs); Hydraulics.
Other associated risks may be due to:
- Lack or ignorance of the Use and Maintenance Manual; Lack of safety pictograms; Lack of
protection of hotspots; Dangerous access ladders; Maintenance of the hydraulic system;
Maintenance of the brake system; Maintenance of the electrical system; Maintenance of the
Lighting System; Visibility problems; Checking the tires.
Generally, the risk posed by tractors to humans depends on the features provided by the manufacturer
and how the user of the machine implements the manufacturer’s instructions on the correct use and
maintenance of the machine, including any safety devices and tools that may be fitted.
MATERIAL AND METHOD
Rollovers or overturns are involved in about half of the fatal tractor accidents and are responsible for many
disabling injuries. Rollovers and backflips are a common cause of tractor deaths. Gravity and centrifugal force are the
two major forces involved in a sideways rollover. Backflips are produced through rear axle torque and drawbar
leverage. Sideways rollovers occur most commonly when traversing a steep slope or cornering too sharply at speed.
The tipping axis is the line that a tractor will pivot about during tipping if driven over a steep enough slope.
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Once the centre of gravity, usually located in the vicinity of the gearbox in the midline of the tractor, lies outside
the tipping axis, a rollover is inevitable.
Centrifugal force is often a factor in tractor side overturns. When the distance between the tractor's
Center of Gravity and side stability baseline is already reduced from being on a hillside, only a small amount of
centrifugal force may be needed to push the tractor over. Centrifugal force is what usually pushes a tractor over
when the tractor is driven too fast during a turn, or during road travel. During road travel, rough roads may result
in the tractor's front tires bouncing and landing in a turned position. Over-correcting steering if the tractor starts
to veer off the road is another example where the centrifugal force is a factor in side overturns.
Rear-axle torque involves energy transfer between the tractor engine and the rear axle of two-wheel drive
tractors. When the clutch is engaged on this type of tractor, the result is a twisting force, called torque, to the
rear axle. This torque is then transferred to the tractor tires.
Under normal circumstances the rear axle (and tires) should rotate and the tractor will move ahead. In lay
terms, the rear axle is basically rotating about the tractor chassis. If the rear axle should be unable to rotate, the
tractor chasses rotates about the axle. This reverse rotation results in the front-end of the tractor lifting off the
ground until the tractor's Center of Gravity passes the rear stability baseline. At this point, the tractor will
continue rearward from its own weight until it crashes into the ground or other obstacle. Some examples of this
happening are when the rear tractor tires are frozen to the ground, are stuck in a mud hole, or are blocked from
rotating by the operator (Murphy, 2014).
Some common examples of tractor overturns include (Hosta, 2013):
- turning or driving too close to the edge of a bank or ditch;
- driving too fast on rough roads and lanes and running or bouncing off the road or lane;
- hitching somewhere other than the drawbar when pulling or towing objects;
- driving a tractor straight up a slope that is too steep;
- turning a tractor sharply with a front-end loader raised high.
A runover incident can occur when a person on the tractor falls off the tractor and is run over by the tractor
or an attachment. The majority of incidents occurred when the operator was unaware of the presence of a
bystander. This often involved the presence of a young child or co-worker who were in a reportedly unsafe
location, were poorly trained on the dangers of their surroundings, or assumed that the operator was aware of
their presence. The second most frequent incident scenario resulted from the loss of visual contact with a known
co-worker. Often, the co-worker was portrayed as not having followed proper hitching instructions from the
operator, or had rushed the intended task (did not wait to establish proper communication with the operator)
(Ehlers and Field, 2017).
An operator can also be run over while trying to mount or dismount a moving tractor. This type of incident
can occur when the operator leaves the tractor seat without first shutting off the tractor and setting the brake or
placing it in park position, and the tractor moves unexpectedly. This may happen during the hitching and
unhitching of equipment. The risk of tractor run over is due to the weight of the tractor and of associated
equipment as slashers, rotary hoes, trailers, chisel and disk ploughs. The power take-off (PTO) drive shaft is a
mechanical assembly generally used in agriculture for transferring mechanical power from a tractor to an
operating machine. It allows spatial misalignment by means of two universal joints connected to each other by
two telescopic elements.
A significant number of accidents (most of them fatal) occur when the operator moves toward the
recipient machinery for some adjustment, while the PTO drive shaft is still rotating.
Most incidents involving PTO stubs result from clothing caught by an engaged but unguarded PTO
stub. The reasons a PTO stub may be left engaged include: the operator forgetting or not being a ware of
the PTO clutch is engaged; seeing the PTO stub spinning but not considering it dangerous enough to
disengage; or, the operator is involved in a work activity requiring PTO operation. Boot laces, pant legs,
overalls and coveralls, and sweatshirts are clothing items that can become caught and wrapped around a
spinning PTO stub shaft.
The PTO driveline is identified as a mechanical wrap point hazard and is one of the oldest and
most common farm machinery hazards, referring specifically to the part of the implement (machine) drive
shaft that connects to the tractor. This drive shaft is known as the implement input driveline (IID). The
entire IID shaft is a wrap point hazard if the IID is completely unshielded. If the IID shaft is partially
guarded, the shielding is usually over the straight part of the shaft, leaving the universal joints, the PTO
connection (front connector), and the Implement Input Connections (IIC, the rear connector) as the wrap
point hazards.
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Guarding a PTO system includes a "master shield" for the tractor PTO stub and connection end of
the implement input driveline (IID) shaft, an integral-journal shield which guards the IID shaft, and an
implement input connection (IIC) shield on the implement. The PTO master shield is attached to the
tractor and extends over and around the PTO stub on three sides (Murphy D., 2014). Working with
hydraulics involves the risk of injury from oil under pressure. Many hand injuries are associated with oil under
pressure and these injuries are difficult to treat effectively due to the oil may penetrate the tissue layers under
the skin.
RESULTS
These hazards can be eliminated by construction, proper operation and maintenance.
Construction. In the domain of tractors there is the technical committee ISO/TC/23/S04 “Tractors” and
there are 56 published standards under the direct responsibility of this committee and another 7 under
development. For example:
ISO 26322-1 and ISO 26322-2 specifies general safety requirements and their verification for the design
and construction of standard tractors/ narrow-track and small tractors used in agriculture and forestry. In
addition, they specify the type of information on safe working practices (including residual risks) to be provided
by the manufacturer, as well as technical means for improving the degree of personal safety of the operator and
others involved in a tractor's normal operation, maintenance and uses;
ISO 500-1 gives general specifications, including speeds, safety requirements, the dimensions for master
shield, and clearance zones for rear-mounted power take-offs (PTOs) of types 1, 2, 3, and 4 on agricultural
tractors with a track setting of more than 1 150 mm;
ISO 500-2 specifies the dimensions of the master shield and clearance zones for rear-mounted power
take-offs (PTO) of types 1 and 2, only, on narrow-track;
ISO 500-3:2014 specifies the manufacturing requirements for, and the location of, rear-mounted power
take-offs (PTOs) of types 1, 2, 3, and 4 on agricultural tractors;
The harmonized standard EN 12965 “Tractors and machinery for agriculture and forestry — Power takeoff (PTO) drive shafts and their guards. Safety” specifies safety requirements and their verification for the design
and construction of power take-off (PTO) drive shafts and their guards linking a tractor or self-propelled
machinery to the first fixed bearing of recipient machinery.
The series of standards ISO 25119, Tractors and machinery for agriculture and forestry – Safety-related
parts of control systems, is widely used by the agricultural industry and its suppliers. It sets out the general
principles for the design and development of safety-related parts of control systems on tractor.
The standards in the series are (Naden, 2018):
- ISO 25119-1, Tractors and machinery for agriculture and forestry – Safety-related parts of control
systems – Part 1: General principles for design and development;
- ISO 25119-2, Tractors and machinery for agriculture and forestry – Safety-related parts of control
systems – Part 2: Concept phase;
- ISO 25119-3, Tractors and machinery for agriculture and forestry – Safety-related parts of control
systems – Part 3: Series development, hardware and software;
- ISO 25119-4, Tractors and machinery for agriculture and forestry – Safety-related parts of control
systems – Part 4: Production, operation, modification and supporting processes.
The rollover protective structure (ROPS) and seat belt are the two most important safety devices to
protect operators from death during tractor overturns. ROPS does not prevent tractor overturns, but can prevent
the operator from being crushed during an overturn. The operator must stay within the protective frame of the
ROPS in order for the ROPS to work as designed. A ROPS often limits the degree of rollover, which may
reduce the probability of injury to the operator. A ROPS with an enclosed cab further reduces the likelihood of
serious injury because the sides and windows of the cab protect the operator. This assumes that cab doors and
windows are not removed (Hosta, 2013). The minimum size of the safety cab or frame should be determined by
the following planes (Code 4 OECD, 2020):
(a) vertical planes 250 mm on either side of the reference plane 1 extending upwards from the seat reference
point for 300 mm;
(b) parallel planes extending from the upper edge of the planes (defined at (a) above) to a maximum height of
900 mm above the seat reference point and inclined so that the upper edge of the plane on the side on which
the deflection has occurred is at least 100 mm from the reference plane;
(c) a horizontal plane 900 mm above the seat reference point;
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(d) an inclined plane perpendicular to the reference plane and including both a point 900 mm directly above the
seat reference point and the rearmost point of the seat structure;
(e) a curvilinear surface, perpendicular to the reference plane, with a radius of 120 mm tangential to the planes
denned at (c) and (d) above;
(f) a curvilinear surface, perpendicular to the reference plane, having a radius of 900 mm extending forward for 400
mm from and tangential to the plane defined at (c) above at a point 150 mm forward of the seat reference point;
(g) an inclined plane perpendicular to the reference plane, joining the surface defined at (f) above at its forward
edge and passing 40 mm from the steering wheel;
(h) a vertical plane perpendicular to the reference plane 40 mm forward of the steering wheel; and
(i) a horizontal plane through the seat reference point.
A seat belt should be fitted to all seating positions on new tractors in accordance with ISO 6683 –
Earthmoving machinery – Seat belts and seat belt anchorages.
The power take-off should be designed so that there is a minimum clearance of 8 cm in any direction
between the centre of the end of the splined shaft and any stationary part of the tractor. An instrument indicating
the speed of the power take-off when operating under load should be made available for tractors. Also, an
instrument should be fitted as part of any tractor capable of driving a rear power take-off in excess of 600 rpm
when operating under load.
The direction of rotation of a rear power take-off should be clockwise when viewed by an observer facing
in the direction of forward travel. When operating under load, the speed of a rear power take-off should normally
be maintained within the following limits at the design speeds indicated:
(a) at 540 rpm ± 10 rpm for a design speed of 540 rpm; and
(b) at 1,000 rpm ± 25 rpm for a design speed of 1,000 rpm.
Tractors should be fitted with means of preventing the inadvertent operation of rear power take-offs
under load in excess of:
(a) 630 rpm for a design speed of 600 rpm; and
(b) 1,150 rpm for a design speed of 1,100 rpm.
Protective devices for power take-offs should be substantially constructed, firmly secured in position and
maintained in good condition. When the power take-off is in use, it should be covered on top and on both sides
by a shield attached to the tractor and preventing any person from coming into contact with the shaft. When the
power take-off is not in use, it should be completely enclosed in a cover attached to the tractor. The power takeoff cover should be secured to the tractor by a chain or other means in order to prevent its loss.
Switches and levers should be designed to be within easy reach of the majority of potential operators and
placed to reduce the risk of the wrong switch or lever being used. The operator’s seat should be fully adjustable
and well sprung to reduce vibration. The backrest should support the lower part of the spine to minimise
postural stress to the spine. Exhaust pipes and cab ventilation systems should be designed and constructed to
ensure the operator does not inhale exhaust fumes. Operator access to and exit from a tractor should be
designed to allow a person to get on and off the tractor without undue stretching. All access surfaces should be
non-slip and designed to prevent the build-up of dirt and mud.
Agricultural tractors are subject of Regulation (EU) No.167/2013 of the European Parliament and of the
Council of 5 February 2013 on the approval and market surveillance of agricultural and forestry vehicles.
This Regulation shall apply to agricultural and forestry vehicles, designed and constructed in one or more
stages, and to systems, components and separate technical units, as well as parts and equipment, designed
and constructed for such vehicles.
Specifically, this Regulation shall apply to the following vehicles:
- tractors (categories T and C);
- trailers (category R);
- interchangeable towed equipment (category S).
Manufacturers shall ensure that when their vehicles, systems, components or separate technical units are
placed on the market or are entering into service, they are manufactured and approved in accordance with the
requirements set out in this Regulation and the delegated and implementing acts adopted pursuant to this
Regulation (***Regulation (EU) No.167/2013).
Operation. All persons permitted to operate tractors must be trained. A good place to start training is with
the operator's manual. By being familiar with the operating features of a tractor, the operator will develop
confidence when the tractor is driven under adverse conditions. Is important to learn the location and purpose of
all of the gauges and controls as well as other indicators because knowing where the controls are by memory
can allow to react more quickly in an emergency situation.
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The operator must receive a proper training so that he is familiar with: (a) information contained in the
manufacturer’s operating instruction handbook (b) tractor controls and instruments, brakes, clutch and gears (c)
tractor safety features (e.g. guards, seat belts) (d) comfort controls (e.g. adjusting the seat to be in reach of all
controls) (e) operating instructions including starting, moving off and how to stop the tractor (f) regular service
procedures required (g) proper attachment of implements.
A pre-operational check of the tractor it will assure that it is in safe operating condition. Must be checked
the tires for proper inflation and defects, windows for visibility, seat position, seat belts, brakes for adjustment,
steering response, rear view mirrors, slow-moving vehicle emblem, reflectors, and running lights for day or night
time operation. Using the braking power of the engine when going downhill with a heavy load can prevent a
runaway tractor and overturn.
Implements must be attached only to the drawbar, three-point linkage or other specified hitch points
specifically designed for that purpose.
When operating a tractor (***Regulation (EU) No.167/2013):
- Drive at speeds slow enough to retain control over unexpected events.
- Reduce speed before turning or applying brakes.
- Watch out for ditches, logs, rocks, depressions and embankments.
- On steep slopes, without a trailed implement, reverse up for greater safety.
- Engage the clutch gently at all times, especially when going uphill or towing.
- Descend slopes cautiously in low gear, using the motor as a brake.
- Never mount or dismount from a moving tractor.
- Ensure the park brake is on and operating effectively before dismounting.
Maintenance. Preventive maintenance activities include inspection, cleaning, lubrication, adjustment,
alignment, and/or replacement of sub-systems and sub-components that are fatigued. Preventive maintenance
activities can be classified in one of two ways, component maintenance and component replacement.
Maintenance is needed to ensure that the components carry on the purposes for which they were designed. The
basic objectives of the maintenance activity are to deploy the minimum resources required to make sure that
components perform their intended purposes properly, to ensure system reliability and to recover from
breakdowns (Khodabakhshian, 2013).
Tractors should be maintained according to the recommendations of the manufacturer as laid down for
ordinary work conditions. It is recommended that all machines be repaired and reconditioned during the off
season and sufficiently in advance of use. Steering mechanisms, control mechanisms, warning devices, lights
and governors should be maintained in a safe operating condition. Right and left brakes should be adjusted so
that braking is equal on the two rear wheels. All stressed parts of frame members, including safety cabs or
frames, should be carefully and regularly inspected and maintained in a safe operating condition.
Guards and safety devices, seats, audible signals, spark arrestors, and silencers and other noise
reduction devices should be inspected regularly. All hydraulic systems should be regularly inspected. Hydraulic
cylinders, valves and other similar parts should be checked to ensure that neither internal nor external leakage
has developed to such an extent as to create a hazard.
Batteries, electric motors, controllers, switches, protective devices and electrical conductors and
connectors should be inspected. Special attention should be paid to the condition of electrical insulation.
Radiator lids should be removed in such a way as to prevent danger of scalding from steam or boiling water.
CONCLUSIONS
Agriculture is one of the most hazardous sectors. In particular, the use of agricultural tractors is
recognized as the most hazardous activity for farmers due to the large number of fatalities occurring every year.
The main issues of agricultural tractor safety are: mechanical hazards, protective devices, command and
control, other hazards, ergonomics, information, conformity, and user behavior. Manufacturers have to design
the tractor systematically assessing all risks which can occur during activities and sufficiently minimizing them.
The operators must verify carefully the tractor before using it and read and understand very well the
operator’s manual. Duty holders should maintain tractors in a safe operating condition by making regular
inspections and following the manufacturer’s recommended servicing and maintenance procedures.
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ABSTRACT
In order to establish the optimal nutritional space of Jerusalem artichoke plants and the density of the
variant with the best productivity of this less known and cultivated species in Romania, experiments were set up
at ARDS Caracal in order to determine the effects of density and response to nitrogen. phosphorus and
potassium fertilization on the Jerusalem artichoke species, a species with energy and food potential. The
experiment had in study 2 factors: planting distance (with 2 graduations: at 40 cm and at 50 cm between plants /
row) and the level of fertilization (with 5 variants: unfertilized, N40P40K40, N80P80K80, N120P120K80, N160P160K80).
It was found that the density of plants is an important agronomic factor that affects the growth,
development and yield of the crop. The biometrics data of the recorded Jerusalem artichoke plants show that, in
the climatic conditions of experimented area, the Jerusalem artichoke has the capacity to capitalize very well the
agro-productive potential of the experimental conditions, the plant height of the Rareș variety ranged between
207 cm in non-fertilization conditions at a distance of 40 cm at planting and 244 cm in the variant with
fertilization of N160P160K80 on the variant with 50 cm between plants. The value of biomass production reached
the highest value, of over 58 t / ha, in the variant with N160P160K80.
REZUMAT
În vederea stabilirii spațiului optim de nutriție al plantelor de topinambur și al desimii variantei cu cea
mai bună productivitate a acestei specii mai puțin cunoscute și cultivate în România, au fost înființate experiențe
la SCDA Caracal cu scopul determinării efectelor densității și răspunsul la fertilizarea cu azot, fosfor și potasiu a
speciei topinambur, specie cu potențial energetic și alimentar. Experiența a avut în studiu 2 factori: distanța de
plantare (cu 2 graduări: la 40 cm și la 50 cm între plante/rând) și nivelul de fertilizare (cu 5 variante: nefertilizat,
N40P40K40, N80P80K80, N120P120K80, N160P160K80).
S-a constat că densitatea plantelor este un factor agronomic important care afectează creșterea,
dezvoltarea și randamentul culturii. Datele de biometrie ale plantelor de topinambur înregistrate arată că, în
condițiile pedoclimatice de experimentare, topinamburul are capacitatea de valorifica foarte bine potențialul
agroproductiv al condițiilor de experimentare, înălțimea plantelor la soiul Rareș fiind cuprinsă între 207 cm în
condiții de nefertilizare la distanța de 40 cm la plantare și 244 cm în varianta cu fertilizare N160P160K80 la varianta
cu 50 cm între plante. Valoarea producției de biomasă a atins valoarea cea mai ridicată, de peste 58 t/ha, la
varianta cu N160P160K80.
INTRODUCTION
In a broad sense, biomass is represented by plant organic matter, metabolic residues of animal origin
(garbage) as well as microorganisms. Strictly speaking, agricultural biomass includes by-products of cultivated
plants such as: straw, ham, stems (sunflower, soybeans), leaves (beets), pods (soybeans, beans), shells (nuts,
hazelnuts), seeds (plums, peaches, apricot) and animal manure. Biomass is biodegradable and renewable.
Biomass production is a booming field due to growing interest in alternative energy sources.
On a large-scale plant biomass production involves the cultivation of many plant species, the most
important being: elephant grass (Miscanthus giganteus), hemp (Canabis sativa), maize (Zea mays), (Salix sp.),
sorghum (Sorghum sp.) and sugar cane (Saccharum officinarum) (Gazeta de Agricultura, 2011).
Other species with a real biomass potential is Jerusalem artichoke (Helianthus tuberosus L.). The main
uses are for many purposes, such as human nutrition, feed and the production of bioenergy and biochemicals
(Li L., et al., 2013; Popescu C., et al., 2018; Vlăduţ V., et al., 2018; Vlăduţ V., et al., 2019a; Vlăduţ V., et al.,
2019b).
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Jerusalem artichoke is a species with high production value, with potential and extensive use (Sawicka
1999, 2004), with high tolerance to climatic conditions (Baldini et al. 2006, Lingyun et al. 2007). The aboveground part of Jerusalem artichoke can be used for biomethane production, for the manufacture of briquettes
and pellets (Stolarski 2004, Stolarski et al., 2008; Sawicka 2009). In addition to the yield of above-ground
biomass, Jerusalem artichoke also produces a high yield of tubers (Sawicka, 1999; Góral, 2000) that can have
various uses.
There are lots of reports in the literature about the forage value of Jerusalem artichoke, also to the effect
of fertilization, variety and date of harvest on production yield and chemical composition of tubers (Sawicka
1998, Prośba-Białczyk 2007, Matei et al.; 2018, 2020). However, there is little information on optimal plant
density (Tabin and Pawłowski 1956) and many contradictory results in the studies conducted.
MATERIALS AND METHODS
Our experiment was carried out at Agricultural Research and Development Station Caracal (ARDS),
during the 2019 year in the conditions of a chermozem soil, medium rich in nutrient and with a humus content
which varied between 3% to 4%. The soil in the arable layer (0-20 cm) has a lutearic texture with a clay content
(particles below 0.002 mm) of 36.2%, an apparent density of 1.42 g/cm3, a total porosity of 47% and one
medium penetration rate (penetration resistance of 42 kg/cm2).
From the point of view of the hydric features in the superficial layer, the wilting coefficient records the
value of 12.3%, the field capacity 24.5% and the hydraulic conductivity is 9.2 mm/h.
The main aim of the research was to establish the most valuable variant of fertilization on the best density on
Jerusalem artichokes. As experimented genotype we use a rustic variety - Rares, with provenience from ARDS
Bacau, Romania. The crop was planted in early of March and the experiment had two factors:
A factor – distance between plants/row:
•
a1 – 40 cm;
•
a2 – 50 cm.
B factor - fertilization - with five graduations:
•
b1 – unfertilized variant;
•
b2 – N40P40K40;
•
b3 – N80P80K80;
•
b4 – N120P120K80;
•
b5 – N160P160K80;
All collected data in the field were analyzed using statistical ANOVA program.
RESULTS
Climatic conditions (figure 1) – during the experiment, the climatic conditions had an important
influence on the evolution of grain sorghum crop.
Regarding the evolution of temperature, we can say that the agricultural year of 2019 was an
excessively hot year. Compared to the normal values of area, an average temperature of 12.7 oC was
achieved, with +2.1 oC higher than the normal zone, which is 10.6 oC. Regarding the months of the warm
period of the year (April - September) we find that in no month were temperatures lower than the
multiannual average. The deviations were positive, between + 0.4 oC to +3.1oC. It is noted that the months
of June, August and September were extremely hot, with a thermal surplus between +2.3 oC and
respectively +3.1 oC.
The rainfall in this agricultural year totaled 647.8 mm, being with 110.4 mm higher than the
multiannual average, which for this area is 537.4 mm. During the warm period of the year, the months of
August and September are highlighted as very poor in precipitation, when the precipitation deficit was
between -49.7 mm and -37.6 mm.
During the vegetation of Jerusalem artichoke, May - September, the total of 508.2 mm, although
close to the average value of the area, was not evenly distributed, with the highest distribution in the first
part of vegetation, when plant consumption is not significant, and the temperatures were lower, so that the
rainwater was mostly unused by Jerusalem artichoke plants. With the onset of the drought, after mid -July
and continuing with the lack of rainfall in August and September, amid average daily temperatures that
exceeded the average in these months by 3.1 oC and respectively 2.4 oC, Jerusalem artichoke plants
suffered greatly, and that lead to losing a large part of leaves by drying at the end of August.
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Fig.1 - Climatic condition on 2019 year registered at ARDS Caracal

The results obtained at SCDA Caracal, during the year 2019, related the height of the plants (table
1), showed us that plant’s height had different values on the tested density, between 207 cm at unfertilized
variant on the 40 cm between plants/row and 239 cm at the highest level of fertilization, of N160P160K80, on the
same density where we recorded an average of 228 cm for the plants.
Table 1.
The influence of fertilization and distance between plant/row on development
of Jerusalem artichoke in 2019
A Factor
B Factor
Plant’s height
Height average
Leaf dimensions
Average number
Distance between
Length
Wide
of ramification
Fertilization
cm
cm
plants/row
cm
cm
Unfertilized
207
Av.: 13.4
Av.: 8.3
N40P40K40
227
40 cm
N80P80K80
231
228
Min: 8.0
Min: 4.5
32.0
N120P120K80
236
Max: 21.0
Max: 11.7
N160P160K80
239
Unfertilized
208
Av.: 14.1
Av.: 8.5
N40P40K40
230
50 cm
N80P80K80
237
232
Min: 8.3
Min: 4.3
37.0
N120P120K80
240
Max: 22.5
Max: 12.1
N160P160K80
244
Av./experiment
230

A larger nutritional space for plants - in case of the second density with 50 cm between plants/row - led
to a better development of the plants of the tested variety, Rares, and in this case we observed higher values
that the previous presented ones, starting to 208 cm on the unfertilized variant and reaching 244 cm for the
levels of N160P160K80. The average height of plants recorded for this density was 232 cm.
The entire above ground biomass contains leaves, which can participate in a large amount to the total
biomass with their features: number and dimensions. At Jerusalem artichoke, the leaf is simple, lanceolate or
ovate, having dimensions of 10-20 cm long and 5-10 cm wide, serrated, pubescent on the underside. The
number of leaves per plant varies greatly between varieties grown under same conditions, for example, from
372 to 953 (Swanton, 1986, McLaurin et al., 1999).
In our research, the result recorded clearly show us that both factors had a powerful influence to the
dimensions of the leaves, with limits which ranges between 8 cm to 21 cm for length on the first density, and an
average of 13.4 cm. Related the wide of leaves, the dimensions were situated between 4.5 cm to 11.7 cm, with
an average of 8.3 cm.
On the second density, due the higher space between plants, the recorded dimensions of leaves were
higher than the previous density, with limits in this year from 8.3 cm to 22.5 cm and an average of 14.1 cm for
length and 4.3 cm to 12.1 cm, with 8.5 cm as average for leaves wide.
As majority of cultivated plants, Jerusalem artichoke had a better development in the situation when the
space between plans was larger, increasing not only the leaves dimensions but also the number of the
branches.
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The collected data put us in a position to conclude that feature was, in average on the density with 40
cm between plants/row of 32, smaller than the second one, of 50 cm between plants/row, where we obtained a
mean of 37 ramifications.
Regarding the fresh biomass production obtained under the influence of A factor - density of plants - we
can synthetize the results presented in figure 2 and conclude that the Jerusalem artichoke had a higher
production on the variant with 50 cm between plant/row, of 48.5 t/ha, than those registered on the variant with
40 cm between plants/row, where we note a yield of 42.7 t/ha.

Fig. 2. Influence of the A factor – distance of plants/row - on the Jerusalem artichoke biomass yields

The differences between those two densities and Control variant, of 2.9 t/ha, were statistically point of
view ensured as very significant, with an increases of 6.4% in case of highest density tested.
Under the applied fertilizers (B factor), Jerusalem artichoke gave a very good response in comparison
with the variants used as Control (unfertilized ones) and in conditions of the experimented area the results show
that this species has a very high potential to generate fresh biomass (figure 3).
The level of yields maintained an ascendant trend starting from Control to the highest level of
fertilization, even in the situation of climatic conditions with high thermic stress for the second part of plant
vegetation. For this year, the best production of fresh biomass had recorded on the variant of N160P160K80, of
53.9 t/ha, with 18.1% higher than the Control, which realize 37.1 t/ha.
Closer values were recorded at variant with lower level of fertilizers with nitrogen and phosphorus, of
N120P120K80, where the increases were also very significant in comparison with the unfertilized variant and the
yield was higher with 8.9%.

Fig. 3. Influence of the B factor – fertilization - on the Jerusalem artichoke biomass yields

The average/experiment from the second factor - level of applied fertilizers - was 45.6 t/ha fresh
biomass, determinate in flowering stage of development of Jerusalem artichoke plants.
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In the described above climatic conditions, when the lack of precipitations or lower regime of them, in
the second part of vegetation of Jerusalem artichoke plants, the applied fertilizers were better capitalized by
plants on variants with moderate levels, without any supplementary stress for plants amplified by lower humidity
and high thermal regime.
The response of the Jerusalem artichoke crop to the combined influence of the two factors - density
and fertilizers level - was one very well quantified in the values of the fresh biomass recorded (table 2). The
average of the entire experiment was 45.6 t/ha. In comparison with this Control, the situation can be described,
as we present in the next paragraphs.
On the first density, of 40 cm between plants/row, the level of fresh biomass production ranges between
33.8 t/ha on the unfertilized variant to 49.8 t/ha fresh biomass recorded at variant with N160P160K80. Positive
differences in comparison with the Control were observed on last two levels of fertilization, at variants of
N160P160K80 and N120P120K80, with plus productions of 2.65 t/ha and respectively 4.14 t/ha.
Table 2

A Factor
Distance between
plants/row

The influence of interaction of density (A) and fertilization (B) on
Jerusalem artichoke biomass yield in 2019
B Factor
Yield
Differences
Fertilization

40 cm

Unfertilized
N40P40K40
N80P80K80
N120P120K80
N160P160K80

50 cm

Unfertilized
N40P40K40
N80P80K80
N120P120K80
N160P160K80

Average

Average
Average/experiment
LSD 5%
LSD 1%
LSD 0.1 %

Signification

t/ha

%

t/ha

33.8
40.3
41.8
48.3
49.8
42.8
40.3
44.8
47.9
51.2
58.1
48.5
45.6
2.3
3.5
5.9

74,1
88,4
91,6
105,8
109,1

-11,82
-5,30
-3,84
2,65
4,14

OOO
OO
OO
*
**

88,3
98,2
105,1
112,1
127,3

-5,32
-0,80
2,32
5,54
12,44

OO

100,0

CONTROL

CONTROL

*
**
***

On the second density tested, of 50 cm between plants/row, it is observed the same tendency of increase
of yields from the unfertilized variant in the same time with the increase of fertilizers amount. The yields varied
between 40.3 t/ha to 58.1 t/ha fresh biomass. Also, on these conditions we recorded statistical increases in
productions, but this time, due the larger nutritional spaces of Jerusalem artichoke plants, the last three variants
had this feature with +2.32 t/ha on the N80P80K80 variant, +5.54 t/ha on the N120P120K80 variant and + 12.44 t/ha
fresh biomass for highest level of fertilizers of N160P160K80.

Fig. 4. Trend line of the Polynomial equation, second degree, regarded the Influence
of the A x B factors on the Jerusalem artichoke biomass yields
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In literature we find several studies which have been conducted to determine the effects of water stress
on tuber yield and Jerusalem artichoke biomass (Conde et al., 1991; Schittenhelm, 1999; Monti et al., 2005; Liu
et al., 2012) even for tropical regions (Ruttanaprasert et al., 2014).
In the study, conducted by Conde et al., 1991; Losavio et al., 1997, drought reduced dry tuber weight
and biomass, and reductions in dry tuber weight and biomass were greater under severe drought (85.8-98.2%)
compared to drought in moderate conditions (49.3-85.2%).
The main results of this study clearly indicated that Jerusalem artichoke is generally not a very droughtresistant crop, the fresh biomass yield has been greatly reduced, especially in the tropics conditions, even under
mild drought stress. In the temperate region, the drought reduced the dry weight of the tubers by 20%. A loss of
tuber yield of over 29% was observed in tropical regions with high temperature (Ruttanaprasert et al., 2014).
In order to have a clear image about the fertilized variants from our experiment we use a Polynomial
equation of second degree to obtain a theoretical trend line of the evolution of fresh biomass yields on the two
densities used (figure 4) and the results certified that on the highest levels of the fertilizers applied of N120P120K80
and N160P160K80 were better capitalized on the density of 50 cm between plants/row.
CONCLUSIONS
From the above presented data, we can highlight, as most important conclusions, the follows:
Jerusalem artichoke found good climatic conditions for growth and development of the plants in
2019 in the tested area of ARDS Caracal;
We observe that the main morphological features of Jerusalem artichoke plants were influenced
by the tested factors: density of plants and fertilizers applied, with variations of height of plants,
leaves dimensions and number of braches/plant, all of these being higher on the 50 cm between
plants/row variant;
From the single point of view of the experimented factors, the recorded result let us to conclude
that the most valuable density was one of 50 cm between plants/row;
In the conditions of the influence of both tested factors, the obtained yield of fresh biomass for
the experiment was 48.0 t/ha, a values which is on the range of mentioned literature for this crop
in various areas of cultivation;
The most valuable levels of fertilization proved to be those with N120P120K80 and N160P160K80 where
the nutrients were better capitalized on the density of 50 cm between plants/row than the variant of 40
cm between plants/row.
ACKNOWLEDGEMENT
The research was done in the activities of the Project no. 9/PCCDI/2018 VALINTEGR supported by
Ministry of National Education UEFISCDI, Program PN III 2017- 2020.
REFERENCES
[1]
Baldini M., Danuso F., Monti A., Amaducci M.T., Stevanato P. De Mastro G., (2006), Chicory and
Jerusalem artichoke productivity in different areas of Italy, in relation to water availability and time of
harvest. Italian Journal of agronomy, vol. 1, no. 2;
[2]
Conde J.R., Tenorio J.L., Rodriguez-Maribona B., Ayerbe L. 1, (1991), Tuber yield of Jerusalem artichoke
(Helianthus tuberosus L.) in relation to water stress. Biomass Bioenerg. 1: 137-142;
[3]
Gazeta de Agricultura, (2011), https://www.gazetadeagricultura.info/eco-bio/565-energie-regenerabila
/11375biomasa-sursa-de-energie-regenerabila.html;
[4]
Góral S., (2000), Wartość użytkowa topinamburu (Helianthus tuberosus L.). Zesz. Probl. Post. Nauk Rol.,
468, 17-30;
[5]
Li L., Wang Y., Du Y., & Qin S., (2013), Biorefinery products from the inulin-containing crop Jerusalem
artichoke. Biotechnology Letters, 35(4), 471–477;
[6]
Liu Z. X., Steinberger Y., Chen X., Wang J. S., & Xie G. H., (2015), Chemical composition and potential
ethanol yield of Jerusalem artichoke in a semi-arid region of China, Italian Journal of Agronomy, 10(1),
34-43;
[7]
Lingyun W., Wang J., Zheng X. (2007), Studies on the extracting technical condition of inulin from
Jerusalem artichoke tuber, Journal of Food Engineering, vol. 79, pp. 1087-1093;

45

INTERNATIONAL SYMPOSIUM

[8]

[9]

[10]

[11]

[12]
[13]

[14]

[15]
[16]
[17]

[18]
[19]
[20]

[21]

[22]

[23]

Matei Gh., Vlăduț V.N., Ștefan M., Constantinescu E., Sălceanu C., (2018), Variability of some
morphological characters to the Jerusalem artichoke crop under the conditions of the ARDS Caracal, ISB
INMA TECH’ 2018 Agricultural and mechanical engineering, pp. 1023-1028;
Matei Gh., Vlăduț V., Isticioaia S., Pânzaru R.L., Popa D., (2020), Potential of Jerusalem artichoke
(Helianthus tuberosus L.) as a biomass crop, Scientific Papers, Series A, Agronomy, Vol. LXIII, No. 1, pp.
387-393;
McLaurin, W.J., Somda, Z.C., and S.J. Kays, S.J. (1999), Jerusalem artichoke growth, development, and
field storage. I. Numerical assessment of plant part development and dry matter acquisition and
allocation. J. Plant Nutr., 22, pp.1303–1313;
Monti A., Amaducci M.T., Venturi G., (2005), Growth response and leaf gas exchange and fructans
accumulation of Jerusalem artichoke (Helianthus tuberosus L.) as affected by different water regimes, Eur
J Agron 23, pp.136-145;
Prośba-Białczyk U., (2007), Produkcyjność topinamburu (Helianthus tuberosus L.) uprawianego bez
nawożenia. Fragm. Agron., XXIV, 4(96), pp.106-112;
Ruttanaprasert R., Jogloy S., Vorasoot N., Kesmala T., Kanwar R., Holbrook C., Patanothai A., (2014),
Genotypic variability for tuber yield, biomass, and drought tolerance in Jerusalem artichoke germplasm.
Turkish journal of agriculture and forestry. 38. 570-580. 10.3906/tar-1310-43;
Ruttanaprasert R., Jogloy S., Vorasoot N., Kesmala T., Kanwar R., Holbrook C., Patanothai A.,
Rameshwar S., Patanothai A., (2016), Effects of water stress on total biomass, tuber yield, harvest index
and water use efficiency in Jerusalem artichoke, Agricultural Water Management, Vol.166, pp.130-138;
Sawicka B., (1998), Wartość pastewna słonecznika bulwiastego (Helianthus tuberosus L.) w warunkach
nawożenia azotem. Ann. Univ. Mariae Curie-Skłodowska, Sect. E. LII, 11, pp.97-108;
Sawicka B., Skiba D., Michałek W., (2009), Słonecznik bulwiasty jako alternatywne źródło biomasy na
Lubelszczyźnie. Zesz. Probl. Post. Nauk Rol., 542(1), pp.465-479;
Schittenhelm S., (1999), Agronomic Performance of Root Chicory, Jerusalem Artichoke, and Sugarbeet in
Stress and Nonstress Environments. Crop Ecology, Production & Management, Vol. 39, Issue 6., pp.
1815-1823;
Swanton C.J., (1986), Ecological aspects of growth and development of Jerusalem artichoke (Helianthus
tuberosus L.). Ph.D. thesis, Univ. Western Ontario, London, Ontario, pp.181;
Tabin S., Pawłowski F., (1956), Wpływ rozstawy i obsypywania na plon bulwy (Helianthus tuberosus L.).
Ann. Univ. Mariae Curie-Skłodowska, 11, 9, pp. 243-257.
Popescu C., Popescu (Popiniuc) C., Manea Ş., Calin O., Morgovan C., Vlăduţ V., Dune A., Ardelean S.
(2016), Study on quality and safety of white Jerusalem artichoke (Helianthus Tuberosus), freshly
harvested, as source of raw material for functional foods and pharmaceutical products, ANNALS OF THE
UNIVERSITY OF CRAIOVA - AGRICULTURE, MONTANOLOGY, CADASTRE, Series, Vol. 46, No. 2,
pp. 214-223;
Vlăduț V., Biriş S. Şt., Ungureanu N., Voicea I., Cujbescu D., Apostol L., Moşoiu C., Boruz S., Isticioaia
S., Stroescu Gh., Matache A., Dumitru D.N. (2018), Considerations regarding the harvesting technologies
of jerusalem artichoke, ANNALS OF THE UNIVERSITY OF CRAIOVA - AGRICULTURE,
MONTANOLOGY, CADASTRE, Series, Vol. 48, No. 2, pp. 451-457, Craiova, Romania;
Vlăduţ V., Găgeanu I., Apostol L., Matei Gh., Popa D., Isticioaia S., Ungureanu N., Biriş S.Şt., Zelazinski
T., Epure M., Dumitru C., Biriş S.I. (2019a), Considerations on the characterization of jerusalem artichoke
flour, depending on the soil type, ISB-INMA TEH” International Symposium “Agricultural and Mechanical
Engineering”, pp. 958-965, Bucharest / Romania;
Vlăduţ V., Grigore A.I., Găgeanu I., Neagoe M., Vanghele N., Apostol L., Matei Gh., Popa D., Isticioaia S.,
Ungureanu N., Biriş S.Şt., Paraschiv G., Epure M., Dumitru C., Biriş S.I. (2019b), Research on the
primary preparing of Jerusalem artichoke tubers to be used as flour, ISB-INMA TEH” 2019, International
Symposium “Agricultural and Mechanical Engineering”, pp. 952-957, Bucharest / Romania.

46

INTERNATIONAL SYMPOSIUM

OPTIMIZATION OF PAULOWNIA MICROPROPAGATION AT THE LATE CYCLES OF
ASEPTIC CUTTING IN VITRO
/
ОПТИМІЗАЦІЯ МІКРОКЛОНАЛЬНОГО РОЗМНОЖЕННЯ PAULOWNIA НА ПІЗНІХ
ЦИКЛАХ СТЕРИЛЬНОГО ЖИВЦЮВАННЯ IN VITRO
PhD. St. Fokina A.*1), Prof. Dr. s. Biol. Satarova T.1,2), Ph. D. Biol. Denysiuk K.2), Prof. Dr. s. Agr. Kharytonov M.3)
1)

Ukrainian State University of Chemistry and Technology, Dnipro/ Ukraine;
2)
Institute of Grain Crops of NAAS, Vdnipro/ Ukraine;
3)
Dnipro State Agrarian and Economic University, Dnipro/ Ukraine;
Tel: 380991658475; E-mail: ignis.dragonfly@gmail.com

Keywords: microclones, phytohormones, shoots, activation of axillary buds, nutrient medium
ABSTRACT
Paulownia is an important energy and decorative wood crop, which is still new and uncommon in
Ukraine. Microclonal propagation of Paulownia elongata × P. fortune at late cycles of aseptic cutting in vitro is
accompanied by a decrease in axillary buds activity as well as slow growth and development of cuttings on
medium MS with 30 g / l sucrose, 2.5 g / l lysine, 7 g / l agar, and 2.0 mg / l 6-benzylaminopurine. Optimization
of the phytohormonal composition of the given medium by adding 1.5 mg / l 6-benzylaminopurine, 1.0 mg / l of
gibberellic acid GA3, 0.5 mg / g adenine and 0.1 mg / l 3-indolylacetic acid allowed to increase the efficiency of
in vitro micropropagation of paulownia in late cycles (from the sixth to the tenth) up to the level of early cycles of
aseptic cutting.
ТЕЗИ
Павловнія – важлива енергетична і декоративна деревна культура, яка поки що є новою і
малопоширеною в Україні. Мікроклональне розмноження Paulownia elongata × P. fortune в пізніх циклах
стерильного живцювання in vitro (з п’ятого циклу) супроводжується зменшенням активності пазушних
бруньок і уповільненням росту та розвитку живців за використання середовища MS з 30 г/л сахарози,
2,5 г/л лізину, 7 г/л агару і 2,0 мг/л 6-бензиламінопурину. Оптимізація фітогормонального складу
даного середовища шляхом додавання 1,5 мг/л 6-бензиламінопурину, 1,0 мг/л гіберелової кислоти ГК3,
0,5 м/г аденіну та 0,1 мг/л 3-індоліёлоцтової кислоти дозволила
підвищити ефективність
мікропропагування павловнії в пізніх циклах in vitro (з шостого по десятий) до значень показників на
рівні ранніх циклів стерильного живцювання.
INTRODUCTION
Paulownia is an ornamental fast-growing woody plant (Zhao et al., 2017; Yang et al., 2019), which in 5-6
years can reach a height of 20 meters (Pozoga et al., 2019; Linnik, 2020). This property of Paulownia ensures
the popularity of its utilization as a source of renewable energetic materials as well as а rapid restorer of
forests, for land reclamation. It is possible to receive 240-350 m3 of qualitative wood from 1 hectare for 7 years,
while the bioethanol yield from 1 ton of dry wood can reach 0,5 t (Linnik, 2020). Moreover Paulownia is used in
medicine due to antioxidant, anti-inflammatory, cytotoxic, enzyme-inhibitory properties of its flavonoids for both
humans (Cheng et al., 2019) and animals (Yang et al., 2019). Paulownia leaves have been used as an
admixture to the traditional diet of some farm animals (Al-Sagheer et al., 2019). Paulownia is also a honey plant
with honey productivity of 700 liters per 1 ha (Linnik, 2020). For Ukraine, Paulownia is a new, uncommon plant
that is gaining popularity.
Microclonal propagation of Paulownia in vitro provides a rapid rate of creation of pest-, disease-free
genetically identical plants (Rave et al., 2019). Introduction into in vitro culture of nodular explants, petioles and
shoot tips can often be used as explants (Yadav et al., 2013). The effectiveness of Paulownia in vitro cultivation
depends on phytohormonal composition of a nutrient medium, in particular on the ratio of auxins and cytokinins
(Shtereva et al., 2014; Pozoga et al., 2019) 6-benzylaminopurine (BAP), thidiazuron, 3-indolylacetic acid (IAA),
kinetin are often used for successful micropropagation of Paulownia (Yadav et al., 2013). A positive effect of
thidiazuron (0.5-1 mg/l) under the background of IAA (0.1 mg/l) on the frequency of shoot formation and shoot
length for six genotypes of Paulownia was ascertained (Shtereva et al., 2014). The most effective concentration
of BAP for regeneration via organogenesis from nodular explants of P. tomentosa × P. fortunei was 0.5 mg/l
(Pozoga et al., 2019).
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The best results on the proliferation and length of shoots from apical and axillary buds of P. elongata x
P. fortunei were obtained with1.5 mg/l BAP and 0.1 mg/l indolylbutyric acid (Rave et al., 2019).
Most studies on Paulownia regeneration efficiency were conducted at the first cycles of microclonal
cutting in vitro (Shtereva et al., 2014; Pozoga et al., 2019), although for prolonged industrial cultivation the
production of clones not only at the early cycles of cutting, but also at the later ones seemed to be more
rational. The aim of the work was to optimize the technology of Paulownia microclonal propagation at the late
cycles of aseptic cutting in vitro.
MATERIAL AND METHOD
The hybrid Paulownia elongata S.Y.Hu ×P. fortunei (Seem.) Hemsl. was used as the material. Cuttings, 1
cm long, obtained from annual donor plants were used as explants. For their obnaining young unlignified 2-3month-old branches were selected for explant obtaining. Explants included a stem section, a node with
remnants of two opposite leaves and two axillary buds located in the leaf axils. Explants were sterilized for 10
minutes in calcium hypochlorite solution and washed five times with sterile distilled water. For shoot formation
by activation of axillary buds aseptic explants were put on the hormoneless nutrient medium: macro-, microsalts
of MS medium (Murashige and Skoog, 1962), 2.5 mg/l lysine, 30 g/l sucrose, 7 g/l agar. Explants were cultured
at a temperature of 25 °C, 16-hour photoperiod and light intensity of approximately 1500 lux for 30 days to
induce the formation of new formed shoots (NFSs) from axillary buds. NFSs were aseptically cut off into cuttings
which were explanted on the fresh nutrient medium of the same composition and cultivated for 30 days (cycle I
of aseptic cutting). NFSs from cycle II of cutting were used to obtain cuttings for the next cycle to continue
multiplication. The process of aseptic cutting and the cultivation of NFSs were continued until cycle X. Cutting
cycles I-III were considered as early while cycles IV-X were examined as late cycles of cutting. The effect of
growth regulators on the development of P. elongata × P. fortune at the late (VI) cycle of aseptic cutting in vitro
was studied for prolongation of multiplication. Growth regulators were added according to the scheme (table 1)
to the nutrient medium for cutting with macro-, microsalts MS, 30 g/l sucrose, 2.5 mg/l lysine, 7 g/l agar.
Table 1
The scheme of the investigation of the influence of growth regulators on the development of
P. elongata × P. fortune cuttings at the late (VI) cycle of multiplication in vitro
Growth regulators, mg/l
Number of
nutrient medium
BAP
GA3
Adenine
IAA
Kinetin
2iP
1
1.5
1.0
1.5
0.1
–
–
2

1.5

1.0

0.5

0.1

3

2.0

1.0

0.1

0.3

4

2.5

1.0

2.5

0.1

–
–
–

5

2.5

4.0

2.5

0.5

0.05

–
–
–
–

6

2.5

4.0

2.5

0.5

0.05

0.5

Note. Here and in tables 3-4 (fig. 2-3) the basic medium for cutting contained macro-, microsalts MS,
30 g/l sucrose, 2.5 mg/l lysine, 7 g/l agar; GA3 – gibberellic acid 3, 2iP – 2-isopentenyladenine.
Forty cuttings were used for each variant of the experiment. The data are reported as x±SE (SE –
standart error).
RESULTS
In our experiments on the medium MS with 30 g/l sucrose, 2.5 mg/l lysine, 7 g/l agar and 2 mg/l BAP
the depression of axillary buds activity and the slowdown of the growth and development of
P. elongata × P. fortune cuttings in late cycles of multiplication were observed. Then, the number of internodes
per 1 explanted cutting at the late (V) cycle decreased 2.6 times and the shoot length – 2.3 times compared to
the early (III) cycle (table 2). P. elongata × P. fortune cuttings at the 2nd and 5th cycles of aseptic cutting are
shown in figure 1.
Table 2
Efficiency of P. elongata × P. fortunei micropropagation at early and late cycles of cutting in vitro
Aseptic cycle of cutting
Indicator
early (III)
late (V)
The number of internodes of newly formed shoots per 1
6.9±0.4
2.7±0.4
explanted cutting, pcs
The shoot length, cm
3.4±0.4
1.5±0.3

Note. Cultivation on medium MS with 30 g/l sucrose, 2.5 mg/l lysine, 7 g/l agar and 2 mg/l BAP.
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Fig. 1 – New formed shoots of P. elongata × P. fortune at early (II, left) and late (V, right) cutting cycles in vitro on
medium with 2 m/l BAP

At the late (VI) cutting cycle the addition of adenine (0.5 mg/l) gave the possibility to activate almost all
P. elongata × P. fortunei buds with the formation of new shoots (table 3, fig.2). Increasing the concentration of
adenine up to 1.5 mg/l led to the depression of buds activity: only 1.4 buds per cutting were activated with shoot
formation. A similar trend was observed in the formation of internodes on newly formed shoots. The number of
internodes decreased 1.6 times (from 3.6 pcs. to 2.3 pcs. per shoot) when the concentration of adenine was
increased from 0.5 mg/l to 1.5 mg/l. The enlargement of the BAP and adenine concentrations both to 2.5 mg/l
did not have a significant effect on the formation of new shoots and their internodes.
Table 3
Influence of growth regulators on the proliferation of shoots via axillary buds activation at the late (VI) cycle
of P. elongata × P. fortune cutting in vitro
Number of
nutrient
medium
1
2
3
4
5
6

The content of growth regulators in the
medium for cutting
1.5 mg/l BAP+1.0 mg/l GA3+1.5 mg/l
adenine+0.1 mg/l IAA
1.5 mg/l BAP+1.0 mg/l GA3+0.5 mg/l
adenine+0.1 mg/l IAA
2.0 mg/l BAP+1.0 mg/l GA3+0.1 mg/l
adenine+0.3 mg/l IAA
2.5 mg/l BAP+1.0 mg/l GA3+2.5 mg/l
adenine+0.1 mg/l IAA
2.5 mg/l BAP+4.0 mg/l GA3+2.5 mg/l
adenine+0.5 mg/l IAA+0.05 mg/l kinetin
2.5 mg/l BAP+4.0 mg/l GA3+2.5 mg/l
adenine+0.5 mg/l IAA+0.05 mg/l kinetin+0.5
mg/l 2iP

Number of newly
formed shoots per 1
explanted cutting, pcs.

Number of internodes
per 1 newly formed
shoot, pcs.

1.4±0.4

2.3±0.4

1.9±0.2

3.6±0.2

1.6±0.2

2.9±0.3

1.9±0.2

3.1±0.2

1.8±0.2

3.4±0.4

1.9±0.5

3.1±0.2

Note. Numbers of nutrient media in table 3-4 correspond to the same numbers in table 1.

Fig. 2 – The development of P. elongata × P. fortune shoots at the late (VI) cycle of cutting in vitro on media with
different phytohormones (indicated in table 1)
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The tendency to rise the values simultaneously with the complication of medium composition at the cycle
VI was established (table 4, fig.3). At the cycle VI the best result was obtained by reducing the content of BAP
from 2.0 to 1.5 mg/l and supplementing the medium with 1.0 mg/l GA3, 0.5 mg/l adenine, and 0.1 mg/l IAA. On
this medium the shoot length increased on average to 3.7 cm, and the number of internodes per 1 explant
reached 6.8 pcs. This result is similar to the result obtained at the 3rd cycle of cutting, where the shoot length
was 3.4 cm, and the number of internodes of newly formed shoots per 1 explanted cutting was 6.9 pcs.
The worst results at the cutting cycle VI were obtained by increasing the concentration of adenine up to
1.5 mg/l. In this way the number of internodes per explant was almost twice less than at 0.5 mg/l of adenine.
The shoot length was the lowest on medium with 2.0 mg/l BAP, 1.0 mg/l GA3, 0.1 mg/l adenine, and 0.3 mg/l
IAA. P. elongata × P. fortune multiplication at the late (VI) cycle of aseptic cutting on media of studied
compositions is shown also in figure 4.
Table 4
Influence of growth regulators on the growth of P. elongata × P. fortune at the late (VI) cycle of cutting in vitro
Number of
The length of
Number of internodes of
The content of growth regulators in the
nutrient
newly formed
newly formed shoots per
medium for cutting
medium
shoots, cm
1 explanted cutting, pcs.
1.5 mg/l BAP+1.0 mg/l GA3+1.5 mg/l
1
2,5±0,3
3,3±0,3
adenine+0.1 mg/l IAA
1.5 mg/l BAP+1.0 mg/l GA3+0.5 mg/l
2
3,7±0,4
6,8±0,2
adenine+0.1 mg/l IAA
2.0 mg/l BAP+1.0 mg/l GA3+0.1 mg/l
3
2,0±0,3
4,7±0,5
adenine+0.3 mg/l IAA
2.5 mg/l BAP+1.0 mg/l GA3+2.5 mg/l
4
2,4±0,2
5,9±0,3
adenine+0.1 mg/l IAA
2.5 mg/l BAP+4.0 mg/l GA3+2.5 mg/l
5
2,9±0,1
6,2±0,3
adenine+0.5 mg/l IAA+0.05 mg/l kinetin
2.5 mg/l BAP+4.0 mg/l GA3+2.5 mg/l
6
adenine+0.5 mg/l IAA+0.05 mg/l kinetin+0.5
3,3±0,4
5,9±0,5
mg/l 2iP

Fig. 3 – The extension of P. elongata × P. fortune at the late (VI) cycle cutting in vitro on media
with different phytohormones (indicated in table 1)

Thus, the results in tables 3-4 indicate the possibility of effective cultivation of P. elongata × P. fortune at
the late cycles of aseptic cutting under increasing action of growth regulators. The medium MS with 30 g/l
sucrose, 2.5 mg/l lysine, 7 g/l agar supplemented with 1.5 mg/l BAP, 1.0 mg/l GA3, 0.5 mg/l adenine and 0.1
mg/l IAA was the most effective for the late (VI) cycle of cutting.

Fig. 4 – P. elongata × P. fortune shoots multiplication at the late (VI) cycle of aseptic cutting,
Numbers of nutrient media from left to right: 5, 4, 3, 2, 6, 1 (see table 1)
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In our experiments P. elongata × P. fortune in isolated culture was effectively microcloned up to the
cycle X. It became possible due to the mentioned above optimized medium for late cycles of cutting. After
cutting cycle X in vitro culture of P. elongata × P. fortunei began to wear out and die (fig.5).

Fig. 5 – The exhaustion of P. elongata × P. fortunei after the cutting cycle X in vitro

CONCLUSIONS
The depression of the axillary buds activity of Paulownia. elongata × P. fortune and slowing down the
growth and development of shoots from them was proved to the late (V) cycle of cutting in vitro on nutrient
medium MS with 30 g/l sucrose, 2.5 mg/l lysine, 7 g/l agar supplemented with 2.0 mg/l BAP. The optimization of
the given nutrient medium with 1.5 mg/l BAP, 1.0 mg/l GA3, 0.5 mg/l adenine and 0.1 mg/l IAA permitted to
perform microclonal propagation of P. elongata × P. fortune in late (VI) cutting cycle on the level of early (III)
one. On the given optimized nutrient medium multiplication of P. elongata × P. fortune in vitro was effective up
to the tenth cycle of cutting.
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EFFECTS OF DRIP IRRIGATION AND FERTIGATION ON YIELD AND WATER USE
EFFICIENCY FOR TOMATO GROWN IN UNHEATED GREENHOUSE
/
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ABSTRACT
An experiment was conducted in the Chelopechene experimental field of the ISSAPP "Nikola
Pushkarov" in town of Sofia during May-September 2019 aimed at investigating the effect of application of
different irrigation and fertilization rates on yield and water use efficiency (WUE) for tomato (Solanum
lycopersicum 'Big Beef' F1) grown in unheated plastic greenhouse under drip irrigation with fertigation. Two
irrigation rates (100% and 60% of crop evapotranspiration (ETc)) under four fertilizer levels (0, 80%, 100%,
120% of fertilization rate) have been served as treatment. It was found that the combination "irrigation level fertilization level" affects the tomato yield. The highest yield (80.4 t /ha) was obtained under full irrigation and
luxury fertilization. The yield of tomatoes in the water deficit treatments was lower than those in fully irrigated
treatments and the highest yield was obtained (65.98 t /ha) again in luxury fertilized treatment. The results for
the water use efficiency for irrigation show that the highest value (23.83 kg/ m3) was obtained under deficit
irrigation and luxury plant nutrition. The greatest nitrogen use efficiency was observed when applying of 100%
ETc and 80% NPK.
РЕЗЮМЕ
Проведен е експеримент в експерименталното поле в Челопечене на ИПАЗР „Никола
Пушкаров" в град София през май-септември 2019 г. с цел изследване на ефекта от прилагането на
различни нива на напояване и торене върху добива и ефективността на използване на водата (WUE)
за домати (Solanum lycopersicum 'Big Beef' F1), отглеждани в неотоплена оранжерия при капково
напояване и фертигация. Изпитвани са осем варианта при две нива на напояване (100% и 60% от
евапотранспирацията на растенията (ETc)) при 4 нива на торене (0, 80%, 100%, 120% от торовата
норма). Установено е, че комбинацията „ниво на напояване - ниво на торене“ влияe на добива от
домати. При оптимално напояване и луксозно торене на растенията е получен най-висок добив (80.4
t/ha). Добивът домати при вариантите с дефицитно напояване е по-нисък от този с оптимално
напояване, като най-висок добив (65.98 t/ha) е получен отново при луксозно торене. Резултатите за
ефективността на използването на водата за напояване показват, че тя е най-висока (23.83 kg/ m3)
при дефицитно напояване и луксозно хранене на растенията. Най-голяма ефективност на
използване на азота се наблюдава при прилагане на 100% ETc и 80% NPK.
INTRODUCTION
There is a worldwide trend to increase the area under greenhouse vegetables in recent years. Tomatoes
are one of the most important vegetables grown in greenhouses because of their high taste and nutritional
qualities, as well as because of their beneficial effects on human health. For Bulgaria tomatoes are a traditional
vegetable and a favorite food.
In greenhouse cultivation, the efficient use of resources is especially important for obtaining sustainable
production. Water use efficiency is an important indicator in the study of sustainable irrigated agriculture (Ucar
et al. 2017).
Tomato has high water requirements (Patane et al., 2011) and irrigation is needed during the cultivation.
Both irrigation technology and fertilizer application method are the most important factors influencing high yields.
The usual practice of applying excess nitrogen fertilizers and traditional irrigation technology can lead to
inefficient use of water and fertilizers.
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Drip irrigation, which has been applied in recent years in greenhouses, contributes significantly to the
improvement of WUE, due to its ability to supply frequent and small amounts of water that is applied directly to
the root zone of the plant, which significantly reduces evapotranspiration and potentially increases productivity.
(Machado et al., 2003).
The application of fertilization trough drip irrigation system (fertigation) is crucial to increase crop yields.
Fertigation technology has the advantage of improving the absorption of nutrients from the soil by crops, which
includes preventing the loss of fertilizer in the root zone. Fertigation through drip irrigation has a potential to
improve irrigation and fertilizers use efficiency (Cetin and Erhan, 2019).
To improve the yield at a high water use efficiency is very important to supply the plants with sufficient
water and fertilizer depending on the growth stage. Understanding the interactive effects of water and nutrient
availability are crucial for improving the plants’ water use efficiency and nitrogen use efficiency (NUE) (Qu F. et
al. 2019).
The aim of this study iss to investigate the effect of application of different irrigation and fertilization rates
on the yield and water use efficiency for tomato (Solanum lycopersicum 'Big Beef' F1) cultivated in an unheated
greenhouse under drip irrigation and fertigation.
MATERIALS AND METHODS
The study was conducted in the Chelopechene experimental field of the Institute of soil science,
agrotechnologies and plant protection in town of Sofia, Bulgaria in an unheated polyethylene tunnel-type
greenhouse with dimensions of 7.9 x 53 m and a total area of 420 m2 in 2019. The experimental field with
geographical coordinates: 42 ° 44′22.8′′N, 23 ° 28′3.7′′E is a part of the Sofia Field, located at 550 m above sea
level. This area has continental climate characterized by cold winter. The soil type of the experimental site is
Chromic Luvisol which can be defined as moderate to strong water-permeable with an average filtration
capacity.
The object of the study are tomato variety (Solanum lycopersicum "Big Beef").
A two-factor experiment was performed with experimental factors - irrigation (V) and fertilization (T). The
factor irrigation was applied in two levels: V1 - – full irrigation at irrigation rate estimated by evapotranspiration
(100% ЕТс), V2 – deficit irrigation (60% ЕТс). The factor fertilization was applied at four levels. Т0 – without
fertilizer, Т1 – suboptimal fertilization N8.95 P11.82 K13.87 , Т2 – optimal fertilization N11.59 P15.84 K17.74, Т3 – luxury
fertilization N14.50 P20.13 K21.88.
The following treatments were tested: V1T0, V1T1, V1T2, V1T3, V2T0, V2T1, V2T3, V2T4.
The experimental treatments were arranged according to the method with long plots. Each plot has a
surface of 24 m2 and consisted of twin rows of tomato with a total of 81 plants. They are planted „checkerboard“
at a spacing of 0.6 m and at a distance between rows of 0.5 m.
Irrigation was performed with a drip irrigation system, comprising a command unit and two batteries
consisting eight laterals situated next to the each row of tomato. The laterals were simple 1.3 l/h dripper lines
with a 60 cm emitters spacing. The volume of water supplied to the batteries was controlled by water meters
mounted on the main pipelines. Mulching was applied to further reducing the evaporation. Black polyethylene
mulch (UV 15 mic/1.20 m) was used.
Immediately after planting the tomatoes in a permanent place, a watering of 1-2 l per plant was carried out
to intercept seedlings and next watering 7 days later. Depending on the growth stage of tomatoes, watering was
carried out with a frequency of 3-7 days. Deficit irrigation began to be applied from the beginning of fruit setting.
Irrigation rate for the fully irrigated treatments V2T0, V2T1, V2T3, V2T4 was determined by the sum of daily
evapotranspiration values for the irrigation interval. For each day of the vegetation period the tomato
evapotranspiration was determined by the formula:
(1)

[mm]

where ETo is reference evapotranspiration and kс is crop coefficient.
The reference evapotranspiration was calculated using the Penman-Monteith method (Allen et al., 1998):

[mm day-1]
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where ETo is reference evapotranspiration, t is mean air temperature (°C), Δ is slope of the saturated
vapor pressure curve( kPa/°С); Rn is net radiation flux (MJ m-2day-1); G is sensible heat flux into the soil (MJ m2
day-1); γ is psychrometric constant (kPa/ °С); u2 is wind speed at 2 m above the ground (m /s); ea is mean daily
ambient vapor pressure (kPa) and es is mean saturated vapor pressure (kPa).
Meteorological parameters necessary for the calculations - temperature, relative humidity of the air and
the solar radiation in the greenhouse, were measured using an automatic weather station and recorded in a
data logger (HOBO USB Micro Data Logger, USA). The micro station was located in the center of the
greenhouse. The average dayly values of the parameters of the microclimate in the greenhouse during the
growing season of tomato are shown in Fig 1.
The values of the crop coefficient for the various stages of the tomato development were selected
according to literary data.

Fig. 1 - Average microclimatic conditions in greenhouse during the tomato growing season.

In the autumn, storage fertilization with 450 kg/ ha P2O5 and 500 kg/ ha K2O was carried out. When
planting tomatoes, nitrogen fertilization with ammonium nitrate (450 kg per ha) was performed. During the
growing season of tomato simultaneously with irrigation, 100% water-soluble fertilizers were introduced, which
contain macronutrients (N, P, K) and micro-elements (Fe, Zn, Mn, Mg, B, Cu, Ca). Depending on the growth
stage of tomato were applied: after planting tomato - mineral fertilizer containing 16% N, 69% P2O5 and 16%
K2O, during their vegetative development - fertilizer containing 27% N, 27% P2O5, 27 % K2O and in the period of
fruiting the applied fertilizer contains 18% N, 11% P2O5, 59% K2O. In order to apply the exact fertilizer rate, a
MixRite 2.5 hydraulic fertilizer injector and a water meter were used. Fertigation with 120:100:80:0 fertilizer rate
was given in the treatments 9 times at 7days interval beginning 10 days after transplanting.
The irrigation water use efficiency is determined by the formula (Sinclair et al., 1984):
[kg/m3]

(3)

where: IWUE is irrigation water use efficiency, Y is yield, кg/ha, W is total water volume utilized [m3/ha].
The nitrogen use efficiency is determined as (Aujla et al., 2007):
[kg/kg]

(4)

where: NUE is nitrogen use efficiency, N is total fertilizer applied (kg/ha).
The experimental results were statistically processed using analysis of variance. The software package
SPSS Statistics 21 and EXCEL were used. Duncan’s multiple range test was used for any significant
differences among treatments at P<0.05 significance levels.
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RESULTS
Experimental results for tomato yield per plant, total yield, water use efficiency and nitrogen use efficiency
as affected by irrigation and fertilization rates are given in Table 1.
The significance of the effect of V and N fertilizer rates interaction was statistically evaluated at P<0.05
significance level. The analysis showed that the interaction between the two study factors was statistically
significant in terms of yield, but not in terms of water and fertilizers use efficiency. Therefore, analysis of variance
was carried out to assess the effects of each factor separately at a significance level p <0.05.
Table 1.
Yield, water use efficiency and nitrogen use efficiency by treatment
Yield
kg/plant

Yield
t/ha

IWUE
kg /ha

V1T0

2.05

69.03

17.25a

V1T1

2.1

71.01

17.75a

473.80

V1T2

2.16

72.93

18.23ab

453.44

V1T3

2.38

80.41

20.1b

446.17

V2T0

1.39

47.08

17a

V2T1

1.4

47.1

17.01a

314.29

V2T2

1.51

50.82

18.35ab

315.97

V2T3

1.95

65.98

23.83b

366.11

V

*

*

ns

*

T

ns

ns

ns

ns

Treatment

VxT
*
*
ns
* indicate significance levels p<0.05, ns denotes no significance. Means

NUE
kg /kg

ns

within column IWUE followed by the same lowercase letter are not significantly
different (p <0.05)

The total yield was significantly affected by irrigation (p < 0.05) and by the interaction of irrigation and
fertilization, but not significantly affected by fertilization (p > 0.05). It was found that the combination "irrigation
level - fertilization level" affects the tomato yield. The highest yield per plant (2.38 kg/ plant) and total yield (80.4 t
ha-1) were obtained under full irrigation and luxury fertilization.
The tomato yield obtained in water deficit treatments were lower than those in fully irrigated treatments
were and the highest yield per plant (1.95 kg/ plant) and total yield were obtained (65.98 t /ha) again in applying
luxury fertilizer rate. The high yield obtained in the two irrigation levels combined with 120% T may indicate that
this is an appropriate degree of fertilization to obtain maximum yield of tomatoes in low water availability.
The water use efficiency of tomato cultivated under polyhouse condition, determined by treatments was
within 17.00 kg/m3 to 23.83 kg /m3 (Table 1.). Figure 2 shows the effects of irrigation and fertilization levels on
water use efficiency. IWUE increases more with the application of deficit irrigation (60% ETc) and its maximum
is at 120% T. (23.83 kg/ m3).
This is because the reduction of the yield in case of deficit irrigation is at a lower rate than the reduction of
the amount of delivered water for irrigation. In this study, the yield decreased by 30% to 18% with a reduction of
the irrigation rate by 40%, compared to the yield of the fully irrigated treatments, which was found in previous
studies of the authors. (Patamanska et al, 2018).
There fore, the improvement of IWUE can be achieved to the greatest extent by applying a significant
water deficit and a maximum fertilizer rate.
The highest water use efficiency (20.1 kg / m3) in the fully irrigated treatments was obtained again when
applying luxury fertilization (120% T).
It can be assumed that the higher IWUE values are due to the higher fertilization rate. Duncan’s multiple
range test was used for any significant differences among treatments at significance level р<0.05. According to
the test treatments were divided into two homogeneous groups, such as the treatment that achieves the highest
use of water efficiency (60% ETc and 120% T) is significantly different statistically from others.
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Fig. 2 - Water use efficiency of tomato by treatment.

Fiure 3 shows the nitrogen use efficiency in treatments under fertigation as it is affected by different levels
of irrigation and fertilization. For the same fertilizer rate, NUE is higher in fully irrigated treatments (100% ETc).
The figure also shows that, the fertilizer use efficiency increases with decreasing fertilizer rate. The highest
nitrogen use efficiency (473.8 kg/kg) was obtained by applying 100% ETc and 80% T. Barikara et al. (2013)
have also registreted the highest value of nitrogen use efficiency at 80% of fertigation. Other have observed that
maximum nitrogen use efficiency occurs when applying a low level of fertilization (Zotarelli et al. 2009, Qu et al.
2019). In this study, the opposite trend was observed in the water deficit treatments (60% ETc). The highest
value of NUE (316.11 kg/ kg) was obtained at the highest fertilization level of 120% T. The data analysis
showed that NUE is significantly affected by irrigation (p <0.05), but not significantly affected by fertilization (p>
0.05).

Fig. 3 - Nitrogen use efficiency of tomato by treatment.

CONCLUSIONS
In this study trough an evaluation of yield and water and nitrogen efficiency the following was found.
Irrigation and the combination "irrigation level - fertilization level" significantly affect the yield of tomato. The
highest yield (80.4 t / ha) was obtained under full irrigation and luxury fertilization of the tomato plants. The next
largest yield of tomatoes (65.98 t / ha) was obtained in the water deficit treatment with the same level of
fertilization. The positive response of tomato plants to luxury fertilization at both levels of irrigation may be due
to the fact that it best match their nutrient requirments.
Regarding irrigation water use efficiency, this study showed that it is highest (23.83 kg / m3) when tomato
plants were grown in the combination: irrigation level of 60% ETc and fertilization level of 120 % T.
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The resulting highest efficiency of water use of tomato under irrigation with the lowest irrigation rate
shows that the deficit irrigation can be applied in need of water saving and its application can be optimized by
applying a maximum fertilizer rate.
The efficiency of fertilizer use is significantly affected by irrigation. The highest nitrogen use efficiency
(473.8 kg / kg) was obtained by applying 100% ETc and 80% T. The nitrogen use efficiency in fully irrigated
treatments decreased with increasing level of fertilization, while under deficit irrigation NUE increased with
increasing level of fertilization.
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ABSTRACT
In 2008-2010, on a soil type highly leached chernozem, a field experiment was conducted on the effects
of herbicides for johnsongrass control rimsulfuron (Titus 25 DF) and nicosulfuron (Mistral 4 CK), administered
at an optimal dose, once and twice, within an interval of 14 to 20 days, on the sensitivity and yield of four maize
lines - RM 619, MO 17, 61/31 and 302/12 was tested. The aim of the current experiment is to obtain information
on the impact of the herbicides rimsulfuron and nicosulfuron on the sensitivity and yield of inbred maize lines.
REZUMAT
В полски опит, на почвен тип силно излужен чернозем, през 2008 – 2010 година е изпитано
влиянието на балурицидите римсулфурон (Титус 25 ДФ) и никосулфорон (Мистрал 4 СК), приложени
в оптимална доза еднократно и двукратно през интервал от 14 до 20 дни, върху чувствителността
и добива на четири линии царевица – RМ 619, МО 17, 61/31 и 302/12. Целта на настоящото
проучване е да се получи информация за влиянието на балурицидите римсулфорон и никосулфорон
върху чувствителността и продуктивността на самоопрашени линии царевица.
INTRODUCTION
Maize belongs to the group of cereal crops grown in Bulgaria. They determine the structure of the
Bulgarian wholesale agriculture. It is a major crop providing 62,4% of the grain used for animal food.
The biological potential of each plant is not only genetically predetermined but it is influenced by the
conditions of cultivation (Bazitov, Ret all., 2010; Христов и др. 2010; Кунева и др. 2014). The elements of high
yield and quality of the agricultural crops are a complex of interconnected factors such as appropriate crop
rotation, soil quality, selection of appropriate for the particular agroecological region variety and hybrid, as well
as the usage of high quality seeds (Делибалтова В. и кол., 2009; Митков А. и кол., 2009; Мънгова М. и
кол., 1986). The plant protection activities and fertilization are an integral part of these factors, as evidences by
a large number of scientific studies (Титянова М. и кол., 2007; 2010, Ilieva et all 2018; 2019).
Green and Ulrich (1993), Molnar et al. (2001) and Milivojevic et al. (2003) examine more than 100 maize
hybrids that showed resistance to rimsulforon, nicosulforon, primisulforon and tidensulforon. In maize fields with
mixed weeds, both grass-like and broadleaf weeds, the highest level of herbicide efficacy has the combined
usage of the herbicides Titus + Arat Titus + Harmony (Kopmanis and Gailе, 2008 и 2010).
In their study, Waligora et al. (2008) investigated the herbicides atrazine, formasulfuron + iodosulfuron, Smetolachlor, MCPA + dicamba, fluroxypyr + 2.4-D, florasulam + 2.4-D, rimsulfuron, bromoxynil, isoxaflutol +
flufenacet, petoxamide, and flumidioxin cyflidoxidine. The herbicides were applied individually and in
combination, according to the doses recommended by the manufacturers, in phase 3th- 4th leaf of the crop,
showing high selectivity, with the exception of the administered rimsulfuron.
The highest yields (cobs) were obtained from the combination of formasulfuron + iodosulfuron and
fluroxypyr + 2.4-D, and the lowest yield was reported after the application of the herbicides S-metolachlor and
MCPA + dicamba. Ivanovic et al. (1998) reported that leaf herbicides rimsulfuron, primsulfuron-methyl,
prosulfuron + prsulfuron-methyl and nicosulfuron have a retardant effect - they increase grain yield but also
reduce plant height. However, Stefanovic et al. (2001 and 2006) reported an increase in corn height under the
influence of nicolsulfuron, rimsulfuron and primsulfuron-methyl.
The aim of the current study is to obtain information on the impact of the johnsongrass control herbicides
- rimsulfuron and nicosulfuron on the sensitivity and yield of inbred maize lines.
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MATERIALS AND METHODS
In 2008 – 2010, a field experiment on maize was carried out with the perpendicular method of Shanin in
four replications with a size of the experimental plot of 10 m2 ((Shanin, 1977) in the experimental field of the
Institute of Agriculture and Seed science "Obraztsov Chiflik" - Rousse, on a soil type highly leached chernozem,
low humus content (1.98%), low mineral N content (10.75 mg.1000 g-1 soil) and mobile P2O5 (6.31 mg.1000
g-1 soil) and good reserve of K2O (22.50 mg.1000 g-1 soil) in the layer 0 – 40 cm. The sensitivity of four inbred
maize lines was examined – РМ 619, МО -1 7, 61/31 and 302/12 to the herbicides rimsulforon and nicosulforon.
The sowing was carried out within the optimal period for the region (first 10 days of April) with crop density 5500
plants per da (Popov and Pavlov, 1966).
The application of the rimsulforon and nicosulforon herbicides was done during 4th -5th leaf phase with
a backpack sprayer and concentration of work solution of 20 l.da-1. It was applied in optimal doses, once and
twice at intervals of 14 to 20 days (Table 1).
The experimental field was maintained weed free for the entire maize growing season through two interrow treatments. The maize was grown without inter-row cultivation after a precursor wheat. It was fertilized with
N10 P8 K8. The fertilizers were applied as follows: phosphorus (superphosphate) and potassium (potassium
chloride) imported with the main autumn tillage, and all the nitrogen fertilizer (ammonium nitrate) before sowing.
Table 1
Variants of the experiment
Variants
1

Doses - herbicides, g.da-1 (ml.da-1)

Control - untreated
g.kg-1rimsulfuron)

Doses -active substance, g.da-1

-

-

3+2

0.75+0.50

2

Titus 25DF (250

3

Titus 25DF (250 g.kg-1rimsulfuron

5

1.25

4

Mistral 4SК (40 g.l-1 nicosulfuron)

100+50

4+2

150

6

5

Mistral 4SК (40

g.l-1

nicosulfuron)

The following indicators were reported for the realization of the experiment: phytotoxicity of the herbicides
on the 7-th, 17-th and 30-th day after their application (according to logarithmic scale (1-9 points) of EWRS at
score 1 - no damage and at score 9 - the crop was completely destroyed and seed yield kg.da-1.Statistical
processing of the experimental data was performed using the method of disperse analysis of Shanin.
RESULTS
The experimental field of the Institute belongs to a region with moderate continental climate. For the
period of the study (2010-2008), the agrometeorological conditions in terms of temperature and precipitation
amounts vary by month, both in individual years and in comparison with the multiannual averages (climate
normals) for the period 1896 - 2005.
The period 2008 – 2009 was moderately favourable for maize (Figure 1). In 2008, the amount of
precipitation in April (51.6 mm) and May (58 mm) was close to the climate norm (51.1 mm and 66.2 mm). In
2009, the monthly precipitation for the same period was 12.7 mm (April) and 29.8 mm (May), which were
respectively 25% and 45% below the multi-annual rate (51.1 mm and 66.2 mm). The average monthly air
temperature for the period April - September ranges from 12.79 to 25.03 ⁰C (for 2008) and from 12.37 to
25.13⁰C (for 2009) at the multiannual rate of 11.39 to 23.86⁰C. Extremely high temperatures and significant
water stress did not adversely affect maize development.
The soil moisture content was better in 2010. The precipitation in April (38.4 mm) and May (81.7 mm)
created favourable conditions for the emergence, growth and development of the maize plants. Precipitation in
June (81.5 mm) was decisive for the yield. In terms of temperature, 2009 (for the entire maize growing season)
differs in temperatures (589.6⁰C) around the norm (572.2⁰C). In August, higher temperatures (25.13⁰C) were
recorded than the multiyear norm of 23.86⁰C, which is a characteristic of the global warming observed in recent
years.
On average, for the three-year test period, line RM 619 showed the highest sensitivity, where the rate of
plant loss reached 46.6% with the use of Mistral 4CK administered twice at the optimal dose (Table 2). In the
variant with the application of the Titus 25DF herbicide at the optimal dose once, the percentage of dead plants
was 26.8 %, and administered in a system, respectively 21.3 %.
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Fig.1 - Average monthly air temperatures and precipitation by month for period 2008 – 2010

The next most sensitive to johnsongrass control herbicides is line 61/31, with the highest rate of dead
plants of 25.0% reported after a single treatment of Titus 25 DF at the optimal dose, followed by the single-dose
treatment with Mistral 4CK at the optimal dose - 20.8 %. The third most susceptible line to herbicides is 302/12
line, with a mortality rate ranging from 10.9 % to 21.3 %. The highest resistance to the administered
johnsongrass control herbicides Titus 25DF and Mistral 4CK+, administered in optimal doses, both once and in
a system, was observed in line MO 17 where the percentage of dead plants varied from 0.4 % to 2.3 %. The
disperse analysis shows that there are differences between the compared factors (emerged and perished
plants) with a difference of the examined factor of 5 % and 0.1 %.
Table 2
Effect of herbicides Titus 25DF and Mistral 4СК on the growth of maize lines RM 619, MO 17, 61/31 и 302/12
Number of plants
Number of plants
Variants
%
emerged
perished
RM 619
Control - untreated
47
0
0
Doses - active substance
Titus 25DF (250 g.kg-1rimsulfuron)
49
10.4*
21.3
Титус 25ДФ (250 g.kg-1 римсулфорон)
48
12.9*
26.8
Titus 25DF (250 g.kg-1rimsulfuron
-1
Mistral 4СК (40 g.l nicosulfuron)
48
22.2*
46.6
Mistral 4СК (40 g.l-1 nicosulfuron)
47
1.2*
2.5
MO 17
Control - untreated
45
0
0
Doses - active substance
-1
Titus 25DF (250 g.kg rimsulfuron)
46
0.2*
0.4
Titus 25DF (250 g.kg-1rimsulfuron
47
0.5*
1.0
Mistral 4СК (40 g.l-1 nicosulfuron)
44
1.0*
2.3
-1
46
0.2*
0.5
Mistral 4СК (40 g.l nicosulfuron)
61/31
Control - untreated
47
0*
0
Doses - active substance
-1
Titus 25DF (250 g.kg rimsulfuron)
48
7***
14.6
Titus 25DF (250 g.kg-1rimsulfuron
48
12***
25.0
Mistral 4СК (40 g.l-1 nicosulfuron)
48
5***
10.4
Mistral 4СК (40 g.l-1 nicosulfuron)
46
10***
20.8
302/12
Control-untreated
47
0
0
doses - active substance
-1
Titus 25DF (250 g.kg rimsulfuron)
46
5***
10.9
Titus 25DF (250 g.kg-1rimsulfuron
48
9***
18.8
Mistral 4СК (40 g.l-1 nicosulfuron)
47
6***
12.8
Mistral 4СК (40 g.l-1 nicosulfuron)
47
10***
21.3
Legend: *, **, ***, where GD < 5 %; 1 % and 0.1%.

Both herbicides, Titus 25DF and Mistral 4CK, showed no phytotoxicity when used once and twice in the
optimal dose, based on the phonological observations carried out on 7-th, 17-th and 30-th day after the
treatment of МО 17 and 302/12 lines (table 3).
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Sensitivity was observed to the used johnsongrass control herbicides Titus 25DF and Mistral 4CK in lines
RM 619 and 302/12. It was expressed in tumor-like formations (EWRS score 3-5) which lead to the suppression
of the plants and some of them perished.
Table 3
Herbicide selectivity for maize lines RM 619, MO 17, 61/31, 302/12
Day of report
7th day 17th day 30th day
Herbicide
RM 619
3+2 g.da-1
4
4
3
Titus 25DF
5 g.da-1
5
5
4
100+50 ml.da-1
5
3
2
Mistral 4СК
150 ml.da-1
3
1
1
MO 17
3+2 g.da-1
1
1
1
Titus 25DF
5 g.da-1
1
1
1
100+50 ml.da-1
2
1
1
Mistral 4СК
150 ml.da-1
1
1
1
61/31
3+2 g.da-1
4
4
3
Titus 25DF
5 g.da-1
5
5
4
100+50 ml.da-1
5
3
2
Mistral 4СК
150 ml.da-1
3
1
1
302/12
3+2 g.da-1
1
1
1
Titus 25DF
5 g.da-1
1
1
1
100+50 ml.da-1
2
1
1
Mistral 4СК
150 ml.da-1
1
1
1

For the research period the maize realized its productive potential through the grain yield to varying
degrees under the influence of the studied factors – climate, genotype and herbicides. The negative influence of
herbicides on the number of plants, their growth and development had also affected the yield of seeds (table 4).
Table 4
Grain yields (kg.da-1) of maize inbred lines treated with the herbicides Titus 25DF and Mistral 4CK
Grain yields (kg. da-1) of maize
Variants Inbred lines
Herbicides
Average for the period
2008
2009
2010
control
RM619
untreated
221
384
311
305
once
R6M19
Titus - 5 g.da-1
200
272
155
209
twice
RM619
Titus - 3+2 g.da-1
314
222
144
227
control
MO17
untreated
251
208
273
244
once
MO17
Titus - 5 g.da-1
292
239
166
232
twice

MO17

Titus - 3+2 g.da-1

368

248

169

262

control
once
twice
control
once
twice
control
once
twice
control
once
twice
control
once
twice
control
once
twice

61/31
61/31
61/31
302/12
302/12
302/12
RM619
RM619
RM619
MO17
MO17
MO17
61/31
61/31
61/31
302/12
302/12
302/12

untreated
Titus - 5 g.da-1
Titus - 3+2 g.da-1
untreated
Titus - 5 g.da-1
Titus - 3+2 g.da-1
untreated
Mistral - 150 ml.da-1
Mistral - 100+50 ml.da-1
untreated
Mistral - 150 ml.da-1
Mistral - 100+50 ml.da-1
untreated
Mistral - 150 ml.da-1
Mistral - 100+50 ml.da-1
untreated
Mistral - 150 ml.da-1
Mistral - 100+50 ml.da-1

105
201
165
88
247
248
221
301
200
251
355
292
427
127
48
88
180
128

427
336
250
423
355
339
384
367
272
208
291
239
269
362
360
423
357
398

269
148
221
338
228
311
311
157
155
273
88
166
267
104
161
338
136
258

267
228
212
283
277
299
305
275
209
244
245
232
267
198
190
283
224
261
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Dose

ANOVA (analysis of variance)
F- Fisher’s
Degree of
mistake
coefficient
freedom
7,245
6
30,000

probability - p
0,000076

Line

3,056

9

36,657

0,007852

Herbicides

2,015

3

15,000

0,155103

On average for the period of research, the highest decrease in yield is reported when the herbicides are
used twice. The yield in line RM 619 treated with Titus - 3+2 g.da-1 is 25 % lower than the control crop in
comparison with Mistral 4 CK - 100+50 ml.da-1 – 31%. The Mistral 4 CK herbicide had a more suppressing
effect on the grain yield in comparison to Titus 25 DF.
On average for the reported period, the yield of RM 619 line treated twice with Titus 25 DF was 227
kg.da-1, and Mistral 4 CK was 209 kg.da-1. The trend is similar in line 61/31, where in the variant treated with
Titus 25 DF twice had a decrease in the yield of 21 % compared to the control crop.
In relation to the yields МО 17 and 302/12 lines showed better resistance to the double treatment with
herbicides in optimal dose. There is a similar trend in the single application of the examined herbicides in
relation to the yield. Lines RM 619 and 61/31 showed higher sensitivity towards the herbicides.
The proof of difference in the analysis of variance is reported in the following factors: genotype and dosa.
There are no proven differences in relation to the impact of the examined herbicides.
CONCLUSIONS
The highest sensitivity to the examined herbicides was reported in line RM 619, followed by line 61/31,
where the highest percentage of mortality rate of 25% was reported when Titus 25 DF was applied in optimal
dose once, followed by the variant treated once with Mistral 4 CK in optimal does – 20.8%. Third most
sensitive one was 302/12 line where the percentage of dead plants varies from 10.9 % to 21.3%.
The percentage of mortality rate in МО 17 and 302/12 lines as a result of the applied herbicides T itus
25 DF and Mistral 4 CK was lower that the relevant untreated control line. Based on the experiment’s
results we do not recommend the usage of johnsongrass control herbicides in seed production.
The yield of grain in the experimental lines treated with johnsongrass control herbicides is lower than
the control variant of the relevant genotype. Only МО 17 and 302/12 lines, treated with Titus 25 DF twice,
reported an increase in yield of 7% and 6% against the control crop.
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ABSTRACT
A comparative analysis of the prospects for growing sweet sorghum Silosne-42 on the zonal soils and
mining substrates brought to the surface during process of manganese ore mining in the steppe zone of Ukraine
(loess-like loam, red-brown clay and gray-green clay) is performed. The best above-ground biomass productivity
was shown on loess-like loam. The highest content of soluble sugars in the stem juice was found in samples
grown on zonal black and loess-like loam (15.8–16%), and the smallest on green-grey clay (14.8%). Cultivar
Silosne-42 has good potential for the production of bioethanol, the theoretical yield of which ranged from 1019.5
L ha-1 to 1454.5 L ha-1.
ТЕЗИ
Проведено порівняльний аналіз перспективності вирощування цукрового сорго Сілосне-42 на
зональних ґрунтах степової зони України та на гірничих субстратах, що були винесені на поверхню
під час видобутку марганцевої руди (лесоподібний суглинок, червоно-бура глина та сіро-зелена глина).
Найкращу продуктивність біомаси рослини показали на лесоподібному суглинку. Найбільший вміст
розчинних цукрів у стебловому соку виявлено у рослин, що зростали на зональному чорноземі та на
лесоподібному суглинку (15,8-16%), а найменшій на сіро-зеленій глині (14,8%). Культивар Сілосне-42
має добрий потенціал для виробництва біоетанолу, теоретичний вихід якого варіював від 1019,5 л/га
до 1454,5 л/га.
INTRODUCTION
Because of energy crisis increase all over the world, the acute problem of alternative energy source
search appears before humanity. In Ukraine, there are favorable conditions for the production of biofuel from
agricultural raw material. Many crops are used as feedstock for renewable energy. For instance, briquetted
straw of wheat, rye, oats, sunflower is used to produce heat and electricity. Silage corn, rape, mustard, and flax
are raw materials for diesel fuel. Plants containing a large amount of soluble sugars (corn, wheat, potatoes,
topinambour, sugar beet, sorghum) are used to produce bioethanol (Geletukha et al., 2014). However, for the
cultivation of energy crops, it seems more appropriate to use lands that are not suitable for classical farming:
unproductive, clayey, saline, or even polluted by the economic activity of mining and processing facilities. In this
regard, the urgent issue is the search of plants that can successfully grow and produce stable yields in such
conditions. Sweet sorghum is a promising crop for obtaining cheap bioethanol on marginal lands. It has several
advantages over other cultures.
First of all, sorghum is notable for high drought and salt tolerance. Leaves and stems of sorghum are
covered with a wax bloom, which reduces evaporation. In addition, this plant is poorly damaged by pests.
Sorghum removes salts from the soil; it transfers hard-to-reach forms of phosphorus to more accessible ones
and draws readily available phosphates from a 1.5-2-meter layer of soil to 30-50 centimeter layer (Reddy et al.,
2007; Dalla Marta et al., 2014). The sweet sorghum includes a large number of cultivars that are remarkable by
a high content of soluble sugars in stems (from 10 to 20%). The sugars in stems mainly comprise sucrose
(about 80-85%) with some amount of fructose, glucose (about 12-15%) and starch (about 3%). In comparison to
lignocellulosic biomass polysaccharides these sugars are readily fermentable (Almorades & Hadi, 2009; Wang
et al., 2012; Regassa & Wortmann, 2014). Sweet sorghum serves as a raw material for the production of syrup,
crystalline sugar, ethanol, methane, is used for ensiling and obtaining green mass. The yield of sugar from
sweet sorghum can reach 5-7 t ha-1, ethanol 3000-5000 L ha-1 (Zhao et al., 2009; Kim & Day, 2011).
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Sorghum takes the fifth place in the world among cereals after corn, wheat, rice and barley. The main
producers of sorghum are the USA (10 million tons yearly), Nigeria (10.5 million tons), India (7.8 million tons),
and Mexico (5.5 million tons). In Ukraine sorghum is grown mainly in the steppe southern and central regions. A
significant part of the steppes is concentrated in the zone where 400-450 mm of annual precipitation falls, and
the sum of effective temperatures is optimal for sorghum cultivation. Sweet sorghum can be grown as
monoculture for 3-5 years without loss of yield, provided proper protection against weeds and compensation for
nutrient removal. Unpretentiousness of sorghum to soil conditions makes it possible to use low-productive and
unproductive lands for cultivation of this crop (Ren et al., 2012; Fu et al., 2016). Today in Ukraine, out of 32
million hectares of agricultural lands, 8 million hectares are unproductive. In addition, in industrial southeastern
and central regions, as a result of mining and processing of minerals, huge areas are formed, which are
wastelands with sites of destroyed soil and large volumes of mining wastes and empty rocks brought to the
surface. Even after many years of reclamation, these technogenic lands differ significantly from zonal soils in
the level of fertility, physical, chemical, agrochemical and other important ecological indicators, and therefore
they are of little use for the cultivation of many crops. At the same time, the growing of energy crops, including
sorghum, in such territories may prove promising and economically viable.
MATERIALS AND METHODS
The sweet sorghum cultivar Silosne-42 was studied. This variety was bred in 2003 at the Dnipro Institute
of grain farming for obtaining green biomass, silage and sugar syrup. Its main characteristics are shown in
Table 1.
Table 1
Morphological characteristics of sweet sorghum cultivar Silosne-42
Height,
cm
220-250

Number stem per
plant, pieces
2-3

Panicle form
ellipsoid

Seed
features
large,
brown

Growing season, days
105-115- (wax ripeness)
120-125- (full ripeness)

Potential productivity of
green biomass, t ha-1
55.0-76.0

The research was conducted at two sites: at Pokrov land reclamation station of Dnipro State Agrarian and
Economic University and Sinelnikovo selection and experimental station of the National Academy of Agrarian
Sciences of Ukraine. Geographically, both stations are located in the Dnipropetrovsk region in the steppe zone
of Ukraine with moderately continental climate (hot summer and moderate winter). This zone is characterized by
unstable water supply and frequent prolonged droughts during the growing season. The average hydrothermal
coefficient is 0.9. In recent years, there has been a gradual increase in the average monthly air temperature with
a simultaneous decrease in the amount of precipitation. The zonal soils (ZS) at the Sinelnikovo experimental
station are quite homogeneous and consist mainly of ordinary low-humus full-profile black soils eroded to
varying degrees. Specific gravity of these soils varied from 1.0 to 1.2 g/cm3, total content of argillaceous fraction
minerals is 28-35%, humus content is 3.4-3.5%, the level of the lowest moisture capacity is 27.2-31.0%.
Pokrov land reclamation station of Dnipro State Agrarian and Economic University is located in the
Nikopol manganese ore deposit. The rocks of this ore basin were brought to the surface during process of
manganese ore mining. The soil mass was taken off, piled up and heaped onto the land after the rock was
replaced. Substrates formed in this way can be attributed to the category of Technosol which are soils strongly
influenced by human activities, and as a result, their properties and pedogenesis are dominated by technical
origin (De Kimpe & Morel, 2000). For experience were used three types of mining substrates taken from the
board of the quarry and exposed to long-term soil stabilization: loess-like loam, (LLL), red-brown clay (RBC) and
green-grey clay (GGC). The total content of argillaceous fraction minerals in these substrates varied from is
23.5 (LLL) to 63.5% (GGC), humus content is low (1.05-1.25%), maximal hygroscopicity level 7.6 (LLL)-20.5%
(GGC).
Biometric indices, productivity, brix, conservative sugar yield, and theoretical ethanol yield were studied.
The plant height was measured using a measuring line. To determine the yield of above-ground biomass, plants
were harvested after the grain reached milky ripeness stage by cutting at the height of 10 cm from the ground
level and weighed. After that, the biomass was dried to constant weight, and then weighed again. Brix was
determined using a hand-held refractometer “RHBO–50ATC”. Conservative sugar yield (t ha-1) was calculated
based on an approach assuming that the sugar concentration is 75% of Brix expressed in g kg−1 sugar juice
(Wortmann et al., 2010; Ekefre et al., 2017). It was used the equation: CSY= (FSY–DSY)*Brix*0.75. Where,
CSY is conservative sugar yield (t ha-1), FSY is fresh stem yield (t ha-1), DSY is dry stem yield (t ha-1).
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Theoretical ethanol yield was calculated as sugar yield multiplied by a conversion factor (0.58 L ethanol
per kg of sugar): TEY=CSY*0.58 (Rutto et al., 2013; Ekefre et al., 2017). Where, TEY is theoretical ethanol yield
(L ha-1), CSY is conservative sugar yield (kg ha-1).
RESULTS
A comparative analysis of the sweet sorghum cultivation on zonal soils and mining substrates showed some
differences in biometric indicates depending on the type of soil. The tallest plants were noted on the loess like
loam, the lowest on the green-grey clay (table 2). The disparity amounted 8-25%.
Table 2
Height of sweet sorghum Silosne-42 grown on different substrates, cm
Type of substrate
ZS
222.0±2.31

RBC
212.9±2.43

LLL
240.3±4.50

GGC
203.0±2.87

In general, plants grew and developed better on loess-like loam and on zonal soil. As a result, the yield of
biomass on these substrates was higher than on red-brown clay and green-grey clay (fig.1). The percentage of
juice in the stems was the highest in plants grown on zonal soil (51.43%), and the lowest in plants grown on
loess-like loam (47.36%). At the same time, the highest content of sugars in the juice was noted on this
substrate. In other variants of the experiment, this index was lower by 1.3-7.5%. In consideration of productivity
and sugar content, the conservative sugar yield on loess-like loam was higher than on other substrates by 14.030.1% (table 3).

Fig.1 Biomass yield of sweet sorghum Silosne-42 as affected type of soil

Table 3
Brix and conservative sugar yield (CSY) of sweet sorghum Silosne-42
Parameters
Brix, %
CSY, t ha-1

ZS
15.8±0.22
2.14±0.04

Type of substrate
LLL
RBC
16.0±0.23
15.6±0.21
2.49±0.04
1.75±0.02

GGC
14.8±0.11
1.74±0.02

The biomass yield and percent juice extracted are the best predictors of potential ethanol yield per area.
This index was between 1454.5 L ha-1 on loess-like loam and 1019.5 L ha-1 on green-grey clay (fig.2).

Fig.2 Potential ethanol yield per area in sweet sorghum Silosne - 42 (L ha-1)

According to different data (Macesic et al., 2008; Kim & Day., 2011; Ekefre et al., 2017), depending upon
the various factors, the ethanol yields from the sweet sorghum fermentable sugars vary within a wide range,
from 750 to 5800 L ha-1. Our data are quite conform to those obtained by others and can be considered
economically viable.
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CONCLUSION
Sweet sorghum, with its low input requirements, is one of the leading candidates for growing on reclaimed
mining lands as a biofuel feedstock. Domestic breeding cultivar Silosne-42 showed the highest productivity of
biomass on loess-like loam. Thus, soil fertility is not a limiting factor for the accumulation of sorghum biomass.
Despite the low humus content, loess-like loam has favorable agrophysical and agrochemical properties. The
presence of calcium carbonate determines the water and air permeability. These properties were probably more
important for growth processes. Sweet sorghum Silosne-42 has a good potential for bioethanol production at
cultivation both on the zonal soils, and on meliorated mining substrates. Although the highest yield of ethanol
was obtained on loess-like loam and zonal black soil, red-brown and green-grey clays are also quite suitable for
growing this cultivar as a feedstock for the production of this biofuel type.
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ABSTRACT
Biosynthesis of β-carotene in maize is influenced by three key genes: psy, lcyE and, at most, crtRB1.
The gene of β-carotene hydroxylase 1 (crtRB1) on marker crtRB1-3ʹTE has three allelic states: 296 bp, 296 +
875 bp and 543 bp. The aim of the study was to identify perspective inbreds of Ukrainian selection with a
favourable for the accumulation of β-carotene allele of marker crtRB1-3ʹTE (543 bp). The study revealed
DK315MV and DK267MV inbreds, which had the 543 bp allele in the homozygous state and are recommended
as parental forms for breeding programs for increased β-carotene content in mature grain.
АНОТАЦІЯ
Біосинтез β-каротину у кукурудзи контролюється трьома ключовими генами: psy, lcyE і,
щонайбільше, crtRB1. Ген β-каротингідроксилази 1 (crtRB1) за маркером crtRB1-3ʹTE має три алельні
стани: 296 п.н., 296 + 875 п.н. та 543 п.н. Метою дослідження була ідентифікація перспективних ліній
кукурудзи української селекції із сприятливим для накопичення β-каротину алельним станом маркера
crtRB1-3ʹTE (543 bp). Дослідження виявило інбредні лінії DK315MV і DK267MV, які мали алель 543 bp в
гомозиготному стані і рекомендовані як батьківські форми для селекційних програм на підвищений
вміст β-каротину в зрілому зерні.
INTRODUCTION
Insufficient micronutrients in food lead to serious human health problems. This mainly applies to zinc,
iron, vitamin C and vitamin A (Frano et al, 2014; Muthusamy et al, 2014). By involving methods of biofortification
of major crops using integrated approaches to plant breeding and genomics, it is possible to solve the problem
of vitamin deficiency, in particular, provitamin A (Ashokkumar et al,2020).
More than three million children in developing countries are affected by xerophthalmia, and 250,000 to
500,000 people become blind each year due to vitamin A deficiency (VAD) (Food and Agriculture Organization,
2017).
Vitamin A manifests itself in the human body as a multifunctional compound. It is involved in a number of
important physiological processes such as: visual acuity, cell growth and differentiation, embryogenesis and
immune response. Vitamin A in the human body forms a number of structurally similar substances: retinol,
dehydroretinol, retinal, retinoic acid, esters of these substances and their spatial isomers. Directly retinoic acid is
actively involved in the regulation of the transcription process (Klyuchnikov et al, 2007; Shamitova and
Viktorovich, 2019).
Maize is one of the most important cereals, which is able to accumulate a significant amount of
carotenoids in the endosperm. Thus, improving the balance of micronutrients in maize grain through
biofortification is an economically and socially reasonable way to overcome vitamin and micronutrient
deficiencies, including VAD (Yan et al., 2010; Pixley et al., 2012).
Currently, about 750 carotenoids have been found from natural sources. Depending on the presence or
absence of oxygen in their structure, carotenoids are divided into oxygen-containing xanthophylls and oxygenfree carotenes (Nimishi et al., 2016). Carotenoids are rather unstable compounds that degrade under the action
of high temperatures, light and oxygen (Boon et al., 2010; Stephen et al., 2016). Some carotenes, such as αcarotene, β-carotene and β-cryptoxanthin, can be converted into vitamin A. However, only β-carotene is able to
form 2 molecules of vitamin A per 1 original molecule, while α-carotene and β-cryptoxanthin only one (Berman
et al., 2017; Harjes et al., 2008).
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In addition to vitamin activity, carotenoids in plant cells play an important role as auxiliary pigments for
photosynthesis, promote protection against photooxidation, attract pollinating insects, etc. (Sagare et al., 2018).
The synthesis of β-carotene in plants begins with the starting substance – geranylgeranyl-pyrophosphate
-GGPP (Fig. 1).

Fig.1.- Simplified carotenoid biosynthetic pathway in plants
(Berman et al., 2017; Harjes et al., 2008; Thanh, 2019; with modifications)
Enzymatic reactions are represented by arrows, dashed lines – multiple enzymatic steps. Compounds: GGPP –
Geranylgeranylpyrophosphate; ABA – Abscisic acid. Enzymes: PSY – phytoene synthase; PDS – phytoene
desaturase; ZDS – zetacarotene desaturase; CRTISO – carotene isomerase; LCYE – lycopene ε-cyclase;
LCYВ – lycopene β-cyclase; CRTRB – carotene hydroxylase enzymes, which include ε-carotene hydroxylase
and β-carotene hydroxylases; CRTRB1 – β-carotene hydroxylase 1; ZEP – zeaxanthin epoxidase; Major genes
for carotenoid biosynthesis pathway

With the participation of phytoene synthase encoded by gene psy1 (y1) two GGPP molecules condense
into one phytoene molecule. Plants containing psy1gene produce carotenoids in both endosperm and leaves.
The allelic construction of psy1 gene significantly affects the colour of maize grain, with a corresponding
accumulation of carotenoids in it. Genotypes Y1Y1 and Y1y1 produce yellow kernels as a result of carotenoid
accumulation, while genotype y1y1 forms white grains that do not contain carotenoids (Fu et al., 2013; Sagare
et al., 2018).
Through a series of intermediate reactions from GGPP, lycopene is formed - the first coloured substance.
At this point, the path of carotenoid biosynthesis branches into α-branch and β-branch (fig. 1). In symmetrical
cyclization, lycopene forms a molecule with two β-rings (producing first γ-carotene and then β-carotene) under
the action of lycopene β-cyclase (LCYB) at both ends of the linear lycopene. In asymmetric cyclization under the
action of the enzyme lycopene ε-cyclase (LCYE), lycopene is converted into δ-carotene – a precursor of αcarotene, zeinoxanthin and lutein. Decreasing level of LCYE reduces the formation of substances from the
branch of α-carotene in favour of substances of the branch of β-carotene (Bai et al., 2009; Harjes et al., 2008;
Pixley et al., 2012).
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Another key gene in carotenoid synthesis is gene of β-carotene hydroxylase 1 (crtRB1; also known as
HYD), which causes hydroxylation of α-carotene and β-carotene into lutein and zeaxanthin, respectively.
Hydroxylation of carotenes reduces the content of carotenoids with the properties of provitamin A, thereby
increasing the content of non-provitamin xanthophylls (Sagare et al., 2018). As a result, maize endosperm
accumulates a significant amount of other substances, primarily zeaxanthin through two hydroxylation reactions
of β-carotene. Blocking these hydroxylation reactions can increase the content of β-carotene in the endosperm
of mature maize grain (Berman et al., 2017; Muthusamy et al., 2015). Thus, mutations in the β-carotene
hydroxylase gene (crtRB1) in maize lead to a slowing of the transition of β-carotene into β-cryptoxanthin during
grain ripening and, consequently, to an increase in the content of β-carotene in mature grain.
Berman et al. (2017) used RNA interference to silence genes ZmcrtRB1 and ZmcrtRB3 genes encoding
two β-carotene hydroxylases on both branches. ZmcrtRB1 regulates the transition of β-carotene to βcryptoxanthin while ZmcrtRB3 mostly hydroxylates β-ring of α-carotene. The content of β-carotene in the
endosperm increased significantly in all hybrids in which ZmcrtRB1 was silenced, regardless of whether
ZmcrtRB3 was silenced.
A significant increase in β-carotene in maize grain was achieved using genetic engineering technologies
(Aluru et al., 2008; Naqvi et al., 2009; Simkin, 2019; Zhu et al., 2009). Most gene modifications concerned key
carotenogenesis genes: psy1, pds, zds, lcyB, lcyE, crtRB1 (Thanh, 2019). Transgenic maize plants with the
high-value carotenoid astaxanthin in grain endosperm were obtained by combining overexpression of the psy
gene for enhanced carotenoid production and silencing the lcyE gene to direct more precursors to the β-branch
(Farré et al., 2016). Zhu et al. (2008) used the construction containing five genes of carotenoid biosynthesis for
the genetic transformation of maize genome: maize gene of phytoene syntase 1, gene of phytoene desaturase
from Pantoea ananatis, genes of lycopene cyclase and carotene hydroxylase from Gentiana lutea, and the
carotene ketolase gene of Paracoccus.The authors generated transgenic maize plants with extraordinary levels
of β-carotene (57.35 μg / g DW) and other carotenoids, including complex mixtures of hydroxycarotenes and
ketocarotenes.
Among the considered mechanisms of influence on the accumulation of β-carotene in maize grain,
marker-assisted selection (MAS) on the allelic state of key carotenoid biosynthesis genes is important for
practical use. Yan et al. (2010) found that provitamin A content was 5.2-fold higher with favourable alleles of
markers crtRB1-5′TE and crtRB1-3′TE in gene crtRB 1. According to Babu et al. (2013) and Muthusamy et al.
(2014) the presence of a favourable crtRB1-3′TE allele increases the concentration of β-carotene by 2–10 times
regardless of the genetic constitution of gene lcyE.
According to Muthusamy et al. (2014) polymorphism of gene crtRB1 due to transposon insertion in exon 6
led to the appearance of three alleles of this gene in maize, namely allele 1 (543 bp; without TE insert), allele 2
(296 bp + 875 bp; with an insert TE - 325 bp) and allele 3 (296 bp + 1221 bp + 1880 bp; with an insert TE - 1250
bp), which were associated with changes in the accumulation of β-carotene (Muthusamy et al., 2014). The
presence of allele 1 of the crtRB1 gene (hereinafter allele 1) is favourable and increases the level of β-carotene
in the grain, while alleles 2 and 3 are unfavourable for the accumulation of this substance.
The aim of our study was to determine the allelic status of the gene of β-carotene hydroxylase 1 by the
molecular marker crtRB1-3'TE in maize inbreds of Ukrainian and world selection.
MATERIALS AND METHODS
The materials for the study were perspective inbreds of maize (Zea mays L.) of Ukrainian selection
DK3044, DK267MV and DK315MV and well-known inbreds of world selection P354 and A188. DNA was
isolated from seedlings by CTAB method (Murray and Thompson, 1980). For each inbred, the DNA of one
seedling and DNA of a mixture of 5 seedlings picked over the average sample were analyzed. Evaluation of the
β-carotene hydroxylase 1 gene by the allelic state of the marker crtRB1-3′TE was performed by PCR with
primers according to Yan et al. (2010): F: ACACCACATGGACAAGTTCG, R1: ACACTCTGGCCCATGAA CAC
and R2: ACAGCAATACAGGGGACCAG.
The reaction mixture of 20 μl contained: 2.0 μl of DNA of the test lines, 1.0 μl of each primer, 2.0 μl of a
mixture of deoxyribonucleotides (dNTP), 2.0 μl of Green Taq Buffer, 0.15 μl of Taq polymerase and 10.85 μl
deionized water.
PCR was performed according to Safawo et al. (2010) in two repetitions under the following conditions:
initial denaturation - at a temperature of 94 ° C for 5 minutes; then 40 cycles, which included stages such as
denaturation (at 94 ° C for 1 min.), annealing of primers (at 60 ° C for 1 min.) and elongation (at 72 ° C for 1
min.). The final elongation was performed at 72 ° C for 5 minutes, the cooling phase was carried out at + 10 ° C.
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Visualization of the amplification products after electrophoretic separation in 1% agarose gel was
performed with ethidium bromide (0.5 μg / ml) in a tris-borate buffer system at 120 V for 60 min, using a
GelDocTM instrument (BioRad). For the crtRB1-3′TE marker, bands of 543 bp (favourable allele), 296 bp and
296 + 875 bp (unfavourable alleles) were expected. As reference samples in the determination of allelic state of
crtRB1-3ʹTE marker we used DNA of inbreds A619 and B73 which had been tested with the same primers
earlier and were regarded in our laboratory for identification of allele 1 (A619 – 543 bp) – and allele 2 (B73 –
296 bp).
RESULTS
The investigated maize inbreds differed in grain colour at full ripeness (fig.2), from white (A188) to yellow of
different intensity (DK3044, DK267MV, DK315MV) and even reddish-brown (P354). The given variation may be
connected with the different content of colouring substances from the group of carotenoids and xanthophylls.

Fig.2.The grain of maize investigated inbreds DK3044,
DK267MV, DK315MV, P354 and A188 varies in colour

The results of PCR-analysis testified that the reference DNA sample of inbred A619 proved the presence
of a band in 543 bp that was the instance of allele 1 of crtRB1-3ʹTE marker (fig. 3). The reference DNA sample
of inbred B73 demonstrated the allelic status of the same marker as 296 bp that was the evidence of allele 2.
All maize investigated inbreds revealed only one variant of the crtRB1-3ʹTE marker, both in DNA samples
from one plant and in DNA samples from mixture of five plants. This fact indicates the homozygosity of the
studied inbreds on this marker. In DK267MV and DK315MV allele 1 of crtRB1-3ʹTE marker (543 bp) was
identified, while in P354, DK3044 and A188 – allele 2 (296 bp). Allele 3 (296 + 875 bp) among the studied
samples were not detected.

Fig.3- Electrophoreogram of maize DNA amplification products by molecular marker
crtRB1-3ʹTE of the gene of β-carotene hydroxylase 1
M - molecular weight marker with a step of 100 bp; 1 - inbred P354 (DNA of one plant); 2 - inbred P354 (DNA mixture of five plants);
3 - inbred DK3044 (DNA of one plant); 4 - inbred DK3044 (DNA mixture of five plants); 5 - inbred A188 (DNA from one plant); 6, 7 - inbred
A188 (DNA mixture of five plants), 8 - control for allele 2 (296 bp) – inbred B73; 9 – inbred DK267MV (DNA of one plant); 10 - inbred
DK267MV (mixture of DNA of five plants); 11 - inbred DK315MV (DNA of one plant); 12 - inbred DK315MV (DNA mixture of five plants); 13 control for allele 1 (543 bp) – inbred A619; 14 - control without DNA
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CONCLUSIONS
Among the five investigated maize lines DK3044, DK267MB, DK315MB, P354 and A188, a polymorphism
was detected by the crtRB1-3ʹTE marker in the gene of β-carotene hydroxylase 1. This polymorphism is
occurred due to the presence of two alleles, which after PCR with appropriate primers ensure the appearance of
two bands in 543 bp and 296 bp. All studied inbreds were homozygous for this marker. Favourable allele of the
marker crtRB1-3ʹTE 543 bp has been identified in the inbreds of Ukrainian selection DK267MB and DK315MB.
So these in breds are recommended for use as parental forms for the creation of maize hybrids with increased
content of β-carotene in mature grain.
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ABSTRACT
The used biological preparations in pea growing technology were quite effective. Bacterization of seeds
and treatment of pea vegetative plants stimulated the activation of growth processes since the beginning of
emergence of seedlings. It was confirmed by biometric measurements during the vegetation period of pea
culture. The maximum efficiency is obtained from the use of reagent-C-beans at a rate of 4 l / t for seed inlay
and phosphorus - solubilizing bacteria at a rate of 455 ml / t for inoculation of seed. The maximum increase in
grain yield was obtained due to the inlay of seed with the drug reacom-C-beans - 0.60 t / ha, or 17.3%, slightly
less - from inoculation of seeds with phosphorus-mobilizing bacteria - 0.46 t / ha, or 13. 6%.
ТЕЗИ
Використані в технології вирощування гороху біологічні препарати були досить ефективними.
Бактеризація насіння та обробка рослин гороху стимулювали активізацію процесів росту з початку появи
сходів. Це було підтверджено біометричними вимірами протягом вегетаційного періоду рослин гороху.
Максимальну ефективність одержано від застосування препаратів «Реаком - С - боби» в нормі 4 л/т для
інкрустації насіння і фосформобілізуючих бактерій в нормі 455 мл/т для інокуляції посівного матеріалу.
Максимальну прибавку урожаю зерна одержано за рахунок інкрустації посівного матеріалу препаратом
«Реаком - С - боби» – 0,60 т/га, або 17,3 %, дещо меншу – від інокуляції насіння фосформобілізуючими
бактеріями – 0,46 т/га, або 13,6 %.
INTRODUCTION
The current state of the crop production industry in the conditions of the expansion of value of mineral
fertilizers and plant protection means induces to reduce their use. It stipulates necessity of the search, studying
and use of alternative sources of nutrients, by means of using of less environmentally harmful biological means,
the use of biotechnological agricultural methods, optimization of the resource-saving technological measures
(Lisette et al., 2003; Vessey, 2003). It was established that the importance of studying pre-sowing magnetic field
and biological seed treatment lies in the possibility of regulating the rate of seed germination and the intensity
of their growth (Iqbal et al., 2012; Bozhkov et al., 2020).
Microbial inoculants applied as seed treatments deliver microorganisms directly to the plant rhizosphere
(Philippot et al., 2013). It is a zone of intense microbial activity, with growth of plants and microorganisms
dependent on reciprocal provision of nutrients and a wide range of other compounds including plant growth
regulators and useful trace elements (O’Callaghan, 2016). Traditionally, the challenge of soil phosphorus
deficiency is addressed by the application of phosphorus fertilizers. However, the main amount of phosphorus in
soil is in a state inaccessible to plants in the form of complex organic compounds (Bargaz et al., 2018; Kang et
al., 2011).
The inoculation of crop with phosphate solubilizing/mineralizing microorganisms is making to promote
plant growth and adaptation to biotic and abiotic factors (Adnan et al., 2017; Alori et al., 2012;). Some trace
elements (Mo, B, Co, Zn) seed treatment is a way to increase pea yield. New high-yielding pea varieties have
an intensive metabolism and require sufficient supply of all nutrients, including trace elements (Kumar et al.,
2017). The inclusion of plant growth regulators in cultivation technologies is one of the most affordable and
cheapest approaches of increasing yields and improving product quality.

74

INTERNATIONAL SYMPOSIUM

Plant biostimulants, or agricultural biostimulants, include diverse substances and microorganisms that
enhance plant growth (Calvo et al., 2014). Biostimulants do not increase crop productivity, but only activate the
biological processes of plant organisms and send the permeability of intercellular membranes.
The study objective is to develop low-cost pea growing technology to determine the impact of growth
regulators, biologicals and micro-fertilizers on the processes of plant growth and development.
MATERIAL AND METHOD
Field experiments were conducted in Pyatykhatsky district of Dnipropetrovsk province situated in the
northern part of steppe zone of Ukraine from 2013 to 2017 years. Crops rotation included pea, winter wheat and
sunflower. Mineral fertilizers were applied at a dose of N20P40. The humus content in black soil was 4.0%. The
data on weather conditions parameters are shown in the table 1.
Table 1
Weather conditions parameters
Parameters
Precipitations,
[mm]

Air temperature,
[˚С]

Relative air
moister,
[%]

Month
Apryl
May
June
July
Apryl
May
June
July
Apryl
May
June
July

In average
39.0
48.0
64.0
57.0
9.1
15.5
18.9
20.5
55.0
46.0
49.0
46.0

The distribution of precipitation by months is extremely uneven. The drought impacts are particularly
felt Steppe zone.
Several biopreparations and micronutrients (as fertilizers) were tested in three field trials additional to
control (A), as following: B) Reacom – С - bean at the dose 4 l/t seed incrustation; C) phosphate solubilizing
bacteria (PSB) at a rate of 455 ml / t for inoculation of inoculums; D) spraying foliar area of pea plants in the
stage of 2-3 leaves with a three-component mixture of “Crystalon” (1.7 kg/ha), “Agat-25K” (10 g/ha) and
“Actophyt” (1.33 l/ha).
“Reacom - С-bean” is a complex micro-nutrients made on their chelate form.
Pre-sowing pea seeds and foliar treatment with chelate fertilizer cause more complete use of nutrients from the
soil by plants and activation of the main processes of pea growth and development.
“Сrystallon” is a water-soluble chelate-based fertilizer, which contains a balanced ratio of macro- and
microelements. It is used for pre-sowing treatment of seeds and foliar fertilization.
“Agate-25K” is a multifunctional biological preparation with fungicidal action with restrictive activity.
Recommended for seed inlay and processing of vegetative plants. The active substance is inactivated bacteria
Pseudomonas aureofaciens H 16 and products of their metabolism, enriched with starting doses of macro- and
microelements.
“Aktophyt” is a phytopreparation of natural origin based on the extract of the soil fungus Streptomyces
Avermitilis. It allows to destroy almost all herbivorous pests.
All trials were settled and tested in two backgrounds: without and with mineral fertilizers in rate N20P40
Control trial included water treatment equal each experimental trial.
RESULTS
Bacterization of seeds and foliar treatment of pea plants regarding accepted scheme stimulated growth
processes both at the beginning of seed germination and during the growing season. This is confirmed by
biometric measurements (Table 1). Indicators of field germination of seeds increased in comparison with control
without treatment of the studied trials by 4.0–7.0%. Differences in the course and onset of phenological phases
of pea plant development in all trials are almost not fixed. The established slight difference in time between the
fertilized and unfertilized background was 1-2 days.

75

INTERNATIONAL SYMPOSIUM

The maximum height of pea plants at the time of harvest was: for pre-sowing treatment of seeds with
micro-fertilizer Reacom - C-beans - 29.5 cm, for inoculation of PSB seeds - 28.9 cm, which exceeded the
control values by 9.8 and 8.0%, respectively.
Table 1
Productive parameters of pea yield (in average for 2013-2017)
Beans
Grains
One plant
Height,
number,
number,
grain
[cm]
[units]
[units]
weight, [g]
A - Control
26.6
1.7
3.7
0.6
B - Reacom – C-bean ,
29.5
2.0
5.0
1.0
incrustation
C - PSB inoculation
28.9
1.9
4.7
0.8
D -Foliar treatment with
28.2
1.8
4.2
0.8
3 component mixture
Steel sheet

1000 grains
weight, [g]
206.3
236.7
228.3
219.6

A similar trend was observed for the elements of pea yield. The best conditions for the formation of the
leaf surface area in pea plants were to improve nutritional conditions through a combination of different bacterial
sources.
The optimum conditions for the formation of the area of foliage surface in peas plants were dependent
on optimization of the nutritional conditions at a combination of different bacterial preparations. Inoculation with
phosphorus - mobilizing bacteria on the fertilized background (N20P40) contributed to an increase in the area of
foliage surface compared to the control by 13.3 %. The indices of photosynthetic potential of the foliar apparatus
showed a clear tendency to increase (up to 16 - 18 %) at the application of microbiological preparations, as well
as on the assumption of optimization of nitrogen-phosphorus nutrition of the plants. The most intensive
measurements of the photosynthetic potential of the foliar apparatus were increased in the interphase periods
from budding to flowering, when about 1000 units of photosynthetic potential increased, and from the flowering
phase to the formation of grain repeness they decreased almost twice. Accounting for pea yields showed high
efficiency of the used micro-fertilizers, biological products and their mixtures (Fig.1).
4

3,5

3

Yield, t/ha

2,5
A
B
C
D

2

1,5

1
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0
2013
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Fig 1. Yield of pea grain depending on seed treatment and spraying

The maximum increase in grain yield was obtained from pre-sowing treatment of pea seeds with
Reacom - C-beans – 0.60 t / ha (17.3%) and inoculation of PSB – 0.46 t / ha (13.6%). The trial with foliar
spraying of pea plants in the stage of 2 - 3 leaves with a three component mixture of Crystallon + Agate-25K +
Actophyte was inferior to the previous variants in grain yield by 0.34 t / ha, or by 10.3% and 0.20 t / ha, or by
6.3% respectively. The best indicators of economic effectiveness were provided by the following preparations:
Reacom - C - bean and phosphorus - solubilizing bacteria (PSB). They provided the maximum income (70-80
Euro/ha) and the level of profitability of pea grain production at the level of 72.8 and 78.0 % respectively.
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Minimum indicators of the economic effectiveness provided the use of spraying of the pea plants in the
period of vegetation in the phase of 2 - 3 leaf with the threecomponent mixture Cristallone (1.7 kg/ha) with Agate
- 25K (10 g/ha) and Actophyte (1.33 l/ha). The income from 1 hectare was 70 Euro/hectare at the level of
profitability of grain production – 62.4 %.
CONCLUSIONS
High efficiency of “Reacom - C - bean” preparation in the norm of 4 l / t for inlay and phosphorummobilizing bacteria in the norm of 455 ml / t for inoculum inoculation was established. Increasing the height of
pea plants, photo-synthetic potential of the leaf apparatus to 16-18% and productivity elements (number of
beans per plant, number of grains in the bean, weight of grain per plant, weight of 1000 grains) occurs when
using the studied preparations.
The maximum increase in grain yield was obtained from seed inlay with “Reacom-C-beans” – 0.60 t /
ha, or 17.3%, slightly less - from inoculation with phosphorus-mobilizing bacteria - 0.46 t / ha, or 13.6%.
Differences in the course and onset of phenological phases of pea plant development in all field experiment
trials are almost not fixed. There was only a slight difference in time (1-2 days) between fertilized and
unfertilized background.
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ABSTRACT
The morphometry of echinacea pale (Echinacea pallida) plants grown from seeds treated with
environmentally friendly growth stimulants was studied. It is proved that pre-sowing treatment of seeds is
manifested in the differences of morphometric features that determine the yield of this crop. It is determined that
the greatest stimulating effect on the height and weight of stems, leaf weight has pre-treatment of seeds with
Nanomix fertilizer or UHF irradiation. The nature of the effect of stimulants on stem height, weight and number
of leaves is similar between years, and the effect on stem weight has annual dependency.
АННОТАЦІЯ
Досліджено морфометрію рослин ехінацеї блідої (Echinacea pallida), що були вирощені з насіння
обробленого екологічно безпечними стимуляторами росту. Показано, що передпосівна обробка
насіння ехінацеї проявляється у відмінностях морфометричних ознак, які обумовлюють урожайність
цієї культури. Визначено, що найсильніший стимулюючий ефект на висоту та масу стебел, масу
листків має передпосівна обробка насіння наноміксом або УВЧ-опроміненням. Особливості впливу
стимуляторів на висоту стебел, масу та кількість листків подібні між роками, а вплив на масу
стебел має річні залежності.
INTRODUCTION
Medicinal crop production is one of the important areas of agriculture. Areas for growing medicinal raw
materials in Ukraine are increasing every year. Preparations based on species of the genus Echinacea are
among the most popular herbal supplements in Europe and North America since the 1980s, because they
stimulate the immune system and are used to prevent or treat colds (Barrett et al., 2010; Woelkart et al., 2008).
Laboratory and clinical studies have yielded mixed results on the efficacy of such drugs (Barrett et al., 2010;
Ross, 2010; Md. M. Billah 2018; Woelkart et al., 2008), but they have taken a significant place in the market and
this trend is most likely to continue (Barrett et al., 2010; Qu, Widrlechner, 2012). Three species of Echinacea (E.
purpurea, E. angustifolia, E. pallida) have medicinal value (Dobrange et al., 2019) and are commercially sold as
medicinal plants.
Compared to E. angustifolia or E. purpurea, E. pallida is less common for dietary supplements, but
studies of E. pallida indicate potential medical value, including anti-cancer (Chicca et al., 2007), antiviral
(Schneider et al., 2010) , anti-inflammatory (Qu, Widrlechner, 2012) and accelerating wound healing. Significant
depth of dormancy of seeds is also characteristic of E. pallida and the effects that are effective for dormancy of
E. angustifolia are also effective for E. pallida (Qu et al., 2004; Mahmood Attarzadeha et al 2020).
A significant share of crop production (about 25-30%) is lost due to poor quality sowing seeds. More than
30% of the seed is unsuitable for sowing due to low germination and insufficient germination energy. A partial
solution to this problem is the introduction of modern, cost-effective, energy-saving, environmentally friendly
technologies for pre-sowing seed stimulation (Petrovsky, 2014).
For companies specializing in the cultivation of medicinal plants, obtaining simultaneous germination of
echinacea remains an important economic problem, because, despite the high laboratory germination (from 50
to 95% depending on the species), in the field it is much lower and unstable over the years (Pospelov, 2013).
Although Echinacea plants can be grown vegetatively (Feghahati, Reese, 1994), production in the field is done
by seed sowing.
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To stimulate seed germination, stratification, synchronization techniques (mechanical, chemical),
gibberellin, ethephon, sodium nitrate, nitric acid, ethanol, alternation of dark and light time, temperature for
interruption of rest are used (Qu et al., 2004).
The problem of the influence of ecologically safe seed growth stimulators on the dynamics of E. pallida
ontogenesis remains unexplored. The height of plants, as well as their foliage and total leaf surface area, are
important morphological features in the cultivation of crops (Shevel, 2017). It depends on the characteristics of
the variety, the level of moisture, the background of mineral nutrition, air temperature and other environmental
factors. Analysis of stem height makes it possible to determine the most optimal conditions for the formation of
highly productive agrophytocenoses (Varavva, 2007).
The height of plants during the harvest period indicates not only the influence of weather conditions, but
also to some extent reflects the level of agricultural techniques of crop production. When applying the
morphometric approach, any feature in its quantitative expression acts as a parameter, and the plant as a whole
or its individual parts are characterized by a set of such parameters (Zhukov, 2011, 2015, 2017).
Morphometric parameters are divided into two groups: meristic - counting, with a unit of measurement
piece, and metric - are measured in units of mass, length, surface, volume, and others. In some cases, they are
accompanied by features that characterize the spatial position of the plant or its parts (Zlobin et al, 2009).
The aim of our work was to study the differences of morphometric features of Echinacea pale plants
grown from seeds that have been treated with environmentally friendly growth stimulants.
MATERIALS AND METHODS
In 2012, 2014 and 2015, the seeds of Echinacea pallida (Nutt.) Nutt of the Krasunia Preriy variety were
harvested from the 2011, 2013 and 2014 harvest, respectively. For the analysis of indicators of productivity of
an echinacea pale the plants of the second year of vegetation were taken.
The works were carried out on the industrial plantations of Echinacea pale in the conditions of Poltava
region, Ukraine. The soils are represented by black soils of medium granulometric composition with a humus
content of 2.45–2.84%, aqueous pH 6.4. The previous crop was winter wheat. Seeds were sown with a SST12B seeder with a sowing rate of 8–10 kg / ha. Row spacing - 45 cm. During the growing season, inter-row
tillage, plant fertilization and manual weeding were carried out.
For field studies after comparison in the laboratory, the following seed treatments were taken: control dry seeds; treatment of echinacea seeds with electromagnetic field of the UHF range (UHF irradiation); soaking
the seeds in a 0.001% mix of Potassium humate (humate); soaking the seeds in a mixture of 0.001% of sodium
humate and 1% mix of chelated complex fertilizer "Nanomix" (humate + nanomix); soaking the seeds in a 1%
mix of chelated complex fertilizer "Nanomix" (nanomix).Treatment with chemicals of natural origin was carried
out by soaking the seeds in an aqueous mixtures of preparations.
To treat seeds with UHF radiation, we used a UHF 60-Med TeCo device, which uses a frequency of
27.17 MHz, has an output power of up to 60 W, allowed for use by the Ministry of Health of Ukraine. The size of
one batch of irradiated seeds -3 g. For irradiation, plates with a diameter of 0.12 m were connected to the UHF
generator. The distance between the plates was 0.05 m. After irradiation, the number of seeds required for the
experiment was selected from the batch. Statistical analysis was performed using the program Statistica 10.0.
RESULTS
An important marker of the production process is the height of the stems. The histogram of the
distribution of this indicator has a clear bimodal distribution (Fig. 1).The model of a mixture of two Gaussian
distributions well describes the data on the height of the stems of Echinacea pale (Kolmogorov-Smirnov
statistics d = 0.05; p = 0.23).
The smaller component of the mixture is characterized by an average value of 37.83 ± 6.68 cm and is
21.99% of the sample size, the larger component - 97.91 ± 12.84 cm (78.01%).
Within the general linear model, the variability between years and the effect of pre - sowing seed
treatment determine 55% of the variation in the height of the stems of Echinacea pale during the study period
(R2 = 0.55; F = 38.51; p = 0.00).
Interannual features and method of seed treatment are statistically significant predictors. The relationship
between these indicators is not a statistically significant predictor, indicating that the nature of the response of
stem height to seed pre-treatment does not change between years.
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Fig. 1 - Histogram of the distribution of values of the echinacea stems height

In the control version, the height of the stems is 80.94 ± 2.05 cm (Fig. 2). Pre-treatment of seeds with
Nanomix has the greatest stimulating effect on stem height. In this case, the height of the stems of Echinacea
pale reaches the level of 90.48 ± 2.01 cm. Slightly less stimulating effect has UHF irradiation of seeds - 87.77 ±
1.99 cm. Humate and a mixture of humate and nanomix are showing less effectiveness on the height of the
stems - 82.88 ± 2.01 and 83.85 ± 1.99 cm, respectively. The highest level of stem height was recorded in 2013,
and the lowest - in 2015. The nature of the impact of stimulants on stem height is similar between years. But it
should be noted that in 2016 the effectiveness of the impact was the lowest.

Fig. 2 - Variation in the height of the stems of Echinacea pale depending on the
type of pre-sowing seed treatment: abscissa - methods of pre-sowing seed treatment, ordinate - the value of the
stems height due to the influence of pre-sowing treatment

The number of stems of Echinacea pallida varies from 1 to 8 with a median value of 1. The distribution of
the number of stems deviates to some extent from the binomial distribution due to the predominance of plants
with 1 or 2 stems and a reduced proportion compared to random alternative plants with 3 or more the number of
stems (Fig. 3).
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Fig. 3 - Histogram of the distribution of the number of stems. Indicator line
points to a hypothetical binomial distribution

The number of stems is somewhat invariant in the sense that only 7% of its variation can be explained by
predictors such as year and method of pre-sowing seed treatment (R2 = 0.07; F = 3.41; p = 0.00). This
conclusion is confirmed by the fact that statistically significant predictors of the number of stems are a year and
a constant equal to 1.52 ± 0.04 pcs.
We found statistically significant annual levels of stems (Fig. 4). The largest number of stems of
Echinacea pale was characteristic of the 2013 harvest and was 1.73 ± 0.06. In 2015, this indicator decreased to
the level of 1.62 ± 0.06. The smallest number of stems was characteristic of the 2016 harvest and was 1.21 ±
0.07. Pre-sowing treatment of seeds has no effect on the number of stems of Echinacea pale during harvest.

Fig. 4 - Variation in the weight of the stems of Echinacea pale depending on the year of harvest

The weight of echinacea stalks pale during harvest varies in the range from 2.46 to 31.33 g with an
average value of 14.91 ± 0.26 g. The weight of stems correlates with their height (r = 0.34, p = 0.00) and
quantity (r = 0.33, p = 0.00). The distribution of the mass of stems is well described by the normal law (Fig. 5).
The type of seed treatment before sowing and interannual features can explain 53% of the variation in stem
weight (R2 = 0.53; F = 34.83; p = 0.00). All predictors and their relationship are statistically significant. In the
control, the weight of the stems is 14.58 ± 0.41 g.
The plants differed insignificantly from the control after pre-treatment of seeds with UHF irradiation and a
mixture of humate and Nanomix (15.29 ± 0.40 and 14.37 ± 0.40 g, respectively). The highest value of stem
mass was found for plants grown from seeds pre-treated with Nanomix (Fig. 5).
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This figure reached the level of 16.42 ± 0.41 g. Pre-treatment of seeds with humate had the effect of
reducing the weight of the stems, which in this case weighed 12.63 ± 0.41 g.

Fig. 5 - Variation in the weight of the stems of Echinacea pale depending on the year of harvest and
type of pre-sowing seed treatment

The nature of the influence of pre-sowing seed treatment on the variation of stem weight has an annual
specificity. Thus, the most pronounced effect of treatments was established for 2013, when the total level of
stem mass was the highest. The decrease in the total level of stem mass is associated with a decrease in the
effect of treatments on this indicator. The smoothed nature of the effect is set for 2016 and aligned for 2015.
The weight of the leaves of Echinacea pale during harvest varies from 0.60 to 30.74 g with an average value of
8.79 ± 0.22 g. Analysis of the histogram of the distribution shows that the leaves form a mixture of several
normal distributions (Fig. 6).

Fig. 6 - Histogram of leaf mass distribution.
The line indicates a hypothetical mixture of two Gaussian distributions

The mixture of three distributions well describes the experimental histogram (Kolmogorov-Smirnov
statistics d = 0.02, p = 0.99). The first component is 34.05% of the sample and is characterized by an average
value of 4.85 ± 1.45 g. The second component is 21.59% of the sample and is characterized by an average
value of 7.82 ± 1.48 g. The third component is 44.36% of the sample and is characterized by an average value
of 12.28 ± 4.48 g.
The mass of leaves correlates with the height of the stems (r = 0.61, p = 0.00), their number (r = 0.39, p =
0.00), the mass of the stems (r = 0.67, p = 0.00) and the number of leaves (r = 0.75, p = 0.00).
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The general linear model of the year and type of seed treatment can explain the 34% variation in leaf
weight at harvest (R2 = 0.34; F = 16.40; p = 0.00).
The year and type of treatment are statistically significant predictors, and their relationship is not a reliable
predictor. This indicates that the nature of the effect of pre-sowing seed treatment on leaf mass is invariant and
repeated every year. In the control, the leaf mass is 9.06 ± 0.42 g. The greatest stimulating effect was found for
Nanomix (9.45 ± 0.41 g) and UHF irradiation (9.38 ± 0.41 g) (Fig. 7).
The use of humate and a mixture of humate and Nanomix leads to a decrease in leaf weight to 7.59 ±
0.41 and 8.22 ± 0.41 g, respectively. The highest level of leaf mass was set for the 2013 harvest, and the lowest
- for 2015.
It should also be noted that in general, the year-on-year characteristics of the impact of stimulants are not
significant. For 2013, a stimulating effect of a mixture of humate and Nanomix was established, while for other
years such an effect was not established.

Fig. 7 - Variation in the weight of leaves of Echinacea pale depending on the year of harvest and
type of pre-sowing seed treatment

The number of leaves on pale echinacea plants during harvest varies from 3 to 36 (median value - 10,
arithmetic mean - 10.66 ± 0.24). The distribution of the number of leaves differs slightly from the theoretical
Poisson distribution due to a shift towards larger values of this indicator (Fig. 8).

Fig. 8 - Histogram of the distribution of the number of leaves.
The line indicates a hypothetical Poisson distribution

The general linear model of the effect of the year and the type of seed treatment on the number of leaves
at the time of harvest can explain 22% of the variation of this trait (R2 = 0.22; F = 9.81; p = 0.00). It is
established that the year and method of seed pretreatment are statistically significant predictors.
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Fig. 9 - Variation in the number of leaves of Echinacea pale depending on the year of harvest and
type of pre-sowing seed treatment

Under control conditions, the number of leaves is 10.54 ± 0.48. The greatest stimulating effect on this
indicator is exerted by seed treatment with Nanomix (Fig. 9). In plants grown after such seed treatment, 11.88 ±
0.47 leaves were found to be present at harvest. Slightly less effective application of UHF radiation - 11.35 ±
0.47 leaves. It should be noted that the differences between these pre-treatment methods are not statistically
significant (Mann-Whitney test Z = 0.84, p = 0.40). The use of a mixture of humate and Nanomix and humate
alone did not have a statistically significant effect compared to the control (Z = 0.56, p = 0.57 and Z = 1.07, p =
0.28, respectively). Between the years, there are statistically significant differences in the number of leaves on
the plants of Echinacea pale during harvest. In 2013, the number of leaves was the largest (13.01 ± 0.35), and
in 2015 - the smallest (7.72 ± 0.35). In 2016, this indicator had an intermediate value (11.40 ± 0.39). Trends in
the effect of growth stimulants on the number of leaves between years are almost unchanged, which confirms
the lack of statistical probability of the predictor Year * Type of treatment.
CONCLUSIONS
Pre-sowing seed treatment affects the growth and development of Echinacea pale plants in such a way
that this effect is manifested in differences in morphometric characteristics that determine the yield of this crop.
Discrete predictors such as the method of pre-treatment, interannual features and their interaction are able to
statistically explain 55, 7, 53, 22 and 34% of variations in plant height, number and weight of stems, number and
weight of leaves, respectively. The greatest stimulating effect on the height and weight of the stems, the weight
of the leaves has a pre-treatment of seeds with nanomix micro-fertilizer or UHF irradiation. The number of stems
does not depend on the methods of pre-sowing seed treatment.
The nature of the effect of stimulants on stem height, weight and number of leaves is similar between
years, and the effect on stem weight has annual characteristics. The influence of humate or a mixture of humate
and nanomix may not manifest itself in the morphometric parameters of plants, or may even suppress them.
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ABSTRACT
The paper presents the results of research conducted during 2015-2019 on the efficiency of the
soybean cultivation, by applying conservative tillage systems, under the conditions of the Agricultural Research
and Development Station Turda. The experiment has been conducted on a Phaeozem argic soil type (SRTS
2012) in Transylvania Plain, with average multiannual rainfall of 531.4 mm and an average multiannual
temperature of 9.2°C (for 63 years). Soybean cultivation responded favorably to the minimum tillage-chisel
conservation technology, the average yield recorded in the five experimental years (2917 kg/ha and diesel
consumption of 61.5 l/ha) being very close to that obtained in the classical system (2957 kg/ha has a
consumption of 66.5 l/ha). Although the fuel consumption is lower in the minimum-disc variant (45.5 l/ha) and
the direct sowing variant (34.8 l/ha), in these variants the lowest productions were registered 2489 kg/ha
respectively 2224 kg/ha. The total costs (diesel and materials) related to the yield achieved during the five
experimental years, indicate that the minimum tillage system - chisel variant (0.529 lei/kg) is the best alternative
to the classic system (0.528 lei/kg), and in the disc variants (0.593 lei/kg) and directly sown (0.644 lei/kg)
soybeans are not suitable from an economic point of view in the area under study.
REZUMAT
Lucrarea prezintă rezultatele cercetărilor efectuate în perioada 2015-2019 privind eficientizarea culturii
de soia prin aplicarea sistemelor conservative de lucrare a solului, în condițiile de la Stațiunea de Cercetare
Dezvoltare Agricolă Turda. Experimentul s-a desfășurat pe un sol de tip fazozem argic (SRTS 2012) în Câmpia
Transilvaniei, cu precipitații medii multianuale de 531,4 mm și o temperatură medie multianuală de 9,2°C (pe 63
de ani). Cultura de soia a răspuns favorabil la tehnologia conservativă minimum tillage-varianta cizel, producția
medie înregistrată în cei cinci ani experimentali (2917 kg/ha şi consum de motorină 61,5 l/ha) fiind foarte
apropiată de cea obținută în sistemul clasic (2957 kg/ha la un consum de 66,5 l/ha). Deși consumul de
combustibil este mai redus în varianta minim-disc (45,5 l/ha) și varianta semănat direct (34,8 l/ha), la aceste
variante s-au înregistrat cele mai mici producții 2489 kg/ha respectiv 2224 kg/ha. Cheltuielile totale (motorină și
materiale) raportate la producția realizată în perioada celor cinci ani experimentali, indică faptul că sistemul
minimum tillage- varianta cizel (0,529 lei/kg) este cea mai bună alternativă a sistemului clasic (0,528 lei/kg), iar
în variantele disc (0,593 lei/kg) şi semănat direct (0,644 lei/kg) soia nu se pretează din punct de vedere
economic în zona luată în studiu.
INTRODUCTION
Plowing as a basic work, followed by the seedbed preparation and the maintenance works specific to
the classical tillage system involve an intense traffic of machines, which leads to soil compaction over time
(increases the bulk density, decreases the total porosity and hydraulic conductivity, changes the regime aerohydric etc.) but it is a significant consumer of energy resources (Serrano et al., 2007). As a result of soil
compaction, the negative effect on agricultural crop is reflected by reducing the production potential (Grigore et
al., 2019; Rusu and Guş, 2007; Marchenko et al, 2009). Alternative minimum cultivation systems and no
cultivation involve reduced intervention on the soil, keeping plant debris at the soil surface by at least 50-60%
performing the role of soil-protecting mulch. Soil is thus protected from surface erosion, soil aggregates are
stabilized, organic matter and fertility levels will increase, soil compaction and decrease in CO2 emissions,
increased biodiversity (Pisante and Stagari, 2011; Marin et al., 2015; Sabo et al., 2007; Topa et al., 2012).
Vegetable residues left on the surface of the soil protect it and, under the action of micro-organisms and macroorganisms in the process of transformation, contribute to the improvement of soil structure (Ulrich et al., 2006;
Wozniak et al., 2014).
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The choice of the optimal technological variant must take into account the technological properties of
the soil: texture, humidity, soil exposure, macro and microclimate, humus content, etc., but also the climatic
conditions of the agricultural year and the technological capacity to capitalize on these resources (Stefanic et
al., 1997; Szajdak and Rusu, 2016). In the Transylvanian Plateau there is an interaction of a large number of
limiting factors for agricultural technologies, two of which show a dominant action. The first is the thermal factor,
with low temperature level and with large temporal variations and the second is the hilly orography of the land
with numerous soils degraded by erosion (Rusu et al., 2009; 2014; Chetan and Cheţan, 2014; Cheţan et al.,
2014). Recently, there has been a slight increase in average annual temperatures, as well as a high fluctuation
in the distribution of rainfall (Ignea, 2017). Thus, the reduction of the effects of atmospheric and pedological
drought is part of the reasons that determine the orientation towards new variants of soil works. Another
argument that requires the approach of some tillage systems is related to the hilly relief of the Turda area, and
the establishment of the experience aimed at identifying the agricultural system to which soybeans it is the best
suited.
The paper presents the results of research conducted during 2015-2019 on the efficiency of the
soybean cultivations by applying conservative tillage systems, under the conditions of the Agricultural Research
and Development Station Turda.
MATERIALS AND METHODS
Field experiments were conducted during five years (2015-2019) at ARDS Turda, located at
2347’longitude and 4635’ latitude on 345-493 m altitude, in the West of the Transylvanian Plain, Turda town.
The experimental field was placed on a Phaeozem argic soil type (SRTS 2012), having the following properties
(MESP, 1987): neutral pH; good and very good supply with mobile phosphorus (over 4.5% mg P2O5/100 g soil)
and potassium (over 30 mg K2O/100 g soil); the content in humus is average (3.5%). The experiment being
included in a crop rotation of 3 years: maize - soybeans - autumn wheat. The biological material chosen for this
trial was represented by the soybean Onix variety.
The experimental factors were the following: factor A - tillage system with four graduations: a1 - classic
with plow (CS), a2 - minimum tillage with chisel (MC), a3-minimum tillage with heavy disc (MD), a4- no –tillagedirect sowing (NT); factor B - agricultural year with five graduations: b1 - 2015, b2 - 2016, b3 - 2017, b4 - 2018, b5
- 2019.
The technology for each system in the experiment was performed according to the experimental plan:
- CS: plowing to 30 cm depth (Plow Kuhn Multi Master 125 T) + disk (GDU 3,4) + rotary harrow (HRB 403) +
sowing simultaneously with the fertilization (Direct 400 machine) in the aggregate with John Deere 6620 tractor
+ herbicide pre-emergent (MET 1200) + post-emergent herbicide (MET 1200) + pest control treatment (MET
1200) in aggregate with John Deere 5090 tractor + harvested by chopping and spreading plant debris to the soil
surface (combine John Deere W540) + harvest transport (RM2 + John Deere tractor 5090);
- MC: scarified to a depth of 30 cm (Pinocchio chisel 3.2) + rotary harrow (HRB 403) + sowing simultaneously
with the fertilization (Direct 400 machine) in the aggregate with John Deere 6620 tractor + pre-emergent
herbicide (MET 1200) + post-emergent herbicide (MET 1200 ) + pest control treatment (MET 1200) in aggregate
with John Deere 5090 tractor + harvested by chopping and spreading plant debris to the soil surface (combine
John Deere W540) + harvest transport (RM2 + John Deere 5090 tractor);
- MD: disked at 12 cm depth (GDU 3.4) + rotary harrow (HRB 403) + sowing simultaneously with the fertilization
(Direct 400 machine) in aggregate with John Deere 6620 tractor + pre-emergent herbicide (MET 1200) + postemergent herbicide (MET 1200) + pest control treatment (MET 1200) in aggregate with John Deere 5090 tractor
+ harvested by chopping and spreading plant debris to the soil surface (combine John Deere W540) + harvest
transport (RM2 + John Deere 5090 tractor);
- NT: direct sowing, simultaneously with the fertilization (Direct 400 machine) in aggregate with John Deere
6620 tractor) + pre-emergent herbicide (MET 1200) + post-emergent herbicide (MET 1200) + pest control
treatment (MET 1200) in aggregate with John Deere 5090 tractor + harvested by chopping and spreading plant
debris to the soil surface (combine John Deere W540) + harvest transport (RM2 + John Deere 5090 tractor).
The sowing was done with the Directa-400 machine (at the same time as sowing was applied the
fertilizer N40P40K0 a.c/ha, avoiding repeated passes with heavy aggregates on the soil surface), at 18 cm
distance between the rows, the seed introduced at 4 cm depth, density 65 g/m2.
Weeds control was carried out in two stages, in all variants: pre-emergence with 0.35 l/ha produced on
the basis of metribuzin (600 g/l) + 1.5 l/ha produced on the basis of S- metolachlor (960 g/l); postemergent with
1.0 l/ha based on imazamox (40 g/l) + 1.0 l/ha based on propaquizafop (100 g/l), in soybean phenophase 3-4
trifoliate leaves, dicotyledonous weeds in 2- 4 leaves and monocotyledonous weeds were not twinned.
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To control the pest Tetranicus urticae, at the time of reporting, treatment with 0.5 l/ha insecticide based
on fenpyroximate was performed. After the soybean harvesting the yield obtained was corrected to 13%
moisture content. The economic efficiency of the researched variants was determined depending on the number
of applied technological works, fuel consumption (based on the characteristics of used agricultural machines
and equipment, works performed on a land with a slope coefficient of 1.19%) and materials used (average price
per five years), reported per hectare. The results obtained were statistically processed according to the method
of analyzing the variant and establishing the lowest significant differences, LSD (5%, 1% and 0.1%) (ANOVA,
2015).
RESULTS
The experiment was conducted on fertile soil, but also with susceptibility to rapid compaction when
passes the large agricultural aggregates, or when working mechanically in conditions of high humidity, the soil
moisture of 24-25% is high enough to produce a surface compaction. The land on which the experiment was set
up has a high clay content (more than 40%).

Fig. 1. - Directa 400 machine - sowing simultaneously with the fertilization at ARDS Turda

The evolution of the thermal and rainfall regime at ARDS Turda (Meteorological Station Turda,
longitude: 23º47’; latitude 46º35’; altitude 427 m) for the last 63 years (1957-2019) is presented in Figure 2.
Over 63 years, since the evolution of climatic conditions in Turda was monitored, from the data collected at
Turda Meteorological Station (1957-2019), a warming process was observed which felt more pronounced after
2007. The multiannual average for 63 years was 9.2ºC, the number of years in which the average annual
temperature was below 9ºC was 25 years, 25 years with a temperature of 9ºC and above 9ºC and 13 years in
which average annual values of temperatures above 10ºC, especially in recent years (2015-2019). The highest
values of average annual temperature are attributed to the year 2019 (11.4ºC) and the lowest temperature to
the 1975 year (7.4ºC).
The evolution of the rainfall regime was uneven and no dominant trend was observed, the multiannual amount for 63
years was 531.4 mm, the number of years in which the precipitations had values below 500 mm was 24 years, over 500 mm
in 22 years, over 600 mm were recorded in 13 years and in four years the precipitations had values over 700 mm. The highest
rainfall in the entire period was recorded in 2016 with 816.8 mm and the lowest rainfall was recorded in 2000 (259.7 mm).

Fig. 2. - The evolution of the thermal and rainfall regime at ARDS Turda during 1957-2019
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The registered climatic changes (increasing temperatures, decrease in rainfall or non-uniformity of
rainfall), as well as the unpredictable ones in the future require the judicious choice of the biological material to be
cultivated and the application of some technologies adequate to the new climatic conditions, that why the applied
agrotechnical measures must be adapted to more oscillating ecological conditions. Specific to the five years
studied (2015, 2016, 2017, 2018, 2019), was the uneven distribution of precipitation, there were dry periods of
time, with prolonged pedological droughts followed by torrential rains. The average values of temperature and
rainfall, recorded during the experimentation period, were the basis for the climatic characterization of the years
(Table 1).
Table 1
Climatic characterization of the experiment years 2015-2019 in terms of deviation from the multiannual
average over 63 years (1957-2019), ARDS Turda
No.

Monh

Average
63 years
oC

Year/deviation ± multiannual average
2016
2017
2018

2015
oC

oC

oC

oC

2019
oC

1
I
2
II
3
III
4
IV
5
V
6
VI
7
VII
8
VIII
9
IX
10
X
11
XI
12
XII
Average

-3.3
-0.7
4.4
10.0
15.0
18.0
19.8
19.5
15.1
9.8
4.0
-1.3
9.2

mm
21.8
19.0
24.1
46.2
69.6
83.9
77.1
56.1
42.2
35.5
28.5
27.3
531.4

-2.8
+0.7
+1.1
-0.4
+0.8
+1.4
+2.5
+2.4
+2.2
-0.1
+2.1
+2.0
10.6

mm
-9.5
+1.9
-11.3
-14.0
-3.6
+31.8
-24.9
+16.1
+130.4
+9.9
-3.5
-20.4
641.2

+0.5
+5.3
+1.5
+2.4
-0.7
+1.8
+0.7
+0.1
+2.0
-1.5
-1.1
-1.4
10.0

mm
+3.2
+4.8
+22.9
+16.0
+20.8
+39.3
+47.8
+34.9
-17.6
+116.7
+16.8
-20.1
816.8

-3.3
+2.2
+4.0
+0.1
+0.7
+2.7
+0.5
+2.8
+0.7
+1.8
+0.9
+2.3
10.5

mm
-19.2
+0.2
+22.0
+19.0
-4.2
-53.3
+33.1
-20.0
+14.0
+13.7
+2.3
-6.6
532.3

+3.5
+0.4
-1.1
+5.3
+3.7
+1.4
+0.6
+2.8
+1.6
+2.9
+2.0
+0.4
11.2

mm
-5.1
+14.4
+16.8
-20.0
-12.8
+14.4
+8.6
-17.9
-12.4
-8.7
+1.1
+31.0
540.7

+1.1
+2.4
+2.9
+1.3
-1.4
+3.8
+0.6
+2.6
+2.0
+3.7
+4.9
+2.2
11.4

mm
+24.2
-4.3
-11.8
+16.4
+82.8
-15.1
-42.1
+7.7
-22.8
-9.9
-0.1
-131
543.2

Deviation
± 63 years
Characterization

*

*

+1.4

+109.8

+0.8

+285.4

+1.3

+0.9

+2.0

+9.3

+2.2

+11.8

*

*

warm

very
rainy

warm

excessively rainy

warm

normal

warm

normal

warm

normal

As can be seen from the data presented in Table 2, the soybean harvest is distinctly significantly and
very significantly negatively influenced by the minim-disk (MD) variant and direct sowing (NT) influence given by
the value of yield differences of 488 and 733 kg/ha compared to the classical system (CS) control. Soybeans
are suitable for minimal-chisel (MC) technology, the difference from the control is insignificant (only 40 kg/ha).
Similar to our results in favorable ecological condition for soybean production in Turkey (Ozturk and Sogut,
2016), determined the highest yield from classical system practice (2036 kg/ha) comparative with reduce tillage
(2015 kg/ha) differences being only 21 kg/ha and low yield in no- tillage practices (1881 kg/ha).
The very different climatic conditions of the research years have left their mark on soybean yield so that
compared to the control (average of the experimental years), favorable conditions were met only in 2016 (3016
kg/ha) and 2017 (2749 kg/ha), influencing the yield very significantly and significantly positively, the difference
from the control (2647 kg/ha) being between 370-102 kg/ha. Distinctly significant negative influence is attributed
to 2018 with a yield of 2356 kg/ha and 2019 with 2389 kg/ha, with a difference from the average of 291-257
kg/ha. In the warm and very rainy year 2015, a yield of 2723 kg/ha was achieved, the difference from the control
being insignificant (76 kg/ha) and it does not present statistical assurance.
From the interaction of the experimental factors soil tillage system and year (climatic conditions) it can
be observed from the yield data obtained that the minimum system chisel variant (MC) can be considered as an
alternative to the classical system (CS). The yield made in this system throughout the experimentation period
were substantially equal compared to the classical variant (CS) with insignificant differences between 39-123
kg/ha. It seems that when cultivated in a minimum-disk system (MD) and directly sown (NT) in the pedo-climatic
conditions in the Turda area, soybeans are less suitable, the yield achieved in these systems even in favorable
years (2016, 2017) was lower by 776 and 1159 kg/ha respectively, compared to the control variant.
In all experimental years the minimum chisel (MC) system proved to be superior to MD and NT
systems, the yield data confirm this fact. Similar result reached in experiment with soybeans on the heavy soil
(the content of clay more than 53%) of East Slovak (Kováč et al., 2014) in the years 2010-2012.
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They studied the effect of three tillage systems (minimum tillage, classical and no tillage) and they
report that the higher yields were achieved at classic and minimum tillage variant and not indicating a
significantly difference of the yield between these variants but the soybean yield in the no tillage variant was
significantly lower.
Table 2
The influence of the experimental factors on soybean yield, ARDS Turda 2015-2019
The factor

%

Differences

Signification

a1 classic (SC)

Yield
(kg/ha)
2957

100

0

Mt.

a2 minimum (MC)

2917

99

-40

-

a3 minimum (MD)

2489

84

-468

00

a4 direct sowing (NT)

2224
75
-733
LSD 5% = 218 kg/ha; LSD 1% = 401 kg/ha; LSD 0.1% = 888 kg/ha

000

b0 mean

2647

100

0

Mt.

b1 2015

2723

103

76

-

b2 2016

3016

114

370

***

b3 2017

2749

104

102

*

b4 2018

2356

89

-291

00

b52019

2389

90

-257

00

a1 x b1
a2 x b1
a3 x b1
a4x b1
a1 x b2
a2 x b2
a3 x b2
a4x b2
a1 x b3
a2 x b3
a3 x b3
a4x b3
a1 x b4
a2 x b4
a3 x b4
a4x b4
a1 x b5
a2 x b5
a3 x b5
a4x b5

LSd 5% = 88 kg/ha; LSD 1% = 121 kg/ha; LSD 0.1% = 166 kg/ha
3051
100
0
3012
99
-39
2681
88
-371
2148
70
-904
3531
100
0
3408
97
-123
2755
78
-776
2372
67
-1159
3017
100
0
2903
96
-115
2621
87
-396
2454
81
-564
2545
100
0
2667
105
122
2185
86
-360
2028
80
-517
2640
100
0
2597
98
-43
2204
84
-436
2118
80
-522
LSD 5% = 236 kg/ha; LSD 1% = 431 kg/ha; LSD 0.1% = 822 kg/ha

Mt.
0
000
Mt.
00
000
Mt.
0
00
Mt.
0
00
Mt.
00
00

As can be seen from the data presented in Figure 3, soybean cultivation responded favorably to the
minimum tillage-chisel conservation technology, the average yield recorded in the five experimental years (2917
kg/ha and diesel consumption 61.5 l/ha) being very close to that obtained in the classical system (2957 kg/ha
has a consumption of 66.5 l/ha). Although the fuel consumption is lower in the minimum-disk variant (45.5 l/ha)
and the direct sowing variant (34.8 l/ha), but in these variants the lowest productions were registered 2489
kg/ha respectively 2224 kg/ha.
The total costs (diesel and materials) related to the yield achieved during the five experimental years,
indicate that the minimum tillage system - chisel variant (0.529 lei/kg) is the best alternative to the classic
system (0.528 lei/kg). In the disk variants (0.593 lei/kg) and directly sown (0.644 lei/kg) soybeans are not
suitable from an economic point of view in the area under study. From the research carried out (Stănilă et al.,
2013) it results at soybean culture the fuel consumption for each tillage variant: 60.2 l/ha in chisel variant, 65.3
l/ha in heavy disk variant, 46.4 l/ha in ridge tillage comparative with 70.1 l/ha consumption registered in the
moldboard plough.
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Fig. 3. Expenditures/1.0 ha related to soybean cultivation technology and
the average cost price for obtaining 1 kg of soybeans, ARDS Turda 2015-2019

Figure 4. John Deere W540 combine- soybean harvesting at ARDS Turda

CONCLUSION
The production data recorded at soybean indicate that the cultivation in the minimum tillage system is
the only difference between the two classical systems (2957 kg/ha) and the minimum tillage (2917) being only
40 kg/ha. In the pedological conditions in the experimental area, soybeans are less suitable for cultivation in the
minimum-disk and directly sown system, the low production data confirm this fact.
Soybean yield is influenced by the year factor, favorable climatic conditions in the experimental years
2016 (3016 kg/ha) and 2017 (2749 kg/ha) have had a positive influence on the expression of the production
potential of the variety in the experiment. The total costs (diesel and materials) related to the yield achieved
during the five experimental years, indicate that the minimum tillage system - chisel variant (0.529 lei/kg) is the
best alternative to the classic system (0.528 lei/kg), and in the disc variants (0.593 lei/kg) and directly sown
(0.644 lei/kg) soybeans are not suitable from an economic point of view in the area under study.
The minimum system can be a successful alternative to the classical system in the hilly area of
Transylvania and of course by the system practiced we are trying to reduce environmental pollution.
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ABSTRACT
The purpose of this paper is to promote innovative entrepreneurship regardless the age of the applicant
or the main activity of the business. IBA Bucharest has fully sustained and granted European Funds through the
Romanian Operational Programme “Human Capital” to 30 entrepreneurs for setting up a new company in the
South-Eastern Region of Romania. Following a business plan competition organized by IBA Bucharest, 30
business ideas have been selected and each entrepreneur received a grant of 38,000 euros. Applicants aged
22-57 years. A special attention was paid to the business ideas promoting sustainable development, ecofriendly resources, social impact, research and innovation. Three out of the 30 innovative business ideas have
fully distinguished by concept, technology and innovative products/ services. The first two businesses operate in
food industry, the entrepreneurs setting up a cake shop, one located in Focsani Municipality (Vrancea County),
called “Childhood Delights, and the other one in Constanta Municipality (Constanta County), called “Artigiana
Natural Laboratory”. Both cake shops focus on high quality ingredients and promote free or low sugar, glutenfree products for children, diabetics, persons with special diets or allergies. Last, but not least, Neuro
Enhancement, located in Constanta, stands out by bringing a new concept in Romania, namely a research,
development, and implementation centre in stress management and cognitive and process performance
augmentation.
ABSTRACT
Scopul acestei lucrări este de a promova antreprenoriatul inovativ, indiferent de vârsta solicitantului sau
de activitatea principală a afacerii. IBA București a sprijinit necondiționat și a acordat fonduri europene prin
Programul Operațional „Capital Uman” către 30 de antreprenori pentru înființarea de noi firme în Regiunea SudEst. În urma concursului de planuri de afaceri organizat de IBA București, au fost selectate 30 de idei de afaceri,
fiecare antreprenor primind o subvenție de 38.000 de euro. Solicitanții au avut vârsta între 22-57 de ani. O
atenție deosebită a fost acordată ideilor de afaceri care promovează dezvoltarea durabilă, resursele
sustenabile, impactul social, cercetarea și inovarea. Trei din cele 30 de idei s-au distins pe deplin prin concept,
tehnologie și produse/ servicii inovatoare. Primele două afaceri își desfășoară activitatea în industria alimentară,
antreprenorii înființând o cofetărie, una situată în Municipiul Focșani (județul Vrancea), denumită „Deliciile
copilăriei”, iar cealaltă în Municipiul Constanța (județul Constanța), intitulată „Laborator natural Artigiana”.
Ambele se axează pe ingrediente de înaltă calitate și promovează produse fără sau cu conținut redus de zahăr,
fără gluten, pentru copii, diabetici, persoane cu diete speciale sau alergii. Nu în ultimul rând, cea de-a treia
afacere, Neuro Enhancement, localizată în Constanța, se remarcă prin aducerea unui concept nou în România,
respectiv un centru de cercetare-dezvoltare-implementare în managementul stresului și creșterea performanței
cognitive și a proceselor.
INTRODUCTION
The financial and economic crisis started in 2008 had a strong impact at European Union level, as a
whole and beyond. This has led to lower investments and a significant growth in the unemployment rate, which
has determined the European Commission to establish a recovery plan by supporting investments, especially
for small and medium-sized enterprises (SMEs), to create new jobs. In this regard, the European Commission
has taken a series of measures for the programming period 2014-2020, a portion of the non-reimbursable funds
being allocated to promoting entrepreneurial spirit.
Under the strategy Europe 2020, the European Commission has set three priorities, namely: smart growth
(an economy based on knowledge and innovation), sustainable growth (an economy based on resource
efficiency) and inclusive growth (an economy based on a high-employment rate).
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In order to achieve the objectives of Europe 2020, the Romanian Government has translated into the
National Reform Programme, policies and directions of action to address the economic challenges at national
level and has engaged to achieve ambitious targets by 2020.
With regard to business environment and competitiveness, the Romanian Government supports the
development of entrepreneurial skills, especially in competitive economic sectors, in order to obtain the critical
mass of active SMEs and increase employment. The density of SMEs per 100 inhabitants has been below four
in almost all cities of the country, since the beginning of the 2014-2020 programming period, which indicates the
necessity of promoting and supporting the entrepreneurial culture at national level in the medium and long run.
The ultimate purpose of encouraging and sustaining the development of entrepreneurship is to create new jobs
in the national economy.
In this context, according to the Partnership Agreement concluded between Romania and the European
Union for 2014-2020, Romania needs strategic investments that create a favourable environment for increasing
competitiveness and local development, this being one of the main challenges that Romania must face.
Therefore, in the current programming period 2014-2020, projects aiming at the creation of new jobs as a result
of setting-up new companies, has continued to be funded from the European Social Fund through the
Operational Program Human Capital.
IBA Bucharest is carrying out such a project (ID 106773) which supports the establishment of 30 microenterprises in the South-Eastern Region of the country and the creation of minimum 69 new jobs. The project is
part of Priority Axis 3 Jobs for all and contributes to the achievement of Investment Priority 8.iii Selfemployment, entrepreneurship and start-up businesses, including innovative SMEs.
Under the project, IBA Bucharest successfully carried out the following activities dedicated to people
registered in the target group and future entrepreneurs: training courses in entrepreneurial skills for 384 people,
business plan competition at the end of which 30 business plans were selected and turned into newly
established companies, internships for future entrepreneurs, advice on improving entrepreneurial skills and
capacities, support in setting up and starting a business and support during the implementation and
sustainability of the funded businesses.
The main areas of activity of the business plans submitted in the competition focused on: production
(especially restaurants, pastries and cake shops), services (training courses, psychological counselling) and
creative industries (photographic activities, jewellery manufacturing, advertising agencies, specialised design
activities). The value of the subsidy granted to each entrepreneur for setting up a company amounted to 38,000
euros (RON 169,423), which mainly was used to cover the costs incurred with purchasing equipment, raw
materials and consumables, salaries of employees, outsourced services, information and publicity. As a result of
establishing 30 companies, over 69 new jobs have been created. The total value of the grant for 30 businesses
was RON 5,071,992 (equivalent of EUR 1,137,600.54 using Inforeuro exchange rate 4.4585 RON/EUR from
August 2016).
All the newly set-up businesses took into account sustainable development, by purchasing new
equipment with low energy consumption, which incorporates state-of-the-art technology and some of them even
addressing several population health challenges. Three of the 30 funded businesses clearly stood out through
originality, technology and the innovative products/ services offered. The first two business plans aimed at
setting up a cake shop offering quality natural products, without additives or premixes, as well as agglutinative
products, sugar-free products or with low sugar content for children, people suffering from diabetes or other
diseases that require a certain diet, etc.
Both business ideas are similar, but differ mainly in terms of products offered, assortment, cake recipes,
shape and colour and the ingredients used, as well. “Childhood Delights” is a cake shop recently opened in
Focșani Municipality (Vrancea County) by a female teacher who has just graduated the Faculty of Psychology,
without previous experience in entrepreneurship, but with passion in creating real culinary delights based on
new or old recipes, reinvented by her.
The second cake shop “Artigiana Natural Laboratory” is located in Constanța Municipality (Constanța
County) and it was also founded by a female entrepreneur, graduated from the Faculty of Psychology and
Educational Sciences, with no experience in the field of entrepreneurship. The aim of the business is to offer a
wide range of innovative cakes by using high quality, natural ingredients, including assortments specially
designed for diabetics or dieters, which are sugar-free.
The concept of the third business is less or not known at all in Romania, being a niche segment that is
currently designed for those people who want to improve their professional performance. The business consists
in creating a Research-Development-Implementation Centre in stress management and cognitive and process
performance augmentation.
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The company “Neuro Enhancement” was established in Constanța (Constanța County), and the concept,
equipment and software were brought from the United States of America (USA).
The entrepreneur has extensive knowledge and experience in management proven as follows: he
obtained a PhD in human resources management, graduated an EMBA, he is a Professor of performance
management, leadership and coordinator of the Master's program Entrepreneurship and Strategic Management.
For the last 3 years, he has been teaching as Visiting Professor at the Department of Applied Science at Vives
University in Bruges (Belgium) the following courses: "Neuroscience applied in Leadership", "Total Quality
Management", "Peak Performance Enhancement" and “Assessment tools in corporate performance
enhancement and stress management”. He was also invited to teach the course "Neuro Optimisation in
Performance Management" at the Faculty of Management of Kassel University (Germany).
He successfully completed a training in Neuroleadership (Neuroscience Applied in Leadership) at the
famous prestigious University Massachusetts Institute of Technology (MIT) in Boston, USA. He was educated
and prepared to research, use and develop protocols to increase cognitive performance and effective stress
management, through the use of hardware and software products at the intersection of four major areas of
expertise:
Neuroscience, Psychophysiology, Information Technology and Business Management. At MIT, he
studied the latest developments in the implementation of neuroscience-derived neural optimisation techniques
applied in leadership & management. Taking into account the services he offers to clients, the method applied
and to better understand the needs and how to approach the problem of each client, the entrepreneur recently
graduated from the Faculty of Psychology in Bucharest (Romania).
MATERIALS AND METHODS
In order to attract people from the target group, IBA Bucharest organised in various locations in the SouthEastern Region of Romania, a series of information campaigns on project activities, following which eligible
people were enrolled in entrepreneurial skills courses. In these courses, participants learned how to write a
business plan using a similar template to the one used in the business plan competition.
The evaluation and selection process of the best business plans that were funded was based on several
criteria that followed the quality of the business plan, i.e. the feasibility and viability of the business plan, socioeconomic and environmental impact, innovation, but also knowledge and skills of the future entrepreneurs. For
this reason, in addition to the written test, an interview was organised with each entrepreneur to ensure that the
grant was awarded taking into account both the business itself, with all the risks involved, and the entrepreneur,
as responsible for the smooth implementation of the business plan and management of the whole business.
IBA Bucharest experts analysed and evaluated all aspects of the proposed business, such as: location,
goodwill, technology, market, risks, products and/ or services offered, prices/ fees, competition, potential
customers, impact, financial sustainability in terms of financial projections, etc. Subsequently, the selected
entrepreneurs completed internships in a company with the same classification of economic activities (NACE)
group as the one of their future businesses.
Moreover, IBA Bucharest offered to entrepreneurs personalised counselling/ mentoring services and fully
supported them in launching new start-up companies. Thanks to the subsidy granted from non-reimbursable
European funds, the entrepreneurs purchased all the equipment necessary to carry out the company's activity.
The two cake shops are based on quality products, natural ingredients, without additives or premixes,
sugar-free or with low sugar content for children, people suffering from diabetes or other diseases that require a
certain diet, etc.
"Childhood Delights" cake shop uses some of the raw material from local farms (e.g. fruit) and intends to
enter into contracts with other small households in the surrounding rural areas to support small local
entrepreneurs. For children and people with a certain diet, instead of sugar, the entrepreneur uses mainly
carrots, fruits (e.g. bananas, dates) and xylitol, and spinach for colouring the cake layers.
Similarly, "Artigiana Natural Laboratory" cake shop uses only natural, quality raw materials. In addition to
the classic ingredients, the entrepreneur also uses carrots, fruits, stevia sweetener as sugar substitute, and mint
and spinach for giving a green colour to the cake layers. It produces only cakes based on modern recipes and
some of Slavic origin. Basically, the classic cakes are not found in this cake shop.
The method used by the company "Neuro Enhancement" in treating clients is computer-assisted training
in which selected neuro-psycho-physiological parameters of the client’s body functions are displayed on the
monitor and then incorporated into the development of stress management protocols and enhancement of
cognitive and process performance. As such, training is actually an exercise for the brain using the equipment
connected to the computer and the software installed.
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The sensors placed on the client’s head measure the electrical activity of the brain. The signal collected
by the hardware system is processed and displayed to the customer through a software/ video program in which
a parameter shows the variations of the electrical signal measured. The brain receives thus, information about
its activity and changes it to the correct values, resulting from the processing and analysis of data using a
specialised, high performance software system. Different brain areas are responsible for different functions;
therefore, the location of the sensors varies depending on the nature of the problem. It is worth mentioning that
the hardware data collection system measures the electrical activity of the brain in certain areas without
influencing it. Consequently, it is an eminently non-invasive mental training system. After fixing the sensors on
the scalp, the program starts. The client's (patient's) task is just to maintain eye contact with the monitor. For
this reason, this therapy can be used by people of all ages. The process is pleasant, passive, without any
physical pain.
RESULTS
Following the business plan competition, 30 businesses from 6 eligible counties in the South-East Region
were selected: Buzau, Vrancea, Galați, Braila, Tulcea and Constanta. At least 69 new jobs have been created
as a result of setting up the businesses, most with two employees, except for four businesses that hired 3-5
employees. All companies have purchased new equipment, some of them being state-of-the-art, of highperformance and environmentally friendly.
“Childhood Delights” cake shop from Focșani satisfies the customers' requirements by creating original
elements, using quality ingredients and above all, a very good taste and vivid colours. This is the perfect
combination of homemade traditional taste and originality.

Fig.1 – Wedding cake

Fig.2 – Modeling flowers

Fig.3 – Baptism cake

“Artigiana Natural Laboratory” cake shop in Constanța stands out by high style, creation of modern cakes,
including recipes of Slavic origin.

Fig.4 – Cake with mint and raspberry

Fig.5 – Carrot cake

Fig.6 – Cake for Saint Valentine

The results, following a full package of computer-assisted trainings offered by "Neuro Enhancement" in
Constanța, are visible after at least 3 sessions. Along these training sessions, the brain becomes more effective
in controlling its own activities.
The result is a more stable brain (very important in stress management) and more flexible (very important
in increasing cognitive and process performance). Thus, the brain becomes more efficient in everything it does.
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Fig.8 – Visual Disply Unit

Fig.7 - Headset

Fig.9 – Session of a mental training

The effectiveness of this type of mental training in stress management and cognitive and process
performance augmentation is recognised worldwide, being used by reputable corporations and sports clubs.
This concept of mental training is based on measuring and tracking brain electrical activity and psychophysiological indicators. It is an observation, passive and non-invasive process. The result is an improved brain
activity, with direct effects on stress management and increased cognitive and process performance.
Although, this type of service is mainly used in the United States of America, it is becoming more
widespread in the European Union.
CONCLUSIONS
At present, all companies are active, although, the pandemic with the new virus has financially affected
most businesses and they have not yet been able to grow at the estimated level or achieve the expected results
in such a short time from the end of the business plan implementation period. However, the three businesses
"Childhood Delights", "Artigiana Natural Laboratory" and "Neuro Enhancement" stand out from the others by
addressing some population health problems, the two cake shops offering products for diabetics or for those
following a diet for different reasons, while the research centre offers services to improve brain activity and thus
mental state, professional performance due to the stress that an individual faces.
Entrepreneurship is the best solution for putting ideas into practice, valorising knowledge, talent, skills
and passion. Innovation is what leads to increasing economic competitiveness, staying one step ahead of the
competition and creating a strong image of the company and the products/ services offered to the market.
The project implemented by IBA Bucharest has led to an increase in the entrepreneurial appetite
among all people, from young people to the elderly, from unemployed to employees. Consequently, IBA
Bucharest will continue to get involved in such projects and to support people of all ages, from both urban
and rural areas, in gaining new knowledge in entrepreneurship, including social entrepreneurship, as well as
other subjects which may help the entrepreneur in the smooth implementation and management of a
business.
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ABSTRACT
The importance of the paper is highlighted by the fact that the burning of wood biomass is a nonecological process, but indispensable to human activity, due to the use of thermal energy it producers. All
categories of wood can be burned, from wood dust to logs, but only certain dimensional are optimal in terms of
efficiency and pollution. Each category of wood material must have well-defined characteristics. The use of
wood biomass as a fuel material is based on its good properties, such as low price, the fact that it is renewable
material, has good energy power comparable to fossil fuels.
REZUMAT
Importanța lucrării este reliefată prin aceea că arderea biomasei lemnoase este un proces ne-ecologic,
dar indispensabil activității umane, datorită utilizării energiei termice pe care o produce. Se pot arde toate
categoriile de material lemnos, de la praful de lemn la bușteni, dar sunt optime din punct de vedere al eficienței
și poluării numai amumite categorii dimensionale. Fiecare categorie de material lemnostrebuie să posede
caracteristicile bine definite. Folosirea biomasei lemnaose ca material combustibil se bazează pe proprietățile
sale bune, precum prețul scăzut, faptul că este material regenerabil, are putere energetică bună comparabilă cu
a combustibililor fosili.

INTRODUCTION
The total biomass obtained from agricultural, forestry and bio waste biomass provide a quantity of 13.1
EJ (300 Mtep) in the year 2030, and from this, 5.4 EJ (142 Mtep) will be obtained from agricultural exploitation.
Romania has a great potential in the field obtaining energy sources from biomass. The share of
renewable resources in the total consumption of primary resources in Romania is of 217.1 PJ for the year 2019
(Berkesy et al, 2011). In Romania, for the year 2018, an area of 229973 km2 was used for agricultural and
forestry purposes, out of which, the area of forestry land is of 4.7%. Within the land biomass is accumulated a
total quantity of energy of 25000 * 1018 J, respectively a quantity of 3000 * 1018 J/year or 95 TWh/year. The use
of biomass by the consumer is increasing at a rapid rate, noting energetic plants with a rapid growth (willow,
giant miscanthus, poplar, rape) from which results a high production (Dhillon et al, 2013).
In the U.S.A., approximately 4% of energy is covered by biomass, the rest being covered by atomicelectric power plants with a capacity of 9000 MW (Aghamohammadi et al, 2011). The energetic potential of
biomass in the year 2050 will reach 1500 EJ/year. Forestry biomass and agricultural biomass will offer annually
a capacity of 50-150 EJ/year. The biogas produced on a daily basis by a fermentation station is estimated at
1200-3600 m3/day (only from using excrements) or 2400 kWh of electric power/day or 700000 kWh/year of
electric power.
In rural areas there are types of renewable energy that can be used as solid fuel. Biomass represents
7% of the primary energy demand and 50% of the potential for renewable resources in Romania (Griu T. and
Lunguleasa A., 2014). The pace of using renewable sources will continue to increase after 2020 as well, so as
the electrical power production from these sources, in the year 2021, to represent 35% of the gross energy
consumption, and 38% in the year 2025 (Hajek M. and Vrabcova P., 2020). In order to obtain a significant fuel
production, it is necessary to use all agricultural land areas, to use terrrains that have been left to degrade, to
re-forrest exploited land areas (Ihnat et al, 2020).
Wood covers more than 10% of the primary energy demand in many countries in Asia, Africa and Latin
America. States such as Brazil and China have become competitors on the energy market, in the field of energy
production from biomass. In recent times, energy production from alternative sources has begun to increase in
Hungary, with a rate of approximately 3.6%.
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In addition to the advantages, biomass also has a series of disadvantagesː
- the density of the biomass and the caloric power of wood species is small in comparison to that of fossil fuels;
- untreated biomass has a high level of moisture content, which is the main factor that determines a low content
of heat obtained from the material as a result of combustion process;
- the thermo-chemical properties and the chemical composition of the biomass varies greately from that of fossil
fuels.
MATERIALS AND METHODS
The evaluation of the calorific power for the wood biomass from the hardwood species is almost similar
to the one of the coal (Lunguleasa, A., 2011). The equipment used to find out the caloric power of the wood
biomass is the explosive burning XRY-1C type calorimeter, manufactured by Shanghai Changji Geological
Institute from China (fig.1).

Fig.1- Calorimetric bomb

The method of evaluating the caloric power of the wooden material is referring, first of all, to the putting in
readiness of the raw material and equipment and then to specific assessment and in the end, to the
achievement of the final result. The preparation of the wooden material in order to be verified implies the
extraction of a small part, having the dimension of approx. 0.6- 0.8 g. from the entire material. The sample is
weighted with a margin of 0.0002 g (Moustaphaoui et al, 2019). The stages for the assessment of the lower and
higher caloric power are mentioned in fig. 2.

Fig. 2 - Description of the process to assess the caloric power

The process for determining the calorific value of the wood refers primarily to the preparation of raw
materials and instalattion, and the determination itself and finally to final output.
This sample is placed in a porcelain crucible and placed in a laboratory oven in order to dry a temperature
of 103ºC. Test sample binds cotton thread, and put in the crucible of the bomb (Stelte et al, 2011).
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Nichelin spiral thread binds evidence and cotton thread, which is positioned right after the protective cover.
The crucible cap is connected to the bomb calorimeter by the electrodes which are continuous with the wires
coupling the bomb calorimeter (Yeniocak et al, 2014). Before performing the actual test, the calorimetric bomb
calibration is performed with benzoic acid, having a caloric power of 26463 kJ/kg.
Gross calorific value is determined by the relationship 1:
Pci = Pcs – 6 (U + 9h) (kJ/kg),
where:
Pcs – net calorific value (kJ/kg);
U-moisture content sample (kg/kg);
h-hydrogen content in the wood sample (3,6%).
Net calorific value is determined by the relationship:
Pcs = k (tf – ti)/ml – qs – qb (kJ/kg),
whereː
k- coefficient calorimetry;
tf- final temperature (º C);
ti- initial temperature (º C);
ml-mass sample (kg);
qs- heat consumption for burning wire nichelina (kJ);
qb- heat produced by burning cotton thread (kJ).
RESULTS
The test for determining calorific value three distinct periods (fig.3):
- Initial period aims to assess variations in temperature of the water in the bowel calorimetry due to heat
exchange with the outside before firing. During this period, usually 5 minutes, the displays and read every
minute thermocuple temperatura with precision. Last temperature in the initial period is the first periodic leading
temperature.
- Period beigins by lighting the main sample and results increasing water temperature calorimetric vessel. To
determine the final temperature displays the temperature every minute. The values recorded in this period
varies during combustion of combustible material in bomb calorimeter.
- Final period aims at determining the average water temperature variation in calorimetric vessel due to heat
exchange with the outside, after firing.
For the salix alba, at U = 0%, m = 0.6400 g, higher caloric power = 20830 kJ/kg, lower caloric power =
20224 kJ/kg, at U = 10 %, m = 0.4710 g, higher caloric power = 17846 kJ/kg, lower caloric power = 17259
kJ/kg, energy efficiency = 94 %, at U =20 %, m = 0.6390 g, higher caloric power = 14862 kJ/kg, lower caloric
power = 14294 kJ/kg, energy efficiency = 87 %, at U = 50 %, m = 0.9746 g, higher caloric power = 6364 kJ/kg,
lower caloric power = 4944 kJ/kg, energy efficiency = 43 %. The variation of the energy efficiency for the salix
alba is shown in fig.3.

Moisture content %
Fig. 3 - The variation of the energy density for the salix alba
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For the fagus sylvatica, at U = 0%, m = 0.6900 g, higher caloric power = 19646 kJ/kg, lower caloric
power = 19051 kJ/kg, at U = 10 %, m = 1.1420 g, higher caloric power = 16878 kJ/kg, lower caloric power =
16639 kJ/kg, energy efficiency = 96 %, at U =20 %, m = 0.8750 g, higher caloric power = 14497 kJ/kg, lower
caloric power = 13930 kJ/kg, energy efficiency = 81 %, at U = 50 %, m = 1.2770 g, higher caloric power = 6994
kJ/kg, lower caloric power = 5801 kJ/kg, energy efficiency = 45 %.
The variation of the energy efficiency for the fagus sylvatica is shown in fig.4.

Moisture content %

Fig. 4- The variation of the energy density for the fagus sylvatica

For the aesculus hipocastamus, at U = 0%, m = 0.6200 g, higher caloric power = 19567 kJ/kg, lower
caloric power = 19094 kJ/kg, at U = 10 %, m = 1.0500 g, higher caloric power = 17491 kJ/kg, lower caloric
power = 17302 kJ/kg, energy efficiency = 98 %, at U =20 %, m = 1.0800 g, higher caloric power = 15653 kJ/kg,
lower caloric power = 15274 kJ/kg, energy efficiency = 94 %, at U = 50 %, m = 1.1200 g, higher caloric power =
10137 kJ/kg, lower caloric power = 9190 kJ/kg, energy efficiency = 71 %.
The variation of the energy efficiency for the aesculus hipocastamus is shown in fig.5.

Moisture content %
Fig. 5- The variation of the energy density for the aesculus hipocastamus

CONCLUSIONS
Wood biomass is one of the oldest known combustible materials. It represents a renewable
combustible material due to the fact thatː
wood is a renewable material, as a result of photosynthesis and annual growth;
wood residue is an inherent product of the wood processing workflows.
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ABSTRACT
An electric tractor is used for performing high-torque work, which usually is translated in high currents
which occur in the electrical engine wire windings and in the electrical circuits of the tractor. The main power
source of the tractor is its battery which is subject to maximum voltage and current during work. In order to avoid
excessive temperature and wear of the battery, the circuits have to be calculated and dimensioned as to
withstand the electrical current which occurs because of the mechanical loads. Within this paper is presented
the electric circuits design and experimentation of a small power electric tractor prototype, used mainly for
agricultural work.
REZUMAT
Un tractor electric este utilizat pentru a efectua lucrări cu cuplu mare, care de obicei se traduce prin
curenți mari care apar în înfășurările electrice ale motorului și în circuitele electrice ale tractorului. Sursa
principală de alimentare a tractorului este bateria care este supusă tensiunii și curentului maxim în timpul
lucrului. Pentru a evita temperatura și uzura excesivă a bateriei, circuitele trebuie să fie calculate și
dimensionate astfel încât să reziste la curentul electric care apare din cauza încărcărilor mecanice. În cadrul
acestei lucrări este prezentată proiectarea circuitelor electrice și experimentarea unui prototip de tractor electric
de putere electrică mică, utilizat în principal pentru lucrările agricole.
INTRODUCTION
Electric tractors used for agricultural work were first used about 100 years ago, until the advent of fossil
fuel tractors which become very popular and more affordable, eventually surpassing the electric tractor (Tallian,
2011). Today with an ever-increasing interest in renewable energy and environment protection, the electric
tractor has once again gained the interest of many farmers in many agricultural works such as plowing, seeding
and harvesting (Marquez Delgado, 1990).
Studies have been carried out concerning different optimizations that can the made to an electric tractor
to increase its autonomy and efficiency. In (Puhovoy, 2011) a 225-kW electric tractor design was presented
that had only two modes of operation, operational and transport, and a series of experiments were carried out
that showed an increase in efficiency and also a better control over the entire speed range of the tractor.
In (Mousazadeh, et al., 2013) a prototype tractor for light farm duty was designed and constructed. The
energy consumed by the prototype was supplied by a series of onboard photovoltaic panel and on-board
batteries. The experimental result showed that the performance was similar to tractor using fossil fuels.
1.1. Onboard arrangement of the main components of the tractor electric drive system.
The general design choice for the electric tractor takes into consideration a usual electric drive system
composed of a three phase squirrel cage induction motor and a three phase inverter and extending it by adding
a battery pack as the main power source, an onboard battery charger and an human machine interface which
displays the relevant information regarding the state of the whole electric tractor.
In
Fig. 1 the arrangement of the different components is presented, with the following meaning:
A01-TPC – traction controller;
A02-BAT2 – traction battery;
A03-OBCC – battery charger;
A04-CONB – connection box;
A05-AUX12 – DC-DC converter for auxiliary 12V supply;
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M01-TM – traction motor;
XC-MOD2 – CCS standard power connector.

Fig. 1.- Arrangement of the main components of the electric tractor

1.2. Electrical diagram
In the next figure,
Fig. 2, the wiring between all the components of the tractor is shown. The main power circuits are
represented by the orange color wire, connections between the onboard charger, the battery pack and the
traction converter are realized inside a main connection box which contains the necessary fuses and contactors.
An auxiliary power supply generates 12 Vdc that powers all the control circuits of the tractor, these circuits
are represented by the black wires. Also, there is present a diagnose and control data line that connects the
battery charger, the battery management system, the traction inverter and the display interface, this line is
marked with red color.

Fig. 2 The main electrical wiring of the prototype electric tractor

The notation of the components is the one presented in
Fig. 1 with the following additional details:
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1K1 – battery main contactor;
1F1 – DC fuse;
1K2 – battery secondary contactor;
1F2 – 40 A fuse for charging;
1F3 – 32 A fuse for auxiliary supply;
2K3 – pre-charge relay;
1R1 – pre-charge resistor.
MATERIALS AND METHODS
2.1. Sizing of electric powertrain
2.1.1. Traction motor
During the design phase a three-phase induction motor type AME200.0114 (www.cfritaly.com) was
selected, which has the following parameters:
Rated power:
16 kW;
Maximum power:
55 kW – 1 min;
Rated phase voltage (Uf): 101 Vac;
Rated phase current (If):
169 Aac;
Rated speed (nn):
3000 rpm;
Rated frequency (fn):
100 Hz;
Insulation class:
F (125°C);
IP rating:
IP65;
Speed sensor:
64 pulses per revolution.
The electric motor,
Fig. 3, comes pre-wired by the manufacturer with 50 mm2 cables, which are to be connected to the
traction inverter. The succession of these cables and of the speed sensor signals are important in setting the
forward and backward direction when moving.
To monitor the stator winding thermal state, the motor comes with a temperature sensor type Philips
KTY84-130, which reads the temperature of the winding and transmits it to the control system, allowing for the
possibility of shutting down the drive system if the temperature is beyond the normal specification of the motor.

Fig. 3.- Electric traction motor assembly

2.1.2. Traction inverter
The three-phase inverter the was chosen for this application is a Curtis type 1239E-8521, Fig. 4- ref
(www.curtisinstruments.com) with the following parameters:
Input voltage range (Udc):
72...144 Vdc;
Command voltage (Uc)
12 Vdc;
Command voltage range:
min 8.4 Vdc, max 20 Vdc;
Maximum output current (Ifmax):
500 Aac;
Rated output current:
135 Aac.
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Fig. 4- Curtis 1239E - 8521 three phase traction inverter

This type of inverter has been designed specifically to power electric vehicles, it has a high-performance
processor control architecture to be able to conform to the modern requirements and standardization, the
control software allows for high energy efficiency of the drive system and it can operate with a wide range of
input voltages.
The control software has the following characteristics:
• high frequency control pulses, which translates to low harmonic content in the output current, low
torque ripples and smaller joule losses;
• automatically discharge of the DC link capacitors on shutdown;
• continuously tests all safety related parts of the control system;
• short circuit protection on all output drivers;
• thermal cutback, warning and automatic shutdown protection.
2.2. Sizing of traction battery
The battery calculation aims to obtain the following data:
- rated voltage of the battery pack;
- charging and discharging currents;
- battery energy, to be able to check the autonomy that the vehicle can achieve.
The calculation starts from the value of the maximum input voltage that the inverter can use, the Curtis
inverter has a maximum input voltage of 144Vdc, so the battery rated voltage has to be Ub0=144Vdc.
Using the fact that the motor power is 16kW the discharge current is calculated according to the next equation:
(1)
Where:
η=0,95
inverter efficiency
The discharge current of the battery is chosen to be Idesc=120Adc so the battery pack will be composed
of three 40Ah elements connected in parallel.
For a slow charging process the predicted current will be:
(2)
The battery energy Eb is calculated according to the next equation:
(3)
The available energy that can be used is about 80% of the total energy:
(4)
The autonomy predicted for an electric tractor, considering an energy consumption of 0.4...1 kWh/km [3]:
(5)
The battery pack is mounted under the front part of the tractor hood, above the electric motor, with access
to the power connector in the front side,
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Fig. 1With the main parameters calculated, the batter pack was formed of 3 Li-ion type "Pouch" packs,
each having a cell voltage of Ucell=4V and a charge of Ccell=40Ah, mounted in parallel to form a 4V, 120Ah
cell. Then 36 of these cells are connected in series to achieve de required 144Vdc.
An advanced battery management system (BMS) is used to control the battery pack. The BMS used is an
Orion BMS 2 (www.orionbms.com).
The main functions that such a system has to implement are:
• balancing the voltages across the cells,
• measures the charging and discharging current,
• measures the total voltage of the battery and the temperature in various points of the pack.
• CAN communication
• protections, over and under voltage, short-circuit, overload and over temperature.
2.3. Sizing of battery charger and auxiliary power supply
To charge the battery an onboard charger is used, that uses a 230Vac, 50Hz, 32Aac network, these
values are standard mode 2 charging, and use standard mode 2 connector according to SR EN 62196-2/ 2017.
Because these values are present in an ordinary power supply network, a battery charger type 6.6HK-J OBC
(www.tccharger.com) from Hangzhou-Tiecheng Inf. Tech. Co Ltd China was chosen, Fig. 5.
This charger has the following parameters:
AC input:
Input voltage range Uin:
85~265 Vac;
Frequency range:
45-65 Hz;
Maximum input current:
32 Aac;
DC output for battery charging:
Control method:
Constant voltage - constant current (CV-CC);
Output voltage:
50...198 Vdc;
Output power:
6600 W;
Output current:
46 Adc;
Precision (CV / CT):
±1%;

Fig. 5- The 6.6HK-J OBC battery charger

DC output for vehicle commands:
Output voltage:
12.5 Vdc
Output power:
62.5 W;
Output current:
5.5 Adc;
Precision:
±2%;
Communication:
CAN communication.
Input under and over voltage protection;
Output under and overvoltage protection;
Overload short-circuit protection;
Over temperature protection;
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For the auxiliary systems of the experimental tractor, a DC-DC power supply was chosen, type SD
1000H-12, from MEANWELL (www.meanwell.com), having the following parameters:
Input voltage:
Ui = 72-144 Vdc
Input current:
Ii = 11,6 Acc at Ui=96 Vdc
Maximum input current:
Ii = 100 Acc at Ui=96 Vdc
Rated power:
P = 720 W
Efficiency:
ηtot = 85%
Output voltage:
Uo = 12 Vdc
Rated output current:
Io = 60 Adc
Voltage ripple:
ΔUo=±0,5%
Protection:
short-circuit, overvoltage, overload and over temperature;
Forced cooling with built-in fan;
Galvanic isolation between input and output.

Fig. 6 MEANWELL SD-1000H-12 DC-DC power supply and overtemperature behavior

By using this converter as primary voltage supply, taking into consideration the
RESULTS
3.1 Experimental model
Human-machine interfaces – pedals and information display
The arrangement of the driving cockpit takes into consideration the integration of the acceleration and
brake pedals, the starting key, the information display, the gear box controls and the plow controls. All of these
are positioned so the driver doesn't have to make difficult movements to achieve all of the functions to run the
tractor. The pedals are grouped together for reduced foot movement, the display is right behind the steering
wheel allowing for easy monitoring of the vital parameters of the tractor, also the controls for the plow functions
are grouped on one side allowing the driver to easy change the different types of works while also being able to
continue driving the vehicle (see Fig. 7).

Fig. 7- Electric tractor protoype

3.2. On-board placement and wiring of main components
The main components of the electric tractor where placed on the chassis as to maximize space
occupation (fig. 8). The next figure shows, the placement of the components inside the tractor’s motor hood (fig.
9).
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Fig. 8 Electric equipment placed under the tractor’s hood

Fig. 9 3D-rendering regarding placement of main components

The wiring is using the orange cables of 50 mm2 copper cross-section for the power circuits (see figures
10), while the command circuits are using the pink cables of 1,5 mm2 (cross-section resides mainly from the
requirements from electronic connectors). For the communication cables are used the green connections.
Those special cables must be shielded, as there is an environment with electric perturbances.

Fig. 10 3D-rendering of the wiring between components

During the tests the temperature of the main components and of the cables were carefully monitorized,
especially the one of the traction batteries.
Is well knows that the electronics do have self-protection against overheating, protection operating by
limiting the output power when the temperature exceeds the warning limits and by disconnecting the output
when the temperature becomes higher that the maximum temperature threshold (see fig. 6). Each electronic
unit has his own overtemperature protection.
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3.2. Experimental results
The main goal of the tests was the measurement of the ploughing works, mainly the draft force (see fig.
11) and the thermal comportment of the electric assembly during this type of work. It was used the 3k factorial
design to prepare the experiments, a factorial arrangement with k factors, each at three levels. Were taken into
consideration 2 factors: working depth and speed each at three levels: low, intermediate, and high, resulting a
number of 27 tests (Matache, et. al., 2019).

Fig. 11 Evolution of plow force for a speed of 0.89 m/s and a plow depth of 0.2 meters

In figure 12 is presented the mean draft force evolution during experiments, which is linearly dependent of
the ploughing depth and the working speed.

Fig. 12 Draft force reported to working speed

Further on, in figure 13 is presented the electric power evolution reported to the measured draft force.
There is achieved a maximum of 23547 W in electric power at the maximum draft force of 7789 N, which were
recorded for the maximum depth and working speed.
During the plough works several temperature measurements were performed, in order to verify the
heating of the main components. There was only an external parts measurement for verifying that the operators
are not endangered by touching hot surfaces. The maximum overtemperature was 3°C on surface. Meanwhile,
each device has his own temperature monitor and overtemperature protection which can be supervised online
by CAN communication messages.
The most solicitating operational mode of the electric tractor is the battery charging, when both traction
battery and charger are stressed. A diagram of the medium temperature Tmed, of the charging current Ich and
of the State of Charge SOC is presented in Figure 14.
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Fig. 13 Electrical power reported to draft force

Fig.14 Heating of the battery during charging from 50%SOC in time [s]

From the diagram recorded by the BMS of the battery, one can notice that:
the SOC is calculated and re-calculated during the operation of the battery;
the temperature of the battery rises from second 500 s at SOC = 50% at 3200s from 12 up to 15 °C,
while the charging current is standing at 36 Adc.
- From the moment when the SOC exceeds 80%, the charging current is reduced down to 3 Adc by the
charger as is instructed from the BMS of the battery. When the current is reduced, also the temperature
of the battery is lower, meaning that the cooling fan is working fine.
-
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CONCLUSIONS
The purpose of the experiments was to verify the electric powertrain and the electric circuits for a small
power experimental model of agricultural tractor during normal and extreme works. The thermal behavior
measured during experiments showed that the temperature of the components was maintained in the safe zone
for all the working regimes, fact that suggests this is an optimum selection of components.
The highest temperature was observed during the ploughing works, but the temperature was maintained
low by using a special fan mounted on the battery unit. Also, during charging, the charger is warmer and two
separated fans were mounted to avoid overheating. Cables have no temperature overheating, as there are
over-dimensioned mostly to avoid voltage drop during high current regimes.
The main temperature increase was measured at the battery unit, where there the BMS system has a
continuous monitoring and controlling function which is measuring the temperature with a thermistor. The
maximum temperature gain obtained during experiments was 3°C, value far from the danger zone, fact which
confers feasibility to the prototype. The components were designed specially to fulfill the dynamic expectations,
like torque and autonomy, thus making the thermal test less relevant for the evaluation of the prototype.
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ABSTRACT
Grape pomace is a by-product obtained from the technological processing of grapes and represents on
average 20% of the total amount of grapes taken for winemaking. Due to the medical, food and cosmetic
interest in the valorisation of grape pomace, the present study presents the percentage of pomace resulting, the
yield of must and the sugar content of must obtained for 20 grapevine varieties, hybrids and clones for white
and red wines, cultivated in the SCDVV Blaj vineyards from Blaj, Craciunelu de Jos and Ciumbrud. After
pressing the grapes, the lowest percentage of pomace was obtained in the case of the Muscat Ottonel-12 Bl
clone, 16.50% and the highest quantities of grape pomace were registered for the varieties Amurg (27.00%) and
Roze Blaj (27.00%) as well as for the Riesling Italian-3 Bl (27.61%) and Neuburger-10 Bl (27.18%) clones.
ABSTRACT
Tescovina este un subprodus obținut la prelucrarea tehnologică a strugurilor și reprezină în medie 20%
din cantitatea totală de struguri vinificați. Datorită interesului medical, alimentar și cosmetic în valorificarea
tescovinei, studiul prezintă procentul de tescovină rezultată, randamentul de obținere a mustului și conținutul în
zahăr a mustului obtinut pentru 20 de soiuri, hibrizi și clone de pentru struguri albi și roșii, cultivate în plantațiile
SCDVV Blaj de la Blaj, Crăciunelu de Jos și Ciumbrud. În urma presării strugurilor cel mai mic procent de
tescovină a fost obținut în cazul clonei Muscat Ottonel-12 Bl, 16.50%, iar cele mai mari cantități de tescovină au
fost înregistrate pentru soiurile Amurg (27.00%) și Roze Blaj (27.00%), cât și pentru clonele Riesling Italian-3 Bl
(27.61%) și Neuburger-10 Bl (27.18 %).
INTRODUCTION
Grape pomace (GP) is a residual byproduct of the winemaking process and it accounts for
approximately 10–30% of the mass of grapes crushed (Tomaz, I., Maslov L., Stupić D. et al, 2016; Muhlack, R.
A., Portumarthi, R., Jeffery, D. W., 2017) and so for instance an average winegrape production of around 12
t/ha could be expected to generate over 2 t/ha of pomace, or equivalent to approximately 20% of the fresh
weight (FW) as solid waste (Corbin K. R., Hsieh Y. S. Y., Betts N. S. et al, 2015; Ky, I., Teissedre, P. L., 2015).
GP is constituted of skins, pulp, stalks and seeds, which account to 25–35 kg per 100 L of produced wine
(Costa, J. M., 1983; Mendes, J. A. S., Xavier A. M. R. B., Evtuguin D. V. et al, 2013). Figures for pomace
production vary due to the variability in freshness and moisture contents among the various sources (Muhlack,,
R. A., Portumarthi R., Jeffery, D. W., 2017).
The winemaking process is different for white grapes respectively for red ones. During white grape
winemaking, seeds and skins are removed before fermentation, in red grape winemaking, seeds and skins are
removed after a maceration period in contact with fermenting must (Antoniolli , Fontana., Piccoli, P., et al, 2015;
Tomaz, I., Maslov, L., Stupić D. et al, 2016). Red grapes are entirely involved in fermentation and processed
skins contain much less pulp and residual sugars than the skins from white grapes that are mechanically
pressed to produce juice and are not subjected to ethanolic fermentation (Silva, L. M. L. R., 2003; Ruberto, G.,
Renda A., Daquino, C. et al, 2007; Mendes, J. A. S., Xavier A. M. R. B., Evtuguin D. V. et al, 2013). Yield is
indicator that shows the percentage ratio between the total mass used and the amount of resulting must (Balteş,
M. V., 2016; Visan, A. L., Bran, M., Milea, D. et al, 2018), and GP, respectively.
In Transylvanian area, Feteasca Regala, Riesling Italian, Traminer Roz and Sauvignon Blanc are some
of the most cultivated grapevine varieties for POD and table wines production. This study’s vineyards perimeter
includes the plantations located on the right and left banks of the river Târnava Mare and on the Mures river
bank, in a hilly area with kneaded relief, but very favourable for the culture of vines and obtaining quality wines
with Protected Designation of Origin (PDO) and Protected Geographical Indication (PGI).
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Due to the interest in GP valorisation for bioactive compounds extraction for their use in cosmetics
(Beres, C., Costa G. N. S., Cabezudo I. et al, 2017; Maluf, D. F.,Gonçalves, M. M., Angelo, R. W. O. et al, 2018)
nutraceuticals (Mildner‐Szkudlarz, S., Bajerska, J., Zawirska‐Wojtasiak, R. et al, 2013) and food industry (Beres,
C., Costa G. N. S., Cabezudo I. et al, 2017), as well as in animal feeding (Beres, C., Costa G. N. S., Cabezudo
I. et al, 2017; Chedea, V. S., Palade, L. M., Pelmus, R. S. et al, 2019; Chedea, V. S., Palade, L. M., Marin, D. E.
et al, 2018) this work presents the GP yields for some winegrapes varieties and clones cultivated in
Transylvania.
MATERIALS AND METHODS
Twenty winegrape cultivars: 9 varieties including 6 white varieties and 3 red varieties; 9 clones for white
wine, homologated at SCDVV Blaj as well as 3 hybrids: 2 white varieties and 1 red were analysed in this study.
Table 1 presents all the varieties as well as their harvesting time, vineyard, pressing method and drying period.

Table 1
Studied winegrape varieties as well as their harvesting time, vineyard location, pressing method and
drying period
Variety/Clone/Hybrid

Harvesting data

Location

Pressing method

Drying period

Varieties
White varieties
Blasius

18.09.2019

Craciunelu de Jos

winepresser

18.09-09.10.2019

Brumariu

16.09.2019

Ciumbrud

winepresser

16.09-20.09.2019

Radames

14.09.2019

Craciunelu de Jos

winepresser

14.09-03.10.2019

Roze Blaj

18.09.2019

Craciunelu de Jos

winepresser

18.09-09.10.2019

Rubin

14.09.2019

Craciunelu de Jos

winepresser

14.09-01.10.2019

Selena

14.09.2019

Craciunelu de Jos

winepresser

14.09-01.10.2019

winepresser

18.09-09.10.2019

Red varieties
Amurg

18.09.2019

Craciunelu de Jos

Feteasca Neagra

03.10.2019

Craciunelu de Jos mechanical presser

Syrah

18.09.2019

Craciunelu de Jos

winepresser

03.10-14.10.19
18.09-09.10.2019

Clones (white varieties)
Feteasca Regala-21 Bl

18.09.2019

Craciunelu de Jos mechanical presser 18.09-01.10.2019

Muscat Ottonel-12 Bl

11.09.2019

Ciumbrud

Neuburger-10 Bl

13.09.2019

Ciumbrud

winepresser

13.09-19.09.2019

Neuburger-10 Bl

11.09.2019

Craciunel

winepresser

11.09-17.09.2019

Pinot Gris 11 Bl

20.09.2019

Ciumbrud

winepresser

20.09-26.09.2019

Pinot Gris 18-5

27.09.2019

Ciumbrud

winepresser

27.09-02.10.2019

Riesling Italian-3 Bl

11.09.2019

Ciumbrud

Sauvignon Gros-9 Bl

14.09.2019

Craciunelu de Jos mechanical presser 14.09-09.10.2019

Traminer Roz-60 Bl

14.09.2019

Craciunelu de Jos mechanical presser 14.09-18.09.2019

mechanical presser 12.09-15.09.2019

mechanical presser 12.09-15.09.2019

Hybrids
White varieties
Johaniter

19.09.2019

Blaj

winepresser

19.09-23.09.19

Seviard

07.10.2019

Ciumbrud

winepresser

07.10-11.10.2019

winepresser

02.10-08.10.2019

Red variety
Regent

02.10.2019

Blaj
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After harvesting the wine grapes were transported to the winemaking unit, were weighted and the
berries were taken from the clusters by destemming. In function of the grapes mass’s taken for vinification
(Table 2) the destemming was done as following: for the mass less than 100 kg (e.g. Blasius, Syrah, Amurg) the
manual crusher/destemmer Marchisio Baby Mano Tram (Italy) was used, for the mass between 101kg-1000 kg
(e.g. Brumariu, Roze Blaj), the electrical crusher/destemmer Grifo DMC (Italy) was used, and for masses higher
than 1001 kg (Feteasca Neagra, Feteasca Regala-21 Bl), the mechanical-horizontal destemmer was used.
After destemming the resulted clusters were weighted and their percentage from the total grape mass
was calculated. The grapes’ pressing was done either by winepresser either by mechanical presser as indicates
Table 1.
The resulted GP has been dried by natural ventilation. Thus, it was spread in a layer of 1 cm thick, in a
hall where the windows were permanently opened. In order to favor the drying, GP was mixed two or three
times a day and the door was left open during the day in order to facilitate the air circulation. The samples were
placed on a 1000 X 2000 mm filter paper (Filtrox, Switzerland).
During the drying period the temperature recorded ranged from 25°C during the day to 9°C during the
night. After drying GP has been transferred in cardboard boxes and kept at the room temperature and humidity
conditions.
For the resulting must different parameters were measured: the volume and weight of free run must, the
free run must’s content in sugar and its density, the volume and weight of the press must, the press must
content in sugar, and its density.
Sugar content in the must was measured using a refractometer Kubler TA 25 no 656/91 (Germany). In
this measurement the unit vol. alc. was used. The density of the must was measured using a densitometer
M.D.-A. (Romania).
The mass of total sugar free-run or pressed must (Kg) resulted from multiplication the free-run or pressed
must volume with its sugar concentration (free run or pressed must sugar concentration in g/L).
Total sugar (of free-run or pressed must in kg) = Volume of the must x Sugar concentration
The resulted GP was weighted and its yield was calculated. The percentage of losses was also
calculated. Finally the yields for POD wine and table wine was calculated as following:
Yield=(Amount of wine or GP/ Amount of grapes)x100.
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Variety/
Clone/
Hybrid

Vinified
grapes

44
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440

1027.6
5

770

16.20

1504.2
5

13.60

46.80

26.50

96.00

28.60

71.50

42.40

Vol.
(L)

227.20

230.80

201.96

215

215

210

210

210

210

210

213

212

Sugar
Concet.
(g/L)

1.0959

1.0973

1.0858

1.0908

1.0996

1.0890

1.0890

1.0890

1.0890

1.0890

1.0904

1.0899

Density

14.81

50.96

28.85

104.54

31.14

77.96

46.21

Mass
(Kg)

482.19

1127.60

836.06

17.67

1654.10

Free run must

99.96

237.18

155.50

3.48

323.41

2.85

9.83

5.65

20.16

6.00

15.23

8.99

Total
sugar
(Kg)

215

215

210

210

210

210

210

213

212

117

88

221.65

140

227.20

230.80

201.96

1.0959

1.0973

1.0858

1.0908

1.0996

1.0890

1.0890

1.0890

1.0890

1.0890

1.0904

1.0899

Density

4.79

11.76

6.53

26.13

7.18

15.59

10.46

Mass
(Kg)

96.43

243.20

152

3.92

300.70

Pressing must
Sugar
Conct.
(g/L)

Clones (white)

3.60

273.50

4.40

Red

10.80

6.00

24.00

6.60

14.30

9.60

White

Varieties

Vol.
(L)

Resulting grape must

19.99

51.15

28.27

0.77

58.80

0.92

2.26

1.26

5.04

1.38

3.04

2.03

Total
sugar
(Kg)

55

51

55

54

55

49

52

53

48

52

55

53

POD

11

11

10

12

10

11

12

12

12

12

11

12

Table
wine
(L)

66

62

65

60

65

60

64

65

60

64

66

65

POD
+
wine
(L)

Wine yield %

172.58

329.14

305.53

6.13

599.68

10.83

20.48

10.82

54.13

12.55

26.57

17.25

(Kg)

21.60

16.50

21.82

20.40

21.90

27.00

22.80

21.60

27.00

22.80

20.40

21.60

(%)

Grape pomace
yield

4.80

14.10

8.40

0.18

16.40

0.24

0.50

0.30

1.20

0.33

0.78

0.48

(Kg)

1

1

0.60

1

0.60

0.60

1

1

1

1

0.60

0.60

(%)

Losses

6100

2400

200

180

200

Sauvignon
Gros9 Bl

Traminer Roz60 Bl

Johaniter

Seviard

Regent

40

Pinot Gris 185

4810

50

Pinot Gris11 Bl

Riesling
Italian-3 Bl

16

(Kg)

Neuburger10 Bl
Craciunelu de
Jos

Variety/
Clone/
Hybrid

Vinified
grapes

14

12.60

19

144.00

427.00

336.70

2.80

3.50

1.10

(Kg)

7

7

7

6

7

7

7

7

7

(%)

Clusters
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102

99

108

1320

3416

2405

20

22.50

8

Vol.
(L)

215.40

210

212

218.79

205.60

218.20

211

210

212

Sugar
Concet.
(g/L)

1.0908

1.0890

1.0899

1.0927

1.0872

1.0922

1.0899

1.0890

1.0899

Density

21.80

27.77

8.71

Mass
(Kg)

111.26

107.81

117.71

144.36

3713.90

2626.70

Free run must

21.93

20.79

22.89

288.80

702.31

524.77

4.22

5.35

1.69

Total
sugar
(Kg)

118

24

Red

19.8

24

White

Hybrids

240

610

481

4.40

5.50

1.60

Vol.
(L)

Resulting grape must

215.40

210

212

218.79

205.60

218.20

211

210

212

Sugar
Conct.
(g/L)

1.0908

1.0890

1.0899

1.0927

1.0872

1.0922

1.0899

1.0890

1.0899

Density

4.79

5.99

1.74

Mass
(Kg)

26.18

21.56

26.15

262.20

663.20

489.30

Pressing must

5.16

4.15

5.09

52.50

125.40

104.95

0.92

1.15

0.34

Total
sugar
(Kg)

51

55

54

55

56

50

50

51

50

POD

12

11

12

10

10

10

11

11

10

Table
wine
(L)

63

66

66

65

66

60

61

62

60

POD
+
wine
(L)

Wine yield %

47.36

36.95

40.94

537.00

1259.40

1328.40

10.37

12.44

4.35

(Kg)

23.70

20.50

20.50

22.40

20.60

27.60

25.90

24.90

27.20

(%)

Grape pomace
yield

1.20

1.08

1.20

14.40

36.60

28.90

0.24

0.30

0.18

(Kg)

1

1

0.60

1

1

1

1

1

1

(%)

Losses
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RESULTS
Twenty winegrape cultivars were taken in this study: 9 varieties including 6 white and 3 red,8 clones for
white wine, homologated at SCDVV Blaj as well as 3 hybrid varieties,2 white and 1 red. Most varieties cultivated
in Transylvania, are white varieties, because these vineyards belong to the B area, according to the UE zoning
(https://www. vitadevie.ro/blog/zonarea-vitei-de-vie-dealurile-banatului/). Following the technological line of
grapes vinification, Tabel 2 shows the yield of clusters, wich is calculated after crushing-desteamming the
grapes. The desteamming is done by the removal of clusters in order to have a good quality wine and also GP.
In our case the percentage of clusters is 6 or 7 as Table 2 indicates. Tardea, C., Sarbu, G.& Tardea, A., 2010,
indicate that the clusters represent 3-8% of the grape mass and that their chemical composition is close to the
one of leaves and tendrils (Tardea, C., Sarbu, G.& Tardea, A., 2010). The winemakers choose to make the
desteamming because during the vinification process in the clusters take place some osmotic processes as it
would be the passage of the clusters’ water in must which is hipertonic rich in sugar, and also because during
the alcoholic fermentation a part of the formed alcohol is absorbed by the clusters (Tardea, C., Sarbu, G.&
Tardea, A., 2010). During the crushing-desteamming process the free-run must is collected from which after
fermentation the high quality POD wine is obtained. The crushed and desteammed matrix after collecting the
free-run must is further pressed- in our case either with a winepresser, either with a mechanical presser in
function of the pressed quantity (Table 1)- and the pressing must results. The pressing must is further the base
of a lower quality wine like table wine. For the resulting free-run and pressing must different parameters were
measured and calculated (Table 2): volume, mass, sugar concentration, total sugar content and density. In
terms of sugar concentration of the free run and pressing must, the limits were between 201.96 g/L for Feteasca
Regala- 21 Bl and 230.80 g/L for Muscat Ottonel-12 Bl. High sugar concentration were registered also for the
clones Neuburger-10 Bl from Ciumbrud (227.20 g/L) and Traminer Roz-60 Bl (218.79 g/L)
Varieties such us Traminer Roz, Feteasca Regala, Feteasca Neagra were pressed with a mechanical
presser, and others varieties such us Rubin, Blasius, Amurg were pressed with a winepresser. The moisture of
the resulted grape pomace is closely related to the pressing method. Usually, the wine technology yield is an
important indicator that represents the ratio between the total grapes mass and must quantity, and which usually
is influenced by grape pomace mechanical properties. From this point on, the by-product capitalization
technology must be deployed, in order to achieve a good separation and maximize profits. The values of this
indicator it was evaluated at 50 % (wine presses) and 90 % (continuous presses), in some technical papers this
indicator variants between 75 ÷ 80 % yield.If it is taken into accountthe type and position of the pressing action
system, the lower value is for vertical hydraulic systems and the upper value for horizontal mechanical or
pneumatic presses (Baltes, M. V., 2016; Visan, A. L., Bran, M., Milea, D. et al, 2018). Our results show a wine
yield between 60% and 66 %, at the upper limit being the variety Brumariu, the clones Neuburger-10 Bl from
Ciumbrud and Sauvignon Gros-9 Bl and the hybrids for white wine Johaniter and Seviard (Table 2). The lowest
wine technological yield (60%) was calculated for the varieties Roze Blaj, Amurg and Syrah and for the clones
Neuburger-10 Bl from Craciunelu de Jos and Riesling Italian -3 Bl.
After pressing the matrix resulted after crushing-destemming process, the grape pomace was collected
(Figure 1). GP contains skins, seeds and some amounts of pulp and remaining clusters. It was registerd a GP
yield between 27.60% for Riesling italian-3 Bl and 16.50 % for Muscat Ottonel-12 Bl. Riesling Italian-3 Bl is
followed closely by Neuburger-10 Bl (27.20%), and equally by Amurg (27.00%) and Roze Blaj (27.00%). The
lowest recorded values after Muscat Ottonel-12 Bl (16,50%) are for Brumariu (20,40 %), Syrah (20.40 %),
Seviard (20.50 %) and Johaniter (20.50 %).

Fig. 1 Dry grape pomace from several studied varieties
A – Sauvignon Gros-9 Bl, B – Traminer Roz-60 Bl, C – Neuburger-10 Bl and D – Riesling Italian-3 Bl
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In function of the winemaking technology, for white or for red wines different types of GP are produced.
Thus in the white vinification the fresh or sweet, unfermented GP is obtained meanwhile in the red vinification
the GP is fermented. Sweet GP has a chemical composition,which can vary depending on factors such as
environmental conditions, place of origin, grape variety, harvest period and various vinification techniques
(Bettio, G., 2008). This is very well presented in this work for the clone Neuburger-10 Bl, which has two
locations, two teroirs respectively: Ciumbrud and Craciunelu de Jos (Table 1 and Table 2). The GP yield is
higher for Craciunelu de Jos but in terms of sugar concentration in the must, Neuburger- 10 Bl from Ciumbrud
has a higher value (227.20 g/L in Ciumbrud versus 212 g/L in Craciunelu de Jos) (Table 2). Concerning the
wine and GP, GP yield is inversely proportional to that of must, so Neuburger-10 Bl Ciumbrud has wine yield of
66 % and 21.60 % GP yield, wheareas Neuburger-10 Bl Craciunelu de Jos has wine yield of 60% and 27.20%
GP yield.
These data are important in the context of GP valorization. The main chemical compounds present in
GP are: water, cellulose, sugars, organic acids, nitrogenous substances, pectins, fatty acids, sterols, aldehydes,
esters, ketones, polyphenolic substances, coloring and aromatic substances, mineral salts (Betio G., 2008 ). In
sweet pomace, the moisture value and the sugar content are closely correlated: the higher the moisture value,
the higher the GP value.
The sugars present in GP are glucose and fructose, in equal concentrations, even if the yeasts
preferentially attack glucose, converting it into ethyl alcohol, with a theoretical yield of 60% (Bettio G., 2008).
Qualitatively, water activity is a measure of unbound, free water in a system available to support biological and
chemical reactions. Water activity is what bacteria, enzymes and chemical reactants encounter and are affected
by at the micro-environment level in food materials. Dehydration targets to lower the product’s aw to reach an
equilibrium between product quality and shelf life. Drying time, temperature and water activity influence the
quality of the final product. Low temperatures generally have a positive influence on the quality of biological
materials, but require longer processing times, which may have a detrimental effect and a higher cost. Low
water activity retards or eliminates the growth of microorganisms, but results in higher lipid oxidation (Okos, M.
R., Narsimhan, G., Singh, R. K. et al, 1992; Raghavan, G. S. V. & Orsat, V., 2007).
CONCLUSIONS
The grapes entering the vinification in the Transylvanian vineyards of Craciunelu de Jos and Ciumbrud
generate mainly sweet, fresh GP as a result of a majority of white varieties cultivated here (16 out of 20).
The highest amounts of GP are obtained from the white variety Roze Blaj (GP yield 27 % and sugar
concentration in must 210 g/L) and from the red variety Amurg (GP yield 27 % and sugar concentration in must
210 g/L). Concerning the clones homologated at SCDVV Blaj, Neuburger-10 Bl from Craciunelu de Jos (GP
yield 27.20 % and sugar concentration in must 212 g/L) and Riesling Italian-3 Bl (GP yield 27.60 % and sugar
concentration in must 218.20 g/L) give the highest amounts of GP.
The red hybrid Regent generates through vinification the highest amount of GP (GP yield 23.70 % and
sugar concentration in must 215.40 g/L) from all the hybrids studied. The analysis of the two Neuburger-10 Bl
from the two locations shows that the teroir has a great impact in GP generation.
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ABSTRACT
Cereal bars are considered a healthy snack because they are rich in fibers, balanced and nutritionally
convenient. The aim of this study was to valorise species of Amaranthus spp. by developing food matrices with
low gluten content, preferably vegan. The bars were assessed for their nutritional composition, safety aspects,
texture, sensory properties and consumer’s acceptability. Experimental variants were performed, where oat
flakes were replaced with 20% Amaranthus flour (V1), 40% Amaranthus flour (V2) and 60% Amaranthus flour
(V3). The sample containing 100% oat flakes was considered the control sample (M). The results show that
increased percentage of Amaranthus flour in the samples led to the increase of the calcium and magnesium
content.
REZUMAT
Batoanele de cereale sunt considerate tip de hrană sănătoasă, deoarece sunt bogate în fibre, echilibrate
și convenabile din punct de vedere nutritiv. Scopul acestui studiu a fost de valorificare a speciei Amaranthus
spp. prin elaborarea unor matrici alimentare cu conținut scăzut de gluten, preferabil vegane. Batoanele au fost
evaluate din punct de vedere al compoziției nutritive, aspectelor de siguranță, textură, proprietăților senzoriale și
acceptabilității consumatorilor. Au fost efectuate variante experimentale în care fulgii de ovăz au fost înlocuiți cu
20% făină Amaranthus (V1), 40% făină Amaranthus (V2) și 60% făină Amaranthus (V3). Proba care conține
fulgi de ovăz 100% a fost considerată martor (M). În urma experimentelor realizate s-a observat că, o dată cu
creșterea procentului de făină de Amaranthus din probă, a crescut conținutul de calciu și magneziu.
INTRODUCTION
Cereals and cereal-based foods are the basis of human nutrition both nationally and globally. Together
with cereals, pseudo-cereals are a primary source of carbohydrates, but unlike the first, they have a higher
nutritional value, due to their rich content in minerals, vitamins, fiber and essential amino acids (Alegbejo, 2013)
Amaranthus is part of the Amaranthaceae family, being a pseudo cereal native to South America. This
family includes about 60 species. Amaranthus is one of the few universal crops that can provide seeds such as
cereals, tasty leaves with high nutritional value, quality food, animal feed and, in addition, because the
inflorescence has an attractive colour, it can also be grown as an ornamental plant (Grobelnik et al., 2010).
Although grain production is growing worldwide, there are still 795 insecure foods (or dishes) and about
2 billion people vulnerable to malnutrition (FAO, IFAD & WFP, 2015). Malnutrition occurs in the context of a lack
of micronutrients and good quality protein in food. The problems of food and nutrition insecurity are
interconnected in a complex way with those of soil and water resources degradation. The size and severity of
the degradation may be related to the population growth rate. According to forecasts, the world's population is
expected to grow from 7.4 billion in 2016 to 9.7 billion in 2050. Because of this is recommended to increase food
production by 60-70% in 2050 (Rattan, 2016).
Amaranthus seeds have a higher protein content compared to cereals, a high content of amino acids,
especially lysine. Amaranthus protein has high quality containing all nine essential amino acids, compared to
the levels recommended by the FAO/WHO. Cereals such as oats and pseudo-cereals (amaranth, quinoa,
buckwheat) have great potential for the development of new foods, due to the good nutritional composition and
different functionality (Schoenlechner, 2016; Aguilar et al., 2015). Amaranthus culture is very promising, the
main reasons being the content of proteins, fats and biologically active substances.
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The protein content of seeds is in the range of 13-18%, with a very balanced content of amino acids.
The lysine content is relatively high compared to that of common cereals (Chauhan et al., 2016). The crude
protein content of the leaves is 27-49%, more than in spinach leaves. Amaranthus contains a comparable or
higher amount of essential amino acids than egg protein. The fat content is in the range of 0.8-8.0%. Linoleic
acid is a predominant fatty acid, with a lower amount of oleic and palmitic acid. The oil also contains cholesterol
precursor squalene, which is used in cosmetics. Many compounds extracted from Amaranthus possess antidiabetes, anti-cholesterol, anti-hyperlipidemic, antioxidant and anti-microbial activity (Wolosik K., Markowska A.,
2019; Venskutonis and Kraujalis, 2013; Chlopicka et al, 2012; Zhu 2020).
Many consumers buy amaranth because they want to eat a gluten-free product or because of its
nutritional profile. From the point of view of cultivation, Amaranthus has resistance to drought and has very low
susceptibility to diseases and pests. Given its agronomic importance, attention should be paid to the cultivation,
use, conservation and sustainability of this promising crop (Janovská et al., 2012).
Some researchers have studied effects of amaranth flour, quinoa and protein isolates prepared from
amaranth and quinoa seeds, on the rheological properties of wheat flour dough and on the quality of breads.
They noticed the addition of up to 20-30%, brings no significant changes in stability, softening and elasticity
(Tomoskozi et al, 2011). In another study 13% raw amaranth flour and 20% popped amaranth flour were used
to obtain gluten-free bread and cookies (Calderón et al, 2010). Other researchers evaluated the technological
and nutritional quality of bread enriched with amaranth flour and they observed that addition of amaranth flour
could be limited to a maximum of 25%. This percentage let to a considerable nutritional improvement, a better
sensory acceptance and technological quality (Miranda et al, 2019).
Amaranth showed good potential for being used in obtaining of ready-to-eat products. Amaranth bars
are gluten free and can be an alternative product for celiac people, and can also contribute to the enhancement
of calcium absorption, a problem frequently observed in these patients (Capriles et al, 2010).
The purpose of this paper was the valorization of Amaranthus flour, in order to obtain bars with high
nutrition value. The effects of Amaranthus flour on the physical-chemical properties (moisture, ash, protein, fat,
crude fiber, sugar, total fiber) and texture of the bars were investigated. The results were compared to control
bars without Amaranthus flour addition based only on oat flakes. To ensure food safety and consumer
protection, the content of acrylamide from bars obtained with Amaranthus, was also evaluated in this study.
Moreover, to determine the acceptability of the products, preferential and descriptive sensory analysis was
performed.
MATERIALS AND METHODS
Amaranthus seed were obtained in the experimental field in Moara Domnească, Ilfov County on an
1000 m2 area and it was grinded with Laboratory Mill 120, Perten, to obtain Amaranthus flour. Oat flakes,
bananas, cranberries, raisins, plums, flax seeds and sunflower seeds were purchase from the marketplace.
The characteristics of bar samples were determined according to following methods: moisture content
according to SR 91:2007, ash content determination according to SR EN 2171:2010, protein content by the
Kjeldahl method with a conversion factor of nitrogen to protein of 6.25, fat content with petroleum ether under
reflux conditions in a Soxhlet system (Avanti 2055, Foss), sugar content determination, according to SR
91:2007. Crude fiber was determined by using the FibreTherm FT 12 system.
The method consists in boiling sample with sulfuric acid. The residue is separated by filtration, then
washed, dried, and weighed. The residue obtained was calcined and the mass loss resulting from calcinations
corresponds to the mass of crude fiber from the analyzed sample. The gravimetric-enzymatic method AOAC
991.43 (1995) with Tris-Mes buffer was used to determine the total fiber content. Determinations were
performed using the Fibertec 1023 system (FOSS Sweden).
Mineral quantification (Na, Ca, Mg, Fe, Zn, Cu content) was carried out by atomic absorption
spectrophotometer equipped with air-acetylene flame (1.8 L/min), Aanalyst 400 (Perkin–Elmer, Waltham, USA)
after sample digestion with HCl.
Gluten and gliadin content were determined by direct sandwich Enzyme-Linked Immunosorbent Assay
(ELISA method) using Ridascreen® Gliadin Kit from R-Biopharm AG (Germany).
Acrylamide analysis. Bars acrylamide was quantified by GC-MS/MS. The calibration solutions and the
derived extracts sample were analyzed using a gas chromatograph, type TRACE GC Ultra, coupled with triple
quadrupole mass spectrometer (TSQ Quantum XLS) from Thermo Fisher Scientific (USA). The analyses were
performed in the electron impact ionization operation mode, positive (+EI); acquisition mode: selected reaction
monitoring (SRM) and ion scanning mode - Product ("Product").
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A capillary column based on polyethylene-glycol, TraceGOLD™ TG-WaxMS (Thermo Fisher Scientific,
USA) with a length of 30 m x 0.25 mm inner diameter and film thickness of 0.25 μm for stationary phase was
used. According to “Commission Regulation (EU) 2017/2158 of 20 November 2017 establishing mitigation
measures and benchmark levels for the reduction of the presence of acrylamide in food”, the reference value for
this kind of product is 150 μg/kg.
Textural properties were analysed using the Instron texture analyser (model 5944, Illinois Tool Works
Inc., USA), equipped with a 500 N load cell. A puncture test was applied to the sample, using a cylindrical piston
with a diameter of 6 mm. Using the Bluehill 3.13 program the following parameters were measured and
calculated from the compression curve: hardness, brittleness and fracturability of the bars.
Energy value was determined by the formula: VE = (g protein × 4) + (g fat × 9) + (g carbohydrates × 4) +
(g fiber × 2) kcal/100g, KJ/100g (European Commission, 2011).
Descriptive sensory analysis was panell performed according to STAS 12656-88, using the method of
evaluation with a scoring scale of organoleptic and sensory properties. The following sensory attributes were
considered: external appearance, appearance in section, smell, taste, effort of chewing.
The evaluation of the individual organoleptic properties was performed by 12 trained evaluators, using
the 5-point scale (1- very good, 5-inadequate). In order to obtain the total score, the average score (of each
feature) was multiplied by the weighting factors and the sum of the weighted average scores. Based on the total
score, the level of organoleptic quality of the product was established, using the 20 scale.
The acceptability of the products by the consumers was evaluated using hedonic (preferential) tests.
Preferential test was performed with 28 consumers (untrained persons), 22 % men and 78% women, using 9point scale (from 9 - like extremely to 1 dislike extremely).
The microbiological parameters (yeasts and molds) were determined according SR ISO 21527-2:2009
General guidelines for enumeration of yeasts and molds Part 2: Colony count technique in products with water
activity less than or equal to 0,95.
Experiments were conducted by replacement of different percentages of oat flakes with Amaranthus
flour while bananas, cranberries, raisins, plums, flax seeds, sunflower seeds were added in the same amounts.
All samples were baked in an oven (Mondial, Forni, Italy) at 1850C for 20 minutes. In the table 1 are presented
the recipe used to obtain the bar samples.
Table 1
Experimental variants for obtaining bars with Amaranthus flour
Raw materials /
Sample
Oat flakes (g)
Amaranthus flour (g)
Bananas (g)
Cranberries (g)
Raisins (g)
Plums (g)
Flax seeds (g)
Sunflower seeds (g)

M
100%oat
flakes
400
0
350
50
150
200
60
40

V1
20% Amaranthus
flour
320
80
350
50
150
200
60
40

V2
40% Amaranthus
flour
240
160
350
50
150
200
60
40

V3
60% Amaranthus
flour
160
240
350
50
150
200
60
40

300 g from each bar sample were ground, sieved (0.5 mm) and stored in closed containers, protected
from light until analysis. Moisture content was determined immediately after grinding.
RESULTS
The results obtained for the compositional analysis of the experimental variants where oat flakes were
replaced with 20% (V1), 40% (V2) and respectively 60% Amaranthus flour (V3) and control sample containing
100% oat flakes, are shown in table 2.
The physico-chemical analysis of bar samples made with different percentages of Amaranthus flour
revealed an increase regarding the ash content, from 1.53% in control sample, to 1.7% in V3. These results are
supported by the fact that the added Amaranthus flour has a higher mineral content. However, the fat content
decreased following the addition of Amaranthus flour, from 5.23% in control sample to 4.13% in V3, the result
being sustained by the increased level of fats in oat, compared to Amaranthus
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Table 2
Physico-chemical parameters
Sample/Determination
M
V1

V2

V3

Moisture (%)

26.73

25.39

25.50

26.03

Ash (%)

1.53

1.56

1.62

1.70

Protein (%)

7.25

7.95

7.69

7.81

Fat (%)

5.23

4.77

4.39

4.13

Crude fiber (%)

4.40

4.46

4.73

4.78

Sugar (%)

22.98

22.87

21.72

23.29

Total fiber (%)

13.49

12.98

12.64

12.38

Energy value (kcal/100g)

286.13

290.09

288.19

284.97

Energy value (KJ/100g)

1202.77

1220.43

1213.00

1199.77

M-Oat flakes, V1- 20% Amaranthus flour, V2- 40% Amaranthus flour, V3- 60% Amaranthus flour

. Following the analysis of minerals, there have been observed two important improvements. Calcium
content from 12.49 mg/100g (M) increase to 17.18 mg/100g (V3) and magnesium from 28.14/100g (M) to 34.11
mg/100 g (V3).

M-Oat flakes, V1- 20% Amaranthus flour, V2- 40% Amaranthus flour, V3- 60% Amaranthus flour

Fig. 2- Minerals content from bar samples

Fig.3- Acrylamide (µg/kg ) content in bar samples
M-Oat flakes, V1- 20% Amaranthus flour, V2- 40% Amaranthus flour, V3- 60% Amaranthus flour

Bar samples were also examined in regard with the acrylamide content. Results, presented in figure 3
highlight the fact that the reference value, of 150 µg/kg for this type of food product, is not reached, which
means that all samples are safe for human consumption.
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Gliadin content was found around 3 ppm, and the gluten content was 8 ppm. As the gliadin content is less
than 20 ppm, the bars can be considered and labelled „Gluten Free” in accordance with Conform Codex
Alimentarius (alinorm 08/31/26). Texture parameters of the obtained samples are synthesized in figure 4.

Fig. 4- Texture parameters of the bar samples
M-Oat flakes, V1- 20% Amaranthus flour, V2- 40% Amaranthus flour, V3- 60% Amaranthus flour

Concerning the hardness of the samples, the biggest value of this parameter was observed for V3,
31.17 N and the smallest for V2, 17.20 N. For the brittleness of the samples, the smallest value recorded was
for the control sample (14.42 MPa) and the bigger for V3 (22.55 MPa). Fracturability (mm), defined as the linear
distance of the area, did not show significant differences between samples.
The sensory aspects and consumer acceptance must be considered during the developing new products.
The effect of Amaranthus flour addition on sensory attributes and overall acceptability of bars were evaluated
using descriptive and preferential sensory analysis (hedonic). The sensory analysis was performed in a bright
room, around a table.

Fig. 5- The sensory profiles of the four samples of bars analyzed
M-Oat flakes, V1- 20% Amaranthus flour, V2- 40% Amaranthus flour, V3- 60% Amaranthus flour

After performing the sensory analysis (Fig.5) it has been noticed that as more Amaranthus flour was
added into the samples, the evaluators granted smaller scores for visual aspect in section (appearance) and for
the smell and taste, noting a depreciation of these two characteristics.
Concerning the chewing behavior (effort of chewing), the V3, with the 60% Amaranthus flour addition
presented the highest value showing that for higher amounts of Amaranthus flour used in the bar formulation, a
higher energy for chewing is needed.
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Table 3
Average scores for the sensory attributes
Sensory attribute

M

V1

V2

V3

External appearance

4.75

4.75

4.75

4.42

Appearance in section

1.77

1.73

1.73

1.63

Smell

1.97

1.90

1.83

1.30

Taste

6.93

6.67

6.40

4.93

Effort of chewing

2.70

2.65

2.70

2.80

Total average score

18.12

17.70

17.42

15.08

The average scores obtained are presented in figure 6.

Figure 6- Average scores for consumers preferences for the bar samples

According to the standard STAS 12656-88 and based on the scores, the samples were classified as:
- Liked extremely – sample M, with oat flakes, 18.12 points.
- Like very much – samples V1,V2, 20% and 40% Amaranthus flour, with 17.70 and 17.42 points.
- Like moderately – sample V3, 60% Amaranthus flour, with 15.08 points.
These results showed that oat flakes can be replaced at maximum 40% with Amaranthus flour, so that
the obtained product can get the consumer acceptance. In addition, all samples underwent the
microbiological analysis. The results for yeast and mould were less than 10 CFU/g, under the limit
established by the legislation (SR ISO 21527-2:2009).
CONCLUSIONS
Amaranthus can be used with success in obtaining “gluten free products” as an atractive choice for
celiac people, but also for consumers interested in a healty diet. Very nutritious and tasty bars were obtained
combining oat flakes with up to 40% Amaranthus flour: increased protein content, reduced energy value,
increased mineral (Ca, Mg, Fe) content andappreciated as good by consumers.
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ABSTRACT
This work review the problem of overwintering of resistance forms of phytopathogens, because they
represents a menace for the new agricultural season. In the same time we studied this problem for Plasmopara
viticola in Vitis vinifera, in order to determinate a treatment in resting period of the year which allow to apply less
treatments in active periods. The classical treatment with copper sulphate in different concentrations, between
2-4%, were performed. The 4% concentration was the best, but not sufficient in order to control those forms.
This was only an estimative experiment.
REZUMAT
Această lucrare analizează problema formelor de rezistență ale fitopatogenilor in sezonul de iarna,
inactiv, deoarece acestea reprezintă o amenințare pentru noul sezon agricol. În același timp, am studiat această
problemă pentru Plasmopara viticola in Vitis vinifera, pentru a determina un tratament în perioada de repaus a
anului, care permite aplicarea de mai puține tratamente în perioade active. S-a efectuat tratamentul clasic cu
sulfat de cupru în diferite concentrații, la 2-4%. Concentrația de 4% a fost cea mai bună, dar nu suficientă
pentru combaterea acestor forme. Acesta este doar un experiment cu valoare estimativă.
INTRODUCTION
The downy mildew appears in condition of certain temperature and humidity are ideally combined , thats
means the disease appartion is possible to be warned and to be prevented.
The overwintering forms of phytopathogens makes very difficult all the treatment schemes in the active
season, because they practically re infect the next year the culture, representing an active inoculums of the
disease. Methods of reducing the overwintering forms of phytopathogens are used for fruiting trees with success
including chemicals (www.alcedo.ro) but no one for vineyards, the chemicals presented are based on copper
and sulphur compounds (Table 1).
This is clear shown in the case of Plasmopara viticola which makes very difficult the seasonal
treatments against this phytopathogen, representing a real reserve of the disease from year to year. It remains
in plant material debris as oospores (Vercesi et al., 2010) with essential role in infection (Kennely et al, 2007).
The oospores remains here in plants debris material and soil ,their germination being induced by a
lower temperature stage about one month at 0C or lower, induced germination and production of sporangia
(Shishkoff, 2019) in the case of another speciies, Plasmopara abducens. The resistance to this fungal pathogen
is installed to other species for example Vitis riparia after the infectonby reprogrammation of transcriptional
expression which is less used in Vitis vinifera (Polesani et al.,2010).
The farmers generally speaking, have interest to made only few treatment during season, but not in
inactive season. Preventive treatment are recommended by Alexandru Staicu with Dithane™ M-45, and
Karathane™ Gold 350 EC (Staicu, 2020). An treatment of combinated fungicides Ridomil (metalaxyl) and
Dithane 45 (mancozeb) which were 80% effective against Plasmopara viticola (Cacaj et al, 2013).
The treatment are made after forecasting of humidity and temperature which allow the apparition of the
disease in culture (Fernandez-Gonzales et al, 2019).
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Table 1
Products recommended in the inactive season periods by Alcedo SRL.
Product

ALCUPRAL 50 PU (copper oxychlorure)

Dosis/
concentration

Culture

0,2-0,3 %

Quince tree

0,3%
(4,5kg water/ ha)
0,3%
(3kg in 1000l water)

Apple tree

Venturia sp., Monilinia

Pear tree

Venturia sp., Monilinia

0,2%
(2 kg in 1000l water)
0,2%
(2kg in 1000l water)

Plum tree

Polystigma rubrum

7,5 Kg /ha
0,5 %
(7,5 kg/ha)

Bordeaux mixture WDG
(copper 20% +neutralised copper sulphate
80%)

CHAMP 77 WG
(copper hydroxide+ metalic copper )

TOPSIN 500 SC (500 mg /l methyl thiophanate)

TOPSIN 70 WDG (methyl thiophanate)

Cherry tree,
Sour cherry
tree
Apple trees,
Quince trees
Apple trees

Activity against
Erwinia amylovora

Coccomyces hyemalis

Erwinia amylovora
Erwinia, Monilinia

0,5-0,7%

Pear trees

Erwinia, Monilinia

0,5%
(5 kg /ha)

Plum trees

Polystigma rubrum,
Stigmina carpophila

0,5 %
(5 kg ha)

Cherry tree

Stigmina carpophila

0,5%
(5 kg /ha)
0,2%
(2kg/ha)
0,14 %
(2,1l /ha)
0,1%
( 1 l /ha in 1000l
water)
0,14%
(2,1l/ha in1500l water)

Peach tree

Monilinia,
Taphrina deformans
Erwinia,
Venturia
Venturia,
Podosphaera
Cercospora cerasella

Apple tree
Apple tree
Cherry tree,
Sour cherry
tree
Peach tree

Taphrina deformans

0,14%
(2,1 l/ha in 1500l water)

Pear tree

Venturia pyrina,
Septoria piricola

0,14%
(2,1 l/ha in 150 l water)

Apple tree

Venturia inaequalis,
Podosphaera
leucotricha
Monilinia,
Taphrina
Polystigma rubrum,
Monilinia

0,07%

Peach tree
Plum tree

Remarkable are the efficiency of copper based products, used from many years as treatment used in
all the world to control the disease, during active season. The first time is documented the use in 1761
(Ponmurungan et al., 2016) being some of the oldest methods in plant protection Together with physical –
mechanical methods of control, some overwintering or extra season treatments can help to reduce the
inoculums for the next year. This is an original solution for this culture, and together with methods of forecast
and warning, can be o solution for easy control of Plasmopara viticola and to reduce number of treatments
during active period of the culture. A solution is establishing the timing of treatment (Caffi et al.,2011). Other
solution is the use of differents formulation instead Bordeaux mixture or solutions of different concentration of
copper sulphate, for example synthetized copper sulphate nanoparticles (Ponmurungan et al., 2016) using them
against rot root fungi and cite an work were they were used against Phytophtora species.
Generally speaking, some physical treatments are used currently in orchards, but the idea of treatment
in inactive season is still not very often used in vineyards. Even with some simple measures, we can control the
diseases, to reduce the use of synthetic chemicals, work power and costs, without affecting the crop quality.
One of the problem of using copper based products, is the soil contamination with copper, and the limitation of
its use in organic agriculture (Van Zwieten et al, 2007).
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The same are the recommendation of EU which have limited the use of copper sulphate to 4 kg per
hectar (Karlsson, 2018). Some researcher proposed the use of plant extracts, natural oils (De Oliveira Fialho, et
al., 2016). Agaricus brasiliensis can release bioactive substances which induce the resistance of plants to
Plasmopara viticola and reduce with 80% germination of its sporangiospores (Rienth et al, 2019). This are
methods not validated yet, expensive, and that cannot be use in large plantations, and are still to verify their
utility for agricultural practice.
MATERIALS AND METHODS
The test was partially adapted after (Dai et al. 1994). We have collected the plant debris from vineyards
from village Hotarele (Giurgiu district, Romania). We made an empirical test with oospores previously isolated
from debris (fig 1), from the areas were the disease occurs (fig 2) and stored at lower temperature as
recommended by (Laviola et al, 2006). When we started the experiments, we inoculated them on leaves in
humid chambers, after treatment with 3 to 4 % concentration of Bordeaux mixture in four experimental variants:
V1-3% ; V2-3,5%; V3-4%; VM- untreated or witness.
Artificial inoculations were made as recommended by (Toffolatti et al. 2012). The leaves were kept at
22, 5° C and observed daily. The infection was quantified according to the number and extension of spots of the
procent of attack on leaves this being an estimative study. The viability of oospores was assessed with
tetrazolium bromide (Dyer et Windels, 2001) staining red the viable ones. Other methods in use are the method
with Toluidine Blue, Acridine Orange and Calcofluor to see the fungus structures inside the plants (Kortencamp,
2005).We selected the method of staining with Tetrazolium bromide 0,25% solution, which allow to see clear the
oospores in our samples.

Fig.1. Plant material from which
the resistance forms were isolated

Fig. 2. Plasmopara viticola attack on grapes
and leaves

We considered the following degrees of attack intervals: 1.80-100% surface cover- attack; 2.60-80%;
3.40-60%; 4.20-40%; 5.0-20%.
RESULTS
After 4 weeks of experiment we obtained an attack according to the concentration applied in each variant as
follows:
Table 2
Attack of downy mildew after treatment with copper sulphate various concentrations
Repetition
Variant 1
Variant 2
Variant 3
VM
1
60%
70%
40%
90%
2
80%
50%
30%
80%
3
80%
50%
40%
80%

Expressed as graph, the difference between experimental variants are easy to see.
The results obtained are correlated with the concentration of the solution applied at the beginning of the
experiment and not very constant in all the repetitions (table 1). Obviously, the results are not sufficient to
assure the destruction of the most of oospores in ground and plants debris
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Fig.2- The evolution of resistance forms germination under
different concentration of copper sulphate
Var1 – experimental variant 3%Copper sulphate; Var 2- experimental variant 3, 5% copper sulphate;
Var 3-experimental variant 4% copper sulphate; M- control –without any treatment.

Together with some mechanical measure, can be an inexpensive solution to reduce the inoculums of
overwintering oospores. According to regulation 1881/2006, and Order of Minister 756 /1991, the admitted soil
content in copper is between 20-250 mg /kg of soil, and we must respect it, in order to avoid accumulation of
copper in soil. The further aim will be to find new solutions and alternatives which comply with general
requirement and recommendations for use of copper based pesticides.
CONCLUSIONS
We obtained, following our estimative test, the best results at 4% concentration of solution, which do
not destroy most of the fungi, because we had even at this concentration disease spots. Further experiments
will show the best treatments and the appropriate periods of application for it. That’s means we must make
further investigations at microscope and at molecular level. Generally speaking, we need to apply the inactive
season treatments in order to reduce inoculums of phytopathogens in the next year, reducing the necessary
treatments in the next active season. In the same time we will focus on modern alternative solutions to these
copper based treatments.
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ABSTRACT
The cytotoxicity effects of herbicides and their potential for environmental pollution can be studied on
plant material, especially on meristematic tissues, because they are easily obtained by seed germination. In this
context, the aim of the study was to determine the cytotoxicity effects of Bromoxynil herbicide in Allium cepa
meristematic cells, using three different concentrations, taking into account that sometimes it is possible to apply
this herbicide in excess. The results obtained reveal a direct correlation between herbicide concentration,
exposure time and mutagenic effects observed in onion meristematic tissues and this suggests a high potential
of this herbicide for environmental pollution.
REZUMAT
Efectele de citotoxicitate a erbicidelor și potențialul lor de poluare a mediului se pot studia pe material
vegetal, în special pe ţesuturile meristematice, deoarece acestea se obţin uşor prin germinarea seminţelor. În
acest context, scopul lucrării a fost acela de a determina efectele de citotoxicitate ale erbicidului Bromoxynil în
celulele meristematice de Allium cepa, prin folosirea a trei concentrații diferite, ținând seama de faptul că este
posibil, ca, uneori, acest erbicid să fie aplicat în exces. Rezultatele obținute relevă o corelaţie directă între
concentraţia erbicidului, timpul de expunere şi efectele mutagene observate în ţesuturile meristematice de
ceapă iar acest lucru sugerează potențialul ridicat al acestui erbicid pentru poluarea mediului.

INTRODUCTION
The evolution of weed control concepts and methods is influenced by scientific and technological
discoveries in recent years. For farmers, weed control has been and is one of the most labour-intensive
activities, especially in areas and years where high temperatures and rainfall favour rapid weed growth
(Abouziena and Haggag, 2016; Dennis et al, 2018). In general, mechanical methods are useful, but they are
expensive, laborious and time consuming.
There fore, the chemical weed control is an important and effective way to protect crops from this point of
view. On the other hand, pesticides used in agriculture are a source of pollution, representing a special category
of risk in terms of the integrity of the ecological balance. However, herbicides (which account for the largest
share of all pesticides used) will remain an effective tool for weed control in integrated control in the agriculture
of the future (Rosculete C.A. et al, 2019; Rosculete E. et al, 2019).
Herbicides used in modern agricultural practices can have dangerous effects (Defarge de Vendômois and
Séralini, 2018). Their indiscriminate use, in too high concentrations, together with the increase of pollution in
ecosystems due to industrial development, justifies the assessment of the toxicity of these chemicals on the
cytological activity of crop plants. In making weed control decisions it is best to take into account the rules of
integrated management. Being a complex notion, it acquires an obvious practical character, because the
knowledge and application of all the measures that imply them are beneficial, both for obtaining the actual
harvests and for protecting the environment of agricultural ecosystems. Integrated weed management is one of
the main factors of sustainability (Butnariu, 2012; Butnariu and Caunii, 2013; Cotuna et al, 2018; Paraschivu et
al, 2017; Ryberg et al, 2020).
Higher plants can serve as genetic tests for monitoring environmental pollutants (Karaismailoglu, 2014).
From this point of view, one of the most commonly used species for biological testing is onion (Allium cepa), due
to the fact that it is very easy to grow in the laboratory to obtain meristematic roots and has a small number of
chromosomes.
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MATERIALS AND METHODS
The biological material used was consisted of meristematic onion roots, treated with Bromoxynil, in 3
concentration variants, together with an untreated control. Bromoxynil herbicide has the molecular formula C7H3-Br2-NO. The alternative name is 3,5-Dibromo-4-hydroxybenzonitrile.
The biological material was obtained from medium-sized white onion bulbs, without traces of disease or
pests, germinated in glasses with tap water. When the meristematic roots reached the length of approx. 1.5 cm,
the onion bulbs were transferred to other glass vessels, which contained the herbicide solution, in 3
concentrations, for 8, 24 and 48 hours, at room temperature, along with an untreated control.
Taking into account the doses recommended by the manufacturer, 3 different concentrations were
obtained by dilution with tap water. Concentration variants higher than those recommended by the manufacturer
were also chosen, although it is possible that these herbicides are often used in excess. The research variants
were the following: V0 - untreated control; V1 - 0.3%; V2 - 0.4%; V3 - 0.5%.
After each exposure time, the root tips were harvested and placed in small glass vials in fixing solution of
ethyl alcohol and acetic acid (3:1) for 24 hours, followed by the protocol for staining meristematic tissues by the
Feulgen-Rossenbeck method, with basic fuchsine stain, for visualizing of the chromosomes under an optical
microscope.

RESULTS
The mitotic index is a parameter that allows estimating the frequency of cell division, and inhibition of
mitotic activity is often an indicator of the effect of cytotoxicity in plants (Bonciu, 2012; Bonciu et al, 2018; Firbas
and Amon, 2014). Inhibition of the mitotic index in meristematic cells may inhibit the growth of future seedlings in
response to plant protection when exposed to the action of phytotoxic compounds in herbicides.
The phytotoxic effect of herbicides can be manifested as soon as they come in contact with different parts
of the plant, or after entering the plant.
From this point of view, contact herbicides act on the living cells and tissues they come in contact with,
and systemic herbicides enter the plant and move with the sap produced through Liberian vessels.
Exposure of the meristematic roots to various concentrations of the herbicide, for 8, 24 and 48 hours, had
different effects on the mitotic index. The analysis of the results demonstrates a decrease in the percentage of
mitotic index, in direct correlation with the exposure time and the herbicide concentration.
Thus, at a concentration of 0.3%, the mitotic index recorded values from 36.8% (at 8 h exposure time),
33.7 (at 24 h exposure time) and 24.7% (at 48 h exposure time). Also, at the concentration of 0.4% Bromoxynil,
the mitotic index decreased to 36.6% (8 h), 31.1% (24 h) and 23.0% (48 h), respectively. But the mitotic index
had the lowest values at the concentration of 0.5% herbicide: 34% (8 h), 30.8% (24 h) and only 20.1% at 48
hours exposure time (fig. 1).
From the analysis of fig. 1 is found that the decrease of the level of the mitotic index indicates the
mitodepressive effect of the herbicide Bromoxynil on the cytological activity of A. cepa, or in other words, the
disturbance to a certain extent of the mitotic division. From the point of view of chromosomal aberrations,
changes in the organization and morphology of chromosomes were observed in the meristematic tissues from
the top of onion roots exposed to different concentrations and times (hours) with the herbicide Bromoxynil (table 1).
Thus, four categories of chromosomal aberrations or abnormalities were identified: C-mitotic
chromosomes in metaphase and anaphase; sticky chromosomes in metaphase, anaphase and prophase;
bridges chromosomes in anaphase and rings chromosomes in prophase.
Also, some changes were observed in the organization and morphology of cell nuclei in meristematic
tissues from the top of onion roots exposed to different concentrations and times (hours) with the herbicide
Bromoxynil and three categories of nuclear anomalies were identified: binucleated cells; micronuclei; c ells
with nuclear erosion.
In the case of the control variant, immersed in plain water, without herbicide treatment, no nuclear
anomalies were registered. Also, at the time of 8 hours of exposure, no nuclear anomalies were recorded in
variants V1 / 0.3% and V2 / 0.4%; instead, at variant V3 / 0.5% and the same exposure time (8 hours),
binucleated cells were identified with a frequency of 8.5%; micronucleus (6.4%) and cells with nuclear erosion
(4.2%) (fig. 2). Fig. 3 shows some of the chromosomal aberrations and nuclear anomalies identified in onion
cells exposed to the action of the herbicide Bromoxynil.
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Table 1
The main chromosomal aberrations induced by Bromoxynil herbicide in onion root meristems
Exposure
Variants/
Frequency of chromosomal aberrations (%)
time (h)
Herbicide
concentration
C-mitosis
Sticky
Rings
Bridges
(%)
(%)
(%)
(%)
(%)
8
V0/Mt
0
0
0
0
V1/0,3
0
0
0
0
V2/0,4
0
0
0
0
V3/0,5
5,7
2,4
3,2
3,7
24
V0/Mt
0
0
0
0
V1/0,3
1,9
2,5
0
1,5
V2/0,4
2,0
2,9
3,0
2,5
V3/0,5
6,3
4,1
3,4
5,7
48
V0/Mt
0
0
0
0
V1/0,3
5,1
4,4
1,6
2,9
V2/0,4
6,9
5,2
3,8
3,3
V3/0,5
11,5
6,4
5,5
7,2

B
A
Fig. 1 - The mitotic index (A) and frequency of metaphases (B) under influence of Bromoxynil herbicide in A. cepa
meristematic roots

Fig. 2 - The correlation between the frequency of cytological abnormalities, exposure time and concentration of
Bromoxynil herbicide in A. cepa cells

Fig. 3 - Some of the chromosomal aberrations and nuclear anomalies identified in onion cells exposed to the action
of the herbicide Bromoxynil: C-mitosis; sticky chromosomes in anaphase; micronucleus and ring chromosome
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CONCLUSIONS
The results obtained indicate that the herbicide Bromoxynil has the ability to cause a large number of
chromosomal aberrations and nuclear abnormalities. These anomalies occur in a variable proportion,
depending on the concentration of the herbicide. The study revealed a direct correlation between herbicide
concentration, exposure time and mutagenic effects observed in onion meristematic cells. It can be concluded
that, when applied in high concentrations, Bromoxynil herbicide can have some cytotoxic and genotoxic
effects on plants and this suggests a high potential for environmental pollution with this herbicide. The results
also suggest caution when applying Bromoxynil in the agricultural crops.
Repeated and indiscriminate use of herbicides invariably leads to the accumulation of phytotoxic
substances in plants, animals and soil, contaminating the environment in a worrying way. The optimal solution
to avoid cytotoxic effects may be the application of minimum concentrations of herbicides and the combination
of these chemical methods of weed control with biological methods, in the context of sustainable agriculture, to
protect the environment and quality of life.
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ABSTRACT
Cement plants are making sustained efforts to ensure that environmental pollutants' emissions fall
within limits set by European standards. To this end, to reduce dust emissions, air collection and filtration
systems are introduced into the technological flow before being released into the atmosphere. The main points
of dust collection are related to the process of obtaining clinker, as an intermediate product that enters the
composition of cement, but also to the final method of manufacturing cement. The paper presents experimental
results on dust emissions at the evacuation points of a Romanian cement plant and identify where filters can be
introduced.
REZUMAT
Fabricile de ciment fac eforturi susținute pentru ca emisiile de poluanți în mediul înconjurător să se
încadreze în limitele prevăzute de normele europene. În acest sens, pentru reducerea emisiilor de praf se
introduc în fluxul tehnologic sisteme de colectare și filtrare a aerului înainte de a fi evacuat în atmosferă.
Principalele puncte de colectare a prafului sunt în legătură cu procesul de obținere a clincherului, ca produs
intermediar care intră în alcătuirea cimentului, dar și cu procesul final de fabricare a cimentului. Lucrarea
prezentă rezultatele experimentale privind emisiile de praf la punctele de evacuare ale unei fabrici de ciment din
Romania și identifică unde ar putea fi introduse filtre.

INTRODUCTION
Directive 2008/50 / EC of the European Parliament and of the Council of 21 May 2008 on ambient air
quality and cleaner air for Europe provides for an upper limit for particulate matter PM10 / PM2.5 70% of the
average limit value for 24 hours (i.e., about 28 g / m3 for PM10 and 17 g / m3 for PM2.5). The limit value of 35 g
/ m3 should not be exceeded more than 35 times in a calendar year. The lower assessment threshold for the
two categories of suspension powders was set at 50% of the limit value. The measurement of PM2.5 must
include at least the total mass concentration and the concentrations of compounds suitable for characterizing its
chemical composition (sulfur oxides, nitrogen oxides, sodium, potassium, ammonia, chlorine, calcium,
magnesium, but also elemental carbon or organic carbon). The same directive provides that for suspended dust
and substances to be analyzed from suspended dust (e.g., lead), the sampling volume must be related to
environmental conditions, particularly the temperature and atmospheric pressure recorded on the
measurements' date (Directive 2008/50 / EC).
Like other industrial activities, the cement industry is strictly regulated by national and international
environmental protection legislation. This means that pollutant emission levels are determined mainly by
applying pollution abatement technologies (e.g., dust filtration) to comply with regulations (Kuenen, 2019).
Most cement plants in Romania say they have made substantial financial efforts, substantially reducing
pollutants' emissions. These emissions are below the norms regulated by both its regulations and those
imposed by the EU.
Thus, according to the official website of the Heidelberg Cement cement plant, Fieni, Dâmbovița County,
the average dust concentrations at the exit from the clinker oven and the grill cooler were well below the
maximum limits provided by the integrated environmental permit. (Figure 1).
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Fig.1 – The average annual powder concentration of the Fieni cement factory (mg/Nm3),
(https://www.heidelbergcement.ro/ro/fabrica-de-ciment-fieni-0)

The main sources of dust in the cement industry are stacks of the kiln system. Other dust emissions
occur in the various pre-processing / grinding processes (raw materials, fuels, cement). The dust emission may
also result from the storage and handling of raw materials, fuels, clinkers, and cement and used vehicle traffic at
manufacture (Abu-Allaban, 2011; Kuenen, 2019).

Fig.2 – The general technological flow for obtaining cement, (Kuenen, 2019)

Cement production begins in quarries, with the excavation of limestone and clay. They are crushed and
then transported to the factory by conveyor belt systems and/or rail. Limestone, marl/clay, and alternative raw
materials are dosed according to recipes established by factory laboratories, dried in drying towers, and routed
to flour mills (raw mill). The drying of the raw materials is done with gases from the clinker oven, and when it
does not work, gases from the auxiliary grate are used.
The grinding of the raw materials is done in two-chamber ball mills, from the mill, the material being
transported to dynamic separators. The fine part is transported pneumatically or with elevators to the silos of
raw materials, and the coarse part returns to the mill. The final product must fully comply with the requirements
imposed by the European product standard SR EN 197-1: 2011 (Purnomo, 2018; Uwasu, 2014).
The mixture of ground raw materials (flour) from the storage silos is dosed and transported to a 4-stage
heat exchanger, where it is preheated from 60 oC to approx. 850 oC. The heat is taken from the oven's hot
gases, which passes through the heat exchanger counter currently with the flour fed on top.
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The flour, preheated and partially decarbonated in the heat exchanger, is introduced into the rotary kiln
where it reaches a temperature of about 1450 oC and is transformed at the exit of the kiln, by sudden cooling,
into a new, crystalline, granular-looking material called Portland clinker which is an intermediate product, but
essential in the manufacture of cement. Sudden cooling of the material takes place in a grate cooler, from about
1350oC to 100oC, with air from the fans.
Metals introduced into the furnace by raw materials or fuel will be present either in the recesses or in the
clinker. The vast majority of heavy metals are stored in the clinker. Extremely volatile metals such as mercury
and thallium are not incorporated into clinker to the same degree as other metals. Many heavy metals evaporate
at high temperatures and then condense on clinker, on the partially reacted raw materials or on the dust
particles.
After pre-conditioning, the furnace's gases go through a depollution system (which finally includes bag
filters) to separate the dust before evacuation to the chimney. To obtain cement, the following mixture is used:
the clinker obtained in the oven, furnace slag, gypsum, and grinding additives (Purnomo, 2018; Uwasu 2014).
The granulated blast furnace slag is dried in a rotary dryer using hot air recovered from the grate cooler
and/or natural gas from the auxiliary hearth and a bed dryer fluidized with natural gas. They are extracted from
silos, dosed, and then fed into cement mills. Cement mills are tubular ball mills, bicameral, and operate on a
closed process. The mill's material is transported to a dynamic separator, which separates the fine part (cement)
from the coarse part. The cement is taken over by a transport relay and stored in the cement silos, the coarse
part returning to the mill.
Pollutant emissions are formed from reactions in the technological process and the combustion of fuels
are substances formed either from a single element or composed of several chemical elements. Concentration
limits differ depending on the nature of the pollutant, the manufacturer's nature, and the country of emission.
The degree of persistence in the environment differs from pollutants to pollutants and can be influenced by
weather conditions. Each phase of the technological process of cement manufacturing is a point of emission of
pollutants.
The paper presents the vulnerable points in cement manufacturing's technological flow, likely to be
equipped with separators and dust filters, and the experimental results performed on a set of measurements for
dust emissions at one of the largest cement plants in Romania. It also presents the general aspect of the
construction of dust filters used on cement plants' technological flow.
MATERIALS AND METHODS
On the technological flow of cement manufacturing, a series of separators and dust filters are necessary
to reduce emissions into the atmosphere. They are mounted in vulnerable points, where the amount of dust
released is relatively large, as shown above.
Thus, in the area of the raw material mill (fig.3) are located both the separators (2) and the cyclones for
separating the coarse dust (3), but also the filter with pulse-jet bags (9), which collects the dust resulting from
the evacuation of the ground mixture. When feeding the mill, there is a drying tower (6) provided with dust
collection cyclones.
The pulse jet filter is a filter with filter bags that requires compressed air at 6-7 bar, passed through 5micron filter elements, and dried (dew point - 40 oC). Filter cartridges require max. 4 bar, which still requires the
use of a dust suction fan.
Dry electrostatic filters (or electrofilters, see fig.7) separate the finest dust particles resulting from the
combustion of gases up to a temperature of 420 oC, by artificial electric charge (at high voltage). The principle is
mainly used for hot gas in the dedusting of incineration plants and the production of metals and the cement
industry.
The processed gas loaded with dust enters the horizontal electrofilter and is brought to a consistent flow
pattern by distributing the gas and the entire filter profile. The comparative advantages of using electrostatic
filters compared to other particle collecting devices are:
the possibility of using carrier gases at high temperatures (200-250oC);
have a minimal pressure drop (10-25 Pa), so that the costs of electricity consumed by fans is minimal;
the collection efficiency is too high (94-99%) if the use is suitable for the type of dust, but if the
properties of the dust are not well known, this efficiency decreases to 92%;
can cover a wide range of particle sizes and dust concentrations, but are most effective for particles
smaller than 10 microns.
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Fig. 3 – Arrangement of dust filters in the area of the flour mill (raw materials)
1. flour mill; 2.separatoare; 3. cyclone dusting mills; 4.dusting fan; 5.elevatoare; 6. drying tower; 7. drying tower dusting cyclones; 8. fan
tower dust removal; 9. pulse-jet filter dust separator and attachments; 10. auxiliary burner; 11. fine material transport gutter; 12.grain and
coarse material transport belt (from https://www.saem.ro/wp-content/uploads/2016)

Fig. 4 – Arrangement of dust collection systems in the area of the rotary clinker oven
1. fans; 2.heat exchangers; 3. rotary oven; 4. grill cooler; 5.clincher crusher; 6. clinker carriers; 7. coal mill; 8. coal silo; 9.coal hopper;
10.ground coal silo; 11. dosing system; 12. filter with coal mill dust removal bags; 13. burner; 14. extension furnace; 15.primary air fan;
16.electrofilter for the grill cooler; 17.cliner transport belts; 18. clinker silos; 19. strip dust filters and clinker silos; 20.clinker transport dust
removal filter (from https://www.saem.ro/wp-content/uploads/2016/06/ENERGOMONTAJ-Romania_Cement-factories.pdf)
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In the rotary kiln area for obtaining the clinker (fig.4), there are several separators and dust filters, mostly
since the processing of the primary fuel (coal mill 7) and the alternative fuels is performed. The area is provided
both with a bag filter dedusting system (12), for the coal mill, and a high capacity electrofilter dedusting system
(16) for the clinker grill cooler (4) and the bag filter (20) for the evacuation of dust to the transport system under
the grill cooler. Also, in this area, it is necessary to dust the storage silos of the clinker (18) and the transport
systems therein (17). In this sense, the bag filters (19) are provided. The transport of the gas loaded with
material dust is done by suction with fans' help located after dust traps and before the flue gas chimneys.

Fig.5 – Area of mills for grinding and obtaining cement (from https://www.saem.ro/wp-content/uploads/2016)
1. cement mill; 2. separator; 3. elevators; 4.filter with dust bags attached; 5.electric filter dust mill cement; 6.variable speed separator; 7.
material dosing system; 8.weighing device; 9. filter with bags for dusting cement mill; 10. conveyor belts; 11. fans

In the area of ball mills for grinding clinker and obtaining cement (fig.5), there are also dust removal
systems equipped with bag filters or electrofilters. The figure shows that the area is provided with two cement
mills (1), fed by a particular system with appropriate dosing devices for each grinding mixture component.
Separators (2) and (6) are each provided with a bag filter (4) to dust them and their annexes, but each mill has,
in turn, its dust removal system, respectively, an electrofilter (5) and a bag filter (9).
These are not the only dust removal systems on a cement plant's technological flow, as we presented at
the beginning of the paper. There are also dedusting systems in the areas of cementing and some of its
components, as well as in the area of marl and limestone crushers or raw material dryers.
In order to highlight the dust concentrations of the gases discharged into the atmosphere on the
technological flow of a cement factory in Romania, the paper presents the values of these concentrations
obtained experimentally in March 2019.
In general, emissions are measured by different methods, either with fixed-mount monitoring equipment
(EMC) or with mobile equipment by the test house (test house measurements).
The results of these measurements, concentrations, and/or emission volumes of the various compounds
are determined under certain specific chimney conditions (e.g. moisture, oxygen level). They must be converted
to the standard conditions defined by the cement manufacturer and local authorities.
The raw materials used in the factory for the production of clinker were made of limestone (74.2%), marl
(21.25%), pyrite (1.15%), sand (3.4%), given that the productivity of the raw material mill was 283.6 t /h.
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Fig.6 – Scheme of the arrangement of the experimental sampling equipment

Unprocessed values are the values indicated directly by the equipments. These values are defined under
certain (internal) conditions and are usually not converted to the dry gas stage or an oxygen reference level. In a
calculation program, unprocessed values must be converted to the local and factory standards.
The fuel used in the rotary kiln to make clinker consisted of coal (coke) (61%), used tires (16.7%), plastic
(1.7%), fluff (8.6%), agricultural waste (0.6%), lower coal (11.4%). The calorific value of coke was, on average,
about 6450 kcal/kg, while the average calorific value of alternative fuels was about 4925 kcal / h (weighted
average).
Clinker (76.8%), gypsum (5.9%), limestone (13.3%), powder (4%) were used to obtain the cement, the
productivity of the cement mill being about 135 t/h, obtaining a Portland cement with a specific surface Blaine
4150 cm2 /g.
Two measurements were performed, and the results presented in the paper represent their average.
According to SR ISO 9096: 2005 and SR EN 13284-1: 2015, the measurement procedure is taken over: the
essential equipment being ISOSTACK Basic. The atmospheric air temperature during the day the
measurements were made was between 3–10oC.
RESULTS
The results of the experimental determinations on the dust concentration of the gases discharged into the
atmosphere at the chimneys of the cement plant are presented in Table 1.
Table 1
Dust emission parameters at different characteristic points of the technological flow of the analyzed cement plant
Dust
Temperature
Dedusting
Gas
No.
Emission source
emission,
Gas flow, Nm3/h
at measuring
equipment
speed, m/s
mg/Nm3
point, oC
1
Grate cooler
Electrofilter
11.01
282009.1 (21% O2)
19.39
222.0
2
Coal mill
Bag filter
24.57
25634.1 (10.5% O2)
10.30
90.1
3
Bagging machine
Bag filter
0,92
25947.4 (21% O2)
11.34
17.5
4
Marl crushers
Bag filter
average 1.25
23856.8 (21% O2)
14.50
9–10
Cement mill –
5
Bag filter
4.13
34275.6 (21% O2)
9.86
59.6
separator output
Cement mill – mill
6
Bag filter
1.87
48776.6 (21% O2)
7.91
55.8
output
7
Limestone crushers
Bag filter
average 3.19
20886.2 (21% O2)
16.86
12.0
8
Slag dryer
Bag filter
1.45
74589.3 (21% O2)
28.24
54.1

From the data presented in the table, it is observed that the highest concentration of dust is the gas
discharged to the chimney system chimney in the area of the coal mill (24.57 mg / Nm 3 gas), followed by the
exhaust chamber of the cellar grill dust extraction system. 11.01 mg / Nm3 gas. However, the values of dust
emissions at the emission sources from the technological flow at the analyzed cement plant were (at the time of
the measurements) within limits allowed under the Integrated Environmental Permit of 30 mg / Nm3 dry
conditions.
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No exceedances of the values allowed in any vulnerable point were observed, and the measurements at
the exhaust chimneys highlighted this.
The exhaust gas flows to the chimneys are also presented in the table, at specific oxygen concentrations
and velocities of the gas in the pipe, in dry conditions. The gas temperature at the exhaust chimneys is also
specified, which differs depending on the place of gas collection.
It is usual for the level of dust concentrations to be at a minimum level, given that both centrifugal coarse
dust separation cyclones and filter elements arranged in bag filters have been introduced into the technological
flow, their capacity is different depending on the value of the exhaust gas flow.
The working process of a bag filter is shown schematically in fig.8. Bag filters are machines that perform
the separation by filtration in the gravitational field of heterogeneous gas mixtures (gas-solid). They retain solid
particles from gaseous mixtures on the filtration surface. It is used in the cement industry to separate solid
particles (dust, material powders) from the air, according to the schemes presented above and the technological
flow of the cement plant (Bhargava, 2016; Liu 2019).

Fig. 7 – Horizontal electrostatic precipitator: construction diagram (a) and operating principle (b)
(https://etd.ohiolink.edu/!etd.send_file?accession=ohiou1492558871480272&disposition=inline)

Fig.8 - Schematic diagram of a bag filter (http://www.redecam.com/bag-filters)
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CONCLUSIONS
The cement industry is probably the largest concentrator of emissions, not only of greenhouse gases or
other harmful gases, loaded with pollutants for the environment (water, air, soil) and material dust (dust).
The whole technological flow is filled with dust separation equipment, dust which is obtained together with
the gases at the specific exhaust chimneys. Most such equipments are filters with bags of different capacities
and filter materials specific to each gas-solid mixture released in a particular work area of the factory.
All cement factories in Romania have made special financial efforts to comply with European standards
on dust emission concentrations (PM10 and PM2.5).
Following the measurements performed by an authorized laboratory to perform the measurements, at the
beginning of spring 2019, the experimental results obtained at one of these factories show that these levels fall
within the authorized operating limits.
However, it is necessary that the efforts to comply with the limits provided by the regulations be
continuous, and as the dust removal equipment undergoes positive changes, from a constructive and functional
point of view, they should be introduced quickly on the technological flow of the factories, so that dust emission
levels to decrease even further.
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ABSTRACT
The general and specific technological processes of the food contribute to assurance of the food safety
and to diminution of the losses of nutritive factors, by observance of the technological operations. In addition to
technological processes, the quality and safety of food products is ensured by the quality and safety of the raw
material, the quality and training of the people who make and market the food products. The sanitation in food
production units is the determining factor for food safety. In case of physical, chemical or biological
contamination, food products can affect the health of consumers.
REZUMAT
Procesele tehnologice generale și specifice ale produselor alimentare contribuie la asigurarea siguranței
alimentare și la diminuarea pierderilor de factori nutritivi, prin respectarea operațiunilor tehnologice. În plus față
de procesele tehnologice, calitatea și siguranța produselor alimentare este asigurată de calitatea și siguranța
materiei prime, calitatea și pregătirea persoanelor care produc și comercializează produsele alimentare.
Salubritatea în unitățile de producție este factorul determinant pentru siguranța alimentelor. În caz de
contaminare fizică, chimică sau biologică, produsele alimentare pot afecta sănătatea consumatorilor.

INTRODUCTION
Feeding a growing world population is a major global challenge, which is to increase agricultural
productivity and ensure food production and access to food for all individuals (food security), but also to ensure
food safety i.e. their lack of toxicity to consumers (Ali et al, 2019). Food is an essential factor in health or
disease, the quality of which depends directly on the quality of human life. Food-specific production activities
take into account the growing consumer interest in healthy and affordable food, society's requirements for
sustainable agricultural development, as well as the multitude of environmentally friendly effects in a socially
sustainable economic way. In meeting the demand for processed foods, the production chain in the food
industry has seen a considerable improvement. At the same time, however, close and permanent monitoring of
food traceability is absolutely essential for food safety (Bonciu, 2012; Bonciu and Sarac, 2016).
The current situation regarding the processing of vegetable production and food production, mainly refers
to heat treatments (pasteurization, sterilization), which is the main way to ensure safety (non-toxicity) and food
preservation. The new trend from this point of view refers to the minimization or replacement of heat treatments
with non-thermal and non-destructive processes, in order to preserve the freshness, nutritional and bioactive
value of processed foods. The food is exposed to the risk of improper sanitation, spoilage, degradation and
contamination due to the handling it undergoes during preparation, storage, conditioning, disposal and even
consumption, but also due to its compositional complexity, the possibilities of biological and chemical
contamination (Young et al, 2018).
The alteration represents the modification of the organoleptic properties of the product, without the
obligatory modification of the nutritional properties. For a correct approach to the meaning of the alteration, it
must be correlated with the occurrence of degradations, impurities or unsanitary conditions. Impurity is the
appearance of foreign compounds of the nature of food (such as biological and mechanical agents) through the
raw material, during preservation processes but also in the stages of transport, storage or sale. Degradation is
the loss of nutritional properties of food, but not necessarily organoleptic. Degradation is important due to the
increasing frequency of the phenomenon, as a consequence of the multiplication of the processes to which the
foods are subjected, or by non-compliance with the preparation recipe (Bonciu, 2017)./
146

INTERNATIONAL SYMPOSIUM

MATERIALS AND METHODS
This is a documentation study, in which an attempt was made to achieve an overview in terms of
essential rules for ensuring food safety in food production units and activities. The bibliographic sources
consisted in consulting various articles or web pages in the field.
RESULTS
Impurification, degradation and even alteration do not involve unhealthy foods that turn them into harmful
products for the body. Improper sanitation does not imply the existence of other changes, although this
association is common. It can occur as a result of microbiological or chemical contamination, without the
organoleptic appearance or nutrient content being affected. The safety of a food product is the quality of that
product so as not to be harmful to the health of the consumer. It can be said that through food safety, the safety
of food products made, processed and consumed by a person or by a certain human community is achieved.
The food industry, in a broad sense of the word, represents the field of processing and processing of
agro-food raw materials and their transformation into food products, throughout the chain between the
production and harvesting of the product and its consumption or use. One of the quality systems is represented
by the HACCP system (Hazard Analysis and Critical Control Point). For this system to work there must first be
good hygiene and production practices. HACCP includes the identification of all known hazards that may be
associated with the food to be processed. Once this assessment is made, the critical control points (CCPs) of
the technological process are identified, where frequent checks will prevent, reduce or eliminate these dangers.
In Europe, the first regulations on food safety appeared in 1964 and were limited to meat products.
Subsequently, food safety legislation was developed, which included other food groups; eggs, milk, fish. The
introduction of legislative norms and regulations has significantly increased the level of food safety, preventing,
eliminating and reducing food contamination. Today, many Directives have been replaced by a simplified,
comprehensive and harmonized set of food safety rules, applicable at all stages of production. The most
representative set from this point of view is HACCP, which allows operators to actively identify and control the
risks and critical points in the production and distribution chain, bringing the concept of food safety within reach
of all those involved in the production chain.
The quality and nutritional value of food can undergo some changes either in culinary and industrial
processing or through spoilage and degradation. Food processing can be done either directly by the consumer,
following certain rules, or industrially in the form of finished or semi-finished food products. Contamination of a
single plant in food processing can affect thousands of consumers. Responsible production, proper hygiene and
careful supervision have become absolutely necessary for food safety. Industrial processing is subject to the
subjective preferences of the consumers (Ali et al, 2018).
Food is the "fuel" necessary for life and, at the same time, an essential factor of health or disease, their
quality directly depending on the quality of our lives. Functional-nutritional foods are any food or food
component that can provide benefits for one or more target functions in the body, in addition to the appropriate
content of traditional nutrients with a significant effect on improving health, or reducing the risk of disease. This
type of food can consist of: prebiotic, probiotic and symbiotic foods (e.g. yogurt with bifidobacteria,
polyfructosans, etc.); nutritional supplements (vitamin complexes, enzymes, trace-micro-macroelements, dietary
fiber, proteins, fatty acids, phytoestrogens, etc.). The nutritional profile of the food can be analysed according to
several indices, which are taken into account when drawing up a food program. For example, for more energy,
the caloric-energy density of food is analysed, while for maintaining health, criteria such as nutritional density,
glycemic index, antioxidant capacity, alkalizing profile, atherogenic index and bioavailability (the amount of
active substance as well as the speed with which it is released, absorbed in the body, reaches the site of action
and manifests its biological effect) are taken into account.
Regardless of their nature, food processing involves:
- Mechanical operations - cutting, sorting, cleaning of impurities, washing, fragmentation, pressing,
kneading, emulsification;
- Heat treatments - ranging from direct or indirect flame heating, to infrared heating, high frequency
currents, steam boiling with or without pressure;
- Chemical operations - such as: simple culinary treatments (boiling in acidic or alkaline solutions),
complex industrial extractions with solvents (oils);
- Chemical and enzymatic hydrolysis - partial or total;
- Special treatments with chemical additives.
All food groups have both nutritional advantages and disadvantages (table 1).
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Table 1
Some nutritional advantages and disadvantages of the main food groups
Food group
Advantages
Disadvantages
Meat and its derivatives - plastic role (complete proteins)
- low in calcium and vitamin C.
- source of water-soluble vitamins (B1, B2, B6, B12, - they are acidifying foods
C, PP); iron source, easily assimilated
- contain cholesterol
- stimulates the secretion of digestive juices
Milk and dairy products
- plastic role through the content of complete proteins, - low in iron and vitamin C.
rich in essential amino acids, especially lysine
- low caloric value
- vitaminizing and mineralizing role (calcium)
- fats low in essential fatty acids
Eggs
- plastic role, contains proteins with the highest - do not contain vitamin C
biological value
- acidifying food
- vitaminizing role
- rich in cholesterol
- tonic for the nervous system due to phospholipids
Cereals
and
their - the main energy source
- low in calcium, and when peeled they
derivatives
- contain partially complete proteins
are poor in vitamins and fats
- source of vitamin B
- rich in essential fatty acids
Vegetables, fruits and - source of vitamins and mineral salts
- low in protein
their derivatives
- are easily digestible
- alkalizing role
Dietary fats
- source of calories and fat-soluble vitamins (A, D, E, - poor in mineral substances
K)
Sugar
and
sugar - source of calories
- do not contain other nutrients
products
- rapid assimilation
- consumed in excess produce
metabolic disorders

Industrial food processing has the following advantages: hydrolysis of connective tissue in meat or
protopectin in plant cell walls, facilitating mastication and digestion; the coagulating action of heat causes the
formation of crusts on the periphery of foods (i.e. on the surface of faces) rich in protein, reducing the loss of
juice and nutrients; the starch hydrolyses by boiling into dextrin compounds with improved taste; some of the
water is lost; small molecule carbohydrates or part of the protein break down to form compounds that stimulate
the chlorohydropeptic secretion of the digestive tract, thus improving digestion; increases the sapidity of the
products and the favourable influence on the taste buds, the complex interest of the consumer for food; ensures
the inactivation of antinutritive substances (antithyroid drugs, antivitamins), the main pathogens, as well as
parasites, reducing the risk of transmitting infectious or parasitic diseases. The disadvantages of industrial food
processing are: attractive products force consumer preferences, leading them to deviations from rational
nutrition; occurrence of degradation, loss and inactivation of nutrients; a number of harmful compounds or
chemical impurities in food that carry their biological ballast may occur.
A very important aspect in terms of food safety is also related to the safety of plant raw materials.
Environmental pollution and food preservative, for example, affects the safety of raw materials from the point of
view of consumer health (Rosculete C. et al, 2019; Rosculete E. et al, 2019). Some examples of the most
modern technologies for the analysis of processed food products, both vegetable and animal, are:
- NIR-CI spectroscopy - important role in quality control and monitoring of raw materials; short analysis
time: about 50s / sample.
- Biosensors - for rapid detection of substances. Selectivity and specificity is conferred by the biological
transducer: enzymes, antibodies, DNA, etc.
- ELISA technique - immunological technique for detecting circulating antibodies and antigens. In other
words, the ELISA technique is a qualitative or quantitative method of detecting molecules (proteins,
carbohydrates, etc.) using antigen-antibody complexes conjugated to an enzyme. Immunological procedures
are characterized by low costs and speed. Other methods for detecting mycotoxins in food are high
performance liquid chromatography (HPLC); thin layer chromatography (TLC) and gas chromatography (GLC).
Risk analysis is the process of collecting and evaluating information on the hazards and conditions that
lead to their presence in order to decide which are significant for food safety. Anyone can get food poisoning,
but certain groups of people are more likely to get sick and to have a more serious illness. Their bodies’ ability to
fight germs and sickness is not as effective for a variety of reasons (https://www.cdc.gov/foodsafety/people-atrisk-food-poisoning.html).
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The risks that may occur in the case of food are the following (https://www.cdc.gov/foodsafety
/production-chain.html):
a) Biological-microbiological risks (pathogenic bacteria, saprophytic bacteria, molds). The biological risks
are mainly pathogenic bacteria. Of these, the most dangerous are: Listeria monocytogenes, Chlostridium
botulinum, Salmonella spp., E. coli, Staphylococcus aureus, Clostridium perfringens, etc.
b) Physical risks - can be determined by a multitude of causes (table 2);
c) Chemical risks - excess additives, traces of cleaning agents, pesticide residues.
The methods of analysis are very important and aim to correctly assess the risk of toxicologically relevant
exposure to humans and animals, as well as to ensure that the regulatory levels set by the EU or other
international organizations are met.
Table 2
Some examples of physical risks that may occur in the case of food products and the sources that generate them
Physical risk
Source
Metal
nails, screws, metal fragments
Glass
light bulbs, watch windows, thermometers
Wood
pallets, crates
Mold
inadequate sanitation of equipment / utensils / spaces
Rodents
inadequate control of rodents, ingredients received
Insects
external environment, ingredients / raw materials received
Carcass nameplates
slaughter house
Hair
employees, clothes, rodents / other animals
Cigarette butts
inappropriate practices and inattention of employees

Mycotoxin detection techniques are laborious and require sophisticated equipment; these techniques
involve sampling, extraction with organic solvents or water, purification on chromatographic columns and
quantitative detection (https://www.cdc.gov/foodsafety/foodborne-germs.html).
When locating food production units, the following will be taken into account: polluting substances
eliminated by neighbouring units (smoke, dust, chemicals and / or radioactive substances, household waste,
etc.); providing the necessary drinking water. To avoid contamination, the location of food production units must
be located at a sufficient distance from areas that may generate risk factors for food safety (slaughterhouses,
landfills, slaughterhouses or leather processing units, toilets etc.) so as to avoid contamination of manufactured
products. The fences of these units shall be ensured and maintained in an appropriate condition for protection
against the entry of animals and / or the entry of foreigners through areas other than access roads, specially
designed for this purpose. Neighbourhoods will be monitored to identify sources of pollution of any kind (smoke,
dust, chemicals and radioactive substances, household waste, pests, etc.) through periodic inspections and
actions to prevent contamination (Harris et al, 2016; Oldroyd et al, 2020).
Pest control and sanitation actions will be carried out regularly, according to documented plans,
constantly monitoring their efficiency. The loading-unloading ramps will be covered to ensure the development
of the activity in appropriate conditions; they will be marked and illuminated accordingly, kept permanently clean;
they will not be blocked with various materials. Visible marking is required to identify areas / areas important for
food safety (Ridderstaat and Okumus, 2019). It is recommended that the spaces of the production units be
separated on clearly identified and marked compartments: warehouses for raw materials, warehouses for
finished products, warehouses for maintenance materials, installations and equipment and sanitationdisinfection, landfills, pre-processing spaces, preparation spaces, social sanitary annexes - changing rooms /
sanitary groups, offices.
The building destined for the production will have exterior walls made of materials with smooth surfaces,
easy to clean, without gaps or areas inaccessible to the cleaning, disinfection and rodent control operations.
Ensuring the microclimate conditions in the production spaces is done according to the specifics of the culinary
production spaces (heated or cooled spaces, depending on the destination), with the help of specific utilities,
and the tracking of air characteristics will be done with appropriate, verified and calibrated equipment. Where
appropriate, air disinfection may be performed using microbiological filters or UV lamps.
Periodically check the condition of roofs and storm water drainage systems, the condition of walls,
foundations and basements to detect infiltration or damage caused by rodents or other causes and ensure their
proper repair and maintenance through planning and execution of works maintenance with materials that do not
constitute sources of contamination of products.
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The access roads to the production spaces will have wipers impregnated with disinfectant solutions or
shoe washing and disinfection systems (sanitation basins, sanitation boxes, boot washers, sanitary locks, etc.),
as the case may be.
Machinery, installations and utensils that come in contact with raw materials / semi-finished products /
finished products will be made of materials that do not contaminate food, resistant to mechanical, thermal and
chemical actions, easy to clean, with smooth surfaces without depressions or angles hard to reach. The use of
wood or other materials that cannot be properly cleaned or disinfected should be avoided, if the wood is used, it
is recommended that it be hardwood (beech, oak, hornbeam, etc.), very well finished, without cracks, bumps
etc. and establish control measures to ensure that its use is not a source of contamination (https://safetyculture.
com/topics/food-safety/).
In the case of furnaces that use solid fuel for combustion, their hearths will be located outside the
production spaces, in compliance with the conditions regarding cross-contamination. The refuelling and
evacuation of the ash resulting from combustion will be done so that these routes do not intersect the routes of
raw materials, materials or finished products. The supply of liquid fuels, where appropriate, will be done on the
principle of separate routes, which do not intersect with those of raw materials, semi-finished products or
finished products. For all operations with an impact on the hygiene and, respectively, on the food safety of the
finished product, specific procedures and instructions will be established to ensure a correct and efficient
operation for the elimination or reduction of contaminations. Also, monitoring and control sheets will be drawn
up, which will have a mandatory field for the signature of the person responsible for monitoring and a field for
verification (control).
All processors must now have a preventive controls based food safety plan with detailed verification and
monitoring. Processors must also take the physical conditions of their facility into account as part of risk based
hazard analysis, this will determine whether a product is at higher risk for example if a facility or equipment
within it is hard to clean or zoning is less than ideal. Control programs are now required for undesirable (not just
pathogenic) microorganisms that could lead to illness, radiological hazards, unapproved additives, colour
additives, and economic adulteration for processed food.
CONCLUSIONS
Consumers have a right to expect that the foods they purchase and consume will be safe and of high
quality. At the heart of all food control activities is the establishment of safety and quality standards. Control
of food safety and quality encompasses a broad number of factors. To provide safe products, food industry
management requires an organized way of defining and controlling the relationships of critical factors in the
complete food supply system.
Depreciation and alteration of food products occur as a result of the action of quality modifiers factors
and their characteristics. These factors can be microbiological, chemical or physical. Not only external or
intrinsic modifying factors have negative effects on the quality of a food product but also a number of other
factors related to the initial contamination of the product, the action of uncontrolled substances added to the
product or the accidental penetration of some substances dangerous for human health.
For consumers, food control systems must provide meaningful protection against real and important
hazards. Responsible production, proper hygiene and careful supervision have become absolutely necessary
for food safety. Food business operators must comply with all rules of hygiene, production, distribution and
service in order to reduce or eliminate biological, physical and / or chemical contamination that could affect
food safety, health and even the lives of consumers.
REFERENCES
[1]
Ali F., Harris K.J., Ryu K., (2019), Consumers’ return intentions towards a restaurant with foodborne
illness outbreaks: Differences across restaurant type and consumers’ dining frequency. Food Control,
Vol.98, pp.424-430;
[2]
Ali F., Rasoolimanesh S.M., Sarstedt M., Ryu K., (2018), An assessment of the use of partial least
squares structural equation modeling (PLS-SEM) in hospitality research. International Journal of
Contemporary Hospitality Management Vol.30(1), pp.514–538;
[3]
Bonciu E., (2017), Food processing, a necessity for the modern world in the context of food safety: a
Review. Annals of the University of Craiova-Agriculture, Montanology, Cadastre Series, Vol.47, pp.391398;
[4]
Bonciu E., (2012), Agricultural biotechnologies, balance factor for the sustainable development of the
socio-economic system. Annals of the University of Craiova, Universitaria Craiova, Vol.17, pp.69-74;
150

INTERNATIONAL SYMPOSIUM

[5]
[6]

[7]
[8]

[9]

[10]

[11]

[12]
[13]
[14]
[15]

Bonciu E., Sarac I., (2016), Implications of modern biotechnology in the food security and food safety.
Annals of the University of Craiova, Universitaria Craiova, Vol.46, pp.36-41;
Harris K.J., Murphy K.S., Di Pietro R.B., Rivera G.L., (2016), Food safety inspections results: A
comparison of ethnic-operated restaurants to non-ethnic-operated restaurants. International Journal of
Hospitality Management, Vol.46, pp.190-199;
Oldroyd R.A., Morris M.A., Birkin M., (2020), Food safety vulnerability: Neighbourhood determinants of
non-compliant establishments in England and Wales. Health and Place, Vol.63;
Ridderstaat J., Okumus B., (2019), Hidden restaurant sanitation inspection results: A weekday and
monthly examination of reported data. International Journal of Hospitality Management, Vol.79, pp.110122;
Rosculete C.A., Bonciu E., Rosculete E., Olaru L.A., (2019), Determination of the Environmental Pollution
Potential of Some Herbicides by the Assessment of Cytotoxic and Genotoxic Effects on Allium cepa. Int.
J. Environ. Res. Public Health, Vol.16(75);
Rosculete E., Olaru A.L., Rosculete C.A., Bonciu E., (2019), Assessment of Cytological Effects of Food
Preservative Potassium Metabisulphite to Allium cepa. American Journal of Plant Sciences, Vol.11(1),
pp.11-23;
Young, I., Thaivalappil, A., Greig, J., Meldrum, R., Waddell, L., (2018), Explaining the food safety
behaviours of food handlers using theories of behaviour change: a systematic review. International
Journal of Environmental Health Research, Vol.28(3), pp. 323-340;
***
Foodborne Germs and Illnesses. https://www.cdc.gov/foodsafety/foodborne-germs.html, accessed on
05.09.2020.
***
How Food Gets Contaminated - The Food Production Chain, https://www.cdc.gov/foodsafety/
production-chain.html, accessed on 10.09.2020;
***
How to Implement Food Safety: A Manufacturer’s Guide. https://safetyculture.com/topics/food-safety/,
accessed on 10.09.2020.
***
People With a Higher Risk of Food Poisoning. https://www.cdc.gov/foodsafety/people-at-risk-foodpoisoning.html, accessed on 05.09.2020.

151

INTERNATIONAL SYMPOSIUM

THE ACHIEVEMENT OF FUNCTIONAL INGREDIENT FOR DIABETICS BY
LYOPHILISATION (HELIANTHUS TUBEROSUS L.) TUBERS
/
OBȚINEREA UNUI INGREDIENT FUNCȚIONAL DESTINAT DIABETICILOR, PRIN
LIOFILIZAREA TUBERCULILOR DE TOPINAMBUR (HELIANTHUS TUBEROSUS L.)
Burnete-A. G.1), Ph.D. Eng. Catană L.*1), Ph.D. Eng. Catană M.1), Lazăr A-M1, Prof. Ph.D. Teodorescu R.I.2), Ph.D. Eng.
Belc N.1), Ph.D. Eng. Vlăduţ V.3), Ph.D. Eng. Pîrvu G.1)
2)

1)
National Institute of Research and Development for Food Bioresources, IBA Bucharest/ Romania;
University of Agronomic Sciences and Veterinary Medicine of Bucharest, Faculty of Horticulture, USAMVB, Bucharest/ Romania;
3)
INMA Bucharest / Romania
E-mail: luminita.catana@bioresurse.ro; lumi_catana@yahoo.co.uk

Keywords: functional ingredient, diabetics, Jerusalem artichoke, lyophilisation
ABSTRACT
Jerusalem artichoke tubers (Helianthus tuberosus L.) have a complex biochemical composition and are
distinguished by their protein, minerals (potassium, calcium, magnesium, iron, etc.) and inulin content. Inulin can
be used in the diet of diabetics as a substitute of sugar, without having an impact on blood glucose. In this paper
are presented the results of the researches performed to achieve a functional ingredient (powder) with high
nutritional value and antioxidant potential by lyophilisation of Jerusalem artichoke tubers. The achieved
functional ingredient was evaluated sensory, physic-chemically and microbiologically. The powder obtained from
Jerusalem artichoke tubers is characterized by their inulin (54.25-57.74%), crude fiber 6.25-7.32%), total
polyphenols (28.52-35.12mg GAE/g), proteins (8.15...9.45%), iron (11.45-12.97 mg/100g), potassium (1723.151908.56 mg/100g), calcium (54.07-60.18 mg/100g), magnesium (74.25-83.65 mg/100g), zinc (0.95-1.34
mg/100g) phosphorus (278.45-312.57 mg/100g), vitamin C (11.25-12.47 mg/100g) and vitamins B (vitamin B1:
0.48-0.55 mg/100g; vitamin B3: 3.55-3.79 mg/100g; vitamin B5: 1.08-1.14 mg/100g; vitamin B6: 0.26-0.28
mg/100g) content. Also, powder achieved from Jerusalem artichoke tubers has antioxidant potential. Due to its
complex biochemical composition, the functional ingredient achieved from Jerusalem artichoke tubers can be
used to fortify food and also as a sweetening agent for diabetics intended products.
REZUMAT
Tuberculii de topinambur (Helianthus tuberosus L.) au o compoziție biochimică complexă și se remarcă
prin conținutul lor în proteine, minerale (potasiu, calciu, magneziu, fier etc.) și inulină. Inulina poate fi utilizată în
dieta diabeticilor ca substituient al zahărului, fără a avea un impact asupra glicemiei. În această lucrare sunt
prezentate rezultatele cercetărilor efectuate pentru obținerea unui ingredient funcțional (pulbere) cu valoare
nutritivă ridicată și potențial antioxidant prin liofilizarea tuberculilor de topinambur. Ingredientul funcțional obținut
a fost evaluat senzorial, fizico-chimic și microbiologic. Pulberea obținută din tuberculii de topinambur se
caracterizează prin conținutul în inulină (54,25-57,74%), fibre brute (6,25-7,32%), polifenoli totali (28,52-35,12
mgGAE/g), proteine (8,15-9,45 %), fier (11,45-12,97 mg/100g), potasiu (1723,15-1908,56 mg/100g mg/100g),
calciu (54,07-60,18 mg /100g), magneziu (74,25-83,65 mg/100 g), zinc (0,95-1,34 mg/100g) fosfor (278,45312,57 mg /100g), vitamina C (11,25-12,47 mg/100g) și vitamine B (vitamina B1: 0,48-0,55 mg/100g; vitamina
B3: 3,55-3,79 mg/100g; vitamina B5: 1,08-1,14 mg/100g; vitamina B6: 0,26-0,28 mg/100g). De asemenea,
pulberea obținută din tuberculii de topinambur, are potențial antioxidant. Datorită compoziției sale biochimice
complexe, ingredientul funcțional obținut din tuberculii de topinambur, poate fi utilizat pentru fortifierea
produselor alimentare și, de asemenea, ca îndulcitor pentru produsele destinate diabeticilor.
INTRODUCTION
Diabetes is a metabolic disease, with an increased incidence both internationally and nationally. According
to the International Diabetes Federation, in 2017, there were worldwide, 425 million people living with diabetes
(largest age group: 40-59 years) and 352 and 352 million pre-stage of diabetes, called Impaired Glucose
Tolerance. Also, by 2045, the number of people with diabetes is expected to rise by 48% worldwide
(International Diabetes Federation, 2017). The development of functional ingredients that can be used to fortify
food and also as a sweetener for products for diabetics is of real interest.
Jerusalem artichoke (Helianthus tuberosus L.) is a plant with a long history of cultivation that has been
making a revival as an edible vegetable in recent years.
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Jerusalem artichoke tubers have a complex biochemical composition: water (75–79%), carbohydrates
(15–16%), proteins (2–3%) and fat (2–3%), microelements (P, K, Ca, Mg, Fe, Si, Zn, Mn, Se), vitamins, (such
as vitamin C) (Negro et al.,2006; Ciechanowska et al., 2019). Also, Jerusalem artichoke, a widely consumed
edible, is an excellent source of inulin and selected phytochemicals.
Tubers contain 221 mg of phenolic compounds in 100 g of fresh matter, and the content of phenolic acids
with antioxidant properties is estimated at 16.6% on a dry matter basis (Ciechanowska et al., 2019). Inulin is a
plant polysaccharide that comprises all straightchain fructans consisting of fructosyl units linked by β-D(2-1)
glycosidic bond (Roberfroid, 2005).
The presence of β(2-1) bond prevents inulin from being digested like typical carbohydrate and is
responsible for its reduced calorie value and dietary fibre effects (Abed et al., 2016). Because of the β (2,1)
linkages, inulin cannot be digested by intestinal enzymes, and can be thus successfully used in the composition
of functional foods for type 2 diabetes and obesity (Kelly, 2008; Nair et al., 2010).
According to Petkova et al. (2014) Jerusalem artichoke flour delivers health benefits due to its high total
polyphenolic content. Tchoné et al. (2006) identified 22 phenolic compounds in Jerusalem artichoke tubers, with
a predominance of chlorogenic acid. A number of bioactive compounds from the above ground parts of this
plant have been isolated which have demonstrating antifungal, antioxidant and anticancer activities. In recent
years, a number of animal experiments have been carried out to assess the health properties of Jerusalem
artichoke. Obtained results show that Jerusalem artichoke possess a wide spectrum of medical applications,
e.g. reduction in the levels of plasma glucose, total cholesterol and triglyceride. Also, Jerusalem artichoke has
been shown to be a valuable alternative source of prebiotic compounds (Szewczyk et al., 2019).
Radovanovic et al. (2015) obtained one functional product from artichoke tubers which they used to
obtain extruded products with a low glycemic index, intended for diabetics.
This functional ingredient has been added to the composition of the products, in percentages of 30%,
60% and 80% together with buckwheat flour. The increase of the concentration of the functional ingredient
triggered the increase of the content of total fibers (from 7.40% to 11.82%), of inulin (from 5.23% to 18.23%)
and, at the same time, the decrease of the total carbohydrate content from 72.90% to 29.89%. At the same
time, the sensory analysis showed that the extruded products (snacks) prepared with this functional ingredient
were positively accepted by the panel of tasters and received an average score of 8.75.
Khuenpet et al. (2016) obtained from Jerusalem artichoke tubers a functional ingredient as powder form
and also inulin also in powder form. These ingredients can be used in the composition of foods for diabetics in
order to increase the nutritional value and also for sweetening.
Jerusalem artichoke (Helianthus tuberosus L.) is used as a functional food ingredient in the design and
production of chocolates, sugar confectionaries, soups, sauces, meat products, bakery products, nutritional
bars, beverages, milk products, dietary supplements and many other food products (Gupta and Chaturvedi,
2020).
In this paper are presented the results of the researches performed to achieve a functional ingredient
(powder) with high nutritional value and antioxidant potential by lyophilisation of Jerusalem artichoke tubers. The
achieved functional ingredient was evaluated sensory, physico-chemically and microbiologically.

MATERIALS AND METHODS
Fresh Jerusalem artichoke tubers (Red and White varieties) were obtained from Romanian farmers. In
order to obtain Jerusalem artichoke powder, the tubers were subjected to sorting, washing, cleaning and cutting
operations to eight-mm long noodle using a fruit and vegetable cutting machine.
Then, the divided tubers were subjected to lyophilisation process in a freeze dryer (Heto PowerDry PL
3000, from Thermo Electron Corporation) at temperature -55ºC to a moisture which allows their milling and
conversion into powders and, at the same time, their stability in terms of quality.
Milling of dried semi-finished products was performed by using Retsch mill. After, the functional
ingredients (powders) were packed in glass containers, hermetically sealed, protected by aluminum foil against
light and stored in dry and cool areas (at maximum 20 ºC), till to the sensory, physico-chemical and
microbiological analysis.
In fig. 1 are presented the Jerusalem artichoke tubers (White variety) used in experiments and in fig. 2
are presented the powders achieved from Jerusalem artichoke tubers.
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Fig.1. Jerusalem artichoke tubers (White variety) used in experiments

(a)
(b)
Fig.2. Jerusalem artichoke powder (a) –White variety; (b) – Red variety

For the qualitative characterisation of the bio carrot pomace powders were used standardized methods
and developed and validated methods in IBA Bucharest. Measurement of the color parameters of samples was
performed at room temperature, using a CM-5 colorimeter (Konica Minolta, Japan), equipped with SpectraMagic
NX software, to register CIELab parameters (L*, a*, b*). The moisture content was determined according to the
ААCC 44-15A method. Protein content was determined by the Kjeldahl method with a conversion factor of
nitrogen to protein of 6.25 (AOAC Method 979.09, 2005). Fat content was determined according to AOAC
Method 963.15, and ash content according to AOAC Method 923.03 (AOAC, 2005). In order to determine
minerals samples were mineralized by calcination, with the addition of hydrochloric acid and hydrogen peroxide.
The minerals potassium (K), calcium (Ca) and magnesium (Mg) were determined by Atomic Absorption
Spectrophotometer (type Aanalyst 400, Perkin–Elmer).
Iron (Fe) was determined by Graphite Furnace Atomic Absorption Spectrophotometer (type AAnalyst 600,
Perkin–Elmer). Phosphorus was determined by spectrophotometric method (AOAC 2000). The crude fiber
content of the samples was determined using a Fibretherm-Gerhardt equipment. Crude fibers include cellulose,
hemicellulose, and lignin. Inulin-type fructans was determined by AOAC 999.03 method. Determination of the
water-soluble vitamins was performed by high performance liquid chromatography coupled with mass
spectrometry (Asănică et al., 2019).
Total phenolic content was determined by Folin-Ciocalteu procedure, and antioxidant capacity by DPPH
method. The water activity (Aw) was determined by the method ISO 21807:2004. Yeasts were determined by
the method SR ISO 21527-1:2009 and SR ISO 21527-2:2009. Enterobacteriaceae were determined according
to the SR EN ISO 21528-2:2017 method and Escherichia coli by SR ISO 16649-2:2007 method. Salmonella
was determined by the method SR EN ISO 6579-1:2017.

RESULTS
Following the sensory analysis, it was found that the powders obtained from the processing of Jerusalem
artichoke tubers (Helianthus tuberosus) have light gray colors in the case of white Jerusalem artichoke and,
respectively, light beige with brown dots, in the case of red Jerusalem artichoke variety and had a pleasant taste
and smell (fig.2).
Following the instrumental analysis of the color (fig. 3) it was found that the powder from Jerusalem
artichoke tubers, red Jerusalem artichoke variety, was darkest in color, recording the minimum luminance value
(L* = 74.42), and the one obtained from Jerusalem artichoke tubers, white Jerusalem artichoke variety, had a
the lightest color (L* = 83.45).
The maximum positive value of the parameter a* (red color coordinate) and the maximum value of the
parameter b* (yellow color coordinate) were recorded for the powder obtained from artichoke tubers, Jerusalem
artichoke, Red variety (a* = 3.18; b* = 14.65).
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Fig. 3. Colour parameters of the Jerusalem artichoke powder

The functional ingredient in powder form, from Jerusalem artichoke tubers (Helianthus tuberosus), stands
out through its content in protein, ash, mineral elements (K, Ca, Mg, Fe, P), crude fiber, inulin and watersoluble vitamins (vitamin C , vitamin B1, vitamin B3, vitamin B5). The protein, lipid, crude fiber, inulin and ash
content of powder obtained from Jerusalem artichoke tubers, red Jerusalem artichoke variety, was higher than
that from powder obtained from Jerusalem artichoke tubers, white Jerusalem artichoke variety (table 1).
Table 1
Physico-chemical composition of powders achieved from
Jerusalem artichoke tubers
Physico-chemical
indicator

Jerusalem artichoke powder
White variety

Red variety

Moisture [%]

7.08±0.18

7.23±0.18

Ash [%]

4.21±0.05

4.59±0.06

Protein [%]

8.15±0.07

9.45±0.09

Fat [%]

1.40±0.015

1.52±0.016

Crude fibers [%]

6.25±0.13

7.32±0.15

Inulin-type fructans [%]

54.25±1.09

57.74±1.15

The results showed that for the main physico-chemical indicators determined in the case of the Jerusalem
artichoke powder achieved in this experimental study, are in agreement with those obtained by Catană et al.
(2018), in the case of the Jerusalem artichoke powder, obtained by hot air dehydration, in a convection dryer at
temperature 50ºC, of Jerusalem artichoke tubers (Red and White varieties). Powders achieved from Jerusalem
artichoke tubers are a source of inulin (54.25 %, 57.74 %, respectively).
Among the widely-known prebiotics, inulin-type fructans are the most commonly used. Prebiotics confer
many health benefits on the gastrointestinal tract, immune system and brain function, as well as increasing
absorption of minerals, regulating blood lipids, and reducing cancer risk (Kareb et al., 2018).
The powders achieved from Jerusalem artichoke tubers are an important source of minerals (K, Ca, Mg,
Fe, Zn and P). Their content in minerals is presented in fig. 4 and 5.
Mineral content of powder achieved from Jerusalem artichoke tubers – Red variety is higher than that
recorded for the powder obtained from processing of Jerusalem artichoke tubers - White variety. Also, the
mineral content of powders achieved from Jerusalem artichoke tubers is comparable with that reported by
Catană et al. (2018), in case of the Jerusalem artichoke powder, obtained by hot air dehydration, in a
convection dryer at temperature 50ºC, of Jerusalem artichoke tubers.
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Fig. 4. Mineral content (Mg, K, Ca, P) of powders achieved from Jerusalem artichoke tubers

Fig. 5. Mineral content (Fe, Zn, Na) of powders achieved from Jerusalem artichoke tubers

The water-soluble vitamins content of the functional ingredient obtained from Jerusalem artichoke tubers
is presented in Table 2.
Table 2
Water-soluble vitamins content of powders achieved from Jerusalem artichoke tubers
Vitamins

Jerusalem artichoke powder
White variety

Red variety

Vitamin C [mg/100g]

11.25±0.51

12.47±0.56

Vitamin B1 [mg/100g]

0.48±0.022

0.55 ±0.025

Vitamin B3 [mg/100g]

3.55±0.16

3.79 ±0.17

Vitamin B5 [mg/100g]

1.08±0.049

1.14 ±0.051

Vitamin B6 [mg/100g]

0.26±0.012

0.28±0.013

The application of the lyophilization process (at a temperature of -55°C) of Jerusalem artichoke tubers to
obtain a functional ingredient, ensures a significantly higher content of water-soluble vitamins, compared to the
functional ingredient obtained by hot air dehydration, in a convection dryer at temperature 50ºC, by Catană et
al., 2018, as follows:
✓ 4.53-4.68 times higher in the case of vitamin C
✓ 2.24 -3.58 times higher in the case of vitamin B1 (Thiamin)
✓ 2.67-3.90 times higher in the case of vitamin B3 (Niacin)
✓ 4.65-5.14 times higher in the case of vitamin B5 (Pantothenic Acid)
✓ 3.33– 4.13 times higher in the case of vitamin B6 (Pyridoxine)
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Jerusalem artichoke powders are important sources of phenolic compounds. The total polyphenol content
of these is presented in figure 6. The extraction of phenolic compounds was performed in three extraction media
(methanol:water = 1:1; ethanol:water = 1:1; acetone:water = 7:3). The total polyphenol content of Jerusalem
artichoke powders varied in the range 28.52...35.12 mg GAE/g (the minimum value was recorded in case of
powder obtained from Jerusalem artichoke tubers - White variety and the maximum value for the one obtained
from Jerusalem artichoke tubers - Red variety). In this study, the most effective solvent for the extraction of total
polyphenols was acetone:water = 7:3. Values of polyphenol content obtained within this study are higher
compared to that reported for Jerusalem artichoke flour by Petkova et al., 2014: 12-16 mg GAE/g DW (in 70 %
(v/v) ethanol extraction).

Fig. 6. Total polyphenol content of the powders achieved from Jerusalem artichoke tubers

Bioactive compounds are associated with decreased in oxidative stress, inflammation and consequently
in risk of non-communicable diseases. Polyphenols have demonstrated potential biological activity in many
diseases, such as cancer, diabetes, inflammation, obesity-related diseases, neurodegenerative disorders,
bacterial and viral infections or cardiovascular diseases due to antioxidant and prooxidant capacities. The
polyphenols antiproliferative activities can be influenced by digestive process (Vieira do Carmo, M.A. et al.,
2018).
Due to their content in phenolic compounds Jerusalem artichoke powders have antioxidant capacity.
Their antioxidant capacity is presented in fig. 7.

Fig. 7. Antioxidant capacity of the powders achieved from Jerusalem artichoke tuber
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Antioxidant capacity of Jerusalem artichoke powders varied in the range 3.60..6.45 mg Trolox
Equivalents/g (the minimum value was recorded in case of powder obtained from Jerusalem artichoke tubers White variety and the maximum value for the one obtained from Jerusalem artichoke tubers - Red variety).
In the case of use of acetone:water = 7:3, as extraction medium, were obtained higher values of
antioxidant capacity: 4.85 mg Trolox Equivalents/g (White variety) and 6.45 mg Trolox Equivalents/g (Red
variety), respectively. Values of antioxidant capacity obtained within this study are higher compared to that
reported for Jerusalem artichoke flour Catană et al., 2018: 1.78 ... 6.04 mg Trolox Equivalents/g,
Results of the microbiological analysis of the powders achieved from Jerusalem artichoke tubers are
presented in the table 3. Microbiological analysis showed that the achieved powders are in the frame of the
provisions of the legislation into force. These powders show low values of water activity (0.315 -White variety,
0.326- Red variety), which give them microbiological stability.
Table 3
Microbiological analysis of the powders achieved from Jerusalem artichoke tubers
Jerusalem
artichoke
powder

Yeast and
mold (CFU/g)

Enterobacteriaceae
(CFU/g)

Escherichia
coli (CFU/g)

Salmonella
(in 25 g)

Water activity
(Aw)

White variety

< 10

< 10

< 10

absent

0.315

Red variety

< 10

< 10

< 10

absent

0.326

CONCLUSIONS
Powders achieved from Jerusalem artichoke tubers by lyophilisation process at temperature -55ºC are
important sources of minerals (K, Fe,Mg, Ca, P), inulin and bioactive compounds.Thus, Jerusalem artichoke
powders are characterized by total polyphenol content (28.52...35.12 mg GAE/g), vitamin C (11.25 mg/100g
White variety, 12.47 mg/100g Red variety) and vitamins B. Also these powders have antioxidant capacity
(3.60..6.45 mg Trolox Equivalents/g) being beneficial in a healthy diet for prevention of diseases caused by free
radicals.
On the other hand, powders achieved in this study are characterized by high inulin-type fructans content
(54.25 White variety, 57.74 Red variety), being beneficial for achieving of bakery and pastry products for
diabetics.
Powders achieved from Jerusalem artichoke tubers can be regarded as functional ingredients and can be
used to fortify food products (bakery and pastry products, especially) in order to increase the nutritional and their
antioxidant potential, but also as sweetening agent for products for diabetics.
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ABSTRACT
A statistical analysis was carried out based on the experimental results of a vibrating mechanical system
composed of three vibrating sieves. The vibratory movement was obtained by placing an actuator, consisting of
an eccentric disc in a lower position on the stand. Due to the simplified calculation hypotheses that were taken
into account in the mathematical solution of some real life problems, sometimes the results obtained
experimentally do not fully correspond to those obtained by calculations and therefore we made a statistical
analysis to observed the tests repeatability.
REZUMAT
A fost realizată o analiză statistică pe baza rezultatelor obținute experimental al unui sistem mecanic
vibratoriu compus din trei site vibratoare. Mișcarea vibratorie a fost obținută prin amplasarea unui dispozitiv de
acționare, compus dintr-un disc cu excentric într-o poziție inferioară pe stand. Datorită ipotezelor simplificate
de calcul de care ținem cont în rezolvarea matematică a unor probleme din viața reală uneori datele
obținute experimental nu corespund în totalitate cu cele obținute prin calcule și de aceea am realizat o
analiză statistică pentru a observa repetabilitatea testelor.
INTRODUCTION
In the current context of the pandemic, it is increasingly necessary to provide food for the population
and the development of agricultural equipment is always in the attention of researchers.
The highest demand for high quality raw materials involves the use of high-performance technologies
for processing agricultural products. Some machines use vibrating sieves to achieve the best possible
separation of cereal seeds. The research of the process of sieving of grain mixes in vibrating sieves of grain
separators is given. The generalization of theoretical research allowed obtaining a mathematical model of grain
mix dynamics in vibrating sieves, which is based on hydroanalogy and improved by the introduction of bubble
fluidized medium (Tishchenko l., 2016), experimental researches of qualitative indexes of impurities separation
out of cereal seed mass for equipment using combined principles of separation (according to specific mass and
aerodynamic properties of seeds (Bracacescu C. ,2016), studies of the diagram and the operational principle of
electromagnet driven vibrating sieves and the constructive and functional factors influencing the working
parameters of this type of equipment. The diagram is represented by the automatic amplitude and frequency
control systems of the vibrations generated by the studied electromagnetic device, in view of its utilization for
driving vibrating sieves design to milling industry for cereal seeds primary processing. (Bracacescu C. ,2014)
analyzed displacement regimes of particle by forward sliding and back sliding.
Because of velocity discontinuity which appears as consequence of friction between particle and plan or
of dropping on plan in the case of detachment, vibro-impact motion regimes appear (Ilea R., 2010).
Experimental researches have been carried out to determine the influence of the amplitude and frequency of
oscillations with different angles of the crater box inclination on the course of the crushing process (Matsiuk B,
V., 2020).
The physics of the compaction process defined in this way is a prerequisite for the formulation of the
idea of creating a new machine to determine the parameters of this machine, providing criteria for efficiency and
reliability. The main principle for evaluating the effectiveness is the adopted function of the amplitude and
frequency of vibration, which determines the speed or acceleration of the compaction process (Nazarenko I.,
2019).
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Induced vibrations can have a beneficial effect on the separation process but can also be damaging.
Several studies have been completed on this subject, but the experimental research was poor.
Therefore, the aim of this study was the positive effect of forced vibrations for the case of three vibrating
sieves with lower exciter.
MATERIALS AND METHODS
The experimental equipment used in this paper was developed in other previous studies considering the
basic information from the vibrating machines theory (Dragomir et al., 2015). The sieve movement was studied
by the movement of its frame by vibration accelerations. The vibration displacements (vibration velocities) of the
slow box are higher than the vibration displacements (vibration velocities) of the rapid box. Vibration
accelerations was measured with an accelerometer B 003 4306 Brüel&Kjaer connected to the board, that was
connected to a personal computer. Based on the experiments, it is assumed that the vibrations of the box
consist of three-frequencies. In this study we analyzed just one frequency for mass of sieve (m=5,105 kg) and
only vibration accelerations for these tests are comparable.
The equipment was made up of 3 rectangular metal frames, of known mass, being rigidly fixed on the
sides with two elastic blades on the floor. The source of vibrations is an eccentric disc mounted with two
bearings on the frame. 10 tests were performed, in the same operating conditions, with the same initial
parameters, the speed of the ME shaft was 1200 rpm, each test lasted 10 minutes. In order to determine the
displacements due to the vibrations, type B 003 4306 accelerometers were mounted on the 3 sites.
The experimental results obtained were introduced in the Mathcad software where three distribution laws
(Gauss, Exponential and Weibull) were evaluated, in order to obtain the concordance with the experimental
results.

Fig.1 - The entire experimental system:
a) The experimental equipment, b) Data acquisition system

RESULTS
Data processing and identification of significant recorded parameters was performed with LabView 2011
software. And a part of the experiment can be seen in figure 2.

Fig.2 –The acceleration
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a) X waveform, b) FFT-(RMS)

-

From the experimental results it was obtained the forced vibration:
Frequency amplitude:
Acceleration:
Velocity:
Displacement:
]

In order to observe the repeatability of the vibration tests, a statistical analysis will be done for the
set of tests. This set contains ten free vibration and forced vibration tests, performed at a speed of 1200
rpm under the same conditions. For each of the free vibrations tests the frequency was obtained
experimentally, while in the case of the forced vibrations the displacements were determined based on the
acceleration signal obtained from the experiments. The following statistical indicators we re determined for
the respective frequencies and displacements: mean, dispersion sx2, standard deviation sx and coefficient
of variation v.
RESULTS
The experimental results presented in table1 and table 2 were compared with the previous results
obtained analytically. In table 1, the mass displacements were obtained by double integrating the values of
the acceleration signal measured on the mass, in the horizontal direction (considered the direction of the
disturbing force).
Table 1
Free vibration analysis

Mass

Calculated
frequency
[Hz]

m

32,09

Experimentally obtained frequency [Hz]
Test
1
31,81

Test
2
30,95

Test
3
31,33

Test
4
31,63

Test
5
30,99

Test
6
31,26

Test
7
31,33

Test
8
31,21

Test
9
31,18

Test
10
31,47

Table 2
Forced vibration analysis at a speed of 1200 rot/min

Mass

Calculated
displacements
[mm]

m

1,031

Experimentally obtained displacements [mm]

Test
1

Test
2

Test
3

Test
4

Test
5

Test
6

Test
7

Test
8

Test
9

Test
10

0,832

0,895

0,913

0,904

0,885

0,838

0,911

0,908

0,867

0,856

The dispersion was calculated as the arithmetic mean of the squares of the individual deviations of the
values from the central tendency:
(1)

The standard deviation is used to quantify the variation of a set of values from the central trend (Stoica
N.A., 2018):
(2)

The coefficient of variation allows to determine the repeatability of the tests and is calculated as the ratio
between the standard deviation and the mean.
(3)

The values obtained for the mean, the standard deviation, the dispersion, and the coefficient of variation
are exemplified in table 3.
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Table 3
Statistical coefficients for frequency and displacements
Experimentally obtained
displacements [mm]

Mean
Dispersion

Experimentally obtained
frequency
[Hz]
31,316
0,064

Coefficient of variation
Standard deviation

0,008
0,253

0,033
0,029

0,881
0,0008

The law of distribution of test results was established using the Kolmogorov-Smirnov test which
makes it possible to evaluate the correlation of the theoretical distribution noted with F(x) with the
experimental distribution noted Fn(x). First, we determine the maximum value of the difference:
(4)
Having a significance threshold (α), we will write the equation:
(5)

Where n represents the number of experimental results, in this case n = 10, and λ represents the root of
the equation:
(6)
If
The function is:
(7)

where k = 1, 2…10.
Three distribution laws were evaluated (Gauss, Exponential, Weibull):

where FG is the function for the Gaussian distribution, F e is the function for the exponential distribution, F W
is the function for the Weibull distribution, η W is the scale parameter, γ W is the position parameter and β W is
the shape parameter.
Analyzing the three functions in the Mathcad program, having a significance threshold α =
0.000001, with λ = 2.693, it is observed that the results are in accordance with the Gaussian and Weibull
distribution laws.
For the Gaussian distribution law, using the rule of three σ, we obtain:
➢
=31.316, σ=0.253
➢
=0.881, σ=0.029
Following these results, we can say that other experimental results can fall within the thresholds
mentioned above with a probability of 99.27% if the principle of practical certainty is applied (Panaite V. et
al, 1982).
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CONCLUSIONS
• The experimental results presented in Table 1 and Table 2 are quite close to the calculated results using
the analytical calculation method, presented in previous studies mentioned in this paper.
• The experimental model can be improved with other methods for the vibration of the sieves, that can be
used in applications in agriculture industry.
• The mass of the sieves influences the eigenfrequencies. Also, for these types of experimental, depending
on operating parameters of the sorting equipment, it can be estimating the productivity.
• The right estimation of the resonance frequency of the sorting equipment can lead at right damping
solution to transmitted vibrations (damping base) in the building.
• Thus, the results indicate that the tests performed at 1200 rpm, for a 5,105 kg mass, are repeatable.
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ABSTRACT
Valorisation of plant wastes through achieving of functional ingredients that increase nutritional quality and
antioxidant potential of food products is of real interest. Carrot is an important root vegetable which is used for
juice production. The juice yield in carrots is about 60–70% and the carrot wastes is about 30–40%. Carrot
wastes are an important source of dietetic fibres (soluble and insoluble), carotenoids and minerals (calcium,
copper, magnesium, potassium, phosphorus, iron). At the same time, these vegetable wastes have antioxidant
capacity. In this paper are presented the results of the researches performed to achieve a functional ingredient
(powder) with high nutritional value and antioxidant potential from bio carrot wastes, resulted after juice
extraction. The achieved functional ingredient was evaluated sensory, physico-chemically and microbiologically.
At the same time, powder achieved from carrot wastes has antioxidant capacity (128.68...139.36 mg TE/100 g).
Due to sensory and nutritional qualities, carrot pomace powder can be used for fortification of coventional and
gluten-free bakery and pastry products.
REZUMAT
Valorificarea deșeurilor vegetale prin realizarea ingredientelor funcționale care să crească calitatea
nutrițională și potențialul antioxidant al produselor alimentare, este de un real interes Morcovul este o
importantă legumă rădăcinoasă care este utilizată pentru producția sucurilor. Randamentul de obținere al
sucului de morcovi este de aproximativ 60–70%, iar deșeurile de morcovi sunt de aproximativ 30–40%.
Deșeurile de morcovi sunt o sursă importantă de fibre dietetice (solubile și insolubile), carotenoizi și minerale
(calciu, cupru, magneziu, potasiu, fosfor, fier). În același timp, aceste deșeuri vegetale au capacitate
antioxidantă. În această lucrare sunt prezentate rezultatele cercetărilor efectuate pentru obținerea unui
ingredient funcțional (pulbere) cu valoare nutritivă ridicată și potențial antioxidant din deșeurile de morcovi bio,
rezultate după extragerea sucului. Ingredientul funcțional obținut a fost evaluat senzorial, fizico-chimic și
microbiologic. În același timp, pulberea obținută din deșeurile de morcovi are capacitate antioxidantă (128,68
...139,36 mg TE /100 g). Datorită calităților senzoriale și nutriționale, pulberea din deșeuri de morcovi poate fi
utilizată pentru fortifierea produselor de panificație și de patiserie convenționale și a celor fără gluten.

INTRODUCTION
Carrot (Daucus carota L.) is an important root vegetable, traditionally used for the preparation of salads
and soups, but also for obtaining nutritionally rich processed products such as juice, concentrate, dried powder,
canned products (Sharma et al., 2012; Barzee et al., 2019). The yield of the juice is about 60–70%, the waste
representing about 30–40% of the mass of carrots subjected to processing (Sharma et al., 2012). It should be
noted that about 80% of the β-carotene content of carrots subjected to processing, are found in the resulting
waste (Kumar and Kumar, 2011). Carotenoids, polyphenols and vitamins present in carrots, act as antioxidants,
anticarcinogenic and immune-boosting agents. At the same time, due to the complex biochemical composition,
in the case of carrots, hepatoprotective, antihypertensive and wound healing stimulation effects have been
reported (Silva Dias, 2014). Carrot waste is an important source of dietary fiber (soluble and insoluble),
carotenoids and minerals (calcium, copper, magnesium, potassium, phosphorus, iron) (Nagarajaiah and
Prakash, 2015).
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Carrot pomace is perishable because it contains about 85% (wet basis) moisture (Kumar et al., 2012). For
the purpose of preservation of nutrients and bioactive compounds, carrot pomace is generally dried (at
maximum 50°C) and milled to obtain carrot pomace powder. Molnos and Vajda (2019) studied the infrared
drying kinetics of carrot pomace at various temperatures (50, 55, 60, 65, and 70°C). Authors concluded that the
carrot pomace drying with infrared radiation method would be a better choice compared to hot air convective
drying due to significantly shorter drying time. The calculated rate constants of infrared drying at various
temperatures could serve as a good starting point for industrial research and developments that need to be
carried out to scale up this drying method. Research undertaken by Catana et al.(2019) showed that the
powders achieved by convective dehydration, with hot air at a temperature of 50°C (in an electric dryer) of carrot
pomace, is distinguished by the content of total sugar, total fiber, minerals, β-carotene, vitamin C, but also
through its antioxidant capacity.
Due to sensory and nutritional qualities, carrot pomace powder can be used for fortification of coventional
and gluten-free bakery and pastry products. Carrot pomace having about 50% of β-carotene could beneficially
be used for the supplementation of products like cake, bread, biscuits and preparation of several types of useful
products (Surbhi et al., 2018). Majzoobi et al. (2017) studied effects of carrot pomace powder and a mixture of
pectin and xanthan on the quality of gluten-free batter and cakes. The main purpose of the study was to
determine the effects of various levels of CPP (0, 10, 20 and 30%) and a mixture of hydrocolloids including
pectin and xanthan (1.5% of each) on the quality of batter and gluten-free cakes. Addition of carrot pomace
powder increased the dark color of the cakes while inclusion of hydrocolloids had no effect on the appearance
of the cake and color. It was concluded that inclusion of maximum 30% carrot pomace and 20% carrot pomace
and hydrocolloids promoted the quality and sensory attributes of gluten-free cakes. Mohtarami (2018) studied
effect of carrot pomace powder and Dushab (traditional grape juice concentrate) on the physical and sensory
properties of cakes. The result of optimization showed that the cakes with high desirability in terms of physical,
textural and sensory properties can be developed by the substitution of 10% carrot pomace powder and 65%
Dushab. Kirbaș et al. (2019) studied effects of apple, orange and carrot pomace powders on gluten-free batter
rheology and cake properties. Addition of pomace powder increased batter specific gravity and crumb hardness,
and decreased specific volume of cakes. The cake with the highest specific volume was the control sample. The
lowest specific volume and volume index values were obtained from the cake prepared with 15% carrot pomace
powder. The sensory properties of the cake samples were investigated concerning color, texture, appearance,
flavor and overall acceptability, and those with 5% orange pomace powder received the highest acceptance
scores from the panelists.
In this paper are presented the results of the researches performed to achieve a functional ingredient
(powder) with high nutritional value and antioxidant potential from bio carrot wastes, resulted after juice
extraction.
MATERIALS AND METHODS
Bio carrot pomaces resulted by bio carrots processing into juice within the Pilot Experiments Plant for
Fruits and Vegetables Processing in IBA Bucharest, using a juicer extractor (Philips). Within experiments were
used bio carrots, purchased from Romanian farmers. Carrot pomaces were subjected to lyophilisation process
in a freeze dryer (Heto Power Dry PL 3000, from Thermo Electron Corporation) at temperature -55ºC to a
moisture which allows their milling and conversion into flours and, at the same time, their stability in terms of
quality. Milling of dried semi-finished products was performed by using Retsch mill.
The achieved functional ingredients (powders) were packed in glass containers, hermetically sealed,
protected by aluminum foil against light and stored at 4-8ºC, till to the sensory, physico-chemical and
microbiological analysis. In fig. 1 are presented bio carrot wastes and in fig. 2 are are presented the bio carrot
pomace powders.

Fig. 1. Bio carrot wastes
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Fig. 2. Bio carrot pomace powders

For the qualitative characterisation of the bio carrot pomace powders were used standardized methods
and developed and validated methods in IBA Bucharest. Measurement of the color parameters of samples was
performed at room temperature, using a CM-5 colorimeter (Konica Minolta, Japan), equipped with SpectraMagic
NX software, to register CIELab parameters (L*, a*, b*).
The moisture content was determined according to the ААCC 44-15A method. Protein content was
determined by the Kjeldahl method with a conversion factor of nitrogen to protein of 6.25 (AOAC Method
979.09, 2005). Fat content was determined according to AOAC Method 963.15, and ash content according to
AOAC Method 923.03 (AOAC, 2005). Total dietary fibre (TDF) was determined by enzymatic method using the
assay kits: KTDFR ‘‘Total dietary fibre’’ (AOAC Method 991.43). In order to determine minerals samples were
mineralized by calcination, with the addition of hydrochloric acid and hydrogen peroxide.
The minerals potassium (K), calcium (Ca) and magnesium (Mg) were determined by Atomic Absorption
Spectrophotometer (type Aanalyst 400, Perkin–Elmer). Iron (Fe) was determined by Graphite Furnace Atomic
Absorption Spectrophotometer (type AAnalyst 600, Perkin–Elmer).Determination of the water-soluble vitamins
was performed by high performance liquid chromatography coupled with mass spectrometry (Asănică et al.,
2019).
Determination of vitamin E (α-tocopherol) content was performed by high-performance liquid
chromatography (HPLC-DAD) (Popović et al., 2015). Determination of β-carotene and all-trans lutein content
was performed by high-performance liquid chromatography (HPLC-DAD) (Catană et al., 2020). Total phenolic
content was determined by Folin-Ciocalteu procedure, and antioxidant capacity by DPPH method. The water
activity (Aw) was determined by the method ISO 21807:2004. Yeasts were determined by the method SR ISO
21527-1:2009 and SR ISO 21527-2:2009. Enterobacteriaceae were determined according to the SR EN ISO
21528-2:2017 method and Escherichia coli by SR ISO 16649-2:2007 method. Salmonella was determined by
the method SR EN ISO 6579-1:2017.

RESULTS
Following the sensory analysis, it was found that the powders obtained from the processing of organic
carrot waste, have a light orange color and have a pleasant taste and smell, characteristic of carrots.
Instrumental color analysis (fig. 3) revealed that there are no significant differences between the three samples
studied in terms of the values of the determined color parameters: L* (luminance), a* (red color coordinate) and
b* (yellow color coordinate).
Following the physico-chemical analysis, it was found that the powders obtained from carrot waste are
distinguished by their protein content, total ash, total sugar and total fiber (table 1).
Table 1
Physico-chemical composition of powders achieved from bio carrot and wastes
Functional ingredient

Moisture
(%)

Ash
(%)

Protein
(%)

Fat
(%)

Total sugar
(%)

Total fibre
(%)

Carrot pomace powder (I)

7.50±0.18

7.12±0.09

6.70±0.06

1.53±0.017

14.75±0.047

47.60±0.89

Carrot pomace powder (II)

7.65±0.19

6.63±0.08

6.37±0.06

1.42±0.016

13.38±0.040

48.80±0.91

Carrot pomace powder (III)

7.40±0.18

6.90±0.08

6.61±0.06

1.67±0.018

15.80±0.048

47.27±0.89
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Fig. 3. Colour parameters of the powders achieved from carrot pomace

Water content of bio carrot pomace powders is comparable to that obtained by Catană et al. (2019) in the
case of powders obtained by dehydration at a temperature of 50°C, carrot pomaces, resulting after the
extraction of carrot juice. The ash content of bio carrot pomace powders is comparable to that reported by
Catana et al. (2019) (6.84–7.28%) but higher than the one presented by Kırbaş et al. (2019) (6.32 ± 0.35%).
The protein content of bio carrot pomace powders (6.37… 6.70%) is lower compared to that reported by Kirbaș
et al. (2019) (8.23 ± 0.06). The bio carrot pomace powders are distinguished by the total sugar content (13.38 ...
15.80%) and the total fiber content (47.27 ... 48.80%). The fiber content of the functional ingredient obtained in
this experimental study was significantly lower than that reported by Kırbaş et al. (2019) (83.91 ± 0.6%). This
difference can be explained by the varieties of carrots used in experiments, to obtain carrot pomace powder and
by the difference in humidity of the functional ingredient.

Fig. 4. Mineral content (Na, K, Ca, and Mg) of the powders achieved from bio carrot pomace

Powders obtained from carrot waste are distinguished by their mineral content (K: 653.25 ... 695.23
mg/100g; Ca: 77.64 ... 83.55 mg / 100g; Mg: 26.43 ... 31.34 mg / 100g; Fe: 2.62 ... 2.95 mg / 100g; Zn: 1.32 ...
1.70 mg / 100g; Cu: 0.15-0.25 mg / 100g) (fig. 4 and 5).
The results of this study regarding the content in mineral elements, are in agreement with those reported
by Catana et al. (2019), in the case of powders obtained by dehydration at a temperature of 50°C, of carrot
pomaces, resulting after the extraction of carrot juice.
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Fig. 6. Mineral content (Fe, Zn, and Cu) of the powders achieved from bio carrot pomace

The bio carrot pomace powders is distinguished by its content in bioactive compounds: β-carotene
(15.45...16.74 mg/100g), all-trans lutein (0.48…0.51 mg/100g), vitamin C (22.35...23.46 mg/100 g), vitamins B
(vitamin B3:1.50...1.62 mg/100g; vitamin B6:0.21...0.25 mg/100g), vitamin E (α-tocopherol: 1.02…1.07mg/100g)
and total polyphenol (382.21...420.11 mg GAE/100 g) (table 2).
Table 2
Content of bioactive compounds of powders achieved from bio carrot pomace
Bioactive compound
[mg/100g]

Carrot pomace powder
(I)

Carrot pomace powder
(II)

Carrot pomace powder
(III)

β-carotene

15.45±0.65

16.74±0.70

16.18±0.68

All-trans lutein

0.479±0,02

0.509 ±0.02

0.489±0.02

Vitamin C

22.35±0.74

23.46±0.78

22.85±0.72

Vitamin B3 (Niacin)

1.50±0.08

1.62±0.08

1.57±0.08

Vitamin B6

0.21±0.01

0.25±0.01

0.23±0.01

Vitamin E (α-tocopherol)

1.02±0.05

1.07±0.05

1.03±0.05

Total polyphenols

382.21±19.11

420.11±21.00

405.45±20.27

The content in bioactive compounds of powders obtained from organic carrot waste, by lyophilization at 55 ° C, is higher, compared to that of powders obtained by hot air dehydration, at a temperature of 50°C, by
Catana et al. (2019), as follows:
✓ 22.63-44.39% higher in the case of β-carotene
✓ by 50.09-61.37% higher, in the case of vitamin C
✓ by 63.39-63.63% higher, in the case of vitamin B3 (Niacin)
✓ 60.30-66.67% higher in the case of vitamin B6 (Pyridoxine)
✓ by 58.37- 58.88-% higher, in the case of vitamin E (α-tocopherol)
✓ by 1.37-1.42 times higher, in the case of total polyphenols
The results of this experimental study, showed that for the content in bioactive compounds of the powders
obtained from organic carrot waste, highlight the fact that the lyophilization process at a temperature of -55°C is
much more profitable, compared to that of hot air dehydration at a temperature of 50°C, as regards the retention
of bioactive compounds, in the functional ingredients obtained.
Due to the high content of antioxidants (β-carotene, vitamin C, vitamin E, total polyphenols, etc.) the bio
carrot pomace powders, have antioxidant capacity: 128.68...139.36 mg TE/100 g (fig. 7). The antioxidant
capacity of the powders from organic carrot waste from this study is about 1.35% higher, compared to that
reported by Catana et al. (2019), in the case of powders obtained from carrot waste, by dehydration to hot air at
a temperature of 50°C.
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Fig. 7. Antioxidant capacity of the powders achieved from bio carrot pomace

For the powders achieved from bio carrot pomace between the total polyphenol content and antioxidant
capacity it is a linear correlation (y = 0.151x +71.042), regression coefficient R2 being 0.9968. The results
presented are consistent with those reported by Rana et al. (2015) and Catană et al. (2019), which also
obtained a linear correlation between the total polyphenol content and the antioxidant capacity values.
Results of the microbiological analysis of the powders achieved from bio carrot pomace are presented in
the table 3. Microbiological analysis shown that the achieved powders are in the frame of the provisions of the
legislation into force. These powders show low values of water activity (0.312-0.349), which give them
microbiological stability.
Table 3
Microbiological analysis of the powders achieved from bio carrot pomace
Functional ingredient

Yeast and
mold (CFU/g)

Enterobacteriaceae
(CFU/g)

Escherichia
coli (CFU/g)

Salmonella
(in 25 g)

Water activity
(Aw)

Carrot pomace powder (I)

< 10

< 10

< 10

absent

0.328

Carrot pomace powder
(II)

< 10

< 10

< 10

absent

0.349

Carrot pomace powder
(III)

< 10

< 10

< 10

absent

0.312

CONCLUSIONS
Powders achieved from bio carrot pomace by lyophilisation process at temperature -55ºC are important
sources of minerals (K, Fe, Mg, Ca, and Zn), dietary fibres and bioactive compounds. Thus, bio carrot powders
are important sources of β-carotene (15.45...16.74 mg/100g). The powders achieved in this study, are noted for
their content in polyphenols (382.21...420.11 mg GAE/100 g) and vitamins (vitamin C (22.35...23.46 mg/100g;
vitamin B3:1.50...1.62 mg/100g; vitamin E:1.02…1.07mg/100g). Also these powders have antioxidant capacity
(128.68 ...139.36 mg TE /100 g), being beneficial in a healthy diet for prevention of diseases caused by free
radicals.
Also, the bio carrot pomace powders are characterized by high dietary fibre content (47.27...48.80%)
being important sources to increase the fibre content of foods (bakery products, pastry products, etc.). Increase
of the fibre content in case of the sweet flour products is very important because it reduces their glycemic
impact on the human body, thus preventing the development of diabetes mellitus and obesity. Also, dietary fibre
have an important role in promoting feeling of satiety.
Due to sensory and nutritional qualities, the bio carrot pomace powders can be regarded as functional
ingredients and can be used for fortification of coventional and gluten-free bakery and pastry products.
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ABSTRACT
This study aimed at using a green, rapid, and efficient method for silver nanoparticles synthesis using
different types of agri-waste. Ag was reduced to Ag-NPs using the banana, apple and walnut waste extracts that
served as both capping and reducing agent. Silver nitrate solution (1mM) was mixed with the vegetal extract
(1:9 ratio) and sonicated in a cleaning bath, at 60C. The successful bio-reduction of silver nitrate into silver
nanoparticles was confirmed by UV–Vis spectroscopy, a characteristic surface plasmon resonance (SPR) band
being recorded for all the samples. Concluding, agri-waste may be harnessed to phyto-fabricate eco-friendly
silver nanoparticles, with multiple applications in the agri-food sector.
REZUMAT
Scopul acestui studiu a fost de a folosi o metoda verde, rapida si eficienta pentru sinteza nanoparticulelor
de argint (AgNPs) utilizand trei tipuri de deseuri Agricole. Ionii de argint au fost redusi la AgNPs folosind
extractele de deșeuri din banane, mere și nuci care au servit atât ca agent de tampon, cât și ca agent de
reducere. Solutia de nitrat de argint (1mM) a fost mixata cu extractul vegetal (raport 1:9), reactia fiind optimizata
prin ajustarea parametrilor (pH, temperatura, timp). Bioreducerea nitratatului de argint in nanoparticule de argint
a fost confirmata prin spectroscopie UV-VIS, fiind observata o banda ce corespunde rezonantei plasmonice
caracteristica AgNp. Concluzionand, deseurile agricole pot fi valorificate prin fito-fabricarea de nanoparticule
ecologice, cu multiple aplicatii in sectorul agro-alimentar.

INTRODUCTION
Biological Synthesis (AgNPs), also called green synthesis, is a sustainable alternative to physical and
chemical synthesis due to its low cost and environmental impact. The convergence of the concepts of green
chemistry with nanotechnology has been a central field of nanoscience research and has attracted significant
interest in recent years. Biological approaches are used to synthesize metallic nanoparticles of desirable size
and morphology with improved characteristics.
Metallic nanoparticles are commonly known for their broad variety of uses, such as catalysis,
telecommunications, optics, and nanodevice manufacture. Moreover, the development of greener synthesis
alternatives has broadened the scope of applications to the biomedical and food industry fields, especially due
to their improved biocompatibility and antimicrobial potential against common and antibiotics resistant
pathogens (Wang et al., 2017; Mousavi et al. 2018; Singh et al., 2020).
Owing to the abundant biodiversity as well as its secondary metabolites, plants have increasingly been
well used in the synthesis of a number of nanoparticles (Kuppusamy et al., 2016). Plant extracts provide
numerous natural compounds such as alkaloids , flavonoids , saponins, hormones, tannins and other nutrient
compounds which may act as both reducing and stabilizing agents for the bioreduction of silver ions.
Walnut husk contain hydrojuglone, tannins, essential oil, chlorophyll, starch, pectins and organic acids. When
exposed to air or other oxidizing substances, hydrojuglone, also called 5-hydroxy-1,4-naphthalenedione is
converted to juglone. Walnuts are primarily grown mainly for the production of kernels. The outer, green, dense
layer of walnut fruit is referred to as the husk and represents an abundant agri waste produced during fruit
harvesting and processing (Jahanban-Esfahlan et al., 2019).
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Husk is a useful source of natural phenolic antioxidants or other beneficial bio compounds (Ghasemi et al,
2011; Akbari et al., 2012; Fernández-Agulló et al., 2013), and besides being widely used in traditional medicines
for the treatment of skin conditions and pain relief, has become of particular interest in other fields such modern
pharmacology, cosmetics and textiles.
Presently, in spite of its potential, the green husk is barely used as an agricultural by-product. The use of
husk as a source of phyto-chemicals or other natural compounds with antioxidant and antimicrobial effects may
highlight the importance of walnut production and lead to a better valorisation of this plant.
Furthermore, the peels of a number of fruits have gained prominence as a natural source of antioxidants
and phytochemicals abundant in free radical scavenging compounds. Banana peels, which are usually
discarded after consumption, account for almost 33 % of the total fruit and, while being abundant in pectin,
lignin, hemicelluloses and a wide variety of phenolic compounds, their use for purposes is limited. Similar,
apples are eaten raw or used to prepare food products such as juice, shakes, desserts. Peel and seed,
containing different bioactive compounds such as pectin, phenols, may also be exploited for different purposes.
This study aimed at using a green, rapid, and efficient method for silver nanoparticles (AgNP) synthesis
using different types of agri-waste: banana peel, walnut husk, apple peel.
MATERIALS AND METHODS
Preparation of extracts
Fresh bananas, apples and green walnuts were purchased from a local market. The fruits were washed in
abundance with distilled water to remove any residues and organic compounds. The apple, banana peel and
walnut husk were removed, cut into small pieces and dried on paper towel. To prepare a 10%(w/w) aqueous
extract, 10g of each agri food waste were grinded and transferred to 250 mL flask, mixed well with 100mL of
deionized water and subsequently heated at 90°C for 10 min. Subsequently, filtration of the extracts was carried
out using Whatman No.1 filter paper.
Synthesis of silver nanoparticles
An aqueous solution of 1 mM AgNO3 (Chemical, Romania) was prepared at room temperature. To this
solution (90 ml), 10 ml from each filtrate was pipetted dropwise (1:9 ratio) and the mixture was sonicated using
an ultrasound bath (Elmasonic, Germany), at 60°C, for 10 minutes.
Characterization of silver nanoparticles
The characterization of silver nanoparticles was performed by determining the absorption spectra of the
AgNPs solutions using a UV – Visible spectrophotometer (T90+ UV VIS, PG Instruments Ltd,Uk), at a
wavelength ranging between of 300-600 nm, and a resolution of 1 nm.
RESULTS
This study aimed at using a green, rapid, and efficient method for silver nanoparticles (AgNP) synthesis
using different types of agri-waste. The formation of AgNPs was analyzed firstly by visual observation, a color
change of the initial solution, from pale yellow for banana and apple, respectively brown in walnut husk being
noticeable.
The presence of a reddish brown color, respectively dark reddish brown indicated the phyto-synthesis of
AgNPs (Figure 1). This change of color of the reaction solution is determined by the excitation of the surface
plasmon resonance (SPR) exhibited by the synthesized nanoparticles.
Growth and progressive formation of nanoparticles was confirmed by UV – vis spectroscopy, as peaks of
absorbance were recorded in the wideband characteristic to silver, respectively 300-600 nm. In the present
study, Ag ion (silver nitrate dissolved in distilled water with concentration 1mM) is reduced to Ag-NPs using the
banana, apple and walnut waste extracts that served as both capping and reducing agent. For walnut husk, the
surface plasmon resonance (SPR) was observed at 428 nm, while for banana and apple, at 421, respectively
420 nm (Figure 2).
According to previous studies, the presence of a single peak signifies that the NPs are smaller
compared to the mean free path of conduction electrons (50 nm for Ag) and present a spherical form, since
forms other than spheres usually generate multiple peaks (Alameen, 2015). The size of the nanoparticle
determines the characteristics of Plasmon Resonance, which include the ratio of absorption to scattering, the
number of SPR modes, as well as the peak location. Thereby, the size of the nanoparticles may be
determined based on the Surface Plasmon Resonance (SPR) peak, using the correlation equations
introduced by Dalal et al., 2019.
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Fig.1 - The flow diagram of the green synthesis of nanoparticles from agri-waste

Fig. 2 - Surface plasmon resonance (SPR) peaks recorder for silver nanoparticles synthesized using apple peel,
banana peel and walnut husk

According to Dalal, the size of AgNPs may be express as: Ss=(0.84 * Xs) -310 (approximate), where
Ss= the size of the silver nanoparticles
Xs=the SPR wavelength.
In our case, we established that the green synthesized nanoparticles using agri-food waste exist
in ~40–60 nm range, which means that their use would be suitable for both biomedical and food applications,
such as antimicrobial biofilms. The European Union produces more than 2.5 billion tonnes of agri -food waste
annually. Furthermore, very commonly, these wastes have low nutritional quality and may also conta in antinutrients that hinder their use as animal feeds. Thus, the E.U is currently updating its waste management
legislation to promote the transition to a more sustainable model known as the circular economy (Wurzel et
al., 2019; IPCC, 2020; Giordano et al., 2020; Weishaupt et al., 2020).
A series of biotechnological strategies have been designed aiming at improving the nutritional content
of agri-waste and processing of biogas (Zhang et al., 2014). Further attempts are now made to expand the
use of agri-wastes as a source of basic material in green nanotechnology for the phyto-fabrication of metallic
nanoparticles.
CONCLUSIONS
The physical characteristics of grist intermediate products determine the functional characteristics of
Agri-food waste is generated in huge amounts and disposed of without any oversight, generating a
detrimental environmental impact.
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There fore, by identifying potential applications for agri-food waste products that are produced in high
quantities, the environmental impact may be diminished. Green chemistry approach to nanoparticle synthesis
has many benefits, such as the simplicity at which the procedure may be scaled up and the economic
viability, since agri-waste may be harnessed to phyto-fabricate eco-friendly silver nanoparticles, with multiple
applications in the agri-food sector.
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ABSTRACT
Mycotoxin contamination represents a clear public health concern. During the last decades, there have
been many advances in research which contributed greatly in detection, quantification and management of
mycotoxins in maize. However, only one sample registered aflatoxin levels higher than the limit of 10.00 μg/kg,
settled by the Commission Regulation (EC) No 1881/2006 for maize to be subjected to soring or other physical
treatment before human consumption or use as an ingredient in foodstuffs. The southern counties proved to
represent critical risk areas for aflatoxin contamination when referring to maize crops, which highlights the need
of mapping the mycotoxin risk areas. When referring to the analysed samples, the total aflatoxin contamination
was independent of the type of hybrid, but strongly influenced by the pedo-climatic differences between
counties. These results highlight the importance for an effective and sustainable mycotoxin management on
total aflatoxin levels in Romanian maize samples.
REZUMAT
Contaminarea cu micotoxine reprezintă o preocupare importantă pentru sănătatea publică. În ultimele
decenii, au existat numeroase progrese în cercetare, care au contribuit la detecția, cuantificarea și
managementul micotoxinelor în porumb. Cu toate acestea, doar un eșantion a înregistrat un nivel de aflatoxine
totale mai mare decât limita de 10,00 g/kg, stabilită de Regulamentul (CE) Nr. 1881/2006, de stabilire a
nivelurilor maxime de aflatoxine totale pentru porumb care urmează a fi sortat sau supus altui tratament fizic
înaintea consumului uman sau a utilizării ca ingredient în produse alimentare. Județele din sudul României s-au
dovedit a reprezenta zone cu risc crescut de contaminare cu aflatoxine totale pentru cultura de porumb, ceea ce
evidențiază necesitatea cartografierii zonelor cu risc de apariție a micotoxinelor. Când ne referim la probele
analizate, contaminarea cu aflatoxine totale a fost independentă de tipul de hibrid, dar puternic influențată de
condițiile pedo-climatice. Aceste rezultate subliniază importanța unei gestionări eficiente și durabile a
micotoxinelor, respectiv a nivelurilor de aafaltoxine totale în probele de porumb din România.
INTRODUCTION
Maize (Zea mays L.) is one of the most important cereals in the world with an estimated global
production of approximately 1123.33 million tons produced in 191.65 million hectares in 2018-2019 (USDA,
2020). At European Union (EU) level, maize represented the most spread cereal crop in 2018 and registered a
percent of 46.4% of the total cereal cultivated area (INS, 2019). In 2019, there was registered a maize cultivated
area of 5426.34 thousand hectares in the EU, with 165.06 thousand hectares more than in 2018 (EUROSTAT,
2020a), while Romania noted the largest maize cultivated area and production in the EU (EUROSTAT, 2020b).
Maize crops are very susceptible to fungal attacks, both in the field and during storage (Zain, 2011).
Depending on environmental conditions, a fungal infection, mainly produced by species of Aspergillus, Fusarium
and Penicillium, may result in a mycotoxin contamination of the crop (Smeu et al., 2017). Such fungi possess a
unique biochemical pathway to assimilate a vast array of available substrates which may result in the production
of toxic secondary metabolites, such as mycotoxins (Singh, 2009).
Mycotoxins are a group of toxic compounds produced by spore-forming fungi. A wide range of food
products could be contaminated with mycotoxins, both pre- and post-harvest (Zain, 2011). Consequently, a
regular contamination can be expected for cereals and cereal-based commodities (Montes et al., 2012).
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Aflatoxins are a major class of toxic and carcinogenic mycotoxins produced primarily by fungi belonging
to Aspergillus section Flavi, mainly Aspergillus flavus and A. parasiticus (Wang et al., 2019; Sserumaga et al.,
2020).
High or chronic exposure levels of aflatoxins can lead to acute hepatitis, liver cancer, lung cancer and
stomach cancer (Wang et al., 2019), so that the toxin was classified by the International Agency for Research
on Cancer as a Group 1 carcinogen (IARC, 1993). Aflatoxins became a main concern for maize production in
Europe since 2003, when a severe outbreak was observed in Italy (Piva et al., 2006).
Even though there is knowledge of the occurrence of aflatoxins in maize samples collected across
Europe (Torović, 2018; Assunção et al., 2018; Udovicki et al., 2019), there is not so many information of the
aflatoxin levels in maize samples from Romanian counties, even if maize cultivation is common in Romania
(Battilani et al., 2016). In this context, a maize survey was conducted in Romania to monitor the occurrence of
total aflatoxins in maize samples during the 2019 harvest from fields located in all major maize-producing
Romanian counties.
MATERIALS AND METHODS
Ninety-five (N = 95; 1 kg/sample) samples of maize were randomly collected in 2019 from private cereal
farmers from 33 Romanian counties, immediately after harvest. The sampling was done by inspectors of the
County Agriculture Directorates of the Romanian Ministry of Agriculture and Rural Development, according to
the European guidelines (EC Commission Regulation No. 401/2006). Upon arrival, all samples were transferred
into paper bags and stored in the dark until their assessment. All samples were received along with information
regarding the specific location of fields and the applied agronomic practices (hybrid type, previous crops,
incorporation of crop residues, sowing date, fertilisation and fungicide information etc.), which were filled in by
farmers into a structured questionnaire dedicated to this study. In order to reference the origin of samples, the
European nomenclature of territorial units for statistics (NUTS) was used, based on the European regulation
(EU Commission Regulation 2016/2066).
A competitive enzyme linked immunosorbent assay (ELISA) was selected for the quantitative analysis
of total aflatoxins. The assessment was performed with commercially available test kits, according to the
manufacturer’s instructions (Ridascreen® Aflatoxin Total, R-Biopharm AG, Germany). Thus, all samples were
first finely ground using a laboratory mill (MRC Ltd., Israel) and mixed thoroughly to achieve complete
homogenization. Furthermore, 2 grams of grinded sample were homogenized in 10 mL methanol / distilled
water (70/30; v/v) and mixed vigorously for 10 minutes at room temperature using an orbital shaker (GFL
Gesellschaft für Labortechnik mbH, Germany). All extracts were then filtered using a grade 1 filter paper
(WhatmanTM, UK) and the obtained filtrates were further diluted in 600 μL distilled water (100/600; v/v). There
were employed 50 µL standard solutions and prepared samples to separate duplicate wells. A volume of 50 µL
of the enzyme conjugate was added to each well, followed by 50 µL of the antibody solution. The plate was
gently mixed by hand and incubated for 30 minutes at room temperature in the dark. After the incubation period,
the liquid was poured out of the wells and the plate was vigorously taped upside down against absorbent paper
to ensure complete removal of liquid from the wells. This was followed by the washing procedure (250 µL
washing buffer, repeated three times). There were added 100 µL of substrate/chromogen to each well. The
plate was again very well mixed by hand and incubated for 15 minutes at room temperature in the dark. After
incubation, 100 µL of the stop solution were added to each well. The absorbance was measured at 450 nm
using a Sunrise™ plate reader (Tecan Group Ltd., Switzerland). The RIDA®SOFT Win software was used for
the evaluation of the immunoassays. For each sample, two replicates have been used. The average of these
results has been employed in data analysis. A mycotoxin quality control material (Trilogy Reference Material,
Naturally Contaminated Aflatoxin Corn, Trilogy Analytical Laboratory, Inc., USA) was used was used for each
measurement, to ensure the quality of the analyses.
ELISA tests were run in duplicate for each sample. Results are reported as the mean ± standard
deviation and include the recovery of the used quality control material. The uncertainty of the method was 0.34
μg/kg. The correlation between aflatoxin levels and agronomic and pedological parameters was evaluated by
applying ANOVA single factor test. Statistical analysis was performed using IBM® SPSS® Statistics 20 (IBM
Corp., USA). Significance was defined at P < 0.05.
RESULTS
The current study documented the occurrence of total aflatoxin in 2019 Romanian maize samples. It
was necessary to investigate aflatoxin concentrations during harvest time in as many field areas as possible, in
order to identify regions in more need of intervention.
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Thus, the information on aflatoxin levels in the Romanian counties are essential to identify the Romanian
hotspot regions and to design appropriate and cost-effective aflatoxin management strategies to prevent
aflatoxin contamination right at the source.
Distribution of the assessed maize samples varied across Romania (fig. 1). There were received 14
maize samples (14.74%) from Macroregion 1 (North-West and Center development regions), 24 samples
(25.26%) from Macroregion 2 (North-East and South-East development regions), 42 samples (44.21%) from
Macroregion 3 (South-Muntenia and Bucharest-Ilfov development regions) and 15 maize samples (15.79%)
from Macroregion 4 (South-West Oltenia and West development regions).

Fig.1 - Distribution of the collected maize samples (NUTS III level), crop 2019

The majority of the samples were collected from the Macroregion 3 (42 samples, representing 44.21%
of the total samples), where the South-Muntenia development region registered the highest number of maize
samples (39 samples). While there were received an average number of 2 maize samples from each County,
Ialomița County noted the highest number of collected samples (20 samples), followed by Argeș County, with 8
samples.
The analysis of the 95 randomly collected maize samples from 33 Romanian counties revealed that
most of the evaluated samples showed no contamination with aflatoxins beyond threshold set by the European
regulations, which stipulates 10.00 μg/kg as the maximum level of aflatoxins for maize subjected to sorting or
other physical treatment before human consumption (EC Commission Regulation No. 1881/2006). Only 7
samples (7.37%) were identified as having no detectable concentrations of total aflatoxins, while for 57 samples,
the presence of total aflatoxins traces was confirmed, with concentrations of total aflatoxins lower than the limit
of detection of the ELISA kit (1.75 μg/kg). There were noted 30 samples (31.58%) with concentrations in the
range of 1.76 – 10.00 μg/kg. Only one sample contained unsafe aflatoxin levels (77.59 μg/kg) and exceeded the
total aflatoxin limit imposed by the European regulations.
Taken into account these results, there can be stated that a number of 88 maize samples (92.63%)
showed total aflatoxin contamination. Out of the total number of assessed samples (95 maize samples), 31
samples noted concentrations of total aflatoxins over 1.75 µg/kg (32.63%), which represents the limit of
detection of the ELISA kit. However, the concentrations found in most of the examined samples were relatively
low, while only one sample noted an extremely high total aflatoxin level (77.59 μg/kg). Similar aflatoxin levels in
maize samples have been reported by Kos et al. (2018) in neighbouring Serbia, where the maximum level was
111.2 µg/kg (72.3% contaminated samples) in 2012, a year which noted extreme drought conditions.
In the current study across Romania, Argeș County (Macroregion 3, South-Muntenia development
region) was identified as the region with the greatest number of contaminated samples (100%). There were
assessed 8 maize samples from this County, which noted aflatoxin levels in the range of 2.75 – 77.59 µg/kg.
Only one sample exceeded the total aflatoxin limit imposed by the European regulations and noted a
concentration of 77.59 μg/kg. Other studies showed that 37% of maize samples (2002-2004) from the southeastern region of Romania registered aflatoxin B1 contamination, where the highest contamination level was
about 45 μg/kg (Tabuc et al., 2009).
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Also, for 2008-2010 maize samples from the same region, aflatoxin B1 contamination was observed in
38 % of maize samples. Mean level of contamination was about 3.2 µg/kg and the highest contamination levels
observed being about 42.6 µg/kg. Out of these samples, 4.76% exceeded EU regulation (Tabuc et al., 2011).
Thus, the southern areas of Romania acted as hotspot regions for aflatoxins, requiring implementation
of aflatoxin management strategies to reduce mycotoxin contamination in the field, in order to result safe maize
crops that will enhance trade and increase income and welfare of farmers and consumers.
When referring to the total aflatoxin contamination in correlation with the applied agronomic practices
and cropping systems, the monitoring questionnaires indicated the use of Romanian hybrids only for 7.37% of
the assessed samples. When referring to the analysed samples, the total aflatoxin contamination was
independent of the type of hybrid. Also, no hybrid type showed statistically significant (P > 0.05) differences in
total aflatoxin content between the different levels of used nitrogen fertilisation in the season of 2019 in
Romania.
There were noted hybrids from 4 different producers in Argeș County. As in other regions, when
referring to the analysed samples, the total aflatoxin contamination was independent of the type of hybrid, but
strongly influenced by the differences of pedo-climatic conditions. Our results showed that the southern counties
proved to represent critical risk areas for aflatoxin contamination on maize crops and taking into consideration
the information provided by the monitoring questionnaires, the same counties noted poor agricultural practices,
also. Thus, in order to prevent the occurrence of aflatoxins, farmers from hotspot regions for mycotoxin
contamination could alternate maize with other crops like common beans and potatoes to support little to no
growth of aflatoxin-producing fungi (Sserumaga et al., 2020).
CONCLUSIONS
The present study showed that maize is a potential source of aflatoxin exposure in certain regions of
Romania. The results showed that only a small fraction of the analysed samples contained unsafe aflatoxin
levels. However, the detected level of total aflatoxins which exceeded the threshold set by the European
regulations (10.00 μg/kg) was 77.59 μg/kg (Argeș County, South-Muntenia development region, Macroregion 3).
Hotsport regions for aflatoxins were identified in areas where environmental conditions are favourable for the
occurrence of toxigenic fungi. These results highlight the importance of a better understanding of grain
morphological features on total aflatoxin levels for maize cultivars.
Also, extending knowledge on the interrelationship between plant traits and aflatoxin-producing fungi is
needed in the development of efficient agronomic practices that favour the reduced occurrence of total
aflatoxins in regard to specific environmental and climatic conditions. Not correctly applied agronomic practices
represent a favourable factor for aflatoxin contamination. Even so, the results should be interpreted with high
caution, as mycotoxin presence is never justified by only one single factor, but by a combination of elements
such as climatic conditions, geographic position, seasonal variances, agricultural practices, type of cultivar or
physiological features of the maize plant. When referring to the analysed samples, mycotoxin contamination
was independent of the type of barley cultivar, but strongly influenced by the pedo-climatic differences between
counties.
Our results highlight the occurrence of total aflatoxins in the Romanian maize crop and furthermore, the
obtained knowledge from our current study, which aims to aid in the development of risk maps and DON
management strategies for the maize crop.
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ABSTRACT
Waste is material waste resulting from a technological (or household) process of making a certain
product, which can no longer be used directly in making that product. Vehicles intended for waste collection and
transport are equipped with complex systems that include: loading containers, taking over and pre-compacting
the material, compaction in the body of the structure and finally unloading the collected waste in landfills. The
equipment has the role of collecting / compacting and transporting economically and sanitary safety, the precollected waste in generator containers. This paper presents the translation compaction mechanism, used with
great success in equipping modern garbage trucks.
REZUMAT
Deșeurile sunt resturi materiale rezultate dintr-un proces tehnologic (sau casnic) de realizare a unui
anumit produs, care nu mai pot fi valorificate direct în realizarea produsului respectiv. Autovehiculele destinate
colectării și transportului deșeurilor sunt prevăzute cu sisteme complexe care cuprind: încărcarea recipientelor,
preluarea și precompactarea materialului, compactarea în corpul structurii și în final descarcarea în depozite a
deșeurilor colectate. Aceste utilaje au rolul de a colecta / compacta și transporta în mod economic și siguranța
sanitară, deșeurile precolectate în recipiente de generatori. În lucrarea de față este prezentat mecanismul de
compactare prin translație, utilizat cu mare succes în dotarea autogunoierelor moderne.
INTRODUCTION
The collection and pre-collection of household waste represents the collection, collection and transport of
this waste, in order to neutralize or recover it. Delayed and unhygienic collection can cause pollution of air,
water and soil, leading to the proliferation of pathogenic microorganisms, rodents and other outbreaks of
infections and diseases. The collection of household waste is carried out by organized services, subordinated to
the town halls. The actual collection is the collection of waste from secondary pre-collection points and their
transport to storage platforms and their neutralization or recovery.
Compaction is the construction work process that improves the ability of the soil to withstand the weight of
buildings, roads and facilities located on it pores and removing excess water.Compaction is performed
differently depending on the properties of the soil and building materials used. If the compaction is done from
the feeding area by mounting horizontally or inclined conveyors inside the dump truck, we are talking about the
compaction of the residues by translation (Forouhar and Hristovski, 2012).
Compaction processes:
• by static pressure, by passing over the ground to be compacted rollers whose surface can be smooth or with
prominences called compaction by rolling;
• by dynamic actions, performed by striking with plates or jumping machines; -by vibrations, with the frequency
close to that of the resonant oscillations of the compacting material, produced by vibrators and vibrating
machines;
• by combined actions- static pressure and vibration, static pressure and impact (Nguyen-Trong et al, 2017).
The choice of compaction processes is made depending on the category of land, the thickness of the
compaction layer, the degree of compaction required and the working front:
➢
Compaction by rolling can be done with roller compactors (rollers, rollers), towed or self-propelled.
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➢

➢

➢

➢

Under the action of the weight of the rollers, the material is pressed, and after passing it does not return
to the initial height but remains with a permanent deformation The thickness of the soil layer that can be
compacted by this process is between 10 and 50 centimeters.
Compaction by beating is done by repeatedly falling a body having a given weight from a fixed height.
This is how mechanical plates and countertops work. Compaction methods by beating have appeared that
act at depths of up to 7-10m. (See Impulse compactor or Impulse compaction.).
Vibration compaction is achieved by transmitting vibrations performed by different mechanisms to the
materials to be compacted. After this process, the deep and surface vibrators and the vibrating plates for
compacting the lands with low cohesion (sand, gravel, etc.) work.
Compaction by combined action is done by equipping the compactors with static action with vibrating
mechanisms, which transmit to the rollers the vibrations produced. The compaction effect of vibratory
compactors with smooth rollers is manifested up to depths of 1 meter on low cohesion soils (sand, gravel,
ballast). The effect of such a machine with a mass of 2.5 to 5 tons is equivalent to that of a compactor with a
static action of 10 to 18 tons (Russell and Sparks, 1995).

MATERIALS AND METHODS
In the conditions of modern cities, the transport of waste is strictly necessary to be done with vehicles
that also ensure the relief of physical work when loading and unloading from containers or bags. A presentation
of all systems and means of transport and mechanical handling of dump trucks and containers of all types
cannot be made, given their wide variety. However, we will try to list the main vehicles for transporting existing
waste in Romania:
a) garbage trucks;
b) self-platforms for container transport (Lazea et al., 2019);
Garbage trucks with hydrostatic drive type 861 are intended for the collection of household, street and
industrial waste. The garbage truck has a dump truck with a compaction device and a mobile wall for unloading,
all of which are hydraulically operated; it is equipped with a mechanized device for emptying the bins. The
container loading and transport platform is intended for loading, transporting and tipping 0.8
containers, or
others larger up to 8,000
, loaded with household, road and industrial waste. The lifting frame performs by
hydraulic drive the operations of: loading, unloading and emptying the containers by tilting.
The specifics of transport in the urban environment- municipal waste collection and transport machines
must meet, in accordance with the European directive and standards, the following fundamental performance
requirements (Voicu, 2007):
1) - the machines must be able to be started and stopped respectively by the operators, by simple, prompt, firm
and high-fidelity commands.
2) - garbage trucks must be equipped with efficient, reliable and highly productive loading devices that can
mechanically handle the whole range of bins and with compaction devices that can achieve, with greater
reliability, a high degree of compaction ;
3) - the vending machines must be equipped with brushes and rollers to ensure an efficient sweeping of the
streets, with a high degree of street waste collection;
4) - through the construction system, a minimum risk of damage must be ensured, both for the basic chassis
and for the communal management equipment;
5) - the machines must ensure:
o safety at work during loading, transport, unloading;
o microclimate in the cabin; o placement of commands in the physiological field of the operators;
o efforts as little as possible, by assisting orders;
o a low noise, below 80 dB (A), in the cab;
o optimal visibility from the control station;
o o proper lighting for working at night;
o o the vibrations transmitted to the operators must be damped in order to fall below the limits allowed for
continuous work during a shift (Voicu et al, 2019).
Regarding the terms of parking of garbage trucks, we mention the following requirements:
a) The size of the land required must be determined according to the number of vehicles and workshops
required for their maintenance and repair, as well as the number of warehouses and staff required;
b) When arranging the stations, organized units must be built, taking into account the auxiliary functions. It is
indicated the combined realization, in a single construction, of offices, social rooms, workshops and
warehouses. Vehicles, equipment and machinery must be located in covered areas.
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Particular attention must be paid to the construction of inland roads. In all cases, congestion must be
avoided and a easily developed reserve ground must be provided for further development. A green
protection zone must be made on the limiting contour of the enterprise (Voicu et al, 2019).
RESULTS
General scheme of the garbage truck with translation compaction

Fig.1. -General scheme of the collection and transport machine
with hydraulic compaction or by translatione (www.google.com/patents/)

Machine parts: 1. Transport container, 2. Reception space, 3. Compaction and emptying plate, 4.
Articulated push plate, 5. Push-fill ram, 6. Charging device, 7. Steering trough
Operating mode:
•
The receiving side is connected to the rear wall with a low loading height, which closes the back of the
container. Here are mounted the advancing and compacting devices, which have synchronous movement.
Residues loaded through the feed port 6 fall into the working area of the articulated arm 4 and the hydraulic
ram (piston) with back and forth movement 5. When the ram 5 is in the position of entraining the residue
(towards the top), the arm 4 is is in an elevated position allowing the residue to move to the filling hole.
When the ram has reached the highest position, the arm rotates and drags the residue through the filling
hole in the container (Economopoulou et al, 2013).
•
After that, the ram retracts to pick up another portion of the material, and the arm 5 is folded up to allow
the material to move back to the filling hole. Inside the container, the compaction-draining plate 3 is located
at the rear end of the container. The hydraulic cylinder for actuating the compaction-emptying plate 3 is
placed in the floating position when loading, which allows free movement to the front end of the container as
it fills. When emptying (unloading), the receiving part 2 of the vehicle folds upwards and the emptying plate
actuated by the hydraulic cylinder moves the material towards the rear of the container, emptying it (Russell
et al, 1995).

Fig.2.- Feeding and compaction mechanisms (Russell et al, 1995)

The compaction mechanism is a completely free rotation mechanism, without guide rails or forced
movements. After filling the receiving area (feed area) with material, the white cylinder is actuated to lower the
arm into its support in the lowest position, the arm being folded forward by hydraulic actuation entraining the
material and compacting it slightly, then the red cylinder move the plate and push the material into the dump
truck. Then the cycle resumes (Lazea et al, 2019).
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Fig. 3. -The technological scheme of the machine when the waste is loaded in the dumpster

(Lazea et al, 2019)

Fig. 4. -Technological scheme of landfilling of garbage (Lazea et al, 2019)

When the waste is to be unloaded from the dump, the lid behind the dumpster is folded up by hydraulic
cylinders, and the compaction and emptying plate operated by another hydraulic cylinder pushes the waste to
the back of the dumpster, which is discharged from the machine (Nguyen-Trong K. et al, 2017).

Fig. 5. -The body of the dumpster (Voicu et al, 2019)

The body of the dump truck is manufactured using the well-known panel method. The structure is
continuously welded, a method that does not require finishing, and corrosion cannot take place at joints. Both
the front and front frame are reinforced (Voicu et al, 2019).

Fig. 6. Empty compaction plate (Voicu et al, 2019)
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Fig. 7. Tailgate with compaction mechanism
(Sandro L. et al, 2002)
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The telescopic exhaust cylinders / back pressure plate are tilted, thus ensuring a smooth surface of the
exhaust plate. In this way, a single telescopic cylinder is sufficient because the absence of bumps facilitates the
closure of the tailgate without the need to remove the plate. The lower corners are reinforced by U-shaped
sections in which the sliding blocks prevent the exhaust plate from slipping (Sandro L. et al, 2002).
The tailgate consists of a large hopper and a canopy, which form a unit. The front and front frame
contain the folding bearings. The lower corners are reinforced and contain the clamp bearings. The forces
exerted by the cylinders are directed to the tailgate walls, following the shortest route to the points of connection
with the rest of the body.
Calculation elements for waste compaction. The basic condition of the transport economy is the degree
of compaction of the residues, related to the loading to the useful capacity of the vehicle (Căpăţînă C. and
Racoceanu C, 2003).
CONCLUSIONS
One of the most important operations in the activity of collecting household waste is their transport to
pre-collection platforms, neutralization ramps or facilities for the treatment and recovery of reusable materials
they contain, so it is necessary to invest in technologies that to allow a more efficient, safer, less expensive
transport, and perhaps most importantly, with as little impact on the environment as possible.
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ABSTRACT
During 2019, in the field of conventional agriculture of the Research-Development Station for Vegetable
Cultivation Buzau, tarlaua 32, plot A447 (45009`32,7``N and 26049`40,8``E), within the Research Project
Complex PNIII 0659, Contract Nr. 11 PCCDI / 2018, was determined and monitored the growth and
development of plants in the cultivation of garden dwarf beans, variety Menuet, creation of S.C.D.L. Buzau.
Subsequently, three doses of diatomite(Fig 1) were administered in different amounts on each variant and its
effect in culture was monitored (Fig 2.) It was found that the treatment scheme had a beneficial effect on the
culture.
REZUMAT
Pe parcursul anului 2019, ȋn campul de agricultură conventionala al Staţiunii de Cercetare-Dezvoltare
pentru Legumicultură Buzău, tarlaua 32, parcela A447 (45009`32,7``N și 26049`40,8``E), ȋn cadrul Proiectului
de Cercetare Complexă PNIII 0659, Contract Nr. 11 PCCDI/2018, a fost determinat şi monitorizat cresterea si
dezvoltarii plantelor ȋn cultura de fasole pitica de gradina, soiul Menuet, creaţie a S.C.D.L. Buzău. Ulterior, au
fost administrate trei doze de diatomita(Fig 1) in cantitati diferite pe fiecare varianta şi a fost monitorizat efectul
acesteia in cultura (Fig 2).S-a constatat că schema de tratament a avut un efect benefic in cultura.
INTRODUCTION
In 2019, within the Research-Development Station for Vegetable Growing Buzau, at the beginning of
the vegetation period, a treatment was performed according to a scheme provided by ICDPP Bucharest. The
biological material consisted of the Gardenet dwarf garden bean variety (Phaseolus vulgaris), and the
experiment was set up on an area of 3,000 m2 Fig 3.The experiment was organized in 4 experimental variants
(control V1 and V2, V3, V4 with treatments) in 4 repetitions placed in randomized blocks (Table no. 1)
The surface of the repetition plot = 3 m * 1.4 m * 5 = 21 m2
Plot area variant = 21 * 4 = 84 m2
The experimental variants were the following:
V1– untreated control;
V2 – diatomit 52.5 g/7 mp (g administered / repetition);
V3 - diatomit 105 g/7 mp (g administered /repetition);
V4 - diatomit 210 g/7 mp (g administered /repetition)
Table 1
Section location of the experience in the field
V4R1
V3R1

V2R2
V1R2

V1R3
V4R3

V3R4
V2R4

V2R1
V1R1

V4R2
V3R2

V3R3
V2R3

V1R4
V4R4

`
MATERIALS AND METHODS
The biological material used to establish the culture was the variety of dwarf garden beans, Menuet,
created by S.C.D.L. Buzău.
Description of the Menuet bean variety: (Fig 1)
➢
Early age group: early variety (45 - 55 days);
➢
Favorability areas: intended for open field crops;
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➢
➢

Date of sowing: 06.05.2019;
Sowing scheme: The land was modeled in raised furrows, with 94 cm at the canopy and a width of
1.40 m. 2 rows per furrow were sown, with a distance between rows of 70 cm and 12-20 between plants
per row, left-right left 12 cm;
➢
Characteristics of the useful product: The fruit (pod) has the following characteristics: mass of one
thousand berries (MMB) - 350 g, shape - straight, very slightly arched at the top, shape in cross section
- cylindrical, length: 14 - 15 cm, thickness: 9 mm, average weight: 6.5 g, number of beans / pod: 6 - 8,
number of pods / plant: 30 - 45, the color of the pod is light yellow;
➢
Certain technological peculiarities: vigorous growth, in conditions of special care responds very
well being able to reach a production of 12-14 t / ha;
➢
Good tolerance to pathogens of economic importance;
➢
Storage capacity: very good;
➢
Production destination - fresh consumption but also industrialization;
➢
Production capacity - 12 t / ha.
The culture technology used was the culture technology specific to this species, adapted to the climatic
conditions of 2019., in a conventional system. The observations and determinations were made during JuneAugust 2019, as follows: June 11, June 24, July 10, July 29, August 8.
RESULTS
Diatomite is a sedimentary rock with a high silica content (quartz 23% and clay minerals up to 77%,
Sebe Radoi et al. 2017). By mechanical processing of diatomite are obtained particles that reach sub-micron
dimensions creating amorphous powders with specific properties of nanomaterials. Silicon dioxide inside the
diatom forms structures that fulfill various functions necessary for the adaptation of the living organism to the
environment.
The main functions are: mechanical protection, sun protection, adhesion, redox buffer, adsorbent and
absorbent medium, electric charge accumulator and photocatalytic functions. In agriculture, diatomaceous earth
is mainly used as a soil improver. By incorporation into the soil, it can change the density of the soil if large
amounts are used. The presence of diatomaceous earth particles in the area of absorbent hairs, favors the
absorption of water in saline soils as a result of condensation of water vapor on the particle surface.
Diatoms are single-celled microscopic algae that usually have shells divided into two halves. Diatom
shells are heavy due to the presence of silica in their cell walls. These silica-rich silica shells are usually found
crushed into small, sharp fragments, which is the main feature of fossilized diatomite. This mineral is colored
white or almost white. Because this mineral is very porous, it can be easily pounded into fine, soft powders.
European Certificates : Diatomaceous earth is certified for various uses and is not classified as a
dangerous substance as it is not included in Annex I to Directive 67/548 / EEC. It is not registered in the REACH
list according to Annex V, point 7 (minerals that occur in nature are exempted if they are not chemically
modified). Regulation (EC) 1907/2006 of 18 December 2006 on the Registration, Evaluation, Authorization and
Restriction of Chemicals (REACH).
This substance has been approved for use in: Feed additive: Regulation (EC) 1831/2003 of 22
September 2003 on additives used in animal nutrition. Organic production: Regulation (EU) 505/2012 of 14
June 2012 on organic production, labeling and control. Plant protection products: Regulation (EU) 1089/2013 of
4 November 2013. Biocidal products: Regulation (EU) 2017/794 of 10 May 2017. Active substance for use in
biocidal products of product-type 18: Insecticides, acaricides.
The structure of diatoms viewed under a microscope (Fig. 1):

Fig. 1. Diatomite seen under a microscope
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Table 2

No.

Variant

1
2
3
4

V1 Mt.
V2
V3
V4
x medium

Statistical calculation with meanings from 24.06.2019.
Effect of diatomite on length length - menuet beans
Leaf length beans menuet (cm)
Length
Lenght Leaf
The Difference
T
P%
Leaf
cm
relativ%
cm
20,58
100,00
0,00
0,00
22,68
110,21
2,10
2,61
2,9
23,35
113,49
2,78
3,45 0,79
22,33
108,51
1,75
2,18
5,6
22,23

Semnification

**
**

The indicator that registered the weakest differentiation is the control variant, where for V2 and V3 it
registered a significant value of 22.68 cm and 23.35 cm, and for V4 - 22.33 cm.
Table 3
Total number of pods / plant - statistical calculation
Total number
Total number
The
No.
Variant
t
of pods
of pods
Difference
RELATIV%
1
V1 Mt.
20,00
100,00
0,00
0,00
2
V2
32,60
163,00
12,60
3,77
3
V3
33,95
169,75
13,95
4,17
4
V4
31,75
158,75
11,75
3,51
5
V5
0,00
0,00
-20,00
-5,98
The main functions are: mechanical protection, sun protection, adhesion, redox buffer, adsorbent and
absorbent medium, electric charge accumulator and photocatalytic functions. In agriculture, diatomaceous earth
is mainly used as a soil improver.

Fig.2. Administration of solid
diatomaceous manually
between plants in the garden
dwarf bean crop, Menuet
variety, vegetative growth
period, year 2019

Fig.3. Incorporation of the
applied doses of diatomite in the
dwarf garden bean culture,
Menuet variety, vegetative
growth period, year 2019

Fig.4. Culture aspect in the
conventional field S.C.D.L. Buzau,
Bean Culture, Menuet Variety

By incorporation into the soil, it can change the density of the soil if large amounts are used. The
presence of diatomaceous earth particles in the area of absorbent hairs, favors the absorption of water in saline
soils as a result of condensation of water vapor on the particle surface.
CONCLUSIONS
The treatment performed with diatomite positively influenced the harmonious development of the plants,
of the leaf mass and of the production in the culture of dwarf garden beans, the Menuet variety. At the same
time, this fertilization is an environmentally friendly option, because it does not pollute the groundwater.
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Because diatomaceous earth particles have an electric charge, they attract particles from the opposite
electric charge and trap them in their honeycomb structure so that they can be expelled through body waste.
As a result, the body will have less free radicals and heavy metals in the bloodstream, making the body
feel and look healthier
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ABSTRACT
Water pollution affects the environment, human health and also has an impact on economic and social
costs. The main pollutants in water are heavy metals and their accumulation in the human body leads to serious
health problems. Methods of industrial wastewater treatment have been researched and developed and some of
them are available at a low cost. The adsorption technique using a material adsorbent offers a low cost of
installation and easy operation, is environmentally friendly and accessible, reaching high efficiency of removal of
heavy metal ions from industrial wastewater. In this article, the HNT / PANI composite nanomaterial was studied
as adsorbent for removal of lead ions from wastewater. The investigations leaded to a maximum treatment
efficiency of 81.11% which was obtained after 870 minutes. The pH of the wastewater was 6 and the initial
concentration of lead ions was 0.90 mg/L.
REZUMAT
Poluarea apei influențează mediul înconjurător, sănătatea umană și de asemenea prezintă și un impact
asupra costurilor economice și sociale. Principalii poluanți ai apei apă sunt metalele grele, iar acumularea
acestora în corpul uman duce la apariția unor probleme de sănătate grave. Metode de epurare a apelor
industriale sunt intens cercetate și dezvoltate, iar unele sunt disponibile la un cost redus. Tehnica de adsorbție
utilizând un material adsorbant oferă un cost redus de realizare a tehnologiei și o operare ușoară, este
prietenoasă cu mediul înconjurător și accesibilă, ajungând la eficiență ridicată de îndepărtare a ionilor de metale
grele din apele uzate industriale. În acest articol s-a studiat nanomaterialul compozit HNT/PANI cu rol de
adsorbant al ionilor de plumb din apele uzate. Cercetările au arătat obținerea unei eficiențe de epurare maxime
de 81.11% după 870 minute. PH-ul apei uzate a fost 6, iar concentrația inițială a ionilor de plumb a fost de 0,90
mg/L.

INTRODUCTION
Halloysites are part of the group of clay minerals being natural minerals with nanometric dimensions
having the chemical formula Al2 [Si2O5] (OH)4 * nH2O, where n = 0–2 (Anastopoulos et al, 2018, Covaliu et al.,
2019).
The dimensions of halloysites vary depending on their geological deposits, so that the inner diameter is
between 10 and 100 nm, the outer diameter is between 30 and 190 nm, their length can vary between 500 and
1000 nm and the thickness of the walls is 10 -15 atomic aluminosilicate sheets (Liu et al, 2015; Fizir et al, 2017).
The layers that build the walls of halloysite are similar to those of kaolinite, so they consist of octahedral
(Al-OH), tetrahedral (Si-O) sheets and an alumina octahedron sheet (Anastopoulos et al, 2018).
The outer surface of the halloysite nanotubes consists of siloxane groups (Si-O-Si) and on the inner
surface between the layers as well as in the cavities of the halloysite nanotubes are located the aluminol
functional groups. Silanol (Si-OH) functional groups as well as additional aluminol functional groups are formed
on aluminosilicate fractures and structural defects.
The water in the structure of the halloysite nanotubes interacts with the existing Al-OH groups on the
surface. Halloysite nanotubes can be included in the category of mesoporous materials due to the distribution of
pore sizes (2-50 nm) (Fig. 1) (Goda et al, 2019).
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Fig. 1 - Internal and external surfaces of halloysite nanotubes

In order to increase the halloysite nanotubes capacity to retain heavy metal ions, the researchers covered
them with different functional groups or nanoparticles and some results are presented in Table 1.
Lead is part of the category of heavy metals causing serious problems if it accumulates in the human
body (hearing loss, premature birth, kidney disease, high blood pressure, brain damage, memory problems or
cancer) (Sekhar et al, 2004; Atsdr, 2007; Järup, 2003). The concentration of lead ions in wastewater must not
exceed 0.20 mg/L, according to NTPA 001/2002. The sources of water pollution with lead ions are mainly
effluents from the aeronautical industry, the automotive industry, the steel industry, the production of
photographic materials, paint pigments, fuels or battery processing (Jalali et al, 2002; Iqbal and Edyvean, 2004).
Table 1.
Nanocomposites based on halloysite nanotubes used to remove heavy metal ions from industrial wastewater
Adsorbent
Initial
Solution
Removal
Adsorbent
quantity
Pollutant
concentration
volume
pH
efficiency
Ref.
[g/L]
[mg/L]
[mL]
[%]
HNT /
HDTMA

0.05
0.50

35,60
Cr (VI)

50

50

3

1.00
HNT / PPy

1.50

92,00
95,50

Cr (VI)

100

2

99,99

11

78,64

50

HNT / PSA

3.00

Pb (II)

1000

10

6

≈100,00

HNT /
CH3COO-

2.50

Cu (II)

-

20

6

90,00

4-7

˃95.00

Fe (II)
Co (II)

35.01

Ni (II)

23.26

Zn (II)
HNT / HBA

2.00

(Jinhua et
al, 2010)

Mn (II)

15.80
1000

10

Hg (II)

4

28.01
72.01

Cd (II)

32.83

Cr (III)

67.77

Cu (II)

84.62

(Ballav et
al, 2014)
(He et al,
2013)
(Mellouk et
al, 2011)

(Li et al,
2013)

Abbreviations: HNT – halloysite nanotubes HDTMA – hexadecyltrimethylammonium bromide; PPy –
polypyrrole; PSA - N-2-pyridylsuccinamic acid; HBA - 2-hydroxybenzoic acid;
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In order to remove lead ions from wastewater through the adsorption process, we used the HNT / PANI
composite nanomaterial. This nanocomposite was obtained according to the scientific literature from halloysite
nanotubes and polyaniline at a ratio of 1:0.058 (Zhang et al, 2008). The determination of the concentration of
lead ions in the wastewater was performed using the reagents potassium cyanide, ammonia solution and
hydroxylammonium chloride purchased from Sigma Aldrich and the equipment used was the photometer
PhotoLab S12.
The experiments were performed at room temperature. The initial concentration of lead ions in the
studied wastewater is 0.90 mg/L in a volume of 100 mL. The quantity of adsorbent used in wastewater
treatment process was 0.20 g of composite nanomaterial. The pH value was set at 6. During the experiments
the lead ions concentration was measured.
The wastewater treatment efficiency (%) was determined by the following equation:
(1)
where Ci, the initial concentration of lead ions [mg/L];
Cf, the final concentration of lead ions [mg/L].
RESULTS
The experimental results obtained during the investigation are shown in the following graphics (Fig. 2, 3)

Fig.2 - Lead ions concentrations [mg/L] vs. time [min]

Fig. 3 - The removal efficiencies [%] vs. time [min]

Figure 2 shows the decrease of the lead ions concentrations over a period of 870 minutes. It can be
seen that in the first 120 minutes the lead ions concentration decreases until a concentration value of 0.17
mg/L. Figure 3 shows that the wastewater removal efficiency increases in time until it gets at the value
81.11%.
CONCLUSIONS
The legislation regulations of our country stipulate that the maximum allowed value of lead ions in wastewater is
0.20 mg/L, so the value of the final concentration of lead ions obtained in this study (0.17 mg/L) meets this
condition. We can conclude that the composite nanomaterial (HNT/PANI) used met the required objective.
Finally, a wastewater treatment efficiency of 81.11% was reached.
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ABSTRACT
Using microbial inoculants in organic production is a common and well appreciated practice. However,
the success of agro-inoculant use depends on the fate of the inoculated strains after treatment application.
Analysing soil microbial load two months after inoculant application revealed a complete absence of the
inoculated microorganisms. Most of the cultivable microorganisms extracted from the soil developed smooth,
glossy colonies. Streptomyces sp. bacteria were also present in 104 – 105 cfu/g soil. Bacillus and Paenibacillus
growth, of rough and dull colonies, were absent.
REZUMAT
În culturile ecologice, aplicarea de biopreparate microbiene este o practică des întâlnită și apreciată. Cu
toate acestea, reușita unui tratament agro-inoculant depinde de supraviețuirea microorganismelor distribuite în
sol după momentul aplicării. Testele realizate pentru analiza încărcăturii microbine la 2 luni de la aplicarea
tratamentului biologic au relevat absența în sol a tulpinior inoculate. În urma evaluării încărcăturii microbiene din
sol, s-a observat prezența majoritară a coloniilor de dimensiuni mici, cu aspect neted și lucios, dar și o bogată
încărcătură de streptomicete, 104 – 105 ufc/g sol. Au fost absente coloniile cu aspect rugos, caracteristice
bacteriilor din genurile Bacillus şi Paenibacillus.

INTRODUCTION
Bacterial-based plants biostimulants are beneficial microorganisms which, inoculated to a certain crop,
can improve plants physiological status and their tolerance to abiotic stressors, increase nutrient use efficiency,
and stimulate plant growth and productivity (Rouphael and Colla, 2020). Plants biostimulants (PBs) are not
nutrient inputs, but they can increase the availability of confined nutrients in the soil or rhizosphere (Regulation
(EU) 2019/1009).
Among microbial categories of PBs, plant growth-promoting rhizobacteria (PGPR) are suggested (Ruzzi
and Aroca, 2015). Several species are mentioned as PGPR, of which Azospirillum, Rhizobium, Bacillus,
Paenibacillus and Pseudomonas are the most known and highly appreciated (Figueiredo et al., 2016; Yakhin et
al., 2017; Boiu-Sicuia et al., 2019).
Nowadays, microbial formulation must provide safe, efficient and easy-to-use bioproducts. When
formulated, the PBs should be compatible with existing application machineries. Conditioning is seen as an
essential part of the delivery system which may also include the packaging and dosing of the products.
The purpose of the present study was to evaluate microorganisms’ viability two months after inoculation
as soil treatment for tomato growth stimulation in classic greenhouse conditions.
MATERIALS AND METHODS
Bacterial strains- Two beneficial bacteria were used in this study: Bacillus amyloliquefaciens and
Paenibacillus graminis. The strains are preserved in CEMAGRIM microbial collection of the ResearchDevelopment Institute for Plant Protection (RDIPP). Routinely, they were grown on LB (Luria Bertani/Miller
agar). For preservation, strains were stored in LB broth supplemented with 20% glycerol (figure 1), at -35°C.
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Fig. 1- Bacterial stock cultures from CEMAGRIM microbial collection

Bioproduct formulation as concentrated suspension. In order to obtain microbial inoculants
formulated as concentrated suspension, the bacterial strains were grown in pure culture on LB agar, using
biomass from the freezer stocks. Single colonies were then multiplied in aerated LB broth under 120 rpm orbital
shaking, at 28°C, for 3 days, in order to ensure the sporulation stage. Submersed cultures were then
centrifuged, at 3700 rpm, for 15min at 10°C. Bacterial pellets were washed two times with sterile phosphatesaline buffer (PBS: 0.137 M of NaCl, 0.0027 M of KCl, 0.01M of Na2HPO4, and 0.0018 M of KH2PO4, with a final
pH of 7.4), and resuspended at min. 108 cfu/ml of PBS, supplemented with 2‰ carboxymethyl cellulose.
Bioproduct formulation as jelly beads. Small size production of bacterial inoculants was performed in
laboratory conditions. The bacterial strains were first grown in pure culture on LB agar. Single colonies obtained
on agar plates were then multiplied in broth culture media. The submersed cultures were obtained in aerated
conditions, over 3 days, under orbital shaking at 120 rpm and 28°C. Cultures were then pelleted by
centrifugation, washed with sterile PBS and resuspended at min. 108 cfu/ml of PBS. These bacterial
suspensions were each encapsulated in 2% alginate based matrix in order to obtain jelly beads inoculants.
Seed treatments. To perform the seed treatments, bacterial inoculants formulated as concentrated
suspension were used. The treatment was made with mixed bacterial inoculum of Bacillus amyloliquefaciens
and Paenibacillus graminis. Seeds of tomato cultivar Buzău 1600 were immersed for at least 15 minutes in
concentrated bacterial suspension, and then air dried in axenic conditions. The seed treatments were performed
at RDIPP.
Seedlings production. Tomato seedlings were produced at Vegetable Research and Development
Station (VRDS) Buzău in the propagation greenhouse. Seeded tomatoes emerged after 8 days, and after 2
weeks were transplanted in alveolar trays, using sterile peat as growth substrate.
Two experimental variants were used, an un-inoculated control (V1) and a mixed biologic treatment with
B. amyloliquefaciens and P. graminis bacterial strains.
Tomato culture. The experimental tomato culture was organized at VRDS Buzău in a classical
greenhouse. The greenhouse soil was plowed in the autumn. Mechanized raised-beds of 104 cm were prepared
in late spring, just before planting. The seedlings were planted on May 20th, at 70 cm row spacing and at 30 cm
in-row spacing. Three experimental variants were prepared, a control variant (V1), and two bacterial inoculated
variants with tomato seedling obtained from untreated seeds (V2), and the other with tomato seedling obtained
from bacterial treated seeds (V3). The inoculum was applied during planting time, placing 2.5 g granules at the
base of the planting holes (figure 2). A 96 m2 area was provided for each experimental variant. The
experimental design was prepared as Latin square with random blocks.

Fig. 2. - Bacterial inoculation during planting time
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Twelve days after planting, tomato plants were trained as single stake and pruned. Then, after each 2
weeks, plants were pruned to eliminate the undesired lateral shoots. Plants were watered by drip irrigation.
Hand weeding was needed 4 to 5 times during the growth season, in order to remove the weeds.
Several biometric parameters were analyzed along with tomato fruit production.
Soil sampling and microbial load evaluation. Two months after inoculation, soil samples were
collected from the plants row (figure 3), in order to verify bacterial survival in greenhouse conditions.

Fig. 3. - Soil sampling for microbial load evaluation

Soil samples were brought at the RDIPP for laboratory analysis. One gram of homogenized soil samples
per variant was immersed in sterile distilled water (SDW) for 15 minutes, under gentile orbital shacking. Serial
dilutions were prepared in SDW and 100 µl suspensions were inoculated on PDA and LB agar, using the
spreading technique. Inoculated plates were incubated at 28°C for 3 days. Plates were then analyzed for
microbial load and bacterial morphology.
RESULTS
Bacterial viability in the stored bioproduct formulated as jelly beads were analysed for their viability after 2
to 8 months of storage at room temperature in sealed plastic bags. Pure colonies were developed on the surface of
the agar, showing characteristic macroscopic morphology with the formulated bacterial strains (figure 4c).

Fig. - 4. Bacterial-based inoculants formulated as jelly beads
a. fresh granules, b. packed bioproduct, c. bacterial growth from 8 months old bioproduct

The microbial load of the granular bioproducts was quantified after 2 months of storage. Bacterial load
was decreased with no relevant value, remaining at the concentration of 108 cfu/granule. Similar results were
obtained by Sicuia (2013), for various Bacillus sp. based bioproducts formulated in alginate beads.
Tomato seedlings. Growth parameters of tomato seedlings were evaluated before planting. Bacterial
treated seeds seemed to improve plants height as well as root and shoot length (table 1).
Table 1
Growth parameters of tomato seedlings
Experimental variant
Plants height (cm)
Root length (cm)
Shoot length (cm)
Leaf number/plant
Foliar area (cm2)

V1
Untreated control
28.6
11.6
18.3
6.5
273.7

V2
Bacterial seed treatment
36.07
12.8
24.1
6.25
274.4

No significant differences were observed among the experimental variants, regarding the number of
leaves per plant, and foliar area.
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Tomato plants growth and productivity. Biometric analyses were made every 15 days, and five plants
per replicate were evaluated. Results are presented in table 2.
Table 2
Growth parameters of tomato plants
V1
V2
V3
Untreated
Single bacterial treatment
Double bacterial treatment
control
when planting
on seeds and when planting
Plants high (cm)
88.9
86.8 fr = fruits
89.4
Leaves number/plant
15.9
15.5
15.6
Flowers number/plant
4.0
4.1
4.3
Infl.1
3.3fr+1fl
2.5fr+1fl+1ab
3.5fr+1fl+1ab
Infl.2
1.7fr+1fl+1.7b
1fr+1.2fl+1b+2ab
1.2fr+1fl+1b+1.2ab
Infl.3
1.5fl+1b+1ab
1fr+2.4fl+1b+1.2
ab
0.5fr+1.2fl+1b+2.4ab
Fruits, flowers and
buds number/
Infl.4
1.5fl+1b+1ab
1fl+1b+1ab
1fr+3.4ab
inflorescence
Infl.5
b
1.3fr+1b+2ab
1b+3ab
Infl.6
0.7fl+2b
1.5fl+2b
1fl+2b+1ab
Infl.7
0.4b
1.3b
1b
Legend: infl. = inflorescence, fr = fruits, fl = flowers, b = buds, ab = aborted buds or flowers.
Experimental variant

Due to biologic treatments with plant beneficial bacteria, some differences can be seen regarding plants’
productivity. These aspects could be correlated with bacterial biologic activity which influences polyamine levels
in plants and contributes in nutrient availability and improved nutrient uptake in plants.
However, no significant differences were observed between variants regarding fruits production. The yield
obtained in the biological production system was 13.4 t/ha (468 kg /350 m2), considering only the healthy,
marketable fruits.
Bacterial fate after soil inoculation . In order to correlate the reduced influence of the biologic
treatments on tomato growth and productivity, soil samples were collected and inoculated bacteria were
quantified. Two months after soil treatment application, the bacterial presence was evaluated based on the
colony morphology when grown on PDA and LB agar (table 3).
Table 3
Growth
substrate

Microbial load in tomato soil culture
Microbial load
Colony morphology of harvested bacteria
into the soil
Sample 1
3.4 × 106 bacterial cfu/g, of which 1.5
× 105 streptomycetes cfu/g of soil
2.3 × 106 bacterial cfu/g, of which 1.1
× 105 streptomycetes cfu/g of soil

LB
PDA

Sample 2
5.3 × 106 bacterial cfu/g, of which 1.7
× 105 streptomycetes cfu/g of soil
3.5 × 106 bacterial cfu/g, of which
1
× 105 streptomycetes cfu/g of soil

LB
PDA

LB
PDA

LB
PDA

Sample 3
4.1 ×
cfu/g, of which 3.1
× 105 streptomycetes cfu/g of soil
3.5 × 106 bacterial cfu/g, of which 5.4
× 105 streptomycetes cfu/g of soil
Sample 4
4 × 106 bacterial cfu/g, of which
5
× 104 streptomycetes cfu/g of soil
2.3 × 106 bacterial cfu/g, of which
7
× 104 streptomycetes cfu/g of soil
Sample 5
106 bacterial

Small colonies (Ø ≤1mm), smooth, glossy, whitish, with entire
edge.
Mixture of bacterial growth. Large colonies (Ø 3-5mm), smooth,
glossy, light yellow and small colonies smooth, glossy, cream
colored.
Small colonies (Ø ≤1mm), light yellow, smooth, glossy, with
entire edge.
Mixture of large colonies (Ø 3-5mm), smooth, glossy, with
entire edge, light yellow and small colonies (Ø ≤1mm),
yellowish, smooth and glossy.
Mixture of small (Ø ≤1mm) and large colonies (Ø 3 to 5mm),
smooth, glossy, convex, whitish-cream in color
Mixture of small (Ø ≤1mm) and large colonies (Ø 3 to 5mm),
smooth, glossy, convex, light yellow in color
Small colonies (Ø ≤1mm), light yellow, smooth, glossy, with
entire edge.
Mixture of small (Ø ≤1mm) and large colonies (Ø 3 to 5mm),
smooth, glossy, convex, light yellow in color.
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LB
PDA

LB
PDA

LB
PDA

LB
PDA

1.3 × 107 bacterial cfu/g, of which
× 105 streptomycetes cfu/g of soil
9.7 × 106 bacterial cfu/g, of which
× 105 streptomycetes cfu/g of soil
Sample 6
4.2 × 106 bacterial cfu/g, of which
× 105 streptomycetes cfu/g of soil
3.1 × 106 bacterial cfu/g, of which
× 104 streptomycetes cfu/g of soil
Sample 7
6
5.2 × 10 bacterial cfu/g, of which
× 105 streptomycetes cfu/g of soil
6.1 × 106 bacterial cfu/g, of which
× 106 streptomycetes cfu/g of soil

1.9
5.5

1.9
4

1
1.4

Sample 8
2.8 × 106 bacterial cfu/g, of which 3.5
× 105 streptomycetes cfu/g of soil
2.7 × 106 bacterial cfu/g, of which 3.5
× 105 streptomycetes cfu/g of soil

Mixture of bacterial growth. Most colonies are small (Ø ≤1mm),
smooth, with entire edge, creamy-yellowed
Mixture of bacterial growth. Most colonies are medium size
(~2mm), smooth, glossy, creamy-yellowed
Small colonies (Ø ≤1), whitish-cream, smooth, glossy, with
entire edge.
Mixture of small (Ø ≤1mm) and large colonies (Ø 3 to 5mm),
smooth, glossy, light yellow in color.
Small colonies (Ø ≤1mm), smooth, glossy, whitish or light
yellow, with entire edge.
Mixture of small (Ø ≤1mm) and large colonies (Ø 3 to 5mm),
smooth, glossy, whitish-cream or creamy-yellow, with entire
edge.
Small colonies (Ø ≤1), whitish-cream, smooth, glossy, convex,
with entire edge.
Mixture of bacterial growth. Most colonies are small (Ø
≤1mm), smooth, glossy, whitish, and a few colonies are large
(Ø 3-5mm), glossy, yellowish, convex

Sample 9
8.5 × 106 bacterial cfu/g, of which 2.4
× 105 streptomycetes cfu/g of soil

Mixture of colonies, most being small (Ø ≤1mm), smooth and
glossy, whitish-creamed, with entire edge, and some having a
diffuse aspect
8.7 × 106 bacterial cfu/g
Mixture of large colonies (Ø 3-5mm), some confluent, glossy,
PDA
yellowish, convex, and other small colonies (Ø ≤1mm),
smooth and glossy, with entire edge, cream or yellowish
Note: All streptomycetes colonies were filamentous, and were not taken into consideration to be described in detail
LB

Considering that Bacillus and Paenibacillus bacteria are producing rough, opaque colonies, with irregular
edges, and the bacterial growth obtained on LB agar and PDA media, as it can be seen in table 3, were not
similar to the inoculated strains it can be concluded that inoculated bacterial strains did not survive in the
greenhouse conditions from VRDS Buzău. Due to the unfortunate fate of bacterial inoculum into the substrate,
the beneficial bacteria were not able to express their plant beneficial traits as they normally did, in previous
studies (Constantinescu et al. 2013, 2017; Sicuia, 2013)
Considering the unfortunate fate of bacterial inoculum into the classical greenhouse system form VRDS
Buzău it is of great interest to improve the formulation type for further trials. At international level, considerable
progress has been made in microbial inoculants production. For an improved formulation type several
adjuvants, surfactants and additives can be used to increase the final product’s stability and maintain the
viability and biological properties of the active ingredients.
CONCLUSIONS
Granular formulation of beneficial bacteria in alginate beads has proven good results in previous studies
performed in vitro and growth chamber conditions. However, in the present study, the formulated bacterial
bioproduct maintained their viability and bacterial load only in laboratory conditions. Therefore, it is mandatory to
improve the formulation type of the beneficial bacteria in order to maintain microbial strains viability in harsh
environmental conditions. In order to ensure the treatment purpose and benefit from the biostimulation capacity
of the beneficial microorganisms, an improved formulation should be considered.
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ABSTRACT
The paper presents the concept of a mulched dripping irrigation system, Arduino driven, developed for
tomato and green tomato crops, designed for small scale urban gardens. The system functionality grounds on
collecting data about soil moisture, temperature and humidity from sensors and driving the dripping irrigation, all
these being performed by Arduino boards. As a study case we used tomatoes and green tomatoes crops for
working convenience in horizontal and vertical agriculture. The innovative concept is a real necessity adapting
to climate changes, the actual EU Directives for preservation of natural resources, and the requirements for
precision agriculture.
REZUMAT
Studiul prezintă un micro-sistem concept de irigare în substrat de izolare (mulci) si coordonat cu controller
Arduino. Sistemul a fost dezvoltat pentru roșii și gogonele (Solanum lycopersicum), cu aplicare la scară mică, în
grădini urbane. Funcționalitatea sistemului este bazată pe colectarea de date de la senzori sensibili la
umiditatea solului, temperatură și umiditatea relativă și integrarea datelor printr-un controller Arduino pentru
reglarea/ pornirea irigării prin picurare. Ca studiu de caz, s-au utilizat roșiile si gogonelele pentru ușurința in
cultivare pe orizontală și verticală. Acest concept inovativ este o necesitate reală în adaptarea la schimbările
climatice, ca răspuns în întâmpinarea directivelor europene de păstrare a resurselor naturale și ca cerință în
agricultura de precizie.

INTRODUCTION
A huge quantity of water is used in Europe every year, and this not only for drinking, but also applied to
irrigation for agriculture, manufacturing, heating and/or cooling and other service sectors. Including a lot of lakes
and rivers together with the underground water sources, the European water supply may look without limits,
lasting for ever. In fact, after a deeper analysis, situation looks pretty different owed to the population continuous
growth evolution, the urbanization processes, the existing pollution and the already very strong visible effects of
the climate change, such as persistent droughts. And all of these mentioned before are affecting not only on
water supply as quantity, but in the same manner on its quality. In fact, “water stress is a problem that affects
millions around the world, including over 100 million people in Europe” (Water-use-in-europe, 2019).
And as it also similarly happens in more and more regions from the world, there are worries regarding
the water stress and/or scarcity started to augment in Europe too, owed to the increased risk of droughts
caused by the climate change. ”About 88.2 % of Europe’s freshwater use (drinking and other uses) comes from
rivers and groundwater, while the rest comes from reservoirs (10.3%) and lakes (1.5%), which makes these
sources extremely vulnerable to threats posed by over-exploitation, pollution and climate change” previewed by
Kumar M., Puri A., 2012 in their paper.
Even so, in the case of irrigated agriculture, meeting globalization, markets liberalization, growing
pressure on natural resources, and environmental concerns are heightening the need for improved agricultural
productivity involves a paradigm shift. Maximizing net profits will demand a more economic approach than
simply maximizing crop yields. This is significantly complex and challenging, requiring that water be applied in a
wiser, more precise, and accurate fashion because the margin for error narrows (English et al, 2002).
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In this regard, water consumption became already one of the most worrying environmental problem,
and not only in Europe, but in many areas around the globe.
The main objective of many researchers focusses nowadays on reducing the volume of water wasted
with classical irrigation systems by different solutions (dripping, applying AI methods) and creation of water
management systems able to highly optimize the usage of the water in agricultural irrigation.
MOTIVATION. Water is the imperious factor for the majority of the agricultural crops. Too less or even too
much, given in unappropriated time during the growth cycle, instead of helping and feeding the plants, can
produce real damages for the crops. In order to obtain high quality and high yield of the crops, a continuous
supply of high-quality water is essential. Because it is expected that in the near future the industrial and
municipal water use will out-compete agriculture, is imperious to find solutions to mitigate this risk.
In order to establish which method is more efficient to be used grounds on many factors to be
considered, such as infrastructure equipment and its management, water source availability, the quality of the
water source, and degree of pollution or possible pollutants in the envisaged area.
An efficient water management system is a major concern in many countries and cropping systems. If
we refer to classical irrigation techniques applied in farms, it proved that most of the cases they are inefficient
and waste excessive volumes of water to maintain the yields in an optimal range (Goulding K., Jarvis S.,
Whitmore A., 2008).
Why Smart Irrigation Systems? In difference to the traditional irrigation systems which operates on
programmed schedules, SMART Irrigation Systems (SIS) systems are the ones collecting information from
sensors, send data to the central controller which, after analyse and integrate them with the user values,
decides when and how much to open valve-controlled actuators or start/stop the pumps or the different types of
used water sprinklers. With SIS, there are used sensors which collect data and monitors weather and soil
conditions, air temperature and humidity, evaporation and water consume, adjusting automatically the irrigation
schedule for the best fitting to the given specific conditions.
There are 2 general types of SIS, depending of their scale. One type is based of imagery data collected
from satellites or drones, identifying changes in NDVI, acting to integrate pumps/ sprinklers in the irrigation
process. These are usually addressed to high cultivated areas, because of high costs involved with imagery and
water controlling infrastructure. These are usually complete solutions, which can be easily integrated to IoT and
AI. The second types are the SIS based on microcontrollers as Arduino, Raspberry PI, etc. which are low cost,
DIY compatible and small energy consumers. These SIS collects information from affordable sensors, integrate
data from soil, plants or weather with internet support and are able to provide less consumption of water with
short costs of infrastructure, making it the best applied solutions for small and medium farms, providing a longterm positive impact both in farm economy and environmental sustainability.
Due to the evolution of ICT and its implementation in almost all fields of activities, normally, were found
lot of ICT utilities for the agricultural sector, too. Thus, SIS aims to ensure that farms crops receive exactly the
precise water quantity needed in the most appropriate timing.
Why Urban Gardens? This question has a multitude of answers, but first is the need for a better and
healthier food, and when entire production process is controlled direct by the urban garden owner, is better,
giving the certitude of total safety for the products obtained, offering the opportunity to grow and harvest their
own fresh and nutritious vegetables, cultivated organic without any chemicals.
Then, allows the gardener to grow diverse, healthy food varieties not available locally, adding
sometimes substantial income to the household. On the other hand, urban garden is a small cultivated area
managed by the people not being able to monitor it all day; it means that implicitly ICT integration is a must-tool
to deliver optimized crops.
If we discuss also the more philosophical approach, the garden reflects the owner personality, relieving
him also from the stress caused by city noises, congestion, and small spaces, reducing the urban heat effect by
cutting down significantly on carbon emissions and offering meanwhile the connection with to nature.
But willing to have an urban garden is not enough for creating a proper garden. Like for the small-size
rural farms, which can be easily assimilated with urban gardens, in order to start and to build a real sustainable
garden, there is necessary forehead to acquire some basic knowledge about the intended crops to be raised,
how to obtain the best results in terms of production, minimise the costs and exploiting the garden in the most
efficient and sustainable way. In order to be able to achieve all of these, the best answer and the optimal
solution is the Precision Farming systems, which consists of a comprehensive system designed to optimise
production, by adopting analytical software and use of technical equipment, using sensors for collecting data on
soil testing, plot measurement, weather pattern analysis and crop analysis through sensor equipped devices
placed along the fields (Stevens & Shaikh, 2018).
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Why Tomato and Green Tomatoes? On one hand, the reasons for which the chosen experimental
crop was the tomato (Solanum lycopersicum) because suites very well for the small size crops, can be grown in
the home garden without chemicals and the necessary growing space is not big (between 35-40 cm between
two plants), space which can be chosen almost everywhere (garden soil, containers, boxes, etc.). Tomato crop
is a summer crop mainly, until late autumn, and the plants need, on average, 7-10 weeks from transplanting to
harvest. If we are speaking about the tomato’s nutritional properties, it has a high value including lycopene,
anti-oxidants such as 9-oxooctecadienic acid, high vitamin C, A, K, B3 and B6 and trace minerals as
manganese and potassium, this high nutrient value having many health benefits of the tomato – a seemingly
endless list including: anti-aging properties, breast cancer protection, bone mass increase, diabetes prevention,
heart disease (lowers cholesterol), lung cancer protection, osteoporosis and prostate cancer prevention and
immune system support (nutrition data, 2018).
Other arguments coming to sustain our tomato choice are that growing in a garden with healthy, rich
soil and where were not used any chemical there has been relatively little or no disease for the plants and no
insects to damage the crop. Tomatoes are used extensively in all types of cooking from home, from salads to
soups and pasta, being also easy to preserve them. Last, but not least, tomato crops can be a really payback
crop to grow.
On the other hand, part of the crop, more specific the green tomatoes, were considered too because
they are very often used in fermented products, pickles specific to Eastern Europe, such as Romania, Hungary
and Balkans countries. Fermented pickles are ecological sources of prebiotics, probiotics to intake into the
human diet. Markowiak and Slizewska, 2017, show that these products proved their efficacy in human nutrition
and have a beneficial action. As Matei et al, 2018, specifies, who mention that probiotics in adequate amounts
give a health benefit to human health, having proven properties in improving nutrition, intestinal disorders,
immune system and optimizing gut ecology.

MATERIALS AND METHODS
Arduino is a company of hardware and software specialized in designing and manufacturing of
microcontroller’s kits and single-board microcontrollers. Their tools are open-source and developed a projectbased user community which under the LGPL and GPL permits the manufacture the Arduino boards and
software distribution by anyone. These boards are commercially available from the official website and via
authorized channels.
Hardware solution for Arduino comprises more than 20 boards types based on ATmega, Intel, Cortex,
SAM and ARM architecture. The basic ATmega boards are Nano, Uno and Mega2560 all with 16MHz speed,
but different by size of EEPROM, SRAM, Flash memory and processor and number of analog and digital I/O
(Arduino.cc, 2020).
Table 1
Comparison of most used Arduino microcontrollers
Board
Nano
Uno
Mega 2560

Processor
ATmega168
ATmega328P
ATmega328P
ATmega2560

EEPROM,
kb
0.512
1
1
4

SRAM,
kb
1
2
2
8

Flash,
kb
16
32
32
256

Analog
In/Out

Digital
IO/PWM

8/0

14/6

6/0
16/0

14/6
54/15

Usually for gardening are used the sensors able to assess the parameters that express quality of soil,
quality of water and air, defining factors which are determinants for crops quality. Additionally, are used sensors
able to transduce the parameters of equipment used for irrigation optimization process, as water tanks, weather
analyzers etc. Sensors/ transducers transform the physical signal as water content from soil via conductivity
difference to electric analog signal that can be read by Arduino port. Digital ports are used to print info to LCDs
or send data wirelessly or radio by RX/TX serial protocols or SPI, half or full duplex.
Typical sensors used in agriculture are:
- DHT11 or DHT22 Temperature and Humidity sensor;
- Humidity and Rain Detection sensor;
- Photo-resistor sensor;
- Digital Barometric Pressure Sensor;
- Soil Moisture Sensor;
- Soil Hygrometer Detection Module;
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Fig. 1 - The functional scheme of the SMART Irrigation System and the information flow
Left - Sensor Board (data regarding soil moisture, temperature and humidity), Middle - Core Board (data interpretation, corelation and
command) and Right - Drive Board (water release and flow measurement)

Arduino IDE, which is the software used to interface sensors to microcontroller, contains various
libraries useful to translate different types of sensors.
As in the functional schema above, our concept system comprises of 3 basic circuits driven by Arduino
Uno v3 boards, namely:
1. Sensor Board – collect data from pilot area (crop) and deliver it to the Core;
2. Core Board – integrates sensor data and send signal to drive the irrigation system;
3. Drive Board – receive the signal from Core Board and if water-flow sensor allows operation, drive the
electro-valves to water release.
Sensor Board is powered by solar energy, being placed in the crop pilot area.
The Core Board could be standalone, doing the integration and decision process following uploaded
algorithms. Another option for Core Board is to communicate/ to be powered by USB, indexing in a database
data from sensors.
This is very useful for future patterns in order to develop prediction models.
It has been used power supplied from network for the Drive Board, because of high current intake of the
electro-valves.

Fig. 2. -The connection scheme for the Sensor Board
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The Sensor Board is using for temperature and humidity assessing, a DHT11 sensor with operating voltage
3.5V - 5.5V, operating measured current 0.3mA and standby current 60uA, output serial data, temperature
range 0°C - 50°C, relative humidity range 20% - 90%, resolution for both temperature and humidity both of 16bit and accuracy ±1°C and ±1% (components101.com/dht11-temperature-sensor, 2020).
Used Soil Hygrometer Humidity Detection Module Moisture Sensor Geekcreit for Arduino asses the
volumetric content of water in the oil and gives the moisture level as output. Moisture Sensor Module has
operating voltage 3.3V - 5V DC, operating current 15mA, digital output 0V – V with adjustable trigger level from
pre-set, analogue output 0V - 5V based on infrared radiation from fire flame falling on the sensor, LEDs
indicating output and power and LM393 based design. In our system we used direct analogue connection to
Arduino Uno (components101.com/modules/soil-moisture-sensor-module, 2020). For communication was used
a 433Mhz Wireless RF Transmitter Module Geekcreit, powered from Arduino Uno with 5V.
The Core Board receives data from Sensor Board via paired 433Mhz Wireless RF Receiver Module
Geekcreit. Data is printed to 16x2 LCD Module with operating voltage 4.7v - 5.3v, current consumption 1mA
without backlight, alphanumeric display which consists of two rows and each row can print 16 characters, each
character is built by a 5×8 pixel box and can work on both 8-bit and 4-bit mode. Operational status is showed by
a generic LED. Signal to drive the water dripping is sent via a long-range digital transmitter with operating
voltage 3.3v, operating frequency 433mhz, half-duplex SPI communication, modulation technique FSK, GFSK,
MSK, GMSK, LoRa in packets of 256 bytes and with sensitivity -148db. Light intensity is controlled by the
trimmer.

Fig. 3 - The connection scheme of the Core Board

Driver Board receives signal from LoRa module of the Core Board and accordingly to set-up algorithms
activate the electro-valves via 4Mosfet board. Power for the Mosfet boards is separately supplied because of
high power intake. One generic LED shows the general status of the Core Board and a 4 light LED shows the
status of open/close electro-valves and water flow status read by water-flow sensor.

Fig. 4 - The Drive Board connection scheme
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Driver board splits the water intake in 2 areas. We used as pilot crop one area with 4m 2 on the ground, having
12 tomato plants and second area of 3m2 placed in 5 plastic pots, each pot hosting 2 tomato plants. 1st area was
covered with organic mulch, while in the second area we had pots with mulch and pots without mulch, in order
to study the differences in crop affectability.
The Sensor Board was placed most of the time in the 1st area, powered by one Solar Panel, because of
climatic conditions which are less controllable, and randomly in the 2nd area with the plastic pots. The 2 sorts of
tomato used for the experimental plot were Kecskemeti 549 and Lugas F1 tomato sort.

Fig. 5 - Kecskemeti 549 and Lugas F1 tomato sort

The difference between the two sorts consists of the shape of the fruit, Kecskemeti 549 having the
tomatoes elongated, slightly angular in difference to Lugas F1 tomato which are round. The weight of the fruits
for both sorts is usual 60-80 grams/fruit.
RESULTS
In terms of water used during the entire season (from 15 of March until 01 October), using the Mulched
Dripping Irrigation (MDI) system, an economy of 68% was realized by analogy with the statistical data of the
common tomato crop. If a tomato needs between 0.71L - 0.85L per day for fairly sunny, cloudy at points with
bright periods weather condition, 1.10L - 1.20L during Sunny, just occasional cloud cover weather and 1.50L 1.80L in very sunny, clear blue skies all day long, (water requirements for tomatoes, 2020), for our experimental
plot was used and average of 0.35L per day, varying from 0.22L (fairly sunny, cloudy at points with bright
periods weather condition) and 0.48L during several torrid days during August.

Fig. 6 - Experimental Stand:
Left - Sensor Board, Middle – Core Board and Right - Drive Board
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The soil moisture operating limits were established between 45% and 70%, with restriction of watering
between 11.00AM and 04.30PM, in order to avoid the phenomena of “burning” the tomato plants. Even one of
the research aims was to optimize the water quantity usage and the water economy realized, it is mandatory to
consider the crop quantity as well.

Fig. 7 - The mean minimum and maximum temperatures over the year
(Climate in Mönchhof, Burgenland, Austria, 2020)

In this regard, if we are looking at the tomato production, results were more than satisfactory too. For
the entire experimental garden, the seasonal entire crop consisted of 75 kg of red tomato and 16 kg of green
tomatoes, the crop per each plant varying between 3.5 kg and 5.2 kg. As average, the 11 Kecskemeti 549
plants produced during July and August with 21% more than Lugas F1 tomato sort, but starting with September,
the balance between the two sorts was equalised.

Fig. 8 - The average monthly total hours of sunshine over the year
(Climate in Mönchhof, Burgenland, Austria, 2020

Considering the fact that the experimental garden was set-up, monitored and exploited in Deutsch
Jahrndorf, Burgenland - AUSTRIA, region well known as a sunny region, with lot of windy days and reduced
quantity of precipitation (as presented in the statistical graphics from Figure 7,8 and 9), the obtained results
were considered of a real success, proving that the chosen solution, namely Mulched Dripping Irrigation (MDI)
system is the most appropriate, highly economic and eco-friendly solution for also for the urban gardens as well
as for small size farm gardens.
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Fig. 9 - The mean monthly precipitation over the year, including rain, snow, hail etc
(Climate in Mönchhof, Burgenland, Austria, 2020)

In terms of economical evaluation, and we mean the development and installation costs, MDI used is
also very accessible, the costs for the entire proposed automation system shortly overpassing 140 €, (for our
system the costs were 62 € for the Sensor Board powered by PV panel, 27 € for the Core Board and 53 € for
the Driver Board) and the big advantage is the fact that with minimal ICT knowledge can be developed,
constructed, set up and installed in a Do-It-Yourself (DYI) manner.
The costs for the Sensor Board can be reduced substantially by using instead of the PV panels and the
related accumulators a 9V battery (difference of almost 40 €), but this solution has the huge inconvenience that
the maximum life length for a battery was 4 days, time in which the PV power source was enough to sustain the
system for the entire crop season, meaning 6 months.
The costs for irrigation materials (tubes and sprinklers) were 46 €, the mulch layer cost was 22 € (4
plastic jacks of 60l each) and the cost for the separation layer between the mulch and the soil was 35 € (25 m²
Weed-Protection fleece Professional quality, 150 g/m²), raising in this way the total investments costs of 250 €.
It is easy to observe that the payback time for the initial investment is really short, considering the fact that with
the exception of the mulch and the weed-protection fleece, all can be used for several years.
Beside the red tomato harvested, an important quantity of green tomatoes was gathered from the
experimental plot too, used for production of fermented pickles. To complete Soukand et al, 2015, paper,
Romanian pickles, especially green tomatoes made, are not so well studied but are commonly made in any
household since old times, from when tomato was brought from South America. As Sudhanshu et al, 2020
specifies, pickling is one of the oldest preservation methods of several foodstuffs and the microorganisms
contributing to the pickling process have recently been associated with many health benefits (e.g. LAB).

Fig. 10 - Fermented pickles based on green tomatoes

CONCLUSIONS
The efficient and effective use of water in irrigation systems is of critical importance for sustainable
agricultural development, food security and overall economic growth. This is particularly true in light of global
population growth, climate change and the competing demand for water from other economic sectors.
The important gain for MDI system was adopting the watering at the roots, rather than from above,
avoiding in this way also appearance of disease and pests which can attack the plants. Irrigating the plants from
above also encourages premature evaporation and unnecessarily water wastes, the water being distributed in a
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uniform quantity in the soil which combined with mulch, keep water where the plants need it and strongly slow
down the evaporation, maintaining in the same a constant temperature of the soil around the roots.
Meantime, MDI has to be considered of maximum importance due to the use of eco-friendly
technologies, its mitigation on global warming effects, risk management on decreasing of chemical rains, offers
a centralized irrigation monitoring by using an open source integrated development environment.
Can be also stated the fact that scaling of the proposed system to a garden with larger surface (up to
1000 m² can be easily done) can be a solution worthy of consideration. Yet, for larger surfaces, should be
considered also the services of Agriculture Advisors in order to avoid unpleasant situation which can appear due
to lack of knowledge in implementation of such a large system.
An important fact for tomato farmers to know is that crop rotation is crucial in tomato farming, and if it is
possible, gardeners should rotate the crop (with cabbage, vegetables and others), in order to control diseases
and to prevent in this way the soil’s depletion and nitrogen decrease.
In regard to the urban gardens, new horizons open every day, enabling city agriculture, even with the
small size of an apartment balcony. And using the SMART systems, the owner has the certitude that his plants
are totally eco or bio, without E’s, and they are monitored 24 hours per day, giving the opportunity of very fast
intervention in case of any damaging factor.
The urban gardens offer also to the gardener to grow diverse, healthy food varieties not available
locally, adding sometimes substantial income to the household.
With the new trends which appeared together with the Agriculture Digitalization, following the latest
achievements of scientific research and the new knowledge regarding existing innovative agriculture practices,
the existing communication channels, going further to usage of Internet of Things for specific applications
related to gardening, it becomes much easier and more sustainable to start the urban agriculture revolution.
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ABSTRACT
At the level of 2018, the bean production in Romania was 17.29 thousand tons and the average annual
consumption of grain legumes reached 4.1kg per capita. Bean crops are attacked by numerous pests in all
growing stages and during storage as well, but the greatest economic damage is caused by the bean weevil
(Acanthoscelides obtectus Say 1831). Bean weevil ability to reproduce in stored seeds allows it to expand its
range in anthropogenic habitats by developing alternatively in the field during the ripening time of pods and
during the rest of the year in stored seeds. Thus, it is very important to know the methods and the moment of
treatment applications by which this pest can be combated. Beans stored in inadequate spaces or with previous
infestations can be strongly destroyed by the bean weevil with negative consequences for farmers' profits. In
this paper there are described the range of preventive and curative measures used against the bean weevil in
the field as well as during the storage. The biological and ecological methods of control of the weevil are among
the most promoted (entomopathogenic fungus, parasitoid species, essential oils, diatomaceous earth).
REZUMAT
În anul 2018, producția de fasole în România a fost de 17,29 mii tone, iar consumul mediu anual de
leguminoase pentru boabe a ajuns la 4,1 kg pe cap de locuitor. Culturile de fasole sunt atacate de numeroși
dăunători în toate etapele de creștere în câmp și în timpul depozitării, dar cele mai mari daune economice sunt
cauzate de gărgărița fasolei (Acanthoscelides obtectus Say 1831). Capacitatea gărgăriței de a se reproduce în
semințele depozitate îi permite acesteia să își extindă aria de răspândire în habitatele antropice. Cunoașterea
metodelor de combatere precum și a momentului aplicării tratamentelor devine foarte importantă. Fasolea
stocată în spații inadecvate sau care a fost infestata anterior poate fi puternic distrusă de gărgărița fasolei având
consecințe negative asupra profiturilor fermierilor. În această lucrare sunt descrise gama de măsuri preventive
și curative utilizate împotriva gărgăriței fasolei în câmp și în timpul depozitării. Metodele biologice și ecologice
de combatere a gărgăriței sunt printre cele mai promovate (ciupercile entomopatogene, speciile parazitoide,
uleiurile esențiale, diatomita).
INTRODUCTION
Beans are one of the oldest plants grown in the world. American forms of beans have been cultivated in
Peru and Mexico since the pre-Inca period together with maize due to similar requirements to climatic factors.
The beans are used in human nutrition being one of the staple foods. According to statisticians, in 2018
compared to 2017, the annual average consumption of legumes, registered an increase of 1.7 kg per capita
(INS, 2020). Bean production in Romania in 2018 was 17.29 thousand tons (F.A.O, 2018), with an increase of
1.19 tons compared with the year 20l7.
In warehouses, losses of agricultural products are direct or indirect due to biotic (harmful organisms) and
abiotic (relative humidity, temperature) factors. Pests are represented by microorganisms, rodents, mites, birds
and insects (Franzolin et al., 1999). It has been estimated that these losses may vary in the US between 1.25
and 2.5 billion dollars (Flinn et al., 2007). There are more than 600 species of insects that damage stored
agricultural products. All over the world, the losses they cause can reach up to 40% (Tripathi et al., 2001).
The bean weevil, Acanthoscelides obtectus, is one of the most dangerous pests of stored beans
worldwide due to the economic losses it causes (Oliveira, 2018). It has several generations per year and is
specializes in beans. Populations of A. obtectus can grow exponentially and can destroy stored grains in a few
months (Gad and Abied, 2019).
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This species was first described by Thomas Say in 1831 as Bruchus obtectus being collected in USA
(Louisiana State) where the insect was thought to be native. The first assessments of the economic importance
of the bean weevil have been made before 1900, by Fitch in 1861, Riley in 1870, Lintner in 1881 and Hamilton
in 1889.
In 1919, Larson has begun investigations into the bean weevil in California, and first results were
published in April 1938. The economic importance of this pest is not yet fully elucidated at the moment, although
it is considered very dangerous in stored beans. The weevil’s habitat is not well understood by those who
cultivate and store the beans, as the damage increases continuously and the attack is constantly spreading to
new areas. In Columbia, Baier and Webster (1992) have reported losses caused by A. obtectus of
approximately 57% after a period of 36 weeks of seed storage. While in the field, bean plants can be saved by
applying phytosanitary treatments, in warehouses, the affected grains by the weevil attack are impossible to
recover. Irreversible damage caused to grains by the loss of the contents of protein, makes the study and
control of this weevil extremely important. Damaged beans cannot be marketed in human food or in industrial
fabrication. At the time of harvesting and storage, the bean appears in perfect condition for growers, but shortly
after storage the grains come out partially or completely destroyed. The same happens with the bean used for
export, during transport from shipping to the destination the beans can be compromised by the weevil.
Therefore, it is a real inability of the farmer or shipper to detect infestations in time when the larvae are hidden
inside the grains.
The bean weevil has been described under various scientific names, one of the lists of synonyms being
elaborated by J.C. Bridwell (Larson 1938): Bruchus obtectus (Say 1831), B. leguminarius (Gyllenhal 1833), B.
irresectus (Fahraeus 1839), B. pallidipes (Fahraeus 1839), B. subellipticus (Wollaston 1854), B. acanthocnemus
(Jekel 1855), B. fabae (Fitch 1871; Riley 1871), B. breweri (Crotch 1867), B. grannarius (Packard 1870), B.
obsoletus (LeConte 1870; Horn1873), B. varicornis (LeConte 1870, Motschulsky 1874), B. fabi (Rathvon 1870),
B. mimosae (Gemminger and Harold 1873), B. gilvipes (Motschulsky 1874), Mylabris obsoletus (Crotch 1874),
M. mimosae (Reitter 1883), M. irresecta (Baudi 1886), B. subarmatus (Janson 1889), Laria obtecta (Bedel
1901), Acanthoscelides irresectus (Schilsky1905), A. obtectus (Schilsky 1906), Bruchidius (Acanthoscelides)
obtectus (Reitter 1912), Bruchus (Acanthoscelides) obsoletus (Pic 1913), B. pusillus seminarius (Day 1915), M.
obtectus (Long 1920), A. obtectus (Schilsky and Bridweel 1929).
Currently, the bean weevil is named Acanthoscelides obtectus (Say, 1831). Beans stored in inadequate
spaces with previous infestations, can be strongly attacked by the weevil, with losses that affect farmers' profits.
Due to the weevil, the farmers are rushing to sell the bean production immediately after harvest when the prices
are very low and therefore their profits decline dramatically. Infestation control would allow farmers to store
beans for a longer period for their own consumption or for sale at a better price.
Several pest control experimental treatments have been tested in the laboratory having positive results,
but few were performed in farm conditions. Farmers continue to look for and identify solutions to problems that
negatively affect bean production and its storage technology. The first generation of the bean weevil takes place
in the field. Doesn’t represent a big issues, but serves as a source of infestation. Control of pest reproduction in
warehouses can prevents the damages above the economic threshold. An economic threshold of 4% seeds
attacked was established by Webster (l992) at the University of California.
Damage caused by the weevil may be expressed as a percentage (proportion of deteriorated seeds) or
infestation intensity (average number of perforations calculated by dividing the total number of perforations in a
sample by the total number of seeds in the sample). The latter is more accurate because, with a few exceptions,
each perforation is created by an emerging adult. There are two types of losses caused by A. obtectus to beans
in warehouses: quantitative losses (number of seeds or parts of seeds consumed by insects) and qualitative
losses (contamination of grains by excrement or insect body, decreased protein content in grains). These losses
may be accompanied by the attack of some fungi or bacteria. Grains stored at humidity higher than 17%
constitute a propitious environment for the rapid development of fungi such as Aspergillus spp., Penicilum spp.,
Phomopsis spp. (Cardona, 1986). At a humidity of 14% or less, the attack of pathogens can be prevented.
The present documentary study briefly presents the measures set used against the bean weevil
Acanthoscelides obtectus, both in the field and the warehouse, in different places in the world and times. It was
based on the information from the available hard literature and Internet resources in this field.
Measures alternatives used against the bean weevil to protect the beans in the field and the
warehouse. Generally, two categories of measures are used for the protection of agricultural stored products
against specific pests (Ghizdavu et al., 1997): (i) preventive measures aimed at preventing the occurrence and
spread of pests (ii) curative, applied in order to eliminate some outbreaks of infestation.
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The protection of the stored beans is differentiated depending on the purpose of their use: the beans for
sowing can be treated chemically, while those destined for consumption are treated by ecological, non-polluting
methods (Ghizdavu, 2001). The bean weevil adapts easily to different environmental conditions and has a high
tolerance to various insecticides. For this reason, many researches and efforts are being made to find effective
means to ensure the long-term storage of legumes (Alkan, 2019). Control of A. obtectus in the field and
warehouses can be done by chemical, physical and biological methods.
Chemical control is widely practiced both in the field and in warehouses (Tomşa et al., 2001; Roşca et
al., 2001), this being an effective and safe method despite the fact that it determines increasing production
costs. Chemical control becomes a problem when insecticides applying leads to the accumulation of toxic
residues in the grains (Baker et al., 2002). Another major disadvantage is the emergence of pest resistance to
pesticides. Some disadvantages can be eliminated by using less polluting insecticides from toxicity groups III
and IV and by using effective doses as low as possible. The most commonly used chemicals worldwide to
control pests in deposits are synthetic insecticides and fumigants. The bean weevil control in the field is based
on three treatments applied in vegetation at optimum moments: the first treatment is applied at the flowering
phenophase and the next two after the end of flowering and grain growth. The products are from the group of
synthetic pyrethroids. According to the codex of plant protection products approved for use in Romania
(Henegar, 2019), treatments are made with products based on lambda-cyhalothrin (ex: Faster Gold 50 EC at a
dose of 0.15 / ha; Karis 10 CS at a dose of 0.075 / ha). These products are included in the harmful products
group. For the best effect it is recommended to apply two or three treatments at an interval of 10-12 days. At the
same time, the spraying must be done in the morning or in the evening, avoiding the hours of the day when
temperatures exceed 20-22°C. Insecticide treatments combined with the plant's high resistance to A. obtectus
can significantly reduce the attack in the field conditions (Yanokova, 2013). Săpunaru (1999) recommends the
harvest of beans at the optimal moment and without losses, these being important preventive measures against
to bean weevil attack. Also, cultivating early bean varieties using healthy seeds or treated by fumigation or
contact insecticides as well as placing new crops at a distance more than 3 km from old crops or storage sites
can significantly reduce weevil attacks.
Fumigation of stored products is the most common method of chemical control in the world. It has
advantages such as ease of use, low cost and fast penetration in the stored products but also disadvantages, it
being toxic for operators. According to studies conducted by Ciobanu in 2001, the application of products
containing aluminum phosphide resulted in 100% bean weevil mortality after 4 days of exposure to gassing.
Products containing this substance (ex. Quickphos-UP in a dose of 3-5 tablets/t of product) falls into the group
of very toxic products, and their use is made only by specialized personnel. Ecotoxicological negative
consequences on the environment and society generated by the use of chemical insecticides on a large scale
have led researchers to find viable alternatives more environmentally friendly.
Botanical extracts based insecticides against the the bean weevil present a considerable attraction
for researchers and consumers. Thus, seed treatment with vegetable oil led to excellent control of the bean
weevil, grains damage remaining below the economic damage threshold for 8 months after harvest. Essential
oils interfere with the normal exchange of respiratory gases and leads to death of eggs, larvae and pupae. The
fumigant toxic effect of essential oils on bean weevil adults was highlighted in the studies of several
researchers. Such control could increase the interest for the use of essential oils in combating this pest. The
most effective essential oils come from plants in the Labitae family (Hamraoui, 1994). According to results
published by Regnault-Roger (1994), Thymus vulgaris L., Ocimum basilicum L., Cinnamomum verum Presl.,
and Petroselinum sativum L. oil caused a complete inhibition of A. obtectus reproduction, and Thymus
serpyllum L. and Rosmarinus officinalis L. oil had a rapid lethal action, so that fertilized females die before laying
eggs. All oils were very effective against adults of A. obtectus, over 75% of adults died after 10 days, males
being more sensitive than females, and the number and viability of eggs decreased.
The use of essential oil vapors as fumigant against intracotyledonous infestations of the immature stage
of bean weevil gave good control results. As the larvae age, they become more tolerant to toxicity caused by
vapors of essential oils, but remain more sensitive than pupae (Papachristos, 2002). The highest effectiveness
of essential oils was recorded at temperatures of 10°C and 18°C. Lavender essential oil presented the greatest
effectiveness. Higher doses of oil applied for a relatively shorter period are more effective than lower doses
applied a longer period. Moreover, intermediates temperatures increase efficiency more than high or low
temperatures. Some of the advantages of essential oils are low costs, availability and ease of use, lack of
negative effects on human health and the environment (Gokturk, 2020).
Other repellent treatments for A. obtectus are based on preparations from orange peel (Citrus sinensis
L.), cinnamon bark (Cinnamomum verum Presl.) and eucalyptus ashes (Eucalyptus sp.).
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According to the research conducted by Oliveira et al. (2018), these treatments are effective in reducing
infestation with A. obtectus without affecting the physiological quality of seeds. The cinnamon bark and
eucalyptus ashes products do not have a repellent effect at first, but become active over time. The eucalyptus
ashes act through preventing the entry or movement of insects in intergranular spaces and by desiccation
maintaining the level of damages below the economic damage threshold for 9 months (Baier, 1992).
Preparations from orange peel have a repellent effect from the beginning to the end of storage.
Inert powders based on alumina (aluminum oxide) are recognized as an adequate means of protection
of bean seeds (Golob, 1997). They can affect the feeding, mating and other behavioral habits of insects (Malia,
2016). Size particles and adsorbent potential are key factors that determine the effectiveness of dusts (Vani,
2013 cited by Lazarevic, 2018).
First observation of alumina (aluminium oxide – Al2O3) toxicity on A. obtectus was realized by Lazarevic
et al. in 2018. Following the studies he was concluded that alumina powder can be considered an effective
method of combating bean weevil during storage, especially long term. In addition, the product has a low cost
and does not show toxicity for humans and also does not require a repetitive use such as conventional
insecticides.
Stadler (2012) found that the insect mortality percentage depends on the environmental conditions, the
time of exposure, applied dose and sex of insects. Alumina concentration of 1000 ppm caused 100% insect
mortality after 7 days. Females proved more resistant that males at lower concentrations of alumina. Because
females contribute directly to population dynamics, their resistance should be taken into account at the time of
selection alumina dose (Savković, 2016). According to observations of Doshi (2008), differences in the
development of bean crops resulting from untreated bean seeds and those treated with alumina does not exist.
Diatomite is another means of bean weevil control. Its insecticidal effect is known for a long time due to
its abrasive and physical adsorption properties. Diatomite is consisting of damp silicon dioxide and on contact
with the insects, the silica removes the exterior coating of the insect’s exoskeleton. Without this coating, the
insects can no longer retain water and die by dehydration (Korunic, 1998). Insects that ingest diatomite suffer
from disturbances of reproduction along with digestive and respiratory problems that kill them. Researchers
have concluded after several studies that the combined effect of diatomite with other control methods offers a
high degree of effectiveness comparable to chemical pesticides (Gad, 2020).
Developing biological strategies for pest control is a priority field. The biological control of the pest
receives increased attention; however, there are doubts about efficacy in the post-harvest period. Because
consumer safety is an essential requirement, post-harvest treatments based on natural resources can be a
promising option for farmers.
Entomopathogenic fungi have been extensively studied for high level of virulence against pests of
stored products (Athanassiou & Steenberg, 2007, Ak, 2019; Mantzoukas et al., 2019; Zaman et al., 2020). Due
to low toxicity, entomopathogenic fungi are considered a safe alternative to traditional residual insecticide
treatments. In addition, the dead infected insects vectorise inoculum in the mass of beans and it can persist for
a long time (Athanassiou, 2007). Fungi from the Beauveria genus are one of the best known and act as parasite
by penetrating the cuticle of insects. Based on the high efficacy of B. bassiana and diatomite applied separately
in deposits (Arthur, 2000), researches have been done to examine their combined effect (Lord, 2001, Bello et
al., 2006, Athanassiou & Steenberg, 2007).
Trichoderma harzianum is another fungus used for the biological control of pests (Gad, 2020). There are
many benefits to using this fungus: it does not pollute, leaves no residue, and does not determine insect
resistance (Fiorentino, 2018). The same as in the case of Beauveria, the effectiveness of this fungus can be
increased by combining with diatomaceous earth (Athanassiou, 2007).
Isaria fumosorosea fungus has also insecticidal activity with a maximum mortality rate of 70% for A.
obtectus (Laib, 2020). Species belonging Isaria are worldwide distributed and multiple host insects.
Parasitoid species with the potential of control of the bean weevil have been used more and more
lately. The following have been studied over time: Uscana lariophaga (Stolk, 2005), Uscana mukerji (Kapila,
1995), Dinarmus basalis Rondani (Caubet, 1991), Anisopteromalus calandrae (Schmale, 2001), Lariophagus
distinguendus, Pteromalus cerallellae (Brower, 1991), Stenocorse bruchivora and Heterospilus prosopidis
(Schmale, 2001). Because most authors afirm that the origin of the bean weevil is in Mesoamerica (Labeyrie,
1990), scientific programs for finding parasitoid species for biological control began in Mexico and Central
America (Schmale, 2001).
The results obtained were not satisfactory, Mesoamerican parasitoid species failing to reduce weevil
density in deposits (Schmale, 2002). Little research has been performed on the biological control of A. obtectus,
and they are based on the use of parasitoid wasps in the family Hymenoptera.
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Parasitoid species Horismenus ashmeadii although is successful in attacking the first generation of A.
obtectus in the field, it fails to develop in storage conditions to attack the next generations of the pest (Schmale,
2002). H. missouriensis, another species of the genus Horismenus has been studied to use in control of weevils
(Hansson, 2004). This species is present in bean cultures with which are transported to warehouses at the time
of the harvest. The genus Horismenus is common, but very little information is known and most species are
undescribed (Hansson, 2004). Only one species from the genus Horismenus is described in Europe,
respectively H. specularis. The parasitoid H. depressus is the most common for A. obtectus in Mexico (Labeyrie,
1980).
Another parasitoid for A. obtectus is the hymenopteran Dinarmus basalis (Rondani) (Pteromalidae)
which has been reported in Colombia (Schmale, 2006). The experiments performed by Schmalea et al. (2006)
proved that D. basalis is a promising control agent against the bean weevil. Weevil populations have been
significantly reduced in the presence of the parasitoid, this being also effective in case of a higher level of
infestation as long as the host larvae are young.
The wasp is an ectoparasite for larvae, pre-pupae and pupae of species in the family Bruchidae. D.
basalis females lay their eggs on the hosts’ tegument inside the seeds. After hatching, the larvae of the parasite
attach to the host (weevil) where they will develop. The postembryonic development of this species includes 5
stages (Gauthier, 1996). Parasitoids use a wide range of physical and chemical clues while in search for hosts
(Godfray, 1994). Their biology and behaviour are influenced by plant seeds in which their hosts grow and invest
a lot of time in locating an adequate host (Cortesero, 1994). Schmale et al., (2001) showed in a study that a
drop of honey placed on the inner surface of the glass jar where the parasitoids are grown increased their
average lifespan to 64 days.
The population of A. obtectus was reduced by D. basalis to 48-75%, resulting in a 33-70% decrease in
damage (Schmale et al., 2005). The degree of parasitism was about 50% higher at the young larvae of the
weevil compared to the mature ones. Instead, the parasite multiplication rate was higher in mature larvae,
indicating a parasite preference for this stage for egg laying (Heimpel & Rosenheim, 1998). At an infestation
level around 20-30 weevils per kg of beans, the control was more effective.
Another combined method for controlling bean weevil was described by Berger et al. (2017) and refers
to the simultaneous use of the parasitoid Anisopteromalus calandrae and the predator Xylocoris flavipes.
Species X. flavipes is known to consume the eggs and larvae of many species of pests in stored products
including A. obtectus (Sing, 2008). A. calandrae parasitizes young larvae and pupae of pests in deposits
(Schmale, 2001). The population of A. obtectus was effectively combated when the two natural zoophages were
used simultaneously.
Because A. obtectus females lay their eggs freely between or on bean seeds, both eggs and larvae of
the first age are an accessible prey for X. flavipes (Sing, 2008). The young larvae of A. obtectus move among
the seeds until they select a seed and development is accomplished within it (Appleby, 2004). Mobile larvae
availability as prey is an important factor, X. flavipes consuming more larvae than eggs (Russo, 2004). A.
calandrae has proven to be a promising candidate for biological control of bean weevil reducing the descent of
the population by 94.6%. Control has achieved maximum efficiency when the parasitoids have been released in
sufficient numbers at an early time (Arbogast, 1990).
Resistant bean genotypes to bean weevil attack have acquired a special practical importance. Their
use can provide a sustainable control strategy against this pest with action on successive generations of
insects, without affecting the environment or additional costs. Resistant genotypes can help minimize the use of
synthetics insecticides. Arceline is a protein associated with the resistance of beans to species belonging to the
Bruchidae family, causing a 15 % prolongation of the development of the weevil and, acts as an inhibitor of
larval growth (Baldin et al., 2017). It also affects the health condition of the female weevil by reducing body
weight (Velten, 2007). Although the plant resistance to insect represents an important element in integrated
control strategy, few studies have focused on common bean lines with resistance to A. obtectus.
Study by Schmale et al. (2003) demonstrated that the combined use of varieties of beans containing
arceline and the release of the parasitoid Dinarmus basalis reduced the level of damage caused by the bean
weevil.
Prolonged development of the weevil determined by the presence of arceline creates a longer exposure
of immature stages to parasitoids. D. basalis is known for host selectivity based on its quality (i.e. host size)
(Gauthier, 1996). Only host larvae of optimal size are used for laying eggs by D. basalis females (Heimpel and
Rosenheim, 1998).
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CONCLUSIONS
Acanthoscelides obtectus is a serious threat to beans worldwide. The insect causes damage by reducing
the mass and volume of seeds, physiological quality and germination capacity. If no control measures are
applied, the damage reaches up to 40%.
The bean weevil has a continuous development cycle compared to most other bruchides, developing one
generation per year in the field and 2-3 in warehouses. The source of infestation for bean plants in the field is
mostly represented by the weevils from the grain in the warehouse used for sowing. The control of A. obtectus
in the field and deposits is done by physical, chemical, biological and genetic methods. Treatments (preventive
and curative) in the field and in the warehouse are necessary.
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ABSTRACT
Consumers suffering from various conditions related to gluten content, especially in cereal-based foods,
are generally disappointed by the low quality of these products, both from sensory and nutritional point of view.
This paper examines recent studies related to the application of multiphase technologies and starter cultures in
bakery, in order to improve the technological conditions for processing of different gluten-free sources, as well
as the properties of final products, leading to a high degree of acceptability and satisfaction of consumer
requirements. The various studies are materialized in the development of formulations with complex
approaches, which facilitate the process of obtaining gluten-free bread products and ensure optimal sensory
and nutritional parameters.
REZUMAT
Consumatorii care suferă de diverse afecțiuni legate de conținutul de gluten, în special în alimentele pe
bază de cereale, sunt în general nemulțumiți de calitatea scăzută a acestor produse, atât din punct de vedere
senzorial, cât și nutrițional. Acestă lucrare analizează studii recente privind aplicarea tehnologiilor mulifazice și a
culturilor starter în panificație, cu scopul de a îmbunătăți condițiile tehnologice, de prelucrare a acestor surse
aglutenice, precum și proprietățile produselor finite, care să conducă la un grad ridicat de acceptabilitate și
satisfacere a cerințelor consumatorilor. Diversele studiii se concretizează în elaborarea unor formulări cu
abordări complexe, care să faciliteze procesul de obținere al produselor aglutenice și să asigure parametri
senzoriali și nutiționali optimi.
INTRODUCTION
To date, most researches available to improve gluten-free bread are based on replacing or imitating the
gluten network, less attention is paid to technological approaches that change the properties of dough. Recent
approaches to improve the quality of gluten-free bread focus on conventional ingredients (e.g., hydrocolloids)
and new innovative approaches to replace the gluten network, as well as new technological methods such as
high hydrostatic pressure, biphasic sourdough technology. It was found that, if used at the right parameters, the
sourdough method could be applied to solve most problems related to the production of low-quality gluten-free
bread, while being cost-effective and environmentally friendly. Positive effects are associated with the presence
of lactic fermentation by-products, such as volatile and antimicrobial compounds, lactic acid and
exopolysaccharides that are produced during fermentation (Bender and Schoenlechner, 2020).
The most important technological innovations for sourdoughs used in bread, refer to the strains used as
starter cultures, because the choice of appropriate microorganisms in the fermentation of dough can improve
various technological characteristics of bread. Moreover, in recent years, various types of flour, other than
conventional ones, such as amaranth and quinoa, beans and lentils, chestnuts, flax seeds, etc. are used in
certain regions of the world, given the availability of certain local raw materials as well as their potential as well
as their unexplored functionality.
New technologies, such as high pressure, are also being implemented to improve the viscoelastic
properties of sourdough bread, especially in gluten-free bread. It should be underlined that the emphasis is on
gluten-free bread, as celiac disease is a systemic immune disorder caused by gluten and analogous prolamins,
in individuals with a genetic predisposition and is thought to affect 1-2% of the global population (Papadimitriou
et al, 2019).
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Dough fermentation has the potential to exploit the technological, nutritional, functional and sensory
characteristics of wheat and non-wheat flours; in particular, improving the processing capacity of the dough, the
structure of the bread, the organoleptic and nutritional properties of the flours. Moreover, the fermentation of the
dough increases the content of bioactive compounds and the absorption of minerals, decreasing the level of
anti-nutritional factors and the value of the glycaemic response. Thus, the use of dough fermentation in
obtaining gluten-free products may be the new frontier for improving the quality, safety and acceptability of
these products (Maidana et al, 2020).
In this context related to sourdough, in a recent presentation, Gobbetti (2019) defined the fermentome
as “a collection of populations that, apart from their abundance, contribute to the ecology of fermented foods,
interacting with each other and with the environment through genetic, metabolic and organismal flow”. This
category includes: a well-defined number of dominant lactic acid bacteria (LAB), contaminating LAB that are not
starter cultures, scarce amount of "satellites", and bacteriophages. Although in industrial practice, gluten-free
flours are combined with various starches, protein sources and bread improvers, fundamental studies are
needed to better understand the key processes that take place during the fermentation of gluten-free ingredients
and to establish guidelines for application with success of sourdoughs for obtaining gluten-free bread.
The successful application of sourdoughs in bakeries is based primarily on the choice of LAB and
yeasts to be used as starters - different LABs, which are selected strains, capable of dominating fermentation,
removing contaminants and producing the desired compounds during fermentation (Moroni et al, 2011). One of
the most promising approaches taken in solving the problem of gluten absence is the fermentation of gluten-free
dough with various Lactobacillus / LAB species.
The addition of so-called "acid doughs/sourdoughs" to conventional dough promotes the preservation of
carbon dioxide produced by yeast, thus supporting the fermentation process, extending the shelf life, improving
the texture of the crumb and improving both the nutritional quality and taste of the product. The fermentation
produced by LAB acidifies the dough, exerting a positive effect on both flavour and the activity of the yeast
(Nami et al, 2019).
This paper reviews recent studies dealing with the utilization of different starter cultures in gluten-free
bread products with the aim to improve the quality of the final products.
MATERIALS AND METHODS
Web of Science database was electronically searched for research article and review documents, where
the article title contains "gluten-free bread" as well as within the topic: "sourdough" or "starter cultures". The
search resulted in the following number of articles: 44 (for the topic "sourdough") and 3 (for the topic "starter
cultures").

RESULTS
Worldwide, the main starter cultures used in gluten-free breads are: Lactobacillus fermentum,
Lactobacillus plantarum, Lactobacillus paralimentarius, Lactobacillus casei, Lactobacillus reuteri, Weissella
cibaria, Lactobacillus lactis, Lactobacillus helveticus, Pediococcus pentosaceus, used as single culture or in
various combinations, as well as commercial mixtures of LABs (Bender and Schoenlechner, 2020; Olojede et al,
2020). The present paper is focused on some important starter cultures with various applications in gluten-free
bread research, namely Lactobacillus plantarum, Weissella sp. and a commercial product.
The use and effects of Lactobacillus plantaru on various cereals and pseudocereals based products
could be effectuated in single preparation starter culture or in combination with others LABs (Table 1).
Lactobacillus fermentum, Lactobacillus plantarum and Lactobacillus paralimentarius are strains usually
isolated from gluten-free doughs obtained from amaranth, teff, rice and maize. From all the lactic acid bacteria,
Lactobacillus plantarum was the most reported in the doughs obtained from rice, quinoa, teff, buckwheat and
amaranth. This strain produces organic antifungal acids (lactic acid, phenyl lactic) and cyclic dipeptides that
delay bread molding and improve the firmness of the crumb and the speed of aging of gluten-free bread
obtained with a composite flour. The use of acid doughs offers advantages in terms of improved textual
properties, such as viscosity and elasticity, to gluten-free doughs, which were similar to those found in wheat
flour (Bender and Schoenlechner, 2020).
Amaranth, quinoa and chia sourdoughs were produced using LAB selected as starters, namely
Lactobacillus plantarum, Lactobacillus paralimentarius and Lactobacillus helveticus (amaranth), Lactobacillus
plantarum and Lactobacillus rossiae (quinoa) and Lactobacillus plantarum (chia), respectively.
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In addition, spontaneously fermented sourdoughs of chickpeas, lentils and beans, or acha nuts and
bambara were used in combination with wheat dough for bread production.
Table 1
Various application of Lactobacillus plantarum
Purpose of use
Reference
In single preparation
rice, quinoa, teff, buckwheat, delaying the molding of the bread, improving (Bender and Schoenlechner, 2020)
amaranth
the firmness of the crumb and the speed of
aging
chia
prolonging the shelf life, improving the taste
(Papadimitriou et al, 2019)
Product based on

whole rice fluor, amaranth and
corn starch
amaranth, teff, rice and corn
sorghum
chickpeas, lentils and beans, or
acha nuts and bambara
amaranth
sorghum
brown rice flour, corn starch,
buckwheat, soy
buckwheat
buckwheat
fava, lupine, beans,
chickpeas, lentils
corn, rye

peas,

improving the quality and the shelf life

(Moore et al, 2008 )

In combination
softer crumb
nutritional value improvement
gamma-aminobutyric acid (GABA) enrichment

(Bender and Schoenlechner, 2020)
(Bender and Schoenlechner, 2020)
(Papadimitriou et al, 2019)

increase of acidity
softer crumb, longer shelf life, improved
rheological characteristics
softer
crumb,
improving
texture
characteristics
study of the effects of acidification on the
properties of dough and bread
determination of the properties of sourdoughs

(Papadimitriou et al, 2019)
(Maidana et al, 2020)
(Moore et al, 2007)

doughs
with
higher
consistency,
adhesiveness, springiness and stickiness;
breadmaking technology

(Brites et al, 2010)

(Ceballos-Gonzalez et al, 2018)
(Moroni et al, 2011)
(Gobbetti, 2019)

Lactobacillus plantarum and Lactobacillus lactis subsp. lactis, as GABA-producing strains, have also
been used in the fermentation of sourdoughs for flour mixes - buckwheat, amaranth, chickpeas and quinoa
(Papadimitriou et al, 2019). Lactobacillus plantarum as facultative homofermentative that produces lactic acid
from hexoses, could also ferment pentoses with increased acetate production. While acetic and lactic acids both
contribute to the acidity and texture of the dough, the former is a potentiating flavours agent, anti-mold and
antifungal compound (Maidana et al, 2020).
Moore et al (2007) used 3 strains of lactic acid bacteria: Lactobacillus plantarum 2115KW, Lactobacillus
plantarum FST 1.11 and Lactobacillus sanfranciscensis TMW 1.52, to test whether sourdoughs could improve
the quality and delay the process of aging in gluten-free bread; the study found that it is possible to produce
sourdough from a mixture of gluten-free flours, in while the results of the properties of bread with selected lactic
acid bacteria showed that they have important effects on physicochemical and rheological characteristics.
Sorghum-based laboratory bread, made with different percentages (0–40% weight/weight) of sourdough
from oilseeds fermented by Weissella cibaria CH28 and lactobacilli showed that bread with 30 and 40% acid
dough showed significantly increased of the bread specific volume and good visual appearance compared to
100% sorghum bread. The sensory evaluation of gluten-free sorghum bread showed that bread with a
percentage of 40% sourdough was the most accepted by panellists, who were also able to discriminate bread
inoculated with fermented and unfermented chia dough. Compared to the chemically acidified control, the
fermentation products present in the oilseed doughs after 24 hours showed a marked increase in lactate,
xylose, arabinose, free amino acids and hydrogen peroxide (Maidana et al, 2020).
Moroni et al (2011) prepared sorghum bread by adding 20, 35 or 50% sourdough (weight/weight) to the
basic control recipe; the evolution of pH and total titratable acids (TTA) was monitored throughout the baking
process; the addition of increasing amounts of sourdough led to a progressive decrease in the pH of the mixture
and an increase in TTA values compared to the control mixture. After fermentation, a further decrease in the pH
of the mixtures was observed for each addition level, while no variations in the pH of the control and chemical
acidified mixtures were detected (Moroni et al, 2011).
The use and effects of Weissella sp. As single or in combination starter culture, Weissella cibaria 10
M, G1M, CH2, AB25 and Weissella confusa SD8 are another type of strains used in gluten-free bread
manufacturing. Weissella sp. is used in combination with Lactobacillus plantarum AB 26, Lactobacillus brevis
AB 27, Lactobacillus paralimentarius AB 28, Pediococcus pentosaceus SA8, according to cited references, with
good test results (Table 2).
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Table 2
Product based on
sorghum
buckwheat, oat,
teff

quinoa,

chia, sorghum
quinoa,
teff,
sorghum,
buckwheat
buckwheat
sorghum

Various application of Weissella sp.
Purpose of use
In single preparation
softer crumb, improving the shelf life, modification
of rheological properties
decreasing the speed of bread aging
In combination
improved sensory properties
decrease glycaemic index
study of the effects of acidification on the properties
of doughs and bread
study of sensory properties, antioxidant capacity, in
vitro digestibility

Reference
(Bender and Schoenlechner, 2020)
(Bender and Schoenlechner, 2020)

(Maidana et al, 2020)
(Wolter et al, 2014)
(Moroni et al, 2011)
(Olojede et al, 2020)

Bread with sourdough produced with Weissella confusa SD8 had the highest total phenolic content
(33.1 mg gallic acid equivalents/100 g) and total flavonoid content (13.8 mg/ 00 g), while the control had the
lowest content (27.7 mg gallic acid equivalents/100 g for total phenolic content and 13.7 mg/100 g for total
flavonoid content). The addition of sourdoughs has improved the digestibility of bread proteins, the selected
starter cultures improved sensory assessment by the consumers, antioxidant properties and in vitro protein
digestibility of sorghum flour during dough fermentation (Olojede et al, 2020).
The use and effects of LV1-SAF Levain is a commercial mixture of starter cultures, strains of bacteria
for bakery products of any kind of flour, manufactured by Lessafre, used in research studies to obtain results
related to starter cultures used in industry, and Table 3 shows some results of these papers. The studies
demonstrate new possibilities for the use of frozen-dried buckwheat doughs in the processing of gluten-free
bread; fresh and dried-frozen doughs were added (at temperatures of 20, 40 and 60 °C) in quantities of 10, 20,
30 and 40% of the total flour content.
Significant and beneficial changes in the quality of the bread were observed under the influence of
different amounts of fresh and dried-frozen sourdoughs. Dry-frozen buckwheat doughs at 20 and 30% gave the
best results. The pH of the bread changed significantly, which had a positive effect on increasing the shelf life
(Rozyło et al, 2015a).
The use of dry rice sourdough by freezing can improve the natural production process of gluten-free
bread (Rozyło et al, 2016). Freeze-dried rice sourdoughs used directly for processing eliminate the requirement
for a long period of fermentation of the dough and in an amount of 10 or 20% could be a good substitute for
fresh dough (Rozyło et al, 2016).
Table 3
Product based on
rice, corn, fresh buckwheat
sourdough
rice, corn, lyophilized buckwheat
sourdough
mix of white and whole rice with
fresh sourdough
mix of white and whole rice with
lyophilized sourdough
amaranth

Various application of LV1-SAF Levain
Purpose of use
prolonging the shelf life, improving the quality
parameters of the bread
prolonging the shelf life, reducing the fermentation
time
extending the shelf life, improving the texture
prolonging the shelf life, improving the texture,
reducing the fermentation time
obtaining of lyophilized sourdough

Reference
Rozyło et al, 2015a
Rozyło et al, 2015a
Rozyło et al, 2016
Rozyło et al, 2016
Rozyło et al, 2015b

CONCLUSIONS
The paper is a short review of the application of starter cultures in the manufacturing of gluten-free
bread products in order to achieve an improvement in the quality of the final products.
Recent research found that the breadmaking technology using sourdoughs could be an innovative
approach applied to overcome the problems related to the low quality of gluten-free bread, through the positive
effects associated with the presence of lactic fermentation by-products - volatile and antimicrobial compounds,
lactic acid and exopolysaccharides. Besides that, the sourdough method is an ancient technology, based on
natural ingredients and environmentally friendly.
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The main issues related to sourdough use in gluten-free dough and bread could be resumed as follows:
flours obtained from gluten-free cereals and alternative raw materials as pseudocereals are reported as being
subject to sourdough fermentation in recent paper, an equilibrate ratio between hetero and homo fermentative
lactic acid bacteria - homofermentative bacteria mainly produce lactic acid, heterofermentative bacteria a
combination of lactic acid, acetic acid, alcohol and CO2, improved digestibility, decreased glycaemic index and
increased bioavailability of phenolic compounds, compared to control and freeze-dried sourdoughs can improve
the natural production process of gluten-free bread and could reduce the duration of the fermentation steps,
being introduced directly to process.
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ABSTRACT
Given the importance that sweet sorghum currently enjoys, both in terms of animal feed and in terms of
biofuel industry, in 2018 at A.R.D.S. Secuieni have been initiated studies to establish the witch hybrid shows the
greatest adaptability to the conditions of the area in order to increase its production and its quality. The obtained
results indicated that at the physiological maturity of the grain a very variable sugar content from one hybrid to
another, there are between 15.6 brix and 17.7 brix. Also, the yields of biomass varies depending on the
cultivated hybrid and this was between 66.8 to ha-1 and 92.8 to ha-1. Analyzing the production of biomass by
components, it is observed that the production of stems was between 52.7 to ha-1 and 75.6 to ha-1, the
production of leaves between 9.4 to ha-1 and 13.4 to ha-1, and of panicle between 2.4 to ha-1 and 15.1 to ha-1.
ABSTRACT (In authors’ native language)
Având în vedere importanța de care se bucură în prezent sorgul zaharat, atât în ceea ce privește nutriția
animală, cât și în ceea ce privește industria biocombustibililor, în 2018 la S.C.D.A. Secuieni au fost inițiate studii
pentru a identifica hibridul cu cea mai mare adaptabilitate la condițiile zonei, în scopul creșterii producției și
calității la această specie. Rezultatele obținute au arătat la maturitatea fiziologică a bobului un conținut foarte
variabil în zahăr de la un hibrid la altul, acesta fiind cuprins între 15,6 brix și 17,7 brix. De asemenea, producțiile
de biomasă au variat în limite largi în funcție de hibridul cultivat fiind cuprinse între 66,8 t/ha și 92,9 t/ha.
Analizând producția de biomasă pe componente, am observat că producția de tulpini a fost cuprinsă între 52,7
t/ha și 75,6 t/ha, producția de frunze între 9,4 t/ha și 13,4 t/ha, iar cea de panicule între 2,4 t/ha și 15,1 t/ha.
INTRODUCTION
The future of agriculture is a continuing concern for specialists in the field, given the major climate
changes in recent years that have resulted in production losses in most field crops of approx. 20% (Ștefan,
2015).
In Romania, the livestock sector is one of the sectors facing a multitude of problems caused by the
occurrence of drought, which lasts 10-15 years. A very important role in reducing these negative effects caused
by the climatic conditions is attributed to genetics and breeding, which must result in the creation of new
varieties and hybrids and the identification of species with high adaptability to extreme climatic conditions
(Munteanu and Tabara, 2012). One of the species that has very good resistance to drought is sweet sorghum.
Its expansion in the world was mainly due to its fodder value, being very rich in nutrients. It can be used in
animal feed in the form of green meal, silage or mixed with other feed species such as: green legumes, corn
cobs, food additives, etc. Sweet sorghum can also be used in the conveyor, its harvesting being recommended
to be carried out in July and August (depending on the area), and can be administered in animal feed approx.
one month, before or at the same time as corn (Antohi et al., 1991).
This species is cultivated in more than 85 countries of the world, occupying more than 50-55 million
annually. ha (***ICRISAT, 2004). In the continental countries of North America, sorghum is cultivated on areas
of up to 7.1 -7.3 million. ha, and in the U.S. sorghum occupies about 12% of the arable soil. India has the largest
area cultivated with sorghum, followed by Niger and Sudan and ranks second in annual production after the
U.S. (Nadia et al., 2009).
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Another direction of research is to find solutions to replace fossil energy that are declining from year to
year in the world. There are a number of agricultural species that produce energy (Anglani, 1998), of these is
point out the sweet sorghum which produces a large amount of biomass, rich in carbohydrates and is of
particular importance at the moment in the bioethanol-producing industry as global fuel consumption is expected
to increase.
It is estimated that 10% of the world's petrol and 3% of diesel used as fuel could be replaced by
bioethanol. Sweet sorghum achieves grain yields between 3 and 7 t / ha (Almodares and Mostafafi, 2006) and
stem yields between 54 - 69 t / ha (Almodares et al., 2008c). The sugar content of the strains varies from one
hybrid to another, being between 14.32 - 22.85% (Almodares and Aghamiri, 1996). In addition to its high sugar
content, sorghum has a rapid growth and high adaptability to various soil and climatic conditions (Reddy et al.,
2005), being widely cultivated in sub-tropical and temperate regions of the globe. This is possible because the
species uses water efficiently, has high drought resistance and efficiently exploits poorly fertile land (Tesso et
al., 2005).
Sweet sorghum, being an energy crop with low requirements, compete with all species with energy
potential and especially with corn (Jankowskia et al, 2020). This is a unique, versatile and potential energy crop
that can be separated into grains, soluble sweet juice and lignocellulosic biomass. Fermentable sugars from
juice (53 - 85% sucrose, 9 - 33% glucose and 6 - 21% fructose) can be fermented directly into ethanol. The
grains are mainly rich in starch (62 - 75%), and can be hydrolyzed and fermented in ethanol. Lignocellulosic
fibrous material can be used to produce cellulosic ethanol, heat and / or cogeneration of energy (AppiahNkansah et al, 2019; Fu et al, 2019).
Unfortunately, the studies conducted on the adaptability of sweet sorghum hybrids to pedoclimatic
conditions are very few, both globally and nationally, which is why starting with 2018, in the experimental field of
A.R.D.S. Secuieni studies have been initiated on this issue.
MATERIALS AND METHODS
In the experimental field of A.R.D.S. Secuieni was established in 2018 a single-factor experiment where
the adaptability of some varieties of sweet sorghum to the pedoclimatic conditions of the area was followed. The
method of placing the experience in the field was randomized blocks - in three repetitions, and the applied crop
technology was the one specific to the conditions of the Central of Moldova. At sowing it was ensured the
distance between rows of 70 cm and a crop density of 20 b.g./sqm. The experimental varieties were
represented by BMR Gold (Euralis Seeds), Supersille (Caussade Seeds), SASM 1 and SASM 2 (Porumbeni
Institute of Phytotechnics).In the laboratory, the sugar content was determined using the Kruss digital
refractometer, model DR101-60, and during the vegetation period of the sorghum, biometric and specific
measurements were performed.The data obtained were processed and interpreted statistically according to the
method of analysis of variance (ANOVA, 2013).
RESULTS
The obtained results indicated that the studied hybrids differed from each other both morphologically and
biochemically.The number of leaves/plant determined in sweet sorghum varied depending on the hybrid
experienced, with values between 10.9 (Supersille) and 12.7 (SASM 1). The longest leaf was observed at the
variant sown with the Supersille hybrid (811.7 mm), and the shortest in the variant sown with the BMR Gold
hybrid (709.4 mm) (fig.1).The BMR Gold hybrid also showed the narrowest leaf (68.7 mm), and the SASM 1
hybrid presented the widest leaf (88.0 mm). A direct correlation was establishing between the two parameters
determined for the sweet sorghum leaf, the correlation coefficient being, however, not statistically assured
(fig.1.).

Fig. 1 - Some parameters determined at the sweet sorghum leaf, media 2018 – 2019
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The SASM 1 hybrid was characterized by the longest (332 cm) and thickest stem (17,8 mm) (fig. 2.).

Fig. 2 - Some parameters determined at the sweet sorghum stem, media 2018 – 2019

Given the pedoclimatic conditions at A.R.D.S. Secuieni, where the crop emergence was later and more
random than under normal conditions, the species managed to compensate for the gaps by forming a large
number of shoots. Figure 3 shows that the number of shoots formed in the crop were positively influenced by
the presence of main plants, the hybrid influencing less this aspect, and between the number of shoots
formed/plant and the number of main plant it was establish a correlation assured statistically as distinctly
significant. However, with the highest number of shoots formed, 236 thousand/ha and 1.56/plant, the variant
sown with the Supersille hybrid was noticed, this hybrid presented the highest shoot capacity.

Fig. 3 - Number of harvested plants in pedoclimatic conditions from A.R.D.S. Secuieni, media 2018-2019

The sugar content determined at physiological maturity varied depending on the hybrid experienced, with
values between 15.4 brix and 17.7 brix. With a higher concentration in sugar, the steams harvested from the
variants sown with hybrids BMR Gold (17.7 brix) and SASM 1 (17.4 brix) (fig. 4) were noticed.

Fig. 4 – The sugar content determined at some experienced hybrids in pedoclimatic conditions from A.R.D.S.
Secuieni, media 2018-2019
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The total biomass productions obtained varied to a large extent depending on the cultivated hybrid. The
minimum production level of 66.8 t / ha was registered at the variant sown with the BMR Gold hybrid, and the
maximum level of 92.9 t / ha at the variant sown with the SASM 2 hybrid. Analyzing the productions by
components, a high variation of them is observed depending on of hybrid. Thus, the production of panicles
varied from 2.4 t / ha as recorded at the variant sown with the SASM 1 hybrid (sterile) and 15.1 t / ha as
recorded at the variant sown with the Supersille hybrid. The production of leaves was between 9.4 t / ha (BMR
Gold) and 13.4 t / ha (SASM 2), and that of stems, between 52.7 t / ha (BMR Gold) and 75.6 t / ha (SASM 2).
Although the SASM 2 hybrid has sterile panicles, and the production of panicles was lower, it recovered through
high productions of leaves and stems, achieving at the same time the highest biomass production (fig. 5).

Fig. 5 – Obtained biomass yields at some experienced hybrids in pedoclimatic conditions from A.R.D.S. Secuieni,
media 2018-2019

CONCLUSIONS
The obtained results indicated that the studied hybrids differed from each other both morphologically
and biochemically. So:
the parameters determined for the sweet sorghum leaf differed from one hybrid to another, namely:
the number of leaves / plant varied from 10.9 (Supersille) to 12.7 (SASM 1), the leaf length from 709.4 mm
(BMR Gold) to 811.7 mm (Supersille), and leaf width from 68.7 mm (BMR Gold) to 88.0 mm (SASM 1);
although the emergence of the crop was later and more uneven than under normal conditions, the
species managed to compensate for the gaps by forming a high number of shoots, with the highest number
of shoots formed, 236 thousand/ha and 1.56/plant the variant was noted sown with the hybrid Supersille;
the sugar content determined at physiological maturity varied between 15.4 brix and 17.7 brix, with a
higher sugar concentration, were distinguish the steams harvested from the variants sown with hybrids BMR
Gold (17.7 brix) and SASM 1 (17.4 brix);
the total biomass productions obtained varied to a large extent depending on the cultivated hybrid,
between 66.8 t/ha (BMR Gold) and 92.9 t/ha (SASM 2);
the panicle production ranged from 2.4 t/ha (SASM 1) and 15.1 t/ha (Supersille), leaf production
ranged from 9.4 t/ha (BMR Gold) to 13.4 t/ha (SASM 2), and that of stems, between 52.7 t/ha (BMR Gold)
and 75.6 t/ha (SASM 2).
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ABSTRACT
The the main physical, hydrophysical and chemical attributes of some Vertisols from Olt county were
investigated. The field study was carried out on agricultural area in four soils, from each pedogenetic horizon
were collected soil in disturbed samples and undisturbed samples for laboratory analysis. The soil classification
was made according WRB 2014 and SRTS 2012, and the investigated soils were classified as Vertisols. In the
studied soils, the granulometry data showed a clay texture in all the pedogenetic horizons.According to the
values of Saturated hydraulic conductivity (Ksat), most of the studied horizons had low and very low
permeability. Useful water capacity (UWC) was obtained by calculation, as the difference between wilting
coefficient and field water capacity, and in most of the horizons of the investigated soils, recorded very low
values. Moreover, low values of draining capacity (DC) pointed out the studied soils have aeration, permeability
drainage deficiencies. The studied Vertisols, in top soil, show moderat acid to low acid pH, low humus content
(2.72–3.34%), low content of Pm and high content of Km.
REZUMAT
Au fost cercetate principalele caracteristici fizice, hidrofizice și chimice ale unor Vertisoluri din județul
Olt. Studiul de teren a fost efectuat în patru soluri cu utilizare agricolă, din fiecare orizont pedogenetic au fost
recolectate probe de sol în așezare naturala și în așezare modificată pentru efectuarea de analize în laborator.
Clasificarea solurilor a fost făcută în conformitate cu WRB 2014 și SRTS 2012, iar solurile investigate au fost
încadrate ca Vertisoluri. În solurile studiate, analiza granulometrică a evidențiat textură argiloasă în toate
orizonturile solurilor studiate. Conform valorilor conductivității hidraulice saturate (Ksat), majoritatea orizonturilor
studiate a avut o permeabilitate scăzută și foarte scăzută. Capacitatea utilă de apă (UWC) a fost obținută prin
calcul, ca diferența dintre coeficientul de ofilire și capacitatea de apă din câmp și, în majoritatea orizonturilor
investigate, a înregistrat valori foarte scăzute. Mai mult, valori scăzute ale capacității de drenaj (DC) au subliniat
că solurile studiate au deficiențe de drenabilitate, de aerație, de permeabilitate. Vertisolurile examinate, în
orizontul superior, prezintă reacție moderat- slab acida, conținut scăzut de humus (2,72-3,34%), conținut scăzut
de Pm și conținut ridicat de Km.

INTRODUCTION
Vertisols are defined as soils with distinct characteristics due to clayey texture and swelling mineralogy
(Somasundaram et al., 2018). According to Soil Survey Staff (2014), Vertisols are soils with “a layer 25 cm or
more thick, within 100 cm of the mineral soils surface, that has either slickensides or wedge-shaped peds that
have their long axex tilted 10 to 60 degree from the horizontal” and 30 % or more clay in the first 50 cm of soil
profile and cracks that open and close periodically.
However, WRB, 2014 described Vertisols as soils with high content of clays and high proportion of
swelling clays, with deep craks from surface when dry out.
In Romanian System of soils classification (SRTS, 2012), Vertisols are soils with contractile-swelling
properties (z) at the surface or at most 25 cm and a vertic horizon (Bzy) extending to at least 100 cm or up to
the horizon R or C, if these appear above 100 cm). The color of the humic horizon, relatively uniform and deep,
has values ≤ 3.5 and chrome ≤ 2. Vertisols have sliding faces oblique (10-60o) to the horizontal, glossy,
sometimes striated, appearing on a minimum thickness of 25 cm in the subsurface horizon, large structural
elements with sharp angles and edges, in one of the sub-horizons (SRTS, 2012).
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In the conditions of our country, Vertisols is a relict intrazonal soil, whose spread is related to certain
forms of relief (Piedmont plains, platforms, high terraces, depressions) at altitudes between 100 and 600 m. The
evolution of these soils was made on clayey materials, of alluvial-proluvial nature, predominantly swelling.
The materials are, on the whole, poorly carbonated and hardly permeable (Paltineanu et al.,2003; Blaga
et al., 2005). The climate is characterized by an average multi-annual temperature of 10-110C and an average
multi-annual precipitation between 530 and 630 mm, with a moisture deficit during July-October and a surplus in
the winter-spring months, which determines a water regime in the soil with large variations between seasons.
(Florea and Buza, 2004).
In Romania, Vertisols are spread on 430,000 ha, respectively, 1.8% of the total area of Romania (Florea
and Buza, 2004) and most of Vertisols and soils with vertic characters located in the south and west of the
country (Paltineanu et al.,2003). Generally, the Vertisols properties are known world-wide, but due to different
environmental conditions, these characteristics are different from one region to another (Jean Pierre et al.,
2019; Lepre C. J. 2019; Kovda et al., 2017; Pal et al., 2012; Dudek et al., 2019; Azinwi Tamfuh et al., 2018). So
is important to do detailed investigation in a specific area
In this paper are studied the main physical (particle size distribution, bulk density, total porosity,
saturated hydraulic conductivity, degree of compaction, resistance to penetration), hydrophysical (hygroscopicity
coefficient, wilting coefficient, field water capacity, useful water capacity, total water capacity, draining capacity)
and chemical (soil reaction, humus content, total nitrogen, mobile phosphorus and mobile potassium contents)
features of some Vertisols from Olt County.

MATERIALS AND METHODS
For the investigation of the main physical, hydrophysical and chemical properties of some Vertisols ,
were chosed 4 sites from Olt county, located in the south of the country. The relief of Olt county is characterized
by two major types of structural units in its territory: orogen and platform. The orogen units are highlighted by
hilly with an altitude of 200-400 m, being part of the Getic Piedmont, which occupies a third of its extent in the
northern part of county. The platform units correspond to the plain relief, having altitudes of 70–200 m, which fall
into the Romanian Plain, which accounts for 2/3 of the county surface. Due to its position in the southwest of the
country, the climate of Olt County belongs to the temperate-continental type. The average monthly air
temperature values according to the meteorological stations in the territory are 11.3 ºC in Caracal and 10.9 ºC in
Slatina, values closely related to the general conditions of this area where the continental climate predominates.
Soil samples. Four soils profiles were dug until 100 cm depth, three of them were located in piedmond
plain and 1 profile in terraces. The land use were arable for three sites and grass land for one sites. The field
descriptions of soil profiles were made according to Munteanu and Florea, 2009 and Raducu, 2019. From each
pedogenetic horizon soil were collected soil in disturbed samples for particle size distribution, hygroscopicity
coefficient and chemical characteristics. Also, soil samples were collected from undisturbed samples by using a
core sampler (cylinder method), in three repetitions, in order to determine the bulk density, total porosity,
saturated hydraulic conductivity, resistance to penetration.
Laboratory analysis.The soils texture was determined by gravimetric method. Coefficient of
hygroscopicity was obtained by using Mitscherlich method. The methodology used for determining the bulk
density, total porosity, saturated hydraulic conductivity, resistance to penetration is given in detail in the papers
(Florea et al., 1987; Canarache, 1990; Dumitru et al., 2009) and corresponds to the standard method. The
hydrophysicals parameters (wilting coefficient, field water capacity, useful water capacity, total water capacity,
draining capacity) were obtained by calculation (Dumitru et al., 2009).
Soil reaction (pH) was determined potentiometric method, in water suspension (1:2.5). Organic carbon
content (Corg, %) was meaured by wet combustion procedure (Walkley-Black method modified by Gogoaşă).
The available phosphorus and potassium contents were determined by the Egner-Riehm-Domingo procedure,
by extraction with the ammonium lactate acetate. The interpretation classes of studied properties are presented
in MESP, 1987 (Florea et al., 1987). The soil classification was made according WRB 2014 and SRTS 2012,
and the investigated soils were classified as Vertisols.
The statistical analysis (minimum values, maximum values, arithmetic mean, median, standard
deviation, coefficient of variation) was performed using Microsoft Excel 2010.
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RESULTS
PHYSICAL ATTRIBUTES. In table 1 are listed the basic statistics of the physical properties of
examinated soils. In the studied soils, the granulometry data showed a clay texture in all the pedogenetic
horizons (fig. 1). In the soil profile, clay (≤ 0,002 mm) content layed between 44.1% and 69.1%, with an average
of 60.2% and median of 60.3%. Content of silt (0.02-0.002 mm) belong to the field of 17.7-32%, with an average
of 22.87% and median of 23.8%.
Fine sand (0.2 - 0.02 mm contents) ranged from 6.9 to 20.1 % with an average of 13.4% and coarse
sand (2 -0.2 mm) content was between 1.6 to 7.6%, with an average of 3.5%. The highest CV was in coarse
sand (52.7%). Vertisols or horizons of vertical soils in our country generally contain over 45-50% clay
(Paltineanu, et al., 2003), however in soils from West of country were found a clay content average of 61.76%
(Bertici et al., 2005).
In the fig. 2 are presented the variation of bulk density, total porosity, degree of compaction, saturated
hydraulic conductivity, resistance to penetration on soil profiles.
Table 1
The basic statistics of the physical attributes of examinated soils
Clay

Silt

Coarse Sand

Fine sand

%

DA

PT

Ksat

Gt

RP

g/cm3

% v/v

mm/h

% v/v

kgf/cm2

Minimum

45.60

17.70

0.60

6.90

1.30

44.80

0.30

4.86

33.00

Maximum

69.10

28.30

7.60

23.50

1.48

51.50

4.23

18.29

54.00

Median

56.00

24.20

2.40

16.70

1.40

47.70

0.40

12.08

44.00

Mean

56.44

24.06

2.71

16.77

1.39

47.99

1.24

11.64

43.33

Standard deviation

6.33

3.18

1.63

4.48

0.05

1.84

1.29

3.34

6.00

Coef. Variation,%

11.21

13.23

60.13

26.70

3.60

3.83

103.46

28.66

13.84

Bulk density (BD, g/cm3) is considered one of the most important physical soil properties, which
determines many physical properties of the soil, such as compaction and hydrophysical properties of soils. Bulk
density (BD) was between 1.30 g/cm3 and 1.48 g/cm3, the values in the same variation field were found by
Rogobete and Bertici (2006). The BD values greater than 1.25-1.30 g·cm–3 could cause yield loss due to poor
soil aeration (Borek Ł., 2019). In case of clay texture, high and very high values of BD characterize moderately
and strongly compacted soils (Canarache ,1990).
Total porosity (TP, % v/v) varied from 44.8 (% v/v) to 51.7 (% v/v), with an average of 47.9 (% v/v).
According to Canarache (1990), for Vertisols, total porosity is generally between 48-52%, but there are frequent
cases in which total porosity falls below 45%, the very compacted soils could reach even values of 42%
(Paltineanu, et al., 2003). The Vertisols are known as poor porosity and aeration soils (Kadu et al., 2003; Pal et
al., 2012).
The degree of compaction (DG, % v/v), Soil compaction due to agricultural activities could be a serious
threat to yield and soil ecological functions (Guimarães et al., 2017). DG is one of the indicators that
characterize the soil settlement, is obtain by calculation according to the total porosity and the soil texture. DG
was in the range of low compacted (4.86 % v/v) to strongly compacted (18.29 % v/v) and the average value
belongs to medium compacted (11.64 % v/v).
Saturated hydraulic conductivity (Ksat, mm/h) characterizes the soil permeability to water for the control
section and could be affected by ’’biological activity, swelling, aggregate failure and dispersion of clays”
(Ranade and Gupta, 1987).
In the examinated soils, the highest Ksat, value was 4.23 mm/h, the median values was very low (0.4
mm/h) and the high value of variation coefficient was noticed (103.5%). So, most of the studied horizons had
low and very low permeability.
Saturated hydraulic conductivity sharp decreased from top soil to very low values (0.3 mm/h) in the
lower part of Profiles 1 and 2 and gradually decreased to deeper horizons of profiles no 3 and 4 (fig. 2).
A gradually decresead on soil profiles of Vertisols were noticed also by Oosterbaan and Nijland, 1994,
which considere that the topsoil is made more permeable because of physical and biological processes.
The loss of Vertisols hydraulic activity seems to be determined by swelling (Ranade, Gupta, 1987).
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Resistance to penetration (RP, kgf/cm2) predominantly increasing with depth and layed between
medium (33 kgf/cm2) and high values (54 kgf/cm2), with a medium value of 43 kgf/cm2. Dumitru et al. (2011)
found a mean value of 47.4 kgf/cm2 in the 0-25 layer of Vertisols.
Resistance to penetration increases as clay content and bulk density increase (Canarache, 1990).

Fig. 1. The variation on soil horizons of particule size distribution
HYDROPHYSICAL ATTRIBUTES

In table 2 are listed the basic statistics of the hydrophysical properties of examinated soils and in the fig.
3 are presented the variation of hygroscopicity coefficient, wilting coefficient, field water capacity, useful water
capacity, total water capacity, draining capacity on soil horizons.
Table 2
The basic statistics of the hydrophysical attributes of examinated soils
CH
CO
CC
CAU
CT
CD

% g/g
Minimum
Maximum

11.00
15.70

16.50
23.55

24.09
31.20

3.46
10.20

30.27
39.62

1.70
10.50

Median
Mean
Standard deviation
Coef. Variation, %

13.95
13.74
1.27
9.25

20.93
20.61
1.91
9.25

26.52
26.83
2.00
7.46

5.00
5.90
2.02
34.32

34.07
34.53
2.58
7.48

8.70
7.71
2.32
30.10
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Hygroscopicity coefficient (HC, % g/g) recorded values in the field of 11-15.7 (% g/g), but in the most
of the horizons values were over 13 (% g/g) (tab. 2). These results are in line with results obtained by the
Paltineanu, et al. (2003), which noticed values between 12 and 15 % v/v 9 (tab. 2).
Wilting coefficient (WC, % g/g) range between 16.5% g/g to 23.35 % g/g, with a mean of 20.61% g/g,
and are very high on the whole profile of the all investigated soils. In case of Vertosols, high values of WC were,
also, reported by Tamfuh et al. (2018). Field water capacity (FWC, % g/g) expressed the water content that a
soil retains in a sustainable manner and depends mainly on the clay and bulk density. The values of field water
capacity were, generally, high in Profile 1 (26.5-28.5% g/g) and 4 ( 26.3-31.2 % g/g) and high to mediu in the
Profile 2 (24.4-29.1 % g/g) and 3 (24.1-26.2% g/g). Except Profile 4, the values of FWC recorded slighter
decrease on the soil profile ( figure 2).

Fig. 2. The variation on soil profiles of bulk density, total porosity, degree of compaction, saturated hydraulic
conductivity, resistance to penetration

Useful water capacity (UWC, % w/w) it is a key indicator of the potential water reserve and is obtained
by calculation, as the difference between wilting coefficient and field water capacity. In the examinated profiles,
UWC is low to very low (3.46-10.2 % g/g), but in most of the horizon, the recorded values were very low
(< 8% g/g). The total capacity of the soil water (TC, % g/g) means the maximum water quantity that soil could
retain when its entire porous space is filled with water. The values of TC were high (30.27-39.62% g/g) on the
whole profile of investigates soils. Draining capacity (DC % g/g) of soil is the maximum water amount that soil
could release. Vertisols are known as poorly drained soils (Paltineanu et al., 2003; Lepre, 2019). The DC values
were extremly low to low (1.7-10.5 % g/g), with an average belong to low value (7.7 % g/g). According to the DC
values, the studied soils have aeration and permeability deficiencies and excess water potential.
In table 3 are listed the basic statistics of the chemical properties of examinated soils and in the fig. 4 are
presented the variation of soil reaction, humus content, total nitrogen, mobile phosphorus and mobile potassium
contents on soil profile.
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Soil reaction (pH in water) increased on the soil profile from moderat acid (pH=5.4) to low acid (pH=6.3)
in case profiles no 1 and 3, from low acid (pH=6.6) to low alkalinity (pH=7.6) in case of profile no 2, and from
moderat acid (pH=5.1) to low acalinity (pH=8.11) in case profiles no 4 (figure 3).

Fig. 3. The variation of CH, CO, CC, CAU, CT and CD on soil horizons
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Table 3.
The basic statistics of the chemical attributes of examinated soils.
pH
H%
Nt % Pm mg/g Km, mg/kg
Minimum
Maximum

5.13
8.11

0.96
3.43

0.09
0.25

0.50
18.10

200.00
356.00

Median
Mean
Standard deviation
Coef. Variation, %

6.27
6.30
0.79
12.50

2.14
2.21
0.81
36.63

0.15
0.15
0.04
28.98

6.50
7.03
5.68
80.84

236.00
247.00
44.57
18.04

Fig. 4. The variation of pH, H, N , Pm and Km on soil profiles

Humus content (H,%). Vertisols are characterized by relatively high values of humus content, both in the
upper horizon (2.0-3.3%), as well as on the profile with more than 1% up to 110-120 cm depth (Paltineanu et al.,
2003). In investigates soil, humus ranges from 3.34% to 2.72% in the upper part of soil profile and decrease o
up to 2.2% at the 65 cm depth in case of P4 and up to 0.96 % at the 60cm depth in case of P2 (figure 3). In
upper horizons, the organic carbon content reported in other studies varies from 3.23% (Kovda et al., 2017) to
1.6-2.5 % (Dudek et al., 2019). Total nitrogen content (Nt, %) range from 0.17%-0.25% in the upper part of soil
profile and decreased gradually up to 0.11%, except P2 were Nt decrease sharply from 0.16% in top soil to
0.09% under 20 cm depth.
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Mean mobile phosphorus contents (Pm, mg/kg) lay between low (18 mg/kg) to very low values (6.9
mg/kg) in the upper part of soil and from very low (6.1 mg/kg) to extremely low values (0.5 mg/kg) at the 60 cm
depth.Mean mobile potassium contents (Km, mg/kg) was very high – high (356-288 mg/kg) in the first 50 cm of
the P4 and high (200-256 mg/kg) in the other studied soils
CONCLUSIONS
The studied of the main physical, hydrophysical and chemical attributes of some Vertisols from Olt county
pointed out the following:
the granulometry data showed a clay texture in all the pedogenetic horizons, the mean of clay, silt, fine
sand and coarse sand were: 60.2%, 22.8%, 13.4% and 3.5%, respectively;
the bulk density (BD) was between 1.30 g/cm3 and 1.48 g/cm3, and total porosity (TP) varied from 44.8
(% v/v) to 51.7 (% v/v), with an average of 47.9 (% v/v), these values are in the field of poor soil aeration
with implications of yield;
the values of Saturated hydraulic conductivity (Ksat), in the most of the studied horizons, had low and
very low permeability;
the degree of compaction was in the range of low compacted (4.86 % v/v) to strongly compacted (18.29
% v/v) and the average value belongs to medium compacted;
resistance to penetration predominantly increasing with depth and layed between medium (33 kgf/cm2)
and high values (54 kgf/cm2), with a medium value of 43 kgf/cm2;
the useful water capacity (UWC) in most of the horizons of the investigated soils, recorded very low
values
the draining capacity (DC) recorded low values of draining capacity (DC) highlighted that the studied
soils have aeration, permeability drainage deficiencies;
the examinated Vertisols, in top soil, show moderat acid to low acid pH, low humus content (2.72–
3.34%), low content of Pm and high content of Km.
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ABSTRACT
Honey was consumed raw, with honeycomb, with dairies. It has been used as currency, due to value
and flavour. With liquid/crystallized honey as matrix it has been obtained new functionalized food with essential
oils. Cream-honey was obtained by non-aggressive, low temperature crystallization. It was used sensory
analysis and electronic nose. 1H-NMR was used to analyse essential oils main compounds. HMF, diastase
number show changes but remaining within specified limits. 0.01% fennel-oil/polyfloral-honey and 0.01% basiloil/polyfloral-cream-honey was proved as best choice. A flavoured cream-honey is good choice for the
consumers enjoying a spreadable product with original flavour and nutritional/functional benefits.
ABSTRACT
Mierea s-a consumat crudă, cu fagure sau amestecată cu lactate sau alte alimente, din cele mai vechi
timpuri și până astăzi. Datorită valorii și aromei sale, a fost utilizată inclusiv ca monedă de schimb. În studiul
nostru, din miere lichidă sau cristalizată, utillizată ca matrice, s-au obținut noi alimente funcționale îmbogățite cu
uleiuri esențiale, extrase din plante medicinale. Crema de miere a fost obținută printr-o cristalizare la joasă
temperatură, metodă ne-agresivă. Pentru caracterizare s-a folosit analiza senzorială și nasul electronic. Analiza
1
H-NMR a fost aplicată pentru identificarea și cuantificarea compușilor majori din uleiurile esențiale. HMF și
numarul diastazei arată variații comparative între probe, dar rămâne în limitele acceptate. Proba cu 0.01% ulei
de fenicul/ miere polifloră, împreună cu proba 0.01% ulei de busuioc/ cremă de miere polifloră s-au dovedit a fi
cele mai bune variante. Crema de miere aromată este o variantă excelentă pentru consumatorii ce vor să se
bucure de un produs tartinabil, cu o aromă originală și beneficii nutriționale și funcționale.

INTRODUCTION
The relationship between food and health, as well as adapting the diet to each person's requirements,
has become an increasing concern for consumers. In 2007, the European Commission drafted and published
the “White Paper” on the proposed strategy for Europe on health problems that may arise among consumers
due to inadequate nutrition. Some of these health problems, overweight and even obesity are an important
concern.
Weight problems and obesity are increasing at a rapid rate in most of the EU Member States, with
estimates of 51.6% of the EU’s population (age 18 and over) overweight in 2014. Obesity is a serious public
health problem, as it significantly increases the risk of chronic diseases such as cardiovascular disease, type-2
diabetes and certain cancers as reported in Eurostat – Statistics Explained - Overweight and obesity – BMI
statistics (2014).
For this reason, the consumer must be properly informed about the composition of food. Nutrition
labelling facilitates the choice made by the consumer, who will make his decision in full knowledge of the facts.
The level of consumer education walked hand in hand with economic development, which is why consumer
demand for healthy food has increased with economic progress.
Nutrition is essential for life. Several studies have shown in both laboratory tests and clinical
experiments the role of proper nutrition in the prevention and even treatment of diseases. The intake of natural
nutrients in optimal proportions and giving both nutritional and energy value is necessary for the development of
metabolic processes. Unfortunately, the current diet with the introduction of excess sugars and food additives
delivers lifestyle changes. It could appear nutritional diseases as obesity, metabolic syndrome, diabetes and
nutritional deficiencies.
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These are characterized by occurrence of dysfunctions such as digestive problems (lack of appetite,
flatulence, indigestion, excess abdominal gas), problems with the respiratory system (colds, viruses, improper
functioning of the lungs), or with nervous system (memory problems, mental and cognitive activity and
performance, sleep disorders, etc.), as mentioned in Diet, nutrition and the prevention of chronic diseases Report of the joint WHO/FAO expert consultation (2002).
When choosing for foodstuffs, the psycho-sensorial properties are very important. It plays the role of
influencing the decision to accept and buy the product and trigger the appetite. The consumer accepts or rejects
a food product depending on its sensory characteristics: appearance, smell, taste, consistency, colour, that is
appreciated through the sense organs, which transmit information to the central nervous system, determining
the decision (Hartman, 2016). According to the data on awareness, acceptance and approach of new foods,
most consumers turn to products that ensure a natural food, organic if possible, to offer a normal level of
beneficial flora for intestinal health, but also to control body weight in adults, while in children, to ensure a
harmonious development (Askew, 2018).
Utoiu et al., 2019, applied 1H-NMR in characterization of ecological vegetable oils used for enhancing
nutritional properties of honey. The method applied for characterization of essential oils is similar and based on
a comparison with standards made a-priori. Method is used to quantify compounds from foodstuffs in a nondestructive way, using a chemometric equation system or relate to a known standard added in deuterated
solvent. New foods flavoured with essential oils or medicinal / aromatic plants will bring an optimized and
improved quality of nutrition, while ensuring the protection and maintenance of health. These conditions can be
achieved by producing/creating “functional" food products that normally have their own nutritional value (i.e.
honey) by adding in different formulas aromatic-medicinal plants (fennel, basil, sage, mint, etc.) or essential oils
obtained from them.
MATERIAL AND METHOD
Honey is a good food matrix as well as a vehicle for many nutrients, also for various essential oils.
When a moderate sugar level is recommended, the use of honey-based food offers benefits by consuming a
natural product with a significant concentration of simple sugars but also for other phytonutrients, some credited
with an important antioxidant activity (Escuredo et al., 2013). In order to obtain flavored honey, we used
crystallized honey, which was obtained by a controlled process (time and temperature). Crystallized honey – a
cream as paste – fully preserves the natural properties of fluid honey, properties that can be enhanced with the
beneficial therapeutic properties of various essential (volatile) oils with specific health claims related to the
respiratory and digestive tract, nervous system (sleep disorders) etc. Such products can be applied in diet
therapy and in api-phyto-aromatherapy as well as in the adjuvant therapy of certain human aliments/complaints.
Honey quality. Honey quality analysis for both fluid and creamed was carried out following the main
parameters specified by EC Honey Directive, Codex Standard for Honey and the methods specified by the
Romanian Honey Standard SR-784-2009, as well as the IHC method (Thrasyvoulou et al., 2018; Jeuring et al.,
1980; Ribeiro et al., 2012, Loveaux et al., 1973; White, 1979; Winkler, 1955). Raw and cream honey is
compliant with the specifications for honey (SR789-2003, Council Directive 2001/110/EC, 2001, Codex
Alimentarius–Alinorm 01/25, 2000 and Harmonized methods of the International Honey Commission, 1999).
Controlled crystallization. Creamed honey was obtained through controlled crystallization of various
sorts of raw poly-floral honey (meadow, pasture, mountain) at low temperature, using the seedling method and
avoiding heating in order to preserve all the required quality parameters and the valuable nutrients and
biologically active ingredients of the raw product. Crystallization is intensified by mixing and stirring, processes
by which air is introduced into the honey. The process can be prevented, delayed or accelerated by specific
methods (Subramanian et al., 2007).
A crystallization starter (seeding) - consisting of small honey crystals, naturally crystallized was used.
The seeding batch was produced by letting the normal honey crystallize and then crushing the crystals to the
desired size. Industrially, this process is performed by using blades and the mixture is homogenized
intermittently, during the periods of homogenization but also at rest being kept at constant temperatures
between 12.8 - 21 ° C. The procedure allows obtaining a batch of unprocessed cream honey at intervals that
can reach 70-90 hours or (3-4 or more days). Essential oils have been added during the homogenization
process after the start of the fine crystallization process, and the temperatures used prevent their evaporation. If
stored at temperatures of 15-20°C, the cream honey with essential oils resulting from this process retains its
creamy consistency indefinitely. The final product has a creamy consistency that allows spreading.
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As glucose, whose crystals are white, induces crystallization, regardless of the type of honey that is
subject of controlled crystallization, the color of the final product will be lighter, even whiter than the fluid type,
which belongs to the same floral species.
This type of cream honey - similar to sherbet, is enriched by adding optimal concentrations of essential
oils that can be used individually or in different mixtures, the final product obtained having a better acceptance
by the consumer, a special aroma and taste, and easier to use.
Food safety. Council Regulation (EC) No 1234/2007 (2007) establishes the minimum quality
specifications required for a foodstuff. Regulation (EC) No 178/2002 (2002) set up the general principles and
requirements of food law, establishing the European Food Safety Authority. Microbiological examination. The
safety requirements of the products were checked for both microbiological quality (total number of germs,
coliform bacteria, molds and yeasts count) accordingly to Regulation (EC) No 852/2004. Heavy metals.
Equipment used was an ETHOS EASY (Microwave) Advanced Microwave Digestion System (Milestone) for the
hydrolysis of the samples, provided with 15 mineralization vessels and a mineralization program as temperature
200⁰C, power 1800W, time 15min, reagents HNO3 8mL, H2O2 2mL for max 0.5g sample quantity.
An
inductively coupled plasma mass spectrometer (ICP-MS) NexION 300Q (Perkin Elmer) was used to analyze the
content of heavy metals.
Pesticides and residues of antibiotics. Specific analyzes regarding the content of residues of
antibiotics, residues of veterinary drugs (amitraz for the control of varroa disease in bees), nitrofurans (used to
control bacterial diseases) and pesticide residues from the class of organochlorines, organophosphorus,
pyrethroids, etc. were carried out. The residual content is determined according to the provisions of Regulation
(EC) No 396/2005 with subsequent amendments and completions (pesticides, amitraz content), the provisions
of Council Directive 96/23/EC (1996), 2002/657/EC (2002) for aminoglycoside antibiotics and nitrofurans
derivatives. Legal limits for residues in food resulting from the different types of uses are established in the
pesticide European legislation and under the European legislation related to veterinary medicinal products
(Commission Regulation (EU) No 37/2010, 2010). Antibiotics. Streptomycin is determined either by the ELISA
(Enzyme Linked Immunosorbent Assay) method or by high performance liquid chromatography coupled with
mass spectrometry (HPLC-MS) (Almeida et al. 2012). Based on the risk assessment performed, EFSA (2016)
concluded that for streptomycin, the expected consumer exposure via residues in food of animal origin will not
exceed the toxicological reference values and therefore the MRLs set under Commission Regulation (EU) No
37/2010 (2010) are unlikely to pose an unacceptable risk to consumers. EFSA (2016) did not recommend MRL
proposals for oxytetracycline since a consumer health concern could not be excluded based on the information
available for this assessment.
Essential/volatile oils. Several volatile oils from organic crops were used to test the consumers’ choice
for a flavored honey (mint, sage, basil, and fennel). Fennel essential oil was obtained by distillation /from the
crushed seeds of the plant. The aromatic character of fennel seeds derives from volatile oils, trans-anethole and
estragol (methyl-chavicol - similar to licorice, mint) and camphor, fenchone, limonene, alfa-felandren etc. Other
phytochemicals present in fennel seeds are polyphenols - such as rosemarinic acid and luteolin. Basil oil was
obtained by steam distillation of the leaves. The specific mass of the oil varies between 0.952 - 0.973, and the
refractive index is between 1.512 - 1.520. Basil provides protection against unwanted bacterial growth and
development. The antibacterial properties are associated with the volatile oils that contain estragol, linalool,
cineole, eugenol, sabinen, myrcene and limonene. By 1H-NMR method, linalool was revealed as main
component. Essential oils are very sensitive when processed. In order to keep the level of deterioration as low
as possible, Crivelli et al. (2002) propose an industrial processing of the essential oils (in this case basil oil) at
low temperatures, respectively around 35° C and low air humidity, around 30%. This process happens also
when preparing the flavored cream honey, where temperature does not exceed 18°C, and the honey humidity is
up to 21% which is the highest acceptable value of this parameter in all standards.
1
H-NMR analysis of the volatile (essential oils) and flavored honey. NMR samples were prepared
with deuterated chloroform (CDCl3, min. 99.8% with caffeine standard) to the dilution of 2:8 (v/v). The 1H-NMR
spectra of the essential oils were run on a Bruker Avance III, 400 MHz spectrometer, operating in a 9.4T
electromagnetic field. This corresponds to a resonance frequency of 400.13 MHz for 1H nucleus. Magnet is
equipped with a direct detection four nuclei probe head and field gradient on z-axis. We used for 1H-NMR
spectra typical parameters as 450 pulse without attenuated power, 2.05s acquisition time, 6.4 KHz spectral
window, 16 scans, 26K data points, 1s relaxation time. Chemical shifts are reported in ppm. Several volatile
(essential) oils obtained from aromatic plants were initially tested to identify main compounds, including
rosemary, sage, oregano, mint, thyme, fennel oil and basil oil.
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Preparation of flavored honey. Honey contains a series of volatile compounds classified into different
chemical categories: aldehydes, ketones, acids, alcohols, hydrocarbons, nor-isoprenoids, terpene compounds,
benzene and its derivatives, pyran and furan derivatives that represent a footprint for a specific sort of honey
and therefore it uses to differentiate mono-floral types and multi-floral types, providing thus valuable information
on its geo-botanical origin. The natural taste and aroma of honey are unique but sometimes these two
characteristics can be changed or improved by adding fresh herbs or aromatic products to this food. Lavender,
rosemary, thyme and sage are often used, which can offer a wide range of aromatic options. To prepare this
type of flavored honey, when using fresh or dried plants, the maceration of the plants must take at least 5 days.
Safety of consuming honey infused (flavored) with herbs. The stability of flavored honey by infusing
aromatic or medicinal plants/herbs depends on the added water or that occurs during the infusion process. So,
left at room temperature, honey with high humidity will become an ideal environment for the development of
mold or the already existing yeasts that will ferment. It is a reason for choosing essential (volatile) oils for the
various formulations of flavored honey. Fennel, basil, sage, oregano, mint or melissa volatile oils were used to
flavor acacia or polyfloral (sunflower) honeys.
Sensory analysis. The final combination of honey with various volatile oils was decided following a
sensory analysis with both trained panelists and electronic nose examination in Panel sensory evaluation
/analysis of flavored honey samples. Samples were prepared by mixing specific honey and essential oils as it
follows:
- Polyfloral honey + 0.01% fennel essential/volatile oil, Polyfloral honey + 0.05% fennel essential/volatile oil,
Polyfloral honey + 0.075% fennel essential oil, Polyfloral honey + 0.5% fennel essential oil
- Polyfloral honey + 0.05% sage essential oil, Polyfloral honey + 0.075% sage essential oil, Polyfloral honey +
0.01% basil essential oil, Polyfloral honey + 0.05% basil essential oil
- Acacia honey + 0.1% fennel essential oil, Acacia honey + 0.05% fennel essential oil, Acacia honey + 0.01%
sage essential oil, Acacia honey + 0.05% sage essential oil, Acacia honey + 0.005% basil essential oil
The analysis was performed in the sensory analysis laboratory, with a group of trained/specialized
panelists. Approx. 15 ml of sample (honey) were placed in plastic cups, covered with lids, coded, before
analysis. 3 tasting sessions were organized, the samples being divided into 3 groups. The samples were coded
as it follows.
Table 1
Tasting sessions, Group 1, Group 2 and Group 3
G1, Polyfloral honey + 0.05% fennel volatile oil
796 G2, Polyfloral honey with 0.05% sage volatile oil
G1, Polyfloral honey with 0.075% fennel volatile oil
543 G2, Polyfloral honey with 0.075% sage volatile oil
G1, Polyfloral honey with 0.01% fennel volatile oil
801 G2, Polyfloral honey with 0.01% basil volatile
G1, Polyfloral honey with 0.5% fennel volatile oil
345 G2, Polyfloral honey with 0.05% basil volatile oil
G3, Acacia honey with 0.1% fennel volatile oil 428
G3, Acacia honey with 0.05% fennel volatile oil 305
G3, Acacia honey with 0.01% sage volatile oil 912
G3, Acacia honey with 0.05% sage essential oil 173
G3, Acacia honey with 0.005% basil essential oil 596

287
612
549
705

White bread and plain water at room temperature were used as neutralizing agents. The considered
sensory attributes/characteristics were color intensity, odor intensity, taste intensity, sweet taste, sour taste,
bitter taste, after-taste (persistence of taste after swallowing) and, total acceptability for the product, on a scale
of 1 to 5, respectively.
Electronic nose – sensory analysis. 3 honey samples were analyzed for global volatile composition
using the Multisensory System for food quality control and detection of α-Prometheus food fakes with αFOX4000 ("electronic nose"). Comparisons were made between samples on sensor response intensity and
PCA (principal component analysis) graphs were plotted. From the samples received, 1g of honey was weighed
into 10ml glass vials and stapled. Three identical vials were prepared from each sample. The samples were
heated and stirred in the equipment oven, at 40ºC for 180s, with stirring speed of 250rpm. The volatile part
generated inside the vial (1000µl) was injected into the 18-sensor system to record the total volatile fingerprint
and compare fingerprints between samples. The samples were differentiated using statistical analysis of the
PCA type (Principal Components Analysis).
Nutritional declaration – health claims. As from December 2016, Regulation (EU) No 1169/2011
requires the vast majority of pre-packed foods to bear a nutrition declaration. Foodstuffs excepted from the
requirement of the mandatory nutrition declaration are listed in Annex V of Regulation (EU) No 1169/2011.
The content of the mandatory nutrition declaration may be supplemented voluntarily with the indication
of the amounts of mono-unsaturated, polyunsaturated, polyols, starch, fibers, vitamins and minerals.
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RESULTS
Honey quality and safety. Both varieties of honey are appropriate in terms of honey quality and safety.
Storage of honey validity term is 2 years. For honey harvested in 2018 validity expires in a few months, and
HMF value increases to 20 mg/kg and for honey harvested in 2019 and subjected to the process of controlled
crystallization, the value is very low, only 6.3 mg / kg. HMF thus becomes an important parameter in the
technical specification of new flavored foods, for determining the shelf life.
Table 2
Quality analysis of honey
Parameter /
Characteristic
Humidity
Saccharose / sucrose
Reducing
sugars
/
inverted sugar
HMF
(hydroxymethylfurfural)
Diastase number
Conductivity
Free acidity

Polyfloral honey
Yield 2018

Cream honey
Yield 2019

Method of Analyze

15.8 + 0.25%
2.40 +0.3%
79.31 + 2.22%

17.80 + 0.25%, g/100 g honey
2.85 + 0.51%, g/100 g honey
76.50 + 3.41%, g/100 g honey

Refractometric method
Elser
Elser

2.91 + 0.47 mg/100g
29.1 mg/kg
13.9 + 4.59
338 + 14.87 μSiemens
-

0.63 + 0.09%, mg/100 g honey
6.3 mg/kg
38.5 + 0.18, Gothe units
0.41 mS/cm = 410 µS
1.70 + 0.26 ml NaOH 1N/100g honey

Winkler
Schade
Conductometry
Titration

In terms of possible effects on consumer health, a high value of HMF can lead to certain unwanted
functional disorders in the human body (Lee et al., 1995; Hiramoto et al., 1996; Albala-Hurtado et al., 1998;
Hidalgo, and Pompei, 2000; Fallico et al., 2003; Gökmen et al., 2008; Husoy et al., 2008). However, the impact
of HMF on human health is still a matter of controversy. There is much debate about toxicity, genotoxicity,
mutagenicity and carcinogenicity, but there are reports of its potential protective role, which calls into question
the toxicity of the compound.
Regarding HMF metabolism, there are only a few reports regarding the absorption, transport and
metabolic pathways in the human body (Delgado-Andrade et al., 2008). However, because the evidence on the
potential toxicity of HMF to human health - evidence currently available - is inconclusive, studies are needed to
clarify the potential long-term effects that HMF could have on human health.
Product safety. Microbiological examination. Acacia honey, polyfloral honey, creamed honey, creamed
honey with 0.01% fennel volatile oil and creamed honey with 0.01% basil volatile oil were tested and shows less
than 10CFU/g for total plate count, E. coli and yeasts and molds count. The analyzed samples did not show
microbiological contamination with aerobic bacteria and yeasts and molds. Samples were all compliant. Heavy
metals. For the analysis of lead (Pb) content, Commission Regulation (EC) No 1881/2006 (2006), updated
February 2018, specifies a maximum limit of 0.1 ppm (mg/kg) in honey.
Table 3
Heavy metals content in flavored honey samples
Heavy metals content (mg/kg)
Sample
Lead
Cadmium
Acacia honey with 0.05% fennel oil
0.033
0.002
Poly-floral honey with 0.01% basil oil
0.038
0.002
Poly-floral honey with 0.01% fennel oil
0.038
0.009

Nickel
0.104
0.311
0.187

All samples are compliant with the provisions of the Regulation. For Cd content, the obtained values are
very low. Pesticides and residues of antibiotics. Amitraz is nowadays listed in Table 1 of Commission Regulation
(EU) No 37/2010, replacing Annex I to IV of Regulation (EEC) No 2377/90.
1
H-NMR spectra of the main compounds in the selected essential oils. From 1H-NMR spectra have
been identified the major compounds specific to analyzed essential oils. Specific positons have been integrated
and reported to the specific caffeine standard. For trans-anethole, is (in ppm) 7.32 (2H, d, j=8.8), 6.89 (2H, d,
j=8.8), 3.84 (3H, s), 6.41 (1H, d, j=15.6), 6.15 (1H, q, d, j=6.8, 15.6). For alpha-pinene, is (in ppm) 0.86, 1.28,
1.65, and 5.18. For estragol, is (in ppm) 3.72, 5.01, 5.88, 3.30, and 6.7-7.10. For limonene, is (in ppm) 5.3, 1.92,
and 4.63. For linalool, is (in ppm) 2.06, 1.61, 1.69, 5.09, 1.23, 5.89, and 5.0.
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Table 4
Residues of antibiotics and pesticides in analyzed honey samples
Residue
Acacia honey
Streptomycin
CCα = 12 μg/kg
CCβ = 15 μg/kg
Amitraz (sum of amitraz + 2,4 DMA
< LOD (0.001 mg/kg;
LOQ 0.03 mg/kg
Nitrofurans /
< CCα
AHD (CCα = 0.76 μg/kg, CCβ = 0.94 μg/kg
< CCα
AMOZ (CCα = 0.28 μg/kg, CCβ = 0.35 μg/kg
< CCα
AOZ (CCα = 0.38 μg/kg, CCβ = 0.47 μg/kg
< CCα
SEM (CCα = 0.6 μg/kg, CCβ = 0.74 μg/kg
compliant
Pesticides (OCL, OP, PCB, pyrethroids)
< LOD
SR EN-1528-2-2003, SR EN- 1528-1,3,4 /2004
< LOD
α-HCH
< LOD
LOD = 0.002 mg/kg; LOQ = 0.005 mg/kg
< LOD
β-HCH
< LOD
LOD = 0.002 mg/kg; LOQ = 0.005 mg/kg
< LOD
γ-HCH – Lindan
< LOD
LOD = 0.002 mg/kg; LOQ = 0.005 mg/kg DDT (Σ izomers)
LOD = 0.002 mg/kg; LOQ = 0.005 mg/kg Heptachlor (Σ)
LOD = 0.002 mg/kg; LOQ = 0.005 mg/kg Methyl-pyrimifos
LOD = 0.002 mg/kg; LOQ = 0.005 mg/kg

Poly-floral honey
CCα = 12 μg/kg
CCβ = 15 μg/kg
0.006 mg/kg
compliant

< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

Aldrin (Ocl), Dieldrin (Ocl), Endrin (endrin + ketoendrin), HCB, Ensulfan, Chlordane, Methoxychlor, Diazinon,
Chlorpyrifos, Methyl-chlorpyrifos, Ethion, Fenthion, Malathion, Methyldathion, Parathion, Methyl-parathion,
Pyrazophos, Triazophos, Coumaphos, Methyl-pirimiphos; LOD = 0.002 mg/kg; LOQ = 0.005 mg/kg

In Figure 3 and Figure 4 are exposed differences between fennel and basil oils versus main compounds.
Based on these differences is possible to integrate it and to assess the amounts of major components in the
base product.

Figure 1. 1H-NMR spectrum of fennel volatile oil

Figure 2. 1H-NMR spectrum of basil volatile oil

Figure 3. 1H-NMR spectra of fennel oil and its main
compounds

Figure 4. 1H-NMR spectra of basil oil and its main
compounds
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Table 5
1H-NMR

Essential
(volatile) oil
Fennel
Basil

analysis of the main compounds in fennel and basil volatile oils
trans-anethol,
Αlfa – pinen,
Estragol,
Limonene,
g/l
g/L
g/L
g/L
128.2
22.6
8.3
3.7
32.6
-

Linalool,
g/L
127.7

Sensory analysis of flavored honey. Panel analysis. The sample preferred by the evaluators, with the highest
score was sample no. 2: acacia honey + 0.05% volatile fennel oil.
Table 6
The panel for sensory analysis for set 3 consisted of 9 persons (1 man and 8 women) with the average age of 29
Characteristics
Product 428
Product 305
Product 912
Product
Product
173
596
Acacia
Acacia
Acacia
Acacia
Acacia
honey with honey with honey with honey with honey with
0.1% fennel 0.05% fennel 0.01% sage 0.05% sage 0.005% basil
volatile oil
volatile oil
volatile oil
volatile oil
volatile oil
External
aspect

Color intensity

1.33

1.44

1.50

1.50

1.30

Smell

Smell intensity

4.33

2.89

2.40

4.30

3.30

At/when
chewing

Taste intensity

4.67

4.11

3.90

4.30

4.20

Sweet

3.56

3.44

3.60

3.30

3.00

Acid

1.78

1.78

1.50

1.60

1.40

Bitter

2.33

1.89

1.60

2.10

2.10

After taste

4.00

3.56

3.30

4.00

4.00

2.56

3.22

2.80

1.90

2.00

After
swallowing

Total acceptability

Sample 2 was assessed as having an average intensity of smell and taste while sample 4 was
considered the least pleasant. For the panelists, combinations of honey with fennel are the best and assessing
the 3 sets of sensory analyzes, the following products with the highest acceptability resulted: Poly-floral honey +
0.01% volatile fennel oil; Poly-floral honey + 0.01% volatile basil oil; Acacia honey + 0.05% volatile fennel oil.
The combinations with sage and basil, especially at high concentrations were very little accepted, being
evaluated as having a bitter taste, much too intense, a very persistent after taste and being very unsuitable.
Sensory analysis of flavored honey with electronic nose. Following the interpretation of the data, using PCA, a
discrimination index was obtained which provides an assessment of the quality of discrimination on the selected
plan. This assessment is given by the area between the groups and the size of a group. Its maximum value is
100. A value closer to 100 is better.

Figure 5. a. Sensors response for samples of acacia honey with 0.05% fennel and poly-floral honey with the addition of
0.01% basil oil; b. Sensors response for samples of poly-floral honey with the addition of 0.01% basil oil and, respectively,
the sample of poly-floral honey with the addition of fennel oil 0.01%
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It is noted that the honey samples were differentiated with a discrimination index of 81. The poly-floral
honey samples were positioned in the same part of the plot but due to the various concentrations of volatile oils,
they are different.

Figure 6. a. Sensors response for samples of acacia honey with the addition of 0.05% fennel oil and the sample of polyfloral
honey with the addition of 0.01% fennel oil, respectively; b. Differentiation of analyzed honey samples

Nutritional declaration and health claims. European Union rules on food labeling, which apply to all foods,
are established in Directive 2000/13 / EC of the European Parliament and of the Council of 20 March 2000 on
the approximation of the laws of the Member States relating to the labeling and presentation of foodstuffs, as
well as the publicity given to them.
Table 7
Nutritional analysis of assortments of poly-floral honey formula flavored with volatile
fennel oil and volatile basil oil
Formulation
Characteristics Unit
Analytical method
Results
Poly-floral
honey Energy
Kcal/100g Regulation (EU) No 1169/2011 (2011)
335
flavored with 0.01% Energy
KJ/100g
Regulation (EU) No 1169/2011 (2011)
1425
fennel essential oil
Proteins (total)
%
Kjeldhal
< 0.12*
Lipids (total)
%
Sohxlet
0.25
Glucids (total)
%
Regulation (EU) No 1169/2011 (2011)
83.25
Poly-floral
honey Energy
Kcal/100g Regulation (EU) No 1169/2011 (2011)
331
flavored with 0.05% Energy
KJ/100g
Regulation (EU) No 1169/2011 (2011)
1405
fennel essential oil
Proteins (total)
%
Kjeldhal
< 0.12*
Lipids (total)
%
Sohxlet
0.22
Glucids (total)
%
Regulation (EU) No 1169/2011 (2011)
82.15
Poly-floral
honey Energy
Kcal/100g Regulation (EU) No 1169/2011 (2011)
331
flavored with 0.01% Energy
KJ/100g
Regulation (EU) No 1169/2011 (2011)
1405
basil essential oil
Proteins (total)
%
Kjeldhal
< 0.38
(harvest 2018)
Lipids (total)
%
Sohxlet
0.23
Glucids (total)
%
Regulation (EU) No 1169/2011 (2011)
81.71

In Table 8 are exposed the calculated energetic values for honey harvested in 2018 and values
calculated for 2019 harvested honey.
Table 8

Energy
Lipids
Total glucids among
which: Simple sugars
Proteins
Salt (natrium)

Energy Nutrition facts
Flavored cream honey 2018
1389.07 Kjoules/100 g; 326.84 cal/100g /
16.34% RNV
0
81.71
79.31
0.38
0

Flavored cream honey yield 2019
1348.95 KJoules/100 g; 317.4
cal/100g / aprox. 16% RNV
0
79.35
76.50
0.41
0

As can be seen, the sugar content and energy value vary depending on the type of honey. Because for
the preparation of cream honey various poly-floral honey from different harvests (hay, pasture, meadow and
delta honey) and different years, the sugar content will be different and as a result, the energy value per 100
grams of product.
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According to EFSA, honey has no authorized health claims, in spite of the many scientific reports on its
beneficial effects from both nutritional and physiological aspects. Honey is known however for its antioxidant,
antimicrobial, cough calming, heart and liver protecting agent. To these beneficial inner effects, the health
claims related to the selected essential oils are added. Few of the health claims of the fennel oil are supporting
digestion in case of flatulence and abdominal spasms and showing antimicrobial effects. For basil volatile oil
there are claims such as supporting a healthy sleep and relaxation, helping the blood circulation and in case of
common colds, is important for the health and welfare of the human body. All these claims are for correct
information of the consumer and applying framework is specified in Regulation (EC) No 1924/2006 (2006).
CONCLUSIONS
Our aim was to make an assortment of flavored foods using different varieties of local honey nutritionally
and/or functionally optimized with essential oils. These oils were obtained from aromatic medicinal plants, which
in addition to the benefit in nutrition, offers a diversification of the range of foods for both healthy people and
those with some nutritional deficiencies but also a series of disorders that occur because of body dysfunctions.
For many consumers there is concern that consuming honey would lead to weight gain. Regarding the
consumption of honey, the idea is not to introduce more sugars in the body but simply to try a more consistent
replacement of processed, refined sugars with a healthier sweetener. An excellent way to eat healthy is to use
honey in daily meals, for example to replace the empty calories offered by sugar in soft drinks, in spreads on
bread thus replacing jam. Honey can be also used to sweeten tea, coffee or juices. Cream honey flavored with
essential oils can be used to provide a wider and more effective palette of health benefits.
Under the term “all natural”, meaning without dyes, artificial flavors, additives or preservatives, the market
began to adopt more intensely the idea of "back to basics", i.e. to request products with a list of reduced/small
number of ingredients, and these ingredients should be as natural as possible. The ingredients in the products
of the “cream honey with essential (volatile) oils”, assortment are compliant with the new trend as they are all
natural, raw produced (honey) and originating from ecological crops of aromatic/medicinal herbs for the selected
essential (volatile) oils.
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ABSTRACT
It is known that zinc is important for animal nutrition. Different forms of zinc are today utilised in animal
feeding procedure. Either inorganic or organic forms are recognised as important ingredients in the fodder
receipts, in accordance with the European feed legislation. Previous studies show that Zn has a positive impact
on physiological and immunological functions on the health and performance of poultry, including meat or egg
production. This paper presents the importance of zinc in laying hens’ nutrition. The reported literature reveals
that organic zinc is better assimilated by laying hens compared to inorganic forms.
ABSTRACT
Este cunoscut că zincul prezintă importanță în hrana animalelor. Diferite forme de zinc sunt astăzi
utilizate în programele de nutritie a animalelor. Atat formele anorganice cat si cele organice sunt recunoscute ca
ingrediente importante în rețetele furajere, în conformitate cu legislația europeană privind hrana animalelor.
Studiile anterioare arată că Zn are un impact pozitiv asupra funcțiilor fiziologice și imunologice asupra sănătății
și performanței găinilor ouătoare, inclusiv producția de carne sau ouă. Această lucrare prezintă importanța
zincului în nutriția găinilor ouătoare. Literatura publicată indică faptul că zincul organic este mai bine asimilat de
găinile ouătoare în comparație cu formele anorganice de zinc.
INTRODUCTION
There have been many published reports on Zn supplementation in laying hens’ nutrition. In many
research studies the bioavailability of inorganic zinc mineral was investigated (Close, 2003). Bioavailability was
defined as the amount to which an ingested nutrient in a particular source is absorbed in a form that can be
used or metabolised by animals. In the case of zinc it was indicated that 75 to 80% of the ingested zinc from
inorganic sources is excreted by animals. It was also observed that the trace mineral used was chemically
bound to a chelating agent or ligand, usually a mixture of amino acids or small peptides; therefore it can be used
in lower concentrations in the diet because of the higher availability (Pickard and Andrieu, 2006). Many reports
present the zinc content of the fodder in different ways: the total zinc supplementation of a feeding animal is
reported often in different form and different amount. The European Commission instituted a maximum limit for
the total Zn amount, including the supplemental premix, of poultry diets at 100 ppm (***UNE, 2013).
The first eukaryotic zinc uptake transporter was discovered in yeast. Genomic and proteomic research
studies have revealed an abundance of Zn2+ regulated genes and Zn2+ binding proteins (Regalla and Lyons,
2006). Some studies performed by Barbulescu et al. (2018) described the potential of yeast to absorb in
different concentration zinc as organic form by transformation of inorganic zinc during fermentation. It is known
that the S. cerevisiae yeasts possess five genes encoding ZIP proteins. S. pombe yeasts may represent a much
better model system for understanding eukaryotic zinc homeostasis than S. cerevisiae.
Today there are many forms of zinc utilised in the feed receipts, for example as inorganic forms (zinc oxide, zinc
sulphate, zinc nitrate, zinc chloride) and as organic forms (zinc chelate, zinc gluconate, zinc methionine etc.).
Yeasts enriched with zinc represent a source of organic zinc for utilisation in the fodder recipes. It was
demonstrated that the yeast biomass with the highest Mn supplementation (200 mg/kg feed) and Zn
supplementation (160 mg/kg feed) recorded the highest eggshell weight and the highest eggshell breaking
strength (Cornescu et al., 2013).
The study performed by Li et al. (2019) was to determine the effects of dietary Zn-methionine (Zn-Met)
supplementation on the laying performance and egg quality on laying hens. The zinc chelate of methionine (1:2)
is authorized as “nutritional additive” for laying hens by EFSA (2014).
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The additive ‘zinc chelate of methionine sulphate’ is zinc chelated with methionine in a molar ratio 1:1,
with a minimum zinc content of 19.1%. Based on literature studies and a specific research performed with the
additive under opinion, zinc chelate of methionine sulphate is a bioavailable source of zinc for all animal species
(***EFSA, 2014). Various compounds of zinc [zinc lactate, trihydrate; zinc acetate, dihydrate; zinc carbonate;
zinc chloride, monohydrate; zinc oxide; zinc sulphate, heptahydrate; zinc sulphate, monohydrate; zinc chelate of
amino acids, hydrate; zinc chelate of glycine, hydrate; zinc chloride hydroxide monohydrate (minimum zinc
content 54%); (Andreini et al., 2006) zinc chelate of hydroxy analogue of zinc (zinc content 17.5−18%);
(http://www.anses.fr/sites/default/files/documents/ALAN2012sa0067Ra.pdf),methionine-zinc, technically pure
(zinc content 17.5−18.5%)] were authorised as nutritional feed additives in the EU. The median zinc content in
poultry complete feeds is in the range 89−107 mg/kg; only about 4% of the samples showed values above the
CAMC (Currently Authorised total Maximum Contents of zinc in complete feed) (150 mg/kg). The newly
proposed total maximum contents of total zinc in complete feed (NPMC) are 100 mg Zn/kg for all other species
and categories.
MATERIALS AND METHODS
The following zinc species are usually applied for supplementation of laying hens’ feed material:
➢ Inorganic zinc species: zinc oxide, zinc sulphate, zinc nitrate, zinc chloride;
➢ Organic zinc species: zinc-gluconate, zinc methionine, zinc threonine, zinc-glycine, yeast enriched with
zinc. While it was noticed that yeast enriched with zinc is one of the most effective form of zinc, a
particular attention is paid to this organic form of zinc.
The determination of total, organic and inorganic zinc from zinc-enriched yeast
Total zinc content from yeast samples was measured after microwave digestion using ICP-OES (Perkin
Elmer Optima 8000). Inorganic zinc content of hen feed samples was measured - after ultrasonic treatment using size exclusion chromatography (SEC) – inductively coupled plasma mass spectrometry (ICP-MS)
Column: Superdex Peptide 10/300 GL, 10 × 310 mm (Barbulescu et al., 2018; Jókai et al., 2018).
The content of zinc in whole yeast cells was assessed according to the modified AOAC method based
on Yang et al. (2005). The experiment was carried out in a completely randomized design with 4 replications.
Determination of organic zinc has been carried out by indirect calculation. The results obtained for
inorganic zinc content were subtracted from the total zinc results of the samples.
The fermentation process for obtaining yeasts enriched with zinc – investigation of zinc accumulation in yeast
cells
Azad et al. (2014) investigated the accumulation of zinc and growth of yeast when in the culture was
added zinc sulphate. They tested without the addition of zinc (control culture) and with the addition of zinc
sulphate (5, 10, 15, 30 and 60 mg ZnSO4 L-1 medium) at 28°C for 72 hours.
Šillerová et al. (2012) tested different zinc forms: zinc nitrate, zinc sulphate and zinc chloride in different
concentrations of 0, 25, 50 and 100 mg.100 ml-1.The highest concentration of zinc accumulation was up to 18.5
mg.g-1 of yeast biomass was obtained when was add zinc nitrate in concentration of 200 mg.100 ml-1 YPD.
Testing of different form of zinc on laying hens’
Bahakaim et al (2014) performed a trial for one hundred and twenty Golden Montazah laying hens’
aged 24 weeks which were divided in two group with inorganic zinc (zinc sulphate) and organic zinc (zinc
methionine) to obtain concentration levels 0.0, 50, 100 and 150 mg supplemental zinc/kg diet. They observed
the effect of different dietary levels and sources of zinc and their interaction on the zinc concentration of egg, the
productive performance, and egg quality and blood parameters of laying hens’.
Olgun and Yildiz (2017) tested 144 Lohmann LSL-Lite laying hens’ allocated to 12 trial groups in a 4
(forms) × 3 (dosages) factorial arrangement. Two forms of inorganic zinc (zinc-sulphate and zinc-oxide) and one
form of organic zinc as zinc-glycine and nano zinc-oxide powder as nano form at different dosages (50, 75 and
100 mg per kg diet) were tested. Mayer et al. (2019) used inorganic form of zinc, and the tested hens were fed
using diets for 12 weeks (experimental phase), with graded increments of zinc as Zn sulphate heptahydrate
(ZnSO4·7H2O), in total 18.7 ± 0.47, 50.3 ± 10.6, 77.3.0 ± 11.0, 110.2 ± 12.8, 140 ± 12.2, and 170.6 ± 13.2 ppm.
Other study Li et al. (2019) used organic zinc randomly assigned to 6 treatments with 6 replications of 20 birds –
feed with Zn methionine.
Determination of zinc from eggs, meat, intestine and faeces-Samples of intestine, faeces and eggs from
all groups were lyophilized and used for the assessment of zinc by ICP-OES (Dernovics et al., 2019).
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RESULTS
Results concerning accumulation of zinc in yeast
It has been observed that after the addition of zinc sulphate solution during yeast fermentation, in yeast
biomass obtained, at pilot level the total zinc was 1100-1760 mg/kg and 420-720 mg/kg organic zinc,
respectively (Barbulescu et al., 2018).
Results concerning accumulation of zinc in eggs. The supplementation of the laying hens’ diet with 150 mg
zinc as zinc methionine/kg lead to zinc enriched eggs which could supply 19.45% of daily requirements of zinc
for children from 1-8 years (Bahakaim et al., 2014). Another study on laying hens’ (Mabe et al., 2003) compared
the supplements of 30 and 60 mg zinc from either zinc chelate of amino acids hydrate or zinc sulphate. The
feeding with zinc chelate of amino acids hydrate supplemented diet during 13 weeks resulted in an average of
3% higher zinc concentration in egg yolk in comparison with those from hens fed with zinc sulphate. Eggs that
were obtained by using Zincoppyeast (yeast enriched with organic zinc) supplemented feeding on laying hens’
show an increased total Zn content (Dernovics et al., 2019).
In the trials performed by Mayer et al. (2019), the zinc content for broken line quadratic and exponential
asymptotic models in total eggs and total settable eggs produced per hens was estimated as 75.7, 64.7 ppm,
and 56.5, 41.5 ppm, respectively. In the case of the trials performed by Li et al. (2019) by using inorganic and
organic zinc sources, and the control (80 mg/kg) was fed basal diet with zinc sulphate. The five experimental
groups (20, 40, 60, 80, and 100 mg/kg, respectively) were fed basal diet with Zn-Met. In conclusion, dietary ZnMet supplementation at 60 to 80 mg/kg had more positive effects on performance, egg quality, and antioxidant
capacity in laying hens’ as compared to 80 mg/kg ZnSO4.
Results concerning accumulation of zinc in tibia from laying hens’. The dietary 50 mg/kg dosage of zinc was
enough for optimum performance and the dietary 75 mg/kg dosage of zinc significantly enhanced shear force of
tibia in laying hens’. Tibia zinc content increased with the dietary 100 mg/kg dosage of zinc (Olgun and Yildiz,
2017). Conclusion taken by Li et al. (2019) regarding the dietary Zn-Met supplementation at 60 to 80 mg/kg had
more positive effects on performance, egg quality, and antioxidant capacity in laying hens’ as compared to 80
mg/kg ZnSO4.

CONCLUSIONS
Organic forms of zinc were proved to have higher bioavailability in laying hens’ nutrition then the
inorganic forms.
The FEEDAP Panel of EFSA developed, based on an approximation using zinc guideline and
background data, potential new maximum quantities, which could substitute the current ones. The recently
proposed total maximum contents are: 150 mg Zn/kg in complete feed for piglets, sows, rabbits, salmonids,
cats and dogs; 120 mg Zn/kg in complete feed for turkeys for fattening; 100 mg Zn/kg in complete feed for
other species and categories.
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ABSTRACT
There are two distinct types of energy that can be produced: electrical energy and thermal energy. The
most efficient way to obtain electrical energy is from direct solar irradiance via photovoltaic cells (PV
cell). PV cell temperature during operation exceeds 30 °C, bringing summer in frequent cases over 60 °C. At
these values of temperature shows a significant reduction of power photovoltaic panels. To diminish this
phenomenon can be applied an radiator on the back of the panel, which by heat conduction takes it dissipate
heat to the environment. Another way is to achieve a water cooling system, placed on the back of PV. Hot water
resulting from cooling system can be used for household or as agent for preheating the thermal plants.
REZUMAT
Există două tipuri distincte de energie care pot fi produse: energia electrică și energia termică. Cea mai
eficientă modalitate de a obține energie electrică este de la iradierea solară directă prin intermediul celulelor
fotovoltaice (celule FOTOVOLTAICE). Temperatura celulelor fotovoltaice în timpul funcționării depășește 30 °C,
aducând vara în cazuri frecvente peste 60 °C. La aceste valori de temperatură arată o reducere semnificativă a
panourilor fotovoltaice de putere. Pentru a diminua acest fenomen poate fi aplicat un radiator pe partea din
spate a panoului, care prin conducție termică va disipa căldura în mediu. O altă modalitate este de a realiza un
sistem de răcire cu apă, plasat pe partea din spate a PV. Apa caldă rezultată din sistemul de răcire poate fi
folosită pentru uz casnic sau ca agent pentru preîncălzirea centralelor termice.
INTRODUCTION
One of most abundant resources is solar energy, which manifests itself directly, as solar irradiance, or
indirectly as wind energy and biomass energy. When it comes to the efficiency of energy transformation, a couple
of things need to be distinguished. There are two distinct types of energy that can be produced: electrical
energy and thermal energy. Electrical energy, mostly because of its ability to be easily transferred to work, is
more valuable than thermal energy (Huang, 2001).
The most efficient way to obtain electrical energy is from direct solar irradiance via photovoltaic cells (PV
cell). Although the overall efficiency of PV cells ranges from about 5 % - 20 %, it is still higher than the total
indirect efficiency when it comes to wind and biomass efficiency. However, it has been shown that the overall
efficiency of photovoltaic cells drops drastically with an increase in temperature.
The most efficient way to obtain electrical energy is from direct solar irradiance via photovoltaic cells (PV
cell). Although the overall efficiency of PV cells ranges from about 5 % - 20 %, it is still higher than the total
indirect efficiency when it comes to wind and biomass efficiency. However, it has been shown that the overall
efficiency of photovoltaic cells drops drastically with an increase in temperature (Makki, 2015).

Fig. 1 The characteristics of current voltage and power voltage for the photovoltaic cell
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PV cell temperature during operation exceeds 30 °C, bringing summer in frequent cases over 60 °C. At
these values of temperature shows a significant reduction of power photovoltaic panels. To diminish this
phenomenon can be applied an radiator on the back of the panel, which by heat conduction takes it dissipate
heat to the environment (Verma et al, 2013.) Another way is to achieve a water cooling system, placed on the
back of PV. Hot water resulting from cooling system can be used for household or as agent for preheating the
thermal plants.
The cooling system consists of a metal plate with very good thermal conductivity, which is attached to a
serpentine by circulating water. Fixing of the serpentine to the absorbing plate was made by pressing. Ensure
good thermal contact between the two components was achieved by introducing a silicone grease between
them. (Tariq et al, 2011). The pump which provides water circulation can be controlled by a microcontroller
which collect information on the two temperature sensors mounted on panel. Thus, the pump flow can be
adjusted continuously providing efficient cooling of the panel thus maintaining the highest possible yield with
minimum energy consumption.
MATERIALS AND METHODS
Conductive cooling mostly ends up with air passive cooling, but an important difference is that the
prevailing mechanism of heat transfer from PV cells is conductive in nature. Two PV cells were used: one with
with aluminum fins as a heat sink, with thermal grease applied and one without a heat sink. It has been noted
that the temperature difference rises with the increase of insolation. In other words, passive flow channels can
have the reverse effect on PV module cooling (Borne et al, 2013).
A special type of passive conductive cooling is phase change material cooling, PCM. Although this can’t
be viewed as cooling in the strict sense, it has the result of maintaining the same temperature. It can still be
counted as a passive technique mainly because of the fact that no additional work is needed to take away the
heat - it is dissipated mostly conductively (Smith et al, 2014).

Fig.2 Proposed geometry
Fig.3 Dimensions of a PV panel with aluminum heat sinks
(https://www.hindawi.com/journals/ijp/2020/1574274/)

The (a) proposed geometry and (b) dimensions of a PV panel with aluminum heat sinks.
Figure 1 shows the design and geometry of a PV module with an aluminum heat sink. The aluminum
heat sink was mounted on the back of a vertical solar panel; the fins of the panel were perforated to improve air
circulation around them and allow the absorption of more heat from the PV panel. In the modeling program, the
PV panel was assumed to be a unique composite layer. Table 1 shows the properties of each layer in the solar
module. The properties of these layers are assumed as independent properties with temperature and pressure
change.
Table 1
The properties of each layer in the solar module
Layer

Density (mg/m3)

Specific heat
capacity (kJ/kg K)

Tempered glass
EVA
PV cell
EVA
PVF

2450
960
2330
960
1200

0.79
2.09
0.677
2.09
1.25
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Thermal
conductivity (W/m
K)
0.7
0.311
130
0.311
0.15

Thickness (mm)
3.2
0.5
0.21
0.5
0.3
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The base and fins of the heat sink are both 2 mm thick. The fluid domain for air has a width of 0.1 m,
with the resulting hydraulic diameter (D) of 0.166 m. The air flow velocity (V) at the inlet was 1.5 m/s, with a
temperature of 35°C according to the average temperature and velocity of wind. The Reynolds (Re) number and
turbulence intensity (I) were calculated using Equations (1) and (2) below:

Re =

(1)
I = 0.16Re-1/8

(2)

where ρ and µ are density (kg/m3) and viscosity (kg/m s) of fluid, respectively].
The Reynolds number for the imposed air velocity was approximately 13100 and the estimated
turbulence intensity was 4.8%. The simulation was carried out under steady-state conditions using the k-ε renormalization group (RNG) turbulence model. The semi-implicit method for pressure-linked equation (SIMPLE)
pressure–velocity coupling and the second-order upwind scheme were used to solve the equations, with
convergence criteria of 10–6 for energy and 10–3 for pressure, velocity, and continuity equations.
The PV panel was irradiated with 1000 W/m2 of solar energy in standard test conditions; it converted
this into electrical energy through the mechanism of PV effects. In general, the electrical efficiency of the
crystalline silicon solar cells ranges from 11 to 20%, while tempered glass reflects as much as 3 to 10% of the
solar radiation to the surroundings of the cell. This study assumed that 25% of solar energy is converted into
electrical energy and reflected to the environment; therefore, the remaining solar radiation was treated as input
heat flux to the solar module.
EFFECT OF TEMPERATURE ON PHOTOVOLTAIC MODULES PERFORMANCES
To have a clear specification of elements (cells or modules) parameters in the mathematical model are
ranked as follows: those that refer to modules, with M show up, those that relate to PV cells, with C. Thus,
the voltage across a module is denoted by U M, while the total current generated by the module is denoted by I
M. The model consists of a current source (ISC M (ISC M), a diode (D), and a series resistance (RS M). The
effect of parallel resistance (Rp) is very low with a single PV module, so this model does not include the
resistance (Hassan, 2010). The model is also included to improve the effect of temperature on the short circuit
current (ISC M) and the reverse current blocking diode. It uses a single diode with ideality factor (n) obtained
from the best curve of the I-V characteristics.
Active cooling methods can be considered as those methods that continuously consume power in order
to cool the PV module. In general, active cooling methods result in more produced power and more accessible
thermal energy, but when power consumption is taken into account, question arises if cooling system can
support itself (Tripanagnostopoulos and Tonui, 2007). When concentrated PV cells are used, active cooling
system can easily be applied, mainly because of fluid-to-cell mass ratio and the ability to use less cooling fluid.
Thus, less power is needed to maintain the system. implementation of thermoelectric cooling can be viable for
high concentration PV cells (Erickson and Maksimovic, 2004). Only in specific cell working regimes enough
extra power can be produced tomaintain cell cooling. Cooling effect consumes electricity. It was shown that
implementation of thermoelectric cooling can be viable for high concentration PV cells. Only in specific cell
working regimes enough extra power can be produced to maintain cell cooling (Tudorache and Kreindler, 2010).
RESULTS
With so many different cooling techniques tried, if one wants to compare cooling effect, one needs to
define universal value that describes the cooling.
Since very few works made complete measurements and calculations of gained power, relative and total
increase in efficiency, and complete description of cooling method, it is difficult to compare the gained results. If
maximum power gain is taken into account, and divided with effective surface of the PV cell, a specific power
gain per surface can be defined for each experiment. Unfortunately, experiments without those information’s can’t
be taken into consideration. Also, this way of comparing is only qualitative, because in several works, crucial
information’s are missing and can only be logically deduced (i.e. the effective area deduced approximately from
total area, etc.).
In the study, the meshing process divided domains into many cells. The cell size varied from big to
small such that the meshing process yielded different numbers of elements.
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This was done to generate independent simulation results not influenced by the number of the cells in
the mesh. Meshing was performed with 1and 2 mm cell size for heat sinks and 4, 6, and 8 mm cell size for the
fluid domain.
The mesh independence study result had an error of 0.13%.
Figure 4 shows the temperature contour of the PV panel with and without aluminum heat sinks with a
heat flux of 1000 W/m2. The average temperature for the PV panel without the aluminum heat sinks was
85.3°C and the average temperature for the PV panel with the aluminum heat sinks was 72.8°C. The results
showed a significant decrease in temperature down to 12.5°C, and an increase in the heat transfer
performance from the panel to the air when aluminum heat sinks are used.

Fig. 4 - Thermal contour of PV panels (a) without aluminum heat sinks and (b) with
aluminum heat sinks

As previously noted, the average temperature of a PV panel without a heat sink was higher than that of
a PV panel with a heat sink. We also observed that increasing the intensity of solar radiation would
consequently increase the temperature of a solar cell.
The higher the intensity of the radiation, the greater the amount of photon energy that hits the solar cell.
In turn, a higher amount of photon energy will increase electron excitation in solar panels, which will then result
in increasing the temperature of the solar cell. However, the installation of a heat sink increases the heat
transfer area and heat transfer rate of a PV panel, thereby reducing the temperature of the panel.

Fig. 5 - Average temperature of a PV panel under various solar irradiation

CONCLUSIONS
Different cooling techniques have been examined and compared. It was shown that active cooling
techniques, as expected, have higher efficiency than passive ones. In several cases, however, passive cooling
can replace active cooling, in order to save the installation costs.
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Such specific cases are mainly usage of PCM material and usage of small concentrated PV cells. Also,
when pumping costs are taken into account, especially for back side cooling, passive techniques can
sometimes yield more power gain than active ones. If PV/T system is to be used, active cooling system is the
best solution which will enable the usage of waste heat. It was shown that active water cooling is the best
choice when increasing electrical efficiency is the main goal.
Therefore, research aim in the future should be implementation of effective active water cooling of PV
panel. Additional solar panel at the water outlet can be proposed to increase water outlet temperature, thus
increasing overall efficiency. For reducing pumping costs, front surface cooling is proposed as more economical
solution, especially in hot climate conditions. One obvious drawback of front side cooling could be water
evaporation, which would require continuous replenishment of evaporated water.
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ABSTRACT
This paper presents the "electronic nose" analysis for the biomass samples of wine yeasts isolated from
the Didactic Research and Development Station for Viticulture and Pomiculture Pietroasa – Istrița obtained by
fermentation with wine yeasts on two culture media which utilized carbon sources: glucose (MF1) and sucrose
(MF2). The 10 yeast biomass samples obtained were analyzed in terms of global volatile composition using the
Multisensory System for food quality control and detection of α-Prometheus food fakes with α-FOX4000
("electronic nose"). The differentiation index was 95 (from max.100). The wine yeast biomass samples obtained
will be selected for scaling up for use in animal feed.
REZUMAT
Aceasta lucrare prezintă analiza de tip „nas electronic” pentru probe de biomasă a drojdiilor de vin
izolate de la Stațiunea Didactică de Cercetare Dezvoltare pentru Viticultură și Pomicultură Pietroasa – Istrița,
obținute prin fermentația drojdiilor noi izolate pe doua medii de cultura ce utilizeaza surse de carbon: glucoză
(MF1) și zaharoză (MF2). Cele 10 probe de biomasă de drojdie obținute au fost analizate din punct de vedere al
compoziției volatile globale folosind Sistemul multisenzor pentru controlul calității alimentelor și detectarea
falsurilor alimentare, α-Prometheus cu α-FOX4000 (“nas electronic”). Indicele de diferențiere a fost de 95 (din
max.100). Probele de biomasa de drojdii de vin obținute vor fi selectate în vederea extinderii utilizarii lor în
hrana animalelor.
INTRODUCTION
Electronic nose has been widely applied to the analysis of wines, including quality control, aging control,
or the detection of fraudulence. E-noses consist of a series of non-specific sensors with cross-sensitivity that
respond to a wide variety of compounds. In any case, e-noses are able to detect chemical compounds and this
is important for quality control purposes (Rodríguez-Méndez et al., 2016).
In the study elaborated by Aleixandre et all (2018) the electronic nose and a human panel were used for
the quantification of wines formed by binary mixtures of four white grape varieties and two varieties of red wines
at different percentages (from 0 to 100% in 10 % steps for the electronic nose and from 0 to 100% in 25 % steps
for the human panel). The technology of the electronic nose is faster, simpler, and more objective than the
human panel. They observed that the better results of quantification were obtained using the electronic nose.
An electronic nose (E-nose) coupled to gas chromatography was tested by Calderon-Santoyo et al.
(2010) to monitor alcoholic fermentation by Saccharomyces cerevisiae ICV-K1 and Saccharomyces cerevisiae
T306, two strains well-known for their use in oenology. The biomass and ethanol concentrations and
conductance changes were measured during cultivations and allowed to observe the standard growth phases
for both yeast strains. The four principal components of PCA as input data collecting by E-nose were clearly
identify differences between the two strains using Discriminant factorial analysis (DFA).
Monoterpenes, C13-norisoprenoids, alcohols, esters, shikimic acid metabolites, and carbonyl
compounds are chemical classes of flavour compounds are found in grapes and wine (Swiegers et al., 2005). A
part of these exist as free volatiles or as not odorous glycosidically-bound sugar conjugates. Gardner et al.
(2011) proves the differences in volatile chemistry between control and cold soak wines, as well as the ability to
use a conducting polymer E-nose as a simple tool for determination of volatiles. During winemaking process
fermentation, aroma compounds are responsible for the organoleptic character and they are produced in the
ppm range, while simultaneously the ethanol, and are produced in higher quantities (up to 10% wt). Because
the sensors of the electronic nose array are cross‐selective to different volatile compounds, it was study how far
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the electronic nose was able to evaluate the aroma profile along the fermentation (Pinheiro et al., 2002).
Importance of product aroma characteristics has been repeatedly demonstrated by devastating losses in
corporate sales and market share that typically occur when manufacturing changes are made to product aroma
and flavor characteristics. It is know that aroma characterization of alcoholic beverages with sensor array
electronic noses is a difficult challenge due to the masking effect of ethanol. Principal component analysis
performed by Ragazzo-Sanchez et al. (2005) showed that discrimination between the control wine and offflavour doped-wines became easy, even at concentrations corresponding to the human expert perception
threshold. Industrial yeast biomass production is a simple process that has been improved along the years with
the implementation of better process conception, design and control strategies (Degré et al., 2019). The paper
studies of Vieira et al. (2013) focused on the process control improvement through a simple glucose-limited
feeding strategy. Their results shown herein are in good agreement with industrial reality and the spreadsheet
simulator seems to be a useful tool in biomass production process operation and control. This paper studies
described the yeasts wine isolated and identified by Dumitrache et al. (2020) in order to obtain yeasts biomass
for feed industry. The yeasts biomass was tested by E-nose.
MATERIALS AND METHODS
The analyzed wine yeasts were isolated from leaf, soil and grape samples from the Didactic Research
and Development Station for Viticulture and Pomiculture Pietroasa - Istrița (Dumitrache et al., 2020). The wine
yeasts analyzed were: 4 strains of Saccharomyces cerevisiae and one strain of Dekkera anomala. These were
tested on different media: MZ (yeast extract, sucrose and salts) and MG (yeast extract, glucose and salts). After
laboratory testing, on various fermentation media, the yeasts biomass samples were processed: successive
centrifugation and washing with sterile distilled water, supernatant removal and then were lyophilized.
Determination of moisture. The determination of humidity was performed on the Phoenix BM-60
thermo-balance. It uses a program of automatic determination of humidity, at 105°C with the weighing of the
sample before and after its completion.
Determination of volatile composition. The 10 yeast biomass samples obtained were analyzed in
terms of global volatile composition using the Multisensor System for Food Quality Control and Detection of αPrometheus Food Fakes with α-FOX4000 ("electronic nose").
Sample preparation. From the samples obtained in the laboratory, 0.1 g was weighed and placed in 10
ml glass vials and stapled. The samples were heated and stirred in the oven at 50°C for 300 seconds with
stirring (250 rpm). A volume of 1000 µl of the volatile part was injected with an acquisition time of 120 s. The
volatile part generated inside the ampoule was injected into the system with 18 sensors for recording the volatile
fingerprint and comparing the fingerprints between samples. Each sample was worked in triplicate.
RESULTS
Following the determination of the humidity of the analyzed samples (Table 1), was found that they
showed values between 7.98 and 9.52, normal values for lyophilized samples.
Table 1
Moisture content for each type of yeast biomass analyzed
Yeast strains
Fermentation
Carbon
Moisture content from
medium
source
yeast biomass (%)
Yeast code
Yeast species
MF1
Glucose
7.98
PC5
Dekkera anomala
MF2
Sucrose
8.52
MF1
Glucose
9.45
Saccharomyces
PS1
cerevisiae
MF2
Sucrose
9.29
MF1
Glucose
8.98
Saccharomyces
PC6
cerevisiae
MF2
Sucrose
8.89
MF1
Glucose
8.75
Saccharomyces
PC7
MF2
Sucrose
8.81
cerevisiae
MF1
Glucose
9.06
Saccharomyces
PM1
cerevisiae
MF2
Sucrose
8.17

Regarding the global volatile composition, the sensors that appear with the highest intensity were:
P30/1, P 10/1 și T30/1. These sensors correspond to the following classes of compounds:
- P30/1- organic compounds obtained by fermentation
- P10/1- hydrocarbon compounds (characteristic of dairy products)
- T 30/1 - organic compounds resulting from fermentation (alcohols)
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The intensity of the P30/1 sensor response which is predominant varies according to Table 2.
Table 2
Variation of the intensity of the predominant sensor P30/1
Yeasts wine biomass
PC5
PS1
PC6
PC7
PM1

Carbon
source
Glucose
Sucrose
Glucose
Sucrose
Glucose
Sucrose
Glucose
Sucrose
Glucose
Sucrose

Response intensity
(measured as resistivity dr / ro)
0.258
0.276
0.164
0.164
0.165
0.098
0.258
0.240
0.276
0.305

Furthermore, in Figures 1-9 are presented comparatively, two samples each, the answers of the 18
sensors.

Figure 1. Sensor response for 1-PS1-G (left) and
2-PS1-Z (right) samples

Figure 2. Sensor response for 1-PS1-G (left) and
3-PC7-G (right) samples

Figure 3. Sensor response for 1-PS1-G
(left) and 3-PC7-Z (right) samples

Figure 4. Sensor response for 1-PS1-G (left)
and 5-FNG (right) samples

In Figure 1, it is observed that the two samples are close in terms of sensor response, the
intensities are similar (on the Y axis), noticed by all sensors. Instead, the samples compared in Figure 2
show that the two samples are completely different in terms of sensors response.
In Figures 3 and 4, it can be seen that the compared samples are completely different in terms of
sensors response.
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Figure 5. Sensor response for 1-TRG (left) and
6-FNZ (right) samples

Figure 6. Sensor response for 1-PS1-G (left) and
7PC5-G (right) samples

In Figures 5 and 6, also can be seen that the compared samples are completely different in terms of
sensors response.

Figure 7. Sensor response for samples
1-PS1-G (left) and 8-PC5-Z (right)

Figure 8. Sensor response for 1-PS1-G (left)
and 9-PC6-G (right) samples

The samples compared in Figures 7 and 8 are also completely different in terms of sensor response.

Figure 9. Sensor response for 1-TRG (left)
and samples 10-PC6-Z (right) samples

Figure 10. Differentiation of the ten yeast biomass

In Figure 9 the compared samples are also completely different in terms of sensor response.
The sensor responses were statistically interpreted with the device software applying principal
component analysis (PCA). In Figure 10 it is observed that the ten yeast biomass samples are significantly
different in terms of volatile composition, the samples being separated into different quadrants of the PCA
chart.
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The differentiation index is 95 (from max.100). The PS1-Z and PS1-G samples, in terms of volatile
odor composition, contain similar compounds. This is demonstrated by figure 1, where it is observed that the
allure and the intensity level are almost equal, and in figure 10 a very close positioning of the 2 samples is
observed, in the same quadrant.
CONCLUSIONS
Response intensity (measured as resistivity dr / ro) was performed for the wine yeast biomass obtained
through fermentation of 2 culture media which used glucose and saccharose as carbon sources. The intensity of
the P30/1 (organic compounds obtained by fermentation) sensor response which is predominant. In the present
paper it was demonstrated by the “electronic nose” analysis that the new isolated yeasts have a
characteristic smell, close between the two types of fermentation medium (MF 1 and MF 2), but totally
different depending on the type of yeast.
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ABSTRACT
Agriculture 4.0 involves the use of state-of-the-art technologies in current agricultural operations, such as
GPS positioning technologies, mapping technologies using satellite imaging, airplane, drone, from ground level
the use of artificial intelligence systems for crop classification and identification of diseases and pests, etc. The
current study presents a review of intelligent equipment for phytosanitary treatments and techniques used
worldwide.
REZUMAT
Agricultura 4.0 presupune utilizarea tehnologiilor de ultimă generație în cadrul operațiilor curente din
agricultură, cum ar fi tehnologii de poziționare GPS, tehnologii de cartare folosind imagistica din satelit, avion,
dronă sau de la nivelul solului, folosirea sistemelor de inteligență artificială pentru clasificarea culturilor și
identificarea bolilor și dăunătorilor etc. În cadrul studiului curent se prezintă un review asupra echipamentelor
inteligente de realizare a tratamentelor fitosanitare și a tehnicilor utilizate la nivel mondial.
INTRODUCTION
Sprinklers are used to apply chemical solutions to crops to combat pests and the development of
diseases. This is how crop losses and crop productivity are improved. In addition to the quality of pesticides and
insecticides, it is also important to use high-performance devices and sprinklers. The choice of such a sprinkling
system must take into account the fulfilment of ergonomic, economic, environmental and effective
characteristics (Pankaj et al, 2018).
The use of a wide range of chemicals to protect crops from the appearance of diseases, from the attack
of insects and weeds is an important aspect of agricultural production. Although their use improves efficiency,
studies show that excessive application of pesticides, herbicides, fungicides leads to contamination of air, water,
soil and thus to damage the human health.
This is why environmentally friendly systems are being found that will substantially reduce the amount of
chemical solutions used to control pests, while maintaining their benefits. The studies in recent years have
shown that an efficient and less polluting device is the intelligent splashing system.
The intelligent spraying system used in agriculture generally includes a target detection system and a
chemical sprinkling system. The intelligent sprayer detection system is used to collect information on the area
concerned and to take the decision to spray.
There are several types of detection techniques: vision machine, spectral reflection, teledetection, etc.
The spray system controls the functioning of the sprayer Depending on the detected characteristics of the crop,
such as: species, stage and type of condition.
In general, the detected images can be analyzed by 3 methods: based on biological morphology, visual
texture and spectral characteristics of cultures. Figure 1 shows an intelligent splash system based on detection
technology. This detection system consists of 2 detection sensors, data processor and a decision-making
system, while splashing systems include the spray control unit and sprayer (Yuanyuan Song et al., 2015).
An important component of a sprinkler is the spray system. Most types of sprayers usually include a
multitude of geometrically arranged nozzles, a pump for pressurizing and distributing fluid through pipes or
hoses, and means of controlling pumps, arms and spray nozzles. The basic techniques of spraying chemicals
are: air spraying, electrostatic and hydraulic spraying.
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Fig. 1 - Intelligent splashing system based on detection technology (Yuanyuan Song et al., 2015)

MATERIALS AND METHODS
The use of conventional herbicide or pesticide spraying systems used in agriculture, which do not take
into account the extent of plant coverage and distribution on the cultivated area, causes significant damage to
the environment through air and soil pollution, with significant impact on humans (Xiao et al., 2017). Intelligent
distribution systems have been developed to combat the disadvantages of conventional systems of distribution
of substances in the culture by spray (Xiao et. al. 2017; Moshou et. al, 2011).
This paper (Berenstein et al., 2018) presents a device for spraying pesticides in case of a variation in
the spraying area. The device includes a single spray nozzle with an automatically adjustable spray angle, color
camera and distance sensors. The spray device sprays in certain areas, while reducing the use of pesticides
(Fig. 2). A mechanism operated by a step-by-step motor is used to adjust the sprayer mode. (Fig.3).

Fig.2 - Example of pesticide spraying according to vegetation (R. Berenstein et al., 2018, Vlăduțoiu L.C, 2019)

Fig.3 - Sprinkling system: a) CAD model b) laser system c) step-by-step motor adjustment mechanism
(Berenstein et al., 2018)
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Many authors use artificial vision techniques to build prototypes capable of intelligently distributing
substances, taking into account the location of vegetation and its distribution in the field (Asaei et. al, 2019).
The authors created a system to reduce the amount of pesticide used, without spraying in the gaps between
trees. In the paper (Minov et. al., 2015) a technique based on image processing is presented for measuring the
size of the droplet sprayed by nozzles, using an image acquisition system. Drops of different sizes are
measured continuously at different distances from the focal plane and lens using an image processing algorithm
(Fig. 4).

Fig. 4 - Purchase system for measuring droplets (Minov et. al., 2015)

The system allows the quantification of droplets and their measurement by identifying only droplets that
have a well-defined contour in the image, thus eliminating those that are not in the set focal length. The drops in
the distant plane relative to the camera lens are not numbered, but only those that are clearly visible (Fig. 5).

Fig. 5 - Identification of drops in purchased images (Minov et. al., 2015)

This paper presents (Faiçal et. al, 2017) an algorithm of adjusting the trajectory of a drone that distributes
substances for culture, so as to take into account the direction and intensity of the wind, for a uniform
distribution in the culture. For this it uses several sensors located in the field and a Wireless sensor networks
(WSN) that communicate data base to the drone (Fig. 6).

Fig.6 - Location mode of the sensor network and the communication with the drone (Faiçal et. al, 2017)
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The use of autonomous robots, (Fig.7) that are capable of intelligently distributing substances, is an area
approached by many research collectives (Moshou et. al. al, 2011; Gázquez et. al., 2016; Sadgrove et al., 2018;
Weiss et al., 2011; Shamshiri et al., 2018).

Fig. 7 - Robots used for intelligent spraying

BoniRob is an autonomous agricultural robot that can perform, autonomously, tasks of distributing
substances, repeatedly, for individual plants on different days (Biber et al., 2012). The robot uses the Gazebo
simulation mode. (Fig. 8).

Fig. 8 - Gazebo simulation mode for The BoniRob robot
(Biber et al., 2012)

RESULTS
This paper (Gao et. al, 2018) presents a system to accurately spray the pesticide used for wine crops,
using algorithms to estimate parameters such as the average distance between the leaf surface and the spray
device, artificial vision algorithms applied to color images and depth approximation by purchasing from a
Microsoft Kinect camera (Fig. 9).
The proposed technique assumes that color video images are morphologically segmented. Based on
depth images, indicating the distance from an object, algorithms have been established to estimate the average
distance and density of the leaves to estimate the control parameters of the substance spray.
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Fig.9 -Artificial vision algorithms applied to color and depth approximation images by purchasing from a Microsoft
Kinect camera (Gao et. al, 2018)

Also, an algorithm for estimating route deviation and an algorithm for correcting and planning the spray
route, has been established to guide and maintain the spray on an optimal path - Fig. 10, Fig. 11 (Asaei et. al,
2019).

Fig. 10 -a) Experimental system for sprinkling trees b) location of the room on the sprayer arm
(Asaei et. al, 2019)

Fig. 11 Schematization of the spray system (Asaei et. al, 2019)
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Another integrated weed detection system, based on image processing using artificial vision algorithms,
has been developed to analyze the class of weeds. Color coincidence matrices and statistical classifications
have been used to detect weeds- Fig. 12 (Rehman et. al., 2019).

Fig. 12 -Intelligent spray system used for currant culture (Rehman et. al., 2019)

An optimization system for the parameters of the fertilization machine using variable spraying was
carried out by Sun et al. (Sun et.al., 2018) to perform a uniform spraying of foliar fertilizers (Fig. 13.).

Fig. 13 -Intelligent spray system for fertilizer (Z. Sun et. al., 2018)

Artificial vision algorithms are used for intelligent distribution of substances. The review (C. L. Chang et
al., 2018) highlights the use of artificial vision algorithms to identify cabbage culture for the purpose of
intelligently distributing substances (Fig. 14)

Fig. 14 -Steps in image processing to identify plants (C. L. Chang et al., 2018)
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Fig. 15- Distribution model for different treatments using GIS data (A.G. Filintas et al., 2009)

Filintas and collaborators (A.G. Filitas et al., 2009) present a study in relation to a model of substance
distribution using GIS data (Fig.15) and validates the model by mapping the spray rate on sprinklers. The
model involves adjustments with regard to the pressure and volume of the distributed chemical, the height of the
spray arm, the angle of spraying, the calculation and selection of the appropriate speed of advance of the
tractor. The aim is to reduce the environmental and economic costs associated with weed control. Berenstein et
al. (Berenstein et al., 2012) developed a pesticide spray robot (Fig. 16; Fig. 17) in the case of vines and a
human-robot interaction using 4 levels of collaboration to identify grapes and leaves.

Fig. 16 -Pesticide spray robot used for vines (Berenstein et al., 2012)

Fig. 17 -Pesticide spray system (Berenstein et al., 2012)

In collaboration level 1 – the marking is completely manual realized by man, in which it has a fixed
period of time, corresponding to the robot's advance speed over a distance (Fig. 18).
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Fig. 18 -Collaboration level 1: (a) user-marked image, (b) image for analysis (Berenstein et al., 2012)

In collaboration level 2 - the robot suggests, man approves, in which case for each image captured,
bunches of grapes are automatically marked using an artificial vision algorithm for the detection of them. The
man receives the image marked by the robot and has the option to approve or refuse the areas marked by it, so
that the area is sprayed (Fig.19). In collaboration level 3 – the robot marks, the man supervises, having the
possibility to manually reject the marked areas of the robot and add areas to be sprayed (Fig. 20). In
collaboration level 4 - the robot makes a completely autonomous marking, using artificial vision algorithms to
detect grapes and only spray the detected areas.

Fig. 19 -Collaboration Level 2: (a) User-marked image, (b) image for analysis
(Berenstein et al., 2012)

Fig. 20 -Collaboration level 3: (a) user-marked image, (b) image for analysis (Berenstein et al., 2012)

CONCLUSIONS
Crop sprinkling machines that using intelligent target spraying systems have proven to be effective in
applying chemicals, thereby lessening costs and environmental impact.
For the future construction of such sprinklers, it should be borne in mind that the sensors used provide as
much information as possible on the classification of crops by species, the presence of weeds, the health of
crops but at the same time it is important that they manage to guide the vehicle on the ground. To achieve this it
is necessary to combine several types of sensors.
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ABSTRACT
Degradation of many organic pollutants can occur using an environmentally friendly technique, namely
photocatalysis. The increasing of the efficiency of photocatalysts can be achieved by doping with metals.
Titanium oxide material can be an ideal photocatalyst due to their chemical stability, high reactivity and nontoxicity. The activity of a photocatalyst may be improved by changing the crystallinity, band gap, morphology,
catalyst surface and particle size. Advanced photochemical oxidation technologies are most preferred because
they offer the possibility of using available and naturally solar energy as a light source for the wastewater
treatment, thus making the process green and sustainable.
REZUMAT
Degradarea multor poluanți organici poate avea loc folosind o tehnică prietenoasă mediului și anume
fotocataliza. Cresterea eficienței fotocatalizatorilor poate fi realizată prin dopare cu metale. Materialul dioxid de
titan poate fi considerat un fotocatalizator ideal datorită stabilității chimice, reactivității ridicate și a nontoxicității.
Activitatea unui fotocatalizator poate fi îmbunătățită prin modificarea cristalinității, a benzii interzise, a
morfologiei, a suprafeței catalizatorului și a dimensiunii particulelor. Tehnologiile de oxidare avansată
fotochimice sunt cele mai preferate deoarece oferă posibilitatea utilizării energiei solare disponibile și
regenerabile în mod natural ca sursă de lumină pentru epurarea apelor, făcând astfel procesul ecologic și
sustenabil.
INTRODUCTION
Photocatalysis is an advanced oxidation process that has progressed quite rapidly since Fujishima and
Honda in 1972 discovered the photoelectrochemical reaction of water splitting using semiconductors.
Photocatalysis has been known as a sustainable, environmentally friendly and energy saving method. This
technology can be used in case of high concentrations of pollutants in water (Guo et al. 2017).
Photocatalysts are responsible for the degradation of pollutants by harnessing solar energy, so the
process of water treatment by photocatalysis becomes viable from the economic point of view (Khalid et al.
2017). Scientific literature so far shows that photocatalytic materials demonstrate an efficient degradation of
persistent organic pollutants in wastewater (Hak et al. 2018; Pang et al. 2016). Generally the photocatalysts
used to treat wastewater are TiO2 and ZnO. Reactive oxygen species that contain hydroxyl groups (hydroxyl
radicals and superoxide radical anions) are responsible for the degradation process of organic pollutants that
are persistent in wastewater (Han et al. 2018). The holes and electrons have the possibility to recombine with
each other if they do not participate in the photocatalytic reaction. The recombination process is very fast, which
results in a smaller number of reactive oxygen species that are photoregenerated, these being found on the
surface of reaction sites (Jo et al, 2018).
TiO2 is a highly stable, ecological, low-cost, environmentally friendly, biocompatible metal oxide
photocatalyst with the ability to efficiently degrade a large spectrum of pollutants. TiO2 can be immobilized in a
variety of supports without losing much of the photocatalytic efficiency. This important feature favours the
development of the photocatalytic process with TiO2 for the construction of efficient photochemical reactors for
wastewater treatment (Byrne et al, 2018). The performance of a material used to treat wastewater by
photocatalysis depends on its composition, morphology and size (Li X. et al, 2018).
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The photocatalyst (for example, the TiO2 semiconductor) initiate the photocatalysis process under the
action of photons from UV light (Hanaor and Sorrell, 2011; Linsebigler et al, 1995).
MATERIALS AND METHODS
The electrons found on the surface photocatalyst become "excited" in the valence band if the energy of
the photons is higher than the band gap, so the electrons will rise in the conduction band (Pelaez et al, 2012;
Hanaor and Sorrell, 2011; Shaham-Waldmann and Paz, 2016). When electrons have been adsorbed in the
conduction band a positive hole will form on the valence band (equation 1)
(1)

The mechanism of the heterogeneous photocatalysis process is schematically represented in Fig.1.

Fig. 1. Catalyst / solution interface during exposure to light radiation.

The excited electrons now presented in the conduction band will react with the oxygen resulting in
superoxide radicals or hydroperoxide radicals-equation (Banerjee et al, 2014; Banerjee et al, 2015; Gerischer
and Heller, 1991). The resulting reactive oxygen species are used for the process of degradation of pollutants
util the formation of water and carbon dioxide. The oxidation of the water will take place at the positive hole
found in the valence band thus generating hydroxyl radicals and hydrogen ions (equation 3) (Banerjee et al,
2014). OH will react with pollutants and form water and carbon dioxide.
(2)
(3)

RESULTS
NEW PHOTOCATALYSTS
More photocatalysts such as ZnS, ZnO, ZrO 2, MoS2, CdS, WO3, Fe2O3 or semiconductor graphene
have been investigated. They were separated into two categories, namely: photocatalytic oxides and nonphotocatalytic oxides. The difference between the two categories is that the conduction bands in the
photocatalytic oxides are affected by pH changes and in the case of non-oxide photocatalysts the pH
changes have little or no effect on the conduction and valence bands (Byrne et al, 2018).
Recently, the composites of two different photocatalysts have gained interest (Shaham-Waldmann and
Paz, 2016). The purpose of these composites is that the energy that will be adsorbed by the first photocatalyst
material is transferred to the other photocatalyst material (Shaham-Waldmann and Paz, 2016). Thus, the
efficiency of wastewater treatment containing organic pollutants will increase significantly (Bessekhouad et al,
2003).
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In addition to TiO2, researchers also studied zinc oxide as a "doped" photocatalyst in connection with
silver, graphite, aluminium, chromium, cobalt and tin (Byrne et al, 2018). Zinc oxide has a degradation
mechanism of organic pollutants similar to TiO2 and is inexpensive (Bai et al, 2013; Sun et al, 2009; Tian et al,
2012; Wang et al, 2011; Wu et al, 2011; Xie et al, 2010).
PHOTOCATALYSTS FOR WASTEWATER TREATMENT
Organic, inorganic and microbial pollutants are present in water resources such as rivers, lakes and
groundwater due to the improper treatment of wastewater. Organic pollutants include personal care and
pharmaceutical products or agricultural and industrial chemicals (Fagan et al, 2015).
The photocatalysis process using TiO 2 as the photocatalyst material for degradation of pollutants was
tested simultaneously for five different pollutants: n-nitrosodimethylamine (NDMA), 1,4 dioxane, tris-2chloroethyl phosphate (TCEP), 17β estradiol and gemfibrozil. Using an amount of TiO 2 of 1.5 g / L at water
pH 5, in 30 minutes the following treatment efficiencies were obtained: 92% for NDMA, 77% 1.4 dioxane, 45%
TCEP, 93% 17β estradiol and 95% gemfibrozil (Alvarez-Corena et al, 2016).
Ordinary studies demonstrate the efficiency of the TiO 2 photocatalyst on a single pollutant while Pino
et al. studied the simultaneous photodegradation of two phenolic pollutants to understand and demonstrate
TiO2 photocatalysis. They observed that the performance of the system is affected by several factors such as:
active sites on the surface, surface properties, initial concentration, initial pH, light intensity, adsorption effect
of intermediates and phenol structure (Pino and Encinas, 2012).
CONCLUSIONS
Numerous studies have been conducted on the use of the photocatalysis process to remove organic
pollutants from wastewater. Photocatalysts achieve the transformation of solar energy into chemical energy and
the degradation of organic pollutants present in wastewater. Even though various photocatalyst materials have
been researched, titanium dioxide is still preferred in most cases due to its non-toxicity, low price and high
oxidizing ability. Photocatalysis is an efficient method by which a variety of pesticide pollutants can be
mineralized and degraded when TiO2 or TiO2-based nanocomposites are present.
Doping of photocatalysts with other suitable catalytic materials helps to increase the purification efficiency
and catalytic decomposition of complex organic molecules.
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ABSTRACT
Studies on the impact of weeds on agricultural production show that crop losses are most often caused
by weeds rather than diseases or pests. Given the negative impact of herbicides on ecosystems, alternatives
are being sought that respond effectively and sustainably to the growing demand for organic agricultural
products. The paper presents the methods of ecological control of weeds that can be successfully integrated in
current systems of protection of agricultural crops - Cultural methods (cultivar selection, seedbed preparation,
crop density, crop rotation, mulching), Biological methods (bioherbicides based on pathogens, bacteria, fungus,
viruses and insects) and Mechanical methods (weed control by blasting, merging the conventional and
conservative systems).
REZUMAT
Studiile privind impactul buruienilor asupra producției agricole relevă faptul că, cel mai adesea,
pierderile de recoltă sunt provocate în mai mare măsura de buruieni, decât de boli sau dăunători. Având în
vedere impactul negativ al erbicidelor asupra ecosistemelor, se caută alternative care să răspundă eficient și
durabil cererii crescânde de produse agricole ecologice. În lucrare sunt prezentate metodele de combatere
ecologică a buruienilor care pot fi integrate cu succes în sistemele actuale de protecție a culturilor agricole –
Metode culturale (alegerea soiului/hibridului, pregătirea patului germinativ, densitatea culturii, rotația culturii,
acoperirea solului cu resturi vegetale), Metode biologice (bioerbicide obținute cu ajutorul fitopatogenilor,
bacteriilor, fungilor virusurilor și insectelor) și Metode mecanice (combaterea buruienilor prin sablare, îmbinarea
sistemului convențional cu cel conservativ).
INTRODUCTION
The global future by 2050 is presented in the form of new changes that tend to redefine the terms in
which the world's population, expected to dye over 9 billion people, will have access to resources, but especially
on finding a way to keep the balance between using an increasing amount of resources in a way that will still be
able to meet the criteria of sustainable development.
In order to answer this demands agriculture in 2050 will need to produce almost 50 percent more food,
feed and biofuel than it did in 2012 (FAO, 2018). Yet, there are several biotic and abiotic constraints to crop
production, in addition to socioeconomic and crop management related issues (Ghersa, 2013).
Due to two major developments in the past two decades at a global level - income growth and changes in
consumer preferences, food consumption has been growing at a faster pace than world population. These
developments have resulted in a consumption increase of products of higher value (such as meat and dairy
products) in emerging economies (European Commission, 2019). Even if in all the official graphs and estimates
of the competent authorities at both European and global level saw a significant increase in terms of
consumption of meat or dried products, the ZERO HUNGER TARGET for 2030 remains increasingly difficult to
achieve.
After decades of steady decline, the trend in world hunger reverted in 2015, and the number of people
who suffer from hunger – as measured by the prevalence of undernourishment (PoU) – began slowly to
increase, reaching more than 820 million people in the world who were hungry in 2018 (FAO, 2020). Of these,
135 million suffer from acute hunger largely due to man-made conflicts, climate change and economic
downturns (4 FSI Food Security Information Network 2020). The COVID-19 pandemic could now double that
number, putting an additional 130 million people at risk of suffering acute hunger by the end of 2020, according
to the World Food Programme (United Nations, 2020).
Climate change, pressure on natural resources, underinvestment in agriculture and gaps in technology,
maintaining the pace of production increases may be more difficult than in the past. (FAO, 2017).
273

INTERNATIONAL SYMPOSIUM

In the short period (until 2030), globally, the impact of climate change will only slightly outweigh the
benefits as plant growth is expected to increase due to higher temperatures. However, after 2030, the negative
impacts of climate change, such as droughts and floods, will intensify in most parts of the world leading to
reduced yields and increased losses (Calicioglu et al., 2019). Weeds are notorious yield reducers that are, in
many situations, economically more harmful than insects, fungi or other crop pests (Gharde et al., 2018), being
estimated to cause more than $40 billion in annual global losses through degraded agricultural and silvicultural
productivity, reduced access to land and water, impaired esthetics, and disruption of human activities and wellbeing (Ghersa, 2013). Weeds are considered to be a potential pest causing more than 45% loss in yields of field
crops, when compared to 25% due to diseases, 20% due to insects, 15% due to storage and miscellaneous
pests and 6% due to rodents. Yet, weed management takes away nearly one third of total cost of production of
field crops (Gnanavel, 2015).
At the more subtle level, it is recognized that weeds are aggressive, troublesome, and competitive
elements within croplands. Contrary to other pests, weeds share a similar trophic level with crop plants, and by
competing for scarce resources they cause enormous crop yield losses (Ramesh et al. 2017). Agricultural
weeds can emerge rapidly, resulting in reduction of crop plant growth and quality by competing for nutrients and
water provided to crops and producing chemicals that suppress crop growth. Annual weeds reproduce through
prolific seed production, and they germinate in responses to light, increased fluctuations in soil temperature and
moisture, improved aeration, and accelerated nutrient release, while perennial weeds regenerate new plants
from small fragments of roots, rhizomes, stolons, and other underground structures (FAO, 2018). Severe weed
problems present a serious threat to horticultural crop production with favorable environmental conditions, a
susceptible crop, or a large weed seed bank in the soil.
Weed control is vital to agriculture, because weeds decrease yields, increase production costs, interfere
with harvest, and lower product quality. Weeds also impede irrigation water-flow, interfere with pesticide
application, and harbour disease organisms (Ramesh et al. 2017). Weeds differ from most pests and diseases
in that killing or removing them by direct physical means is a practical option. The problem is in removing the
weeds selectively without injuring the crop. The choice of weeding method and of implement depends in part on
practical aspects such as the crop and the soil type, but economic elements like purchase price, operating costs
and labor requirements are often the over-riding factors (Stewart, 2018).
MATERIALS AND METHODS
ALTERNATIVES. The key to sustainable agricultural growth is more efficient use of land, labor and other
inputs through technological progress, social innovation and new business models. Recent years have seen a
growing trend towards the adoption of conservation agriculture. This approach seeks to reduce soil disturbance
by minimizing mechanical tillage, maintain a protective organic cover on the soil surface, and cultivate a wider
range of plant species both annuals and perennials in associations, sequences and rotations that may include
trees, shrubs, pastures and crops. Worldwide, conservation agriculture has been adopted on about 117 million
ha, or about 8 percent of total world cropland (FAO, 2017). In exchange, one analysis of the relative frequency
of weeds three years after conversion to organic growing showed that total seed numbers in soil had increased
from 4050 m2 to 17320 m2 (Bond, et al., 2003).
From the beginning of agriculture until the introduction of herbicides, weed management on agricultural
land depended largely on crop rotation, soil cultivation and seed cleaning. The increased availability and
acceptability of highly effective and selective synthetic herbicides in the decades following World War II diverted
the focus of weed researchers and managers away from non-chemical weed management (Upadhyaya and
Blackshaw, 2007). In this context, weeds were not considered components of agro-ecosystems and so
sustainability issues were easily ignored and preventive or suppressive approaches to weed management were
put aside. So, the global need for weed control has been imposed mainly by the chemical industry. If herbicides
are often effective and necessary to agriculture, yet pose some serious problems particularly if they are
misused. For example, toxic and otherwise harmful compounds threaten animal and public health when they
accumulated in food plants, ground waters and drinking water. They can also directly harm the workers who
apply them. Even though chemical herbicides are found to be most cost-effective and efficacious in the
management of weeds in crop field, growing political and environmental concerns have necessitated the search
for alternatives (Albrecht and Sommer, 1998).
More recently, the selection of weed biotypes that survive the exposure to herbicide families targeting the
same site of action, referred to as multiple resistance, resulted in major management challenges (Korres et al.,
2019). Furthermore, as the number of herbicide-resistant biotypes increases, whereas the development of new
modes of action declines (Strek, 2014).
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Sustainability of our food production systems and the health and environmental consequences of
pesticide use are rapidly becoming important global issues renewing interest in non-chemical weed
management. (Albrecht and Sommer, 1998). The complexity of these situations has resulted in a need to
develop a holistic sustainable eco-friendly weed management programme throughout the farming period.
However, the adoption of such programs has encountered some obstacles. In some studies, a leading
professional organization from Society of America (WSSA), indicated that the largest group of respondents
(41%) received support principally from private industry sources to conduct research on issues related to
herbicide efficacy. On the other side only 22% of the respondents received public funding to evaluate a wide
variety of non-chemically based research. Even more, in 2014, 11 major companies allocated $2.52 billion to
conduct research and development on chemical control tactics but only $180 million was used to assess the
potential efficacy of biological control products (Young, et al., 2017).
One of the most important insights into the new approach to weed control was that instead of solely
focusing on killing weed seedlings, the biology and ecology of targeted species guide management strategies to
deplete the weed seed bank, improve the crop competitive ability, and avoid proliferation of difficult‐to‐manage
species (Liebman and Gallandt,1997). Alongside, weed science is replacing the concept o ‘weed control’ with
the idea of ‘weed management’ (Harker and O’Donovan, 2013).
Research results show that there are three general approaches for managing weeds: prevention, control
and eradication. Because weeds are persistent, once they become established in a field it is nearly impossible
to eradicate them. For this reason, the use of preventive strategies is an important-although often overlookedcomponent of weed management. The goal of preventive weed management strategies is to keep weed seeds
and vegetative propagules from being introduced into a field. Consequently, farmers who plant their crops using
seed from a previous year’s harvest often inadvertently sow numerous weeds. Thus adequately cleaning crop
seed or buying weed-free seed is an example of a weed prevention strategy, and the first component of an
overall weed management approach. By considering how weed seed might be introduced into a field, the farmer
can implement other effective weed prevention strategies. As examples, new weed species may be brought into
a field via farm machinery, dispersal from weeds growing in field borders, and irrigation water. Thus cleaning
implements between fields, moving weeds in field borders to prevent seed production, and installing screens in
irrigation systems are weed prevention strategies (Chrispeels and Sadava, 2003). Understanding the
mechanisms shall be an ecological and economic importance. Dormancy and germination of weed seeds are
controlled by the interaction of environmental complexes, edaphic, physiological and genetic factors (Týr, 2016).
Aspects of interaction between weeds and crops in conservative agriculture was presented by Grǎdilǎ et
al.,2014.
The different approaches are reviewed in the context of the cultural, mechanical and biological methods,
respectively (Gnanavel, 2015).
Cultural weed control. For a successful long-term weed management it is necessary to change the
traditional approach and instead of simply controlling weeds the reduction of weed establishment must be
attempted thus minimizing weed competition with crops (Blackshaw et al., 2007). Globally, cultural control
has been one of the most widely used control options and includes crop rotation, increase the competitive
ability of the crop, time of seeding, type of irrigation, inclusion of cover crops, and intercropping (Shrestha et al.,
2004). Methods of cultural weed management include conscious use of crop interference, use of cropping
pattern, intercropping, and tillage systems (Zimdah, 2007). Although these means used individually do not offer
a sufficient level of weed control, the degree of control can be increased by integrating several of these options
in a perspective of long term weed management strategy (Bond and Grundy, 2001). It is for this reason that
cultural wee management should be included in strategies even if it should not be regarded as the
solution to all weed problems (Upadhyaya and Blackshaw, 2007). Some of the strategies are:
Crop rotation resides at the highest level of farm organization and is the foundation on which an
ecologically based weed management program can be built. Here, cash and cover crops are chosen thereby
defining the temporal sequence of management and disturbance “filters” that will contribute to the control of
certain weed species and proliferation of others (Gallandt, 2014).
Crop competition and cultivar selection. Crop competition is an important and cost-effective tactic for
enhancing weed suppression and optimizing crop yield (Blackshaw et al., 2007). “The role of crop genotype in
weed management has received growing attention over the past 30 years” (Zimdahl, 2004). An earlier crop
establishment is crucial for the success of the crop; the refore poor seed quality can negatively affect the
competitiveness of the crop. Finally, some agronomical factors, such as cultivar, seed rate, row spacing, seed
placement in the soil, and fertilizer management can be manipulated for favoring crop competitiveness.
Cultivars within species differ in competitiveness with weeds (Lemerle et al., 2001).
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Planting pattern. The impact of weeds on crops can be reduced by agronomic manipulations, such as
increased crop density and reduced row spacing. Increasing crop competitiveness through the use of high crop
density is a possible technique for weed management, especially in low-input and organic production systems
or when herbicide resistance develops in weeds. At low crop density, crop cover early in the growing season is
usually low and a large amount of resources are available for the weeds. These conditions enable weeds to
establish and grow quickly (Chauhan, Bhagirath, S. et al. 2014). This advantage could be due to the fact that
the crop emerged before the weeds and therefore the weeds did not receive sufficient sun light for their
emergence and growth (Cici et al., 2008).
Cover crops. Cover crops include a wide range of plants that are grown for various ecological reasons
other than to cover the soil (Hartwig and Ammon, 2002; Sarrantonio and Gallandt, 2003). Living cover crops
suppress weeds by competing for resources, and their aboveground residues inhibit weeds through physical,
biotic and allelopathic interactions (Hartwig and Ammon, 2002).Many weeds require light or fluctuating
temperature and moisture conditions to trigger germination (Sarrantonio and Gallandt, 2003), furthermore cover
crop residues left on the soil surface can be strong physical barriers to weed emergence and establishment
(Teasdale, 1996).
Biological controls. Lack of changing human behavior in weed control and herbicide use is a central
issue that has been extensively considered in academia and industry (Barrett et al., 2016; Ervin and Jussaume,
2014; Jordan et al., 2016; Riemens et al., 2010; Simpson, 2015).
A prognosis of strategies that might be used for weed control in 2050 would be incomplete without
including biological control of weeds and bioherbicides. Biological control is defined as the use of a natural
enemy or a complex of natural enemies—biological control agents—to bring about weed suppression. The
agents can be phytophagous arthropods (insects and mites), plant pathogens (fungi, bacteria, viruses, and
nematodes), fish (e.g., grass carp [Ctenopharyngodon idella]), birds (e.g., geese (Anserini sp.), and other
animals (e.g., sheep (Ovis aries) (Westwood et al., 2017).
Bioherbicides offer a sustainable, low cost, and environmentally-friendly approach to complement
conventional methods, which helps meet the need for new weed management strategies. There are two main
approaches to biological weed control: classical biological control and bioherbicide approach. The classical
biological approach introduces a natural enemy that spreads throughout the area where the target weed
occurred. However, this approach has the risk of attacking non-target plants after the introduction of the
biocontrol agent in anew area. The classical approach is subjected to strict regulations because of the
introduction of potentially harmful pathogens to agricultural production. The bioherbicide approach relies on
natural enemies present within the native range of the weed to cause significant damage to the weed and
reduce the negative impact on crop yield. The classical approach is based on the innate capacity of natural
enemies to reproduce, while the bioherbicide approach is based on reproduction of natural enemies under
controlled conditions and subsequent spread by man (Cai and Gu, 2016).
Today’s molecular and other tools allow much more targeted and informed screening through genomics
and metabolomics. Yet, only a small fraction of the world’s microbial and plant biodiversity has been screened
for herbicidal activity. We know that interesting herbicidal compounds with novel mechanisms of action have
been discovered, and some compounds have been very successful commercial herbicides (e.g., glufosinate
based on phosphinothricin, a breakdown product of bialaphos discovered from Streptomyces
viridochromogenes and S. hygroscopicus by researchers in Japan).
The perspectives are still promising. This companies like Marrone Bio Innovations, has screened water
extracts from approximately 15.000 microorganisms (bacteria, fungi, and actinomycetes) and 350 plant extracts
and found several novel herbicidal compounds with novel modes of action (Marrone personal communication).
Some microbial strains and a plant extract are in development at Marrone Bio Innovations and show promise as
cost-effective commercial herbicides, but based on success rates, it is more technically challenging to develop a
cost-effective and broad-spectrum bioherbicide than a biofungicide, bioinsecticide, or bionematicide (Westwood
et al., 2017). Based on the importance of bioherbicides in agriculture, the main objective of the following
discussion is to review the effectiveness of different bioherbicide approaches.
Moran, P.J. and Showler, A.T. (2007), showed some conclusions where some fungal pathogens had
influence over weeds. For example, fungal pathogen Microsphaeropsis amaranthi controlled certain pigweed
(Amaranthus) species. Also, Phoma proboscis controlled field bindweed (Convolvulus arvensis) and
Colletotrichum capsici controlled morning glory (Ipomoea spp.). Bailey et al., (2010) also tested fungus for thier
biorherbicide potential using Phoma macrostemahas in control of dandelion (Taraxacum officinale), Canada
thistle (Cirsium arvense), chickweed (Stellaria media) and scentless chamomile (Matricaria perforata), and its
effect is equivalent to the industry standard synthetic herbicide pendimethalin.
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Trichoderma virens (Gliocladium virens) was colonized on composted chicken manure and reduced the
emergence and growth of redroot pigweed (Amaranthus retroflexus).
Phoma chenopodicola, has been investigated as a potential control agent for lamb’s quarters
(Chenopodium album). A phytotoxic diterpene, chenopodolin, has been isolated from this species, which was
found to cause necrotic lesions on lamb’s quarters (Chenopodium album), creeping thistle (Cirsium arvense),
green foxtail (Setaria viridis) and annual mercury (Mercurialis annua) (Cimmino et al., 2013). Two additional
fungal isolates of the genus Phoma have also been found to cause a modest degree of stem rot on C. arvense,
however, these isolates were not identified at the species level (Skipp et al., 2013).
Biological Control of Weeds Using Bacteria. Some bacteria have also been investigated as potential
biological weed control agents. Of these, Pseudomonas fluorescens and Xanthomonas campestris have
attracted the most attention. Biological weed control using bacteria has been suggested to have several
advantages over the use of fungi, including more rapid growth of the bioherbicide agents (Johnson et al., 1996;
Li et al., 2003). One of the strains of Pseudomonas fluorescens (WH6) has been observed to affect germination
of 21 monocot and 8 dicot species (Banowetz et al., 2008).
Xantomonas campestris strain (X. Campestris pv. Poae JT-P482) registered in Japan in 1997, was used
to control annual bluegrass (Poa annua) showing specific activity to Poa annua and Poa attenuata, and none to
the other turf species tested (Imaizumi et al., 1997). Besides Pseudomonas also strains belonging to various
other genera where found to be deleterious, including Burkholderia, Aeromonas, Chryseomonas, Agrobacterium
and Vibrio spp., which were tested for potential use as bioherbicides
Biological Control of Weeds Using Viruses .Viruses that affect weed species have also been
considered as bioherbicide alternatives. Examples of viruses that have been investigated for the potential to
control invasive or undesirable species include Tobacco Mild Green , for control of tropical soda apple (Solanum
viarum) in Florida (Ferrell et al., 2008) and Araujia Mosaic Virus for control of moth plant (Araujia hortorum) in
New Zealand (Elliott et al., 2009). In 2015, a Tobacco mild green mosaic tobamovirus strain U2 (TMGMV U2)
was approved by the US EPA to control the tropical soda apple in pasture and wooded areas. Tobacco Rattle
Virus has also been proposed as a control agent for Impatiens glandulifera, an invasive weed of concern in
central and western Europe (Kollmann et al., 2007).
Similarly, Óbuda Pepper Virus (ObPV) and Pepino Mosaic Virus (PepMV) have been proposed as agents
to reduce overall populations of the weed Solanum nigrum (Kazinczi et al., 2006). The biological activities of
viruses are very distinct from pathogenesis caused by bacteria or fungi, and may present additional
opportunities for biological weed control in some situations.
Biological Control of Weeds Using Insects. Biological control of weeds by insects, whether native
species or introduced ones, involves a complex of interacting morphological, biochemical, phenological and
other factors in both host-plant and control agent. Host-specificity is the most essential requirement for an insect
to be used as a weed control agent.
Apart from climate, biotic factors such as parasites, predators and pathogenic organisms, as well as
biochemical and phenological changes in host-plant vulnerability are among the major causes that affect the
control value of insect enemies of weeds. Measures to eliminate or minimise their adverse impact are known
and can be adopted to improve biological control (Sankaran, 1990).
Mechanical weed control.The mechanical weed control is one of the oldest weed management methods
that require the physical removal of weeds by mechanical equipment before planting the main crops or during
the crop growing season (Mehdizadeh and Waseem, 2019). It is also considered both the most efficient method
of weed control when chemical control is desirable and throught the new approaches the results are fast and
also leaves crop plants clean from chimical residues (Chicouene, 2007).
RESULTS
The transition to organic farming has stimulated in the last 40 years the development of mechanical
weeding methods. Even more, within the last decade, new technologies for crop thinning and weed removal
have been developed and commercialized for specialty crops (Steven, A., et al. 2016).
It is important to understand that the weed pressure, both perennials and annual germinating species,
depends on the common conditions controlled by the cropping system, involving the crop rotation, the soil
fertility, nutrient strategy, tillage and direct control methods as weed harrowing and hoeing (Chicouene, 2007).
In organic farming, low-input and conservative agriculture systems, tillage is the major way to control
weeds, but it is also widely adopted in conventional agriculture for its many positive effects: seedbed
preparation, control of soil erosion and evapotranspirative water losses, improvement of soil structure, aeration
and water infiltration, deepening of roots, burial of plant residues and fertilizers, etc.
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Mechanical methods for weed control can be classified in relation to the execution period (autumn, winter,
springer and summer), the soil depth (shallow when <25 cm, medium if ranging from 25 to 40 cm and deep
when >40 cm), the mode of action towards crop row (inter- or intra-row tools) and the presence/absence of the
crop (Scavo and Mauromicale, 2020).
Weed hoeing using automatic steering technologies reduced weed densities in soybean by 89% and in
sugar beet by 87% compared to 85% weed control efficacy in soybean and sugar beet with conventional
weeding systems (Kunz et al., 2015).
Weed blasting is a new weed control technology, which has the potential to reduce the number of
agricultural works in the context of organic farming. Some of the vegetable growers are interested in the
possibility of using technical equipment that can apply organic fertilizers as abrasive materials to combat weeds
and supplement the nutrition of the crops in a single pass (Wortman, 2015). Currently INMA in collaboration with
RDIPP, was designed an technical equipment for weed blasting, which consists of a blasting machine
connected to a compressed air compressor mounted on a frame worn on the three-point suspension
mechanism of a 45-hp tractor on wheels (Marin et al., 2019).
Physical Control. Since mulching and solarization were included in the preventive methods, because
their herbicidal activity is related to the control of the soil seedbank, the direct physical methods discussed here
refer to the thermal control. Based on their mode of action, thermal methods can be classified as direct heating
methods (flaming, hot water, hot hair, steaming, infrared weeders), indirect heating methods (electrocution,
microwaves, ultraviolet light, laser radiation) and freezing by liquid nitrogen or carbon dioxide snow) (Rask and
Kristoffersen, 2007). Muscalu et al., 2019, tested an experimental model of weed control equipment for organic
onion, bean and bell pepper crops, combining the thermal and mechanical methods. The equipment combines
two methods of non-chemical weed control, not using any other source of environmentally harmful extra energy,
except for the particular matter generated by fuel combustion required for the self-driving of the tractor on which
the equipment is mounted. Thermal weeds control can be used when the soil is too moist for mechanical
weeding, can be applied without soil disturbance and are effective against those weeds that have developed
resistance to herbicides.
CONCLUSION
This paper offers a review on the role of weeds in agroecosystems and possible ways to manage arable
weeds within the context of productive and sustainable agriculture. It shows that there is substantial evidence
for interactions between weeds and other organisms but the challenge remains to exploit these interactions
further in the context of complex anthropogenic pressures, mainly cropping systems and their organization
within the agricultural landscape.
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ABSTRACT
In the context of achieving the objectives imposed by the European Union on reducing the amount of
CO2, the field of renewable sources is in full development. The most commonly used renewable resources are
those that use wind and sun, so the photovoltaic field has grown a lot. One of the main problems in the
photovoltaic field is the reduction of the initial cost. Although solar energy is cheaper than other energy sources,
when a photovoltaic system is installed, the initial costs are very high. In this paper we intend to make a prefeasibility study on the location of photovoltaic panels in the area of Moldova Nouă, Romania and obtaining 10
MW of electricity. A cost-benefit analysis is performed, the investment recovery period and the impact on the
environment are monitored. For analysis we will use the RETScreen Expert software.
REZUMAT
Datorită obiectivelor impuse de Uniunea Europeană privind reducerea cantității de CO2, domeniul
surselor regenerabile este în plină dezvoltare. Cele mai des utilizate resurse regenerabile sunt cele care
folosesc vântul și soarele, astfel domeniul fotovoltaic a crescut foarte mult. Una dintre principalele probleme în
domeniu fotovoltaic este reducerea costului inițial. Deși energia solară este mai ieftină decât alte surse de
energie, atunci când este instalat un sistem fotovoltaic, costurile inițiale sunt foarte mari. În această lucrare ne
propunem să facem un studiu de pre-fezabilitate privind amplasarea panourilor fotovoltaice în zona Moldova
Nouă, România și obținerea a 10 MW electricitate. Se realizează o analiză cost – beneficiu, se urmărește
perioada de recuperare a investiției și impactul asupra mediului. Pentru analiză vom folosi softul RETScreen
Expert.
INTRODUCTION
One of the biggest challenges of today's society is the transition from the predominant fossil fuel system
to renewable energy to avoid the potentially catastrophic impact of climate change. Another new challenge is
adapting to the growing risk of extreme weather events caused by climate change, such as floods, droughts,
melting glaciers, rising sea levels (https://envs.au.dk/strategiske-vaekstomraader/baeredygtig-energi-klimaogsamfund/projects/).
The transition to a low-carbon climate based on sustainable energy requires interdisciplinary research in
many areas, such as resources, energy, environment, health, economics, sociology and public policy. In this
context, it is important for us consumers to be aware of the impact of energy consumption on the climate and
the environment. By saving our energy consumption and using renewable resources we can help reduce CO2
emissions. The objectives of the European Union predict that by 2030 the reduction of the amount of CO2 in the
atmosphere will be 40% and by 2050 the realistic scenario provides for the reduction of CO2 by 80% and the
optimistic scenario is to reduce by 95% the amount of CO2 in the atmosphere (https://www.eea.europa.eu/dataand-maps/figures/greenhouse-gas-emission-trend-projections)
Achieving these goals will require a wide range of renewable energy technologies, including solar cells.
Between 2007 and 2017, the capacity of photovoltaic systems increased from 8 GW to 402 GW as shown in
Figure 1. Following this graph we can say that photovoltaic systems, globally, can become one of the most
significant, if not the most significant electricity generation technology by 2050 (https://www.mdpi.com/22279717/7/8/505/htm)
In this paper we intend to make a pre - feasibility study on the location of photovoltaic panels in the area
of Moldova Noua, Romania and obtaining 10 MW of electricity.
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A cost-benefit analysis is performed, the investment recovery period and the impact on the environment
are monitored. For analysis we will use the RETScreen Expert software.

Fig. 1 - 2007–2017 global photovoltaic capacity
(https://www.mdpi.com/2227-9717/7/8/505/htm)

MATERIALS AND METHODS
There are currently a wide variety of programs for the numerical approach of grid-connected or standalone photovoltaic systems. Some of them are complicated; others easy to use, others may have poor accuracy
and reliability. Some software solutions related to system analysis, location planning and verification are
presented in
the
table
below
(http://www.abmee.ro/wp-content/uploads/2017/02/PVTRIN-Manualul
Instalatorului.pdf).
Table 1
Software for photovoltaic simulations
(http://www.abmee.ro/wp-content/uploads/2017/02/PVTRIN-ManualulInstalatorului.pdf)
Software for photovoltaic analysis and planning
PV*SOL
http://valentin-software.com
PV F- CHART
www.fchart.com
PVSYST
www.pvsyst.com
PV-DisignPro
www.mauisolarsoftware.com
PVPlanner
http://solargis.info/doc/4)
Nsol! - GT
www.nsolpv.com
Solar Pro
www.lapsys.co.jp/english /products/pro.html
RETScreen
www.retscreen.net
PVGIS
http://re.jrc.ec.europa.eu/ pvgis/apps4/pvest.php
Solar Sizer
www.solarray.com
PVselect
www.pvselect.com
Performance calculations
http://www.volkerquaschning.de/software/pvertrag/index_e.ph
Educational Sun applets
http://users.cecs.anu.edu.au/~Andres.Cuevas /Sun/Sun.html

ECOTECT
Shading

Location analysis
http://usa.autodesk.com/adsk/
=12602821
http://www.shadowspro.com/

servlet/pc/index?siteID=123112&id

Before deciding whether or not a project can be carried out, pre-feasibility and feasibility studies play a
crucial role, as they provide information on the quality of the project and the financial aspects needed to carry
out the project are presented.
The RETScreen Expert program can perform both analyzes, taking into account the amount of detail. In
the pre-feasibility phase, the costs of a project vary from 40% to 50%, but this stage can describe the conditions
under which a project makes sense or not (publications.gc.ca/collections/ Collection/M39-117-2005E.pdf).
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RETScreen Expert is the next generation of RETScreen, extending the initial software from a decisionmaking model for specialist engineers to a smart decision support tool for a much wider range of stakeholders
throughout the entire lifecycle of RETScreen Expert project. RETScreen Expert has a global database of project
input parameters, a knowledge base of best practices and has the ability to connect data together to create a
smart decision engine (https://www.reeep.org/projectsretscreen-expert-decision-intelligence-software-platform).
In the paper we will use the virtual energy analyzer - Virtual energy analyzer. The program start interface
is shown in Figure 2.

Fig. 2 - RET Screen program interface (https://sourceforge.net/software/product/RETScreen/)

Fig. 3 - Selection of the study area, choice of the type of renewable energy and production capacity
(https://sourceforge.net/software/product/RETScreen/)

The performance of a photovoltaic system depends primarily on the intensity of solar radiation. Solar
radiation varies throughout the year depending on where the earth is in its orbit around the sun, so the amount
of hours of sunshine per day varies throughout the year.
The average energy received in Europe is about 1,200 kWh / m2 per year compared to the Middle East
where the averages are between 1,800 and 2,300 kWh / m2 per year (http://www.abmee.ro/wpcontent/uploads/2017/02/ PVTRIN-ManualulInstalatorului.pdf).
Climatic data, respectively the variation of solar radiation for the study area, Moldova Nouă, Romania, are
shown in Figures 4 and 5. They are taken from the database of the Veliko Gradiste center, Serbia, Figure 3, the
nearest data collection point from our study area, located 10 km.
The location of the photovoltaic panels is particularly important for the efficiency of the system, the
capacity factor of the system being directly influenced by the potential of the area.
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After entering in the program the basic data, respectively the production of 10 MW of energy using
photovoltaic panels, in the Moldova Nouă area, the RETScreen Expert software has the possibility to export a
graph, Figure 6, in which are presented all renewable technologies and cost range per kWh in which it falls.
The technology initially chosen, the photovoltaic system, is bold.

Fig. 4 - Climatic data from the study area

Fig. 5 - Variation of solar radiation, by months, in the study area

For the simulation, from the variants provided by the program regarding the type of solar cells we chose
the variant of polycrystalline photovoltaic system, which contain several silicon crystals and are often in shades
of blue and square.

Fig. 6 - Types of renewable technologies and cost range, per kWh, in which they are valid
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The individual crystals in the solar cell reflect light differently, providing a "living" surface. Polycrystalline
cells have a slightly lower efficiency per square meter than the monocrystalline system. [6] A solar cell is
characterized by being able to convert sunlight into electricity through a photoelectric process.
The RETScreen program offers us the possibility to choose the manufacturer of the photovoltaic system
as well as the type of panels. The selected data are represented in Figure 7. The system we chose has an
efficiency of 16.55%. In order to project 10 MW, an area of 60423 m2 is required. The capacity factor varies
depending on the area, for the analyzed case it is 13.5%. The initial cost is 1100 $ / kw (one Canadian dollar =
3.61Ron) and was imposed by us. The program has the potential to generate a value of the initial cost, but
which is independent of the economic aspects of the area in which the system is located. The operating and
maintenance cost taken into account is $ 11 / kW / year.
For the case study analyzed in this paper, respectively the production of 10MW electricity using
photovoltaic panels, it is recommended to install it on the ground. Ground-mounted photovoltaic systems involve
a steel or aluminum frame fixed to a grounded foundation. The requirements of the frame are to provide a rigid
support that can withstand earth vibrations, wind or impact forces. When estimating a location, whether or not it
is suitable for mounting the panels, the shading effect is also taken into account, the most important parameter
for energy losses (http://www.abmee.ro/wp-content/uploads/2017/02/PVTRIN-ManualulInstalatorului.pdf)

Fig. 7 - Input data for the photovoltaic system

(1)

LS represents the Earth-Sun distance, 150 × 106 km
DS diameter of the Sun 1.39 × 106 km
d the diameter of the obstacle
Ground-mounted systems have the advantage that they can be directed at the optimum angle of
inclination, are easier to maintain and replace, but the initial costs are higher due to the fact that they require the
construction of concrete foundations and rigid frames.The program generated for the solar panel model I chose
the need for an area of 60423 m2 and I want to know how I can size 10000KW on an area of 60423 m2. For this
purpose I use the analytical approach. The dimensions of the panel I chose are [9] 1675×992×40 mm
1,675 m×0,992 m =1,67 m2 are required for 275 W, so 6,07 m2/kW
(2)
We can fully calculate the required modules
10000000W/275W=36363,63 module sunt necesare 36364 pentru cazul analizat (3)
The cost of a panel is 690 Ron (Canadian $ 192) and total cost of panels $ 6981888, which represents
63% of the initial costs, the literature recommends that the costs for panels be between 40% - 60% of the initial
costs.
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RESULTS
After entering the data presented above, the program has the possibility to calculate the environmental
impact of the studied system, respectively what amount of CO2 is eliminated by producing 10 MW using the
photovoltaic system.
Compared to the situation where the renewable energy system would not be used, the graph in Figure 8
shows that if we produce 10 MW using the photovoltaic system we reduce the amount of CO2 by 5573.2 tCO2,
ie the equivalent of 2394653.7 liters of unused fuel.

Fig. 8 - Graphical representation of the amount of CO2 saved using the photovoltaic system

Fig. 9 - Investment return chart

Figure 9 shows the payback period reported at 25 years, with an inflation rate of 3%. The proposed
investment generates profit starting with year 8.
The results presented took into account an electricity cost of $ 0.1 / kWt. We wanted to analyze what is
the minimum energy value for which our project is feasible. The data shown in Figure 10 tell us that our project
is feasible for a minimum electricity cost of $ 0.0765 / kWh.
Below this value of electricity the project is no longer feasible. The simplified recovery period can be
calculated by dividing the investment cost of a solar system with a unit capacity by the price of electricity
generated by the system in a year (https://profiszolar.hu/befektetesi-elemzes/).
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This is:
Return on investment [year] = Cost of investment $/(Energy saved [kW /year] x Energy price [$/kWh] (4)
$ 11000000 / (12500000kWh / year × $ 0.1 / kWh) = 8.8 years
The investment in a photovoltaic system is planned for periods between 20 and 25 years.

Fig. 10 - Financiar viability

CONCLUSIONS
Solar energy is considered one of the cleanest forms of energy use we have today, because it does not
emit CO2 or other harmful gases and there are no side effects or waste products that harm the environment.
Of course, there are also some consumption costs when a solar cell is produced and, therefore, we are
also talking about the payback time. Before deciding whether or not a project can be carried out, pre-feasibility
and feasibility studies play a crucial role, as they provide information on the quality of the project and the
financial aspects needed to carry out the project are presented. In the pre-feasibility phase, the costs of a
project vary from 40% to 50%, but this stage can describe the conditions under which a project makes sense or
not. The economy of photovoltaic systems is made up of the construction economy and the operational
economy. Assessing the return on investment depends on how a wide range of factors are assessed, such as
energy savings and their value, the value of an improved climate and the impact on the environment. An
investment calculation, in order to be as close as possible to reality, should be based mainly on the cost of
investment, the cost of operation and maintenance, electricity production and the degradation of the system
over time. The payback period can be halved as manufacturers increase product efficiency.
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ABSTRACT
Savonius and Darrius rotors are the most popular vertical axis wind turbines (VAWT). However, both of
them have disadvantages: low starting torque of the Darrieus rotor, which prevents it from self-starting, and low
speed of the Savonius rotor which makes it inappropriate for power generation. Using a hybrid SavoniusDarrieus turbine is a solution to compensate these disadvantages. In this paper the torque of a DarrieusSavonius hybrid wind turbine is estimated by means of computational fluid analysis (CFD), and improved
designs are proposed and analysed, in order to establish the increase in performance against the original
model. A first change in design was to remove the shaft from the inside of the Savonius rotor. A second change
consists in the removal of the Savonius rotor from inside of the Darrieus one and placing it outside the rotor.
CFD analysis was performed on these configurations. For the first one, the torque increased by 10.5%, while
the average torque increase for the second configuration reached 22.3%.
ABSTRACT
Generatoarele eoliene Savonius şi Darrieus sunt cele mai populare turbine cu ax vertical. Cu toate
acestea, ambele au dezavantaje: capacitatea redusă de autopornire datorită cuplului slab; turaţia mică a
rotorului Savonius, ceea ce îl face nepotrivit pentru generarea de energie electrică. Utilizarea unei turbine
Savonius -Darrieus reprezintă soluţia prin care pot fi eliminate aceste dezavantaje. Articolul prezintă evaluarea
cuplului motor al turbinei hibride folosind analiza computerizată a fluidelor (CFD). Pe baza rezultatelor, sunt
propuse două soluţii optimizate care, ulterior, sunt analizate CFD pentru a valida creşterea cuplului. Într-o primă
configuraţie a fost eliminat arborele de la interiorul rotorului Savonius. În cea de-a doua variantă, rotorul
Savonius este amplasat în exteriorul rotorului Darrieus. Rezultatele CFD arată o creştere a cuplului în
configuraţia 1 cu 10.5% faţă de modelul original, iar în cea de-a doua configuraţie - cu 22.3%.

INTRODUCTION
The increasing concern on climate change, as well as actual goals for clean and renewable energy
deployment, have triggered during the last decades a rapid development of green energy technologies. In order
to be competitive on the energy market, the cost of green energy should be further reduced by means of
improved equipment designs.
Large scale wind farms already proved to be suitable, wind being one of the most abundant pollution
free energy sources. Small wind turbines are also developed for local use, but research is still under
development for better and cheaper designs and efficiency. Using CFD software is of great help in estimating
and improving new designs in a more realistic way than ever. It is an accurate and cost-effective alternative to
lab scale testing and provides means to perform quick changes on simulation conditions, as well as to rapidly
assess modified designs.
Savonius is a drag-based, simple, vertical axis equipment (Fig. 1), but it is also characterized by a
relatively low performance. As an advantage, it is self-starting at low wind speeds due to its high torque. This
“S”-shaped rotor was developed by S.J. Savonius and, according to his research, the maximum efficiency of his
prototype was 37% (Savonius, S.J., 1931; Gupta, R., Das, R., Sharma, K.K., 2006). Many attempts have been
made to optimize its geometry, by experimental means and/or using mostly 2D CFD analysis.
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Fig. 1 – Basic design of a Savonius rotor

The lift-based Darrieus rotors (Fig. 2) have usually two or three blades with a symmetric, thin, NACA
cross-section. They are aerodynamic efficient, with power coefficient Cp ≈ 0.4, thus being comparable with
horizontal axis wind turbines (HAWT) (Hashem, I., Mohamed, M.H., 2018; Tjiu, W., Marnoto, T., Mat, S., et al.,
2015; Pallotta, A., Pietrogiacomi, D., Romano, G.P., 2020). These rotors are characterized by high-power
output, but they have a low starting torque which renders them unable to self-start unless certain accidental
wind conditions are met. Their performance is negatively affected by the windstream turbulence (Fujisawa, N.,
Shibuya, S., 2001; Kyozuka, Y., 2008).

a)
b)
Fig. 2 – (a) The “TEV 100” Darrieus generator, made by ICPITMUA Braşov]; nominal power: 100 kW;
nominal wind speed: 11…13 m/s; blade profile: NACA 0015; maximum Cp: 0,38;
(b) The “TEV 20” H-type Darrieus generator, made by ICPITMUA Braşov; nominal power: 20 kW;
blade profile: NACA 0012; nominal wind speed: 11 m/s; maximum Cp: 0,31
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An approach to overcome both the Savonius lack of efficiency for power generation and the Darrieus
poor starting torque, is to place both rotors on the same shaft in a hybrid wind turbine configuration. Thus, the
Savonius rotor can be used to start the Darrieus one in low wind speeds.
Several studies have been made in this direction. M. Abid et al. placed a Savonius rotor at the top of a
Darrieus one. They noticed a significant improvement in turbine's operation at lower wind speeds (as low as 3
m/s).
Their testing was carried out using a permanent magnetic generator sponsored by industry rated (Abid,
M., Karimov, K., Wajid, H., et al., 2015). T. Letcher experimented on combined Savonius-Darrieus wind turbines
and concluded that these hybrid rotors can operate at low wind speeds and perform better than HAWT (Letcher,
T., 2010). S.M. Rassoulinejad-Mousavi et al. investigated the performance of a Savonius rotor that was
combined with a H-type Darrieus rotor with a DUW200 blade profile.
They placed the Savonius rotor at the middle of the Darrieus one (configuration 1), and at the bottom
(configuration 2). Compared to Darrieus and Savonius rotors taken individually, the second configuration
generated more power, while the first one showed a better coefficient of performance (Rassoulinejad-Mousavi,
S., Jamil, M., Layeghi, M., 2013). A.S. Siddiqui et al. experimented on three hybrid configurations: (1) Savonius
rotor was placed at the middle of the Darrieus one; (2) and (3) Savonius rotor placed at the top and,
respectively, bottom of the Darrieus one.
They concluded that the highest coefficient of performance was achieved in the first configuration, while
configuration (3) had the lowest one (Siddiqui, A.S., Mian, S.N., Alam, M. et al., 2018).

MATERIALS AND METHODS
A hybrid rotor with a helical Savonius rotor placed at the middle of a Darrieus rotor with three helical
blades was designed and investigated (Fig. 3). The purpose of this study is to maximize the torque developed
for lower wind speeds, of 7 m/s. The Savonius rotor has a height of 1000 mm and a diameter of 500 mm. The
Darrieus rotor has a diameter of 1600 mm, and the length of the NACA 0018 blade projected on a vertical plane
(blade height) is 1800 mm. The NACA profile has a chord length of 110 mm. Both rotors are mounted on the
same shaft, with a diameter of 38 mm in the area corresponding to the Savonius rotor. The overlapping space
between the two Savonius blades (see Fig. 1) is 58 mm, which means that the shaft occupies about 66% of this
space.
During the first step of torque optimization, this first configuration of the hybrid wind turbine was
analysed at different angles with respect to wind direction, using the SolidWorks Flow Simulation module. Due
to the large time necessary for each simulation (more than 3 hours), only nine equally spaced angles of attack
were considered, from 0 to 120º.
To take into consideration the influence of the 3D vortex-like structures, the problem was solved in a 3D
computational domain, as such complex phenomena cannot be modeled based on to a 2D geometry with some
simple 3-D effects corrections. The computational domain boundaries were placed far enough from the regions
close to the turbine where the solution accuracy is important. The computational domain is 15 m long, 12 m
high, and 12 m wide. The origin of the CAD model (see Fig. 3 b) is at 6 m from the inlet, 6.5 m from the top, and
6 m from the lateral side of the computational domain.
These dimensions were calculated based on data and research published on specific literature
(Rezaeiha, A., Kalkman, I., Blocken, B., 2017; Marsh, P.; Ranmuthugala, D.; Penesis, I.; Thomas, G., 2015).
Mesh refinement was performed on all model surfaces in order to preserve good results accuracy.
Nominal windspeed velocity was set to 7 m/s at the inlet of the domain, and standard atmospheric
conditions are assumed (25 °C, 101 kPa). For this kind of analysis, flow turbulence in the domain is expected to
be medium turbulent and approximately isothermal. Therefore, a typical value of 5% turbulence intensity was
assumed (Rumsey, C., 2020). Simulations consisted of measurements of the static torque generated when the
hybrid rotor was locked at nine different angles every 15º, taken between 0 and 120º relative to flow direction.
SolidWorks Flow Simulation uses the Favre-averaged Navier-Stokes equations to predict turbulent
flows. These equations use the time-averaged effects of the turbulence on the flow parameters, while the timedependent, large-scale phenomena are directly considered. For turbulent kinetic energy Flow Simulation uses
the Lam and Bremhorst modified k-ε model, which describes turbulent, laminar, and transitional flows of
homogeneous fluids (Sobachkin, A., Dumnov, G., 2014).
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(a)
(b)
Fig. 3 – (a) CAD model of the initial configuration of the proposed hybrid wind turbine (at the bottom - bearing
housing and power generator); (b) simplified CAD model for CFD analysis

RESULTS
The Flow Simulation solver uses a robust approach that allows relatively fast convergence with large
timesteps. However, the resulting convergence behavior proved to be “bouncy” for about the first third of the
simulation time and, for three simulations (30º, 45º, and 60º) further mesh refinement was necessary until a
smooth numerical stability was obtained. For all of them the number of iterations and calculation time were
much longer than in the other cases.
Figure 4 shows the turbulent flow due to the Savonius component (side and top views). It is expected that
these turbulences negatively affect proper operation of the Darrieus blades, that are lift-based and require
laminar flow.

(a)

(b)

Fig. 4 – Turbulent flow due to the Savonius rotor for an angle of attack of 30º:
(a) – side view; (b) – top view

Table 1 shows the torque generated by the hybrid wind turbine in this configuration, for each angle of
attack.
Table 1
Static torque calculated at different angles with respect to flow stream
Angle (degrees)
Torque (Nm)

0

15

30

45

60

75

90

105

120

1.174

1.390

1.683

1.611

1.486

1.498

1.347

1.122

1.075
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A second potential negative influence on the calculated torque values could be the large diameter of the
shaft, which has structural role but blocks the internal flow within the Savonius rotor, hindering the air circulation
from one blade to another (Fig. 5).

Fig. 5 - The shaft (in blue) occupies about 66% of the overlapping space
between the two blades of the Savonius rotor

To study the influence of the shaft on torque performance of the hybrid wind turbine, the design was
changed removing the shaft from the inside of the Savonius rotor, thus improving the air flow through the gap
between the two blades. In this new configuration, bending and torsional stresses should however be taken over
by the Savonius blades themselves.
Also, as the Savonius rotor generates important turbulence that affect the operation of the Darrieus
blades, a second design configuration consisting in the removal of the Savonius rotor from inside of the Darrieus
one was made. The Savonius rotor was split into two halves, each with no shaft, and each of them being
positioned one at the top and the other at the bottom of the Darriues rotor (Fig. 6).

Fig. 6 – The Savonius rotor was split in two halves that were placed
on top and bottom of the hybrid wind turbine

CFD analysis was then performed on these two new optimized configurations, using the same setups as
in the case of the initial design. The purpose was to establish the increase in performance against the original
model.
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(a)
(b)
Fig. 7 – The influence of turbulence produced on the Darrieus blades is reduced compared with the original
design; (a) – side view; (b) – top view

Figure 7 shows that the turbulence produced by the Savonius rotor has now influence on a much smaller
portion of the Darrieus blades, towards their top and bottom sides.
Table 2 shows the torque values obtained for the original design as well as for each of the two optimized
configurations. The last two columns show the increase in torque relative to the original design, for one third of a
complete rotation, in steps of 15 degrees.
While removing the shaft from the Savonius turbine produced an average increase in torque of 10.5%,
the highest gain of 22.3% was obtained without shaft and with the Savonius rotor removed from within the
Darrieus space and placed at the top and bottom of the turbine. However, this increase can also be partially
explained by the increase in swept area.
Figure 8 shows a graphical representation of torque variation for the original design and the two optimized
configurations.
Table 2
Individual torque values and torque increase relative to the original design
Angle

Original config.

Config.1
(no shaft)

Config.2
(split
Savonius)

(degrees)

Torque Torig
(Nm)

Torque T1
(Nm)

Torque T2
(Nm)

(Nm)

%

(Nm)

%

0

1.174

1.403

1.583

0.229

19.51

0.409

34.84

15

1.39

1.605

1.688

0.215

15.47

0.298

21.44

30

1.683

1.835

1.7

0.152

9.03

0.017

1.01

45

1.611

1.665

1.913

0.054

3.35

0.302

18.75

60

1.486

1.654

1.827

0.168

11.31

0.341

22.95

75

1.498

1.619

1.673

0.121

8.08

0.175

11.68

90

1.347

1.434

1.565

0.087

6.46

0.218

16.18

105

1.122

1.231

1.516

0.109

9.71

0.394

35.12

120

1.075

1.200

1.493

0.125

11.63

0.418

38.88

T1 – Torig

Average torque increase (%):
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Fig. 8 – Torque values calculated for each configuration,
for one third of a complete rotation (15º steps)

CONCLUSIONS
The CFD analysis of the three different designs of the hybrid Darrieus-Savonius wind turbine confirmed
that both the shaft removal from inside the Savonius rotor, and placing the Savonius rotor outside the Darrieus
one, improve the torque significantly. Removing the shaft from the original design added 10.5% to the torque
over one third of a complete revolution, for a 7 m/s wind speed. Placing two no-shaft halves of the Savonius
rotor at the top and bottom of the hybrid wind turbine further increased the torque by 11.8% when compared to
the first configuration, and to a total of 22.3% when compared to the original design.
To conclude, these results can be further improved by performing additional studies to optimize the
influence of the overlapping space between the two blades of the Savonius rotor for the average wind speed in
the area of interest.
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ABSTRACT
Compared with yeasted pre-ferments, lactic acid bacteria (LAB) fermented sourdoughs are more
efficient in controlling the bread quality. The main elements responsible of texture and bread savour in all of the
bread - category studied are the sourdough fermentation period and the yeast. The purpose of this paper is to
enhance resources to obtain the most effective use of the biochemical action of sourdough to successfully lead
to a delicate bread consistency and increased shelf-life. Three types of bread were used in the experiments: 1.
Control bread; 2. Bread with yeast; and 3. Bread with sourdough.
REZUMAT
Comparativ cu pre-fermenții din drojdie, aluaturile fermentate cu bacterii lactice (LAB) sunt mai eficiente
în controlul calității pâinii. Elementele fundamentale responsabile de textura și gustul pâinii din categoria
studiată sunt perioada de fermentare a aluatului și drojdia. Scopul acestei lucrări este de a spori resursele
pentru a obține cea mai eficientă utilizare a acțiunii biochimice a aluatului pentru a duce cu succes la o
consistență delicată a pâinii și o durată de valabilitate crescută. In experimente au fost utilizate trei tipuri de
pâine: 1. Pâinea de control; 2. Pâine cu drojdie; și 3. Pâine cu maia.
INTRODUCTION
Bread is the basic element in the Romanian diet, being one of the most widespread food products. The
yearly average consumption of bread in Romania is evaluated at 97 kg/capita, overtaking the European
average. 55% of the Romanian families consume unpacked bread, purchased mainly from small supermarkets
and bakeries (Tamba-Berehoiu et al. 2014).
Bakery products produced by using soft white flour contain small amounts of vitamins (B1 and E), not
too similar with those obtained by using whole-wheat or rye flour. By adding extra ingredients, fortified bakery
products with vitamins could be obtained. These extra ingredients were also used to modify the taste of the
products, to extend the product range and encourage a trend for healthier food consumption (Gherghina et al.
2015).
Lactic acid bacteria (LAB) and yeasts are forming the sourdough microbiota, which cause a diversity of
organic acids and special flavoring material as aldehydes, esters and alcohols during the fermentation activity,
giving sourdough bread its original flavor (Ripari, Cecchi, & Berardi, 2016).
Sourdough fermentation, implying lactic acid bacteria (LAB) in addition to yeasts, is known to be a good
instrument for improving technological, nutritional, practical and sensorial attributes of wheat and non-wheat
flours. (Montemurro et al., 2018).
It is commonly known that sourdough provide quality to baked goods and also nutrients and other
compounds with salutary health results. (De Vuyst et al., 2014).
The effect of sourdough on bread flavour is based on three main elements: acidity, flavour predecessors
(such as amino acids) and volatile compounds. As the quantity of sourdough varies between 5 and 40% of final
bread dough, the effect on bread flavour depends on acidity level, free amino acids level and relevant flavour
compounds in sourdough.
LAB improves the shelf life of fermented products by neutralizing microbial contamination. “Functional
foods” concept was lately suggested and has proven a remarkable rise over the last years.
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Such type of foods should contribute to wellbeing and healthfulness, whereas at the same time should
decline the hazard of some considerable chronic and degenerative illnesses, like cancer, cardiovascular
diseases, obesity, and gastro-intestinal tract disorders. (Zamfir et al. 2014).
Volatile compounds caused by baked products that are made with sourdoughs achieved through starter
culture-initiated fermentations are affected by LAB inoculums (Van Kerrebroeck et al., 2018; Yan et al.,2019) as
well as by prevailing yeasts (Liu et al., 2018; Raimondiet al., 2017).
Also, LAB enzymatic activities are liable for a rise in functional compounds content like phenolic
compounds and soluble fibres, recommended to impede several illness and control energy consumption and
satiety, reducing total and low-density lipoprotein (LDL) cholesterol levels and helping with glycaemic control.
(Harasym et al. 2020). Sourdough obtained in traditional manner with selected microorganisms is capable to
improve bread shelf-life by slowing staling (Chavan & Chavan, 2011).
The antibacterial compounds produced by LAB and the low pH are together have as a result the
antimicrobial activity. This antimicrobial activity determine high acidity and accordingly the long shelf life of
sourdough products (Bartkiene et al., 2013). Currently, the use of sourdough is well-known to influence
leavened baked products in a positive manner, by increasing sensory, rheological, and hygienic characteristics,
as well as gluten digestibility. (Fraberger et al. 2020).
MATERIALS AND METHODS
First of all we obtained sourdough. The process consist in mixing in equal cantities hot water, wheat
flour and a starter from previuos sourdough. After 24 hours of fermentation at 28 – 35 °C we obtain the
sourdough for experiment.
Three different types of bread were used in this study: 1. Control bread (wheat flour, salt and water) –
Fig. 1; 2. Bread with yeast (wheat flour, salt, water and yeast) – Fig. 2; and 3. Bread with sourdough (wheat
flour, salt, water and sourdough) – Fig. 3.
Equipment used were: 80 kg agitator (SM80-R), dough shaping machine (FR500), fermenting room
(M.C.E. Meccanica) and oven (Mondial forni). The ingredients (flour, water, salt, yeast or sourdough) were
mixed with a SMR 80 spiral mixer to obtain optimal dough consistency.
The optimal mixing time and water absorption were determined by farinograph and by test baking for
every dough type. After 20-30 minutes floor time at a constant temperature and humidity, the dough was divided
into pieces of 500 g, which were moulded into bread moulder. Loaves were proofed in tin pans at a constant
temperature (40°C) and humidity (80%) for 40-60 minutes according to bread type and baked at 230-240°C for
25-30 minutes.

Figure 1.

Figure 2.

Figure 3.

Control bread (C1)

Bread with yeast (C2)

Bread with sourdough (C3)

Determination of yeast and mould was performed according to SR ISO 21527-1:2009, shelf life was
determined according to Order no. 27/2011 of The National Sanitary Veterinary and Food Safety Authority
(ANSVSA), while mycotoxins analysis: Zearalenone (ZON), Deoxinivalenol (DON) and total aflatoxins
(AFLA) was performed by ELISA method.
The ELISA method tests are built on the antigen-antibody replay. Measurements are performed at
450 nm wavelength.
RESULTS
Standard curves obtained for analysed mycotoxins (DON, ZON and AFLA) are presented in Figure
4, based on the results presented in Tables 2, 4 and 6. According to Commission Regulation (EC) no.
1881/2006 setting maximum levels for certain contaminants in foodstuffs (consolidated version), the
maximum allowed limits for mycotoxins in bread (including bakery products), pastries, biscuits, snacks and
breakfast cereals are: DON – 500 µg/kg (ppb), ZON – 50 µg/kg (ppb), Total Aflatoxins – 4,0 µg/kg (ppb). As
presented in Tables 3, 5 and 7, the results of all tests performed were not detectable.
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A

B

C

Fig. 4. - Standard curves for: A – DON; B – ZON; C – AFLA

Table. 1.
DON standards
No.
1
2
3
4
5

Concentration
μg/L / μg/kg
0,00
3,70
11,10
33,30
100,00

Absorbance
(Mean)
1,537
1,313
0,854
0,491
0,301

Absorbance
(CV)
12,8
11,3
5,0
2,4
1,6

B/B0
(%)
100,0
85,4
55,6
31,9
19,6

Calculated
μg/L / μg/kg
3,70
11,11
33,34
99,83

Deviation
(%)
0,0
0,1
0,1
0,2

Table. 2.
DON samples and reference material results
No.

ID

1
2
3
4

C1
C2
C3
CRM 100 ppb

Absorbance
(Mean)
1,370
1,344
1,029
0,621

Absorbance
(CV)
1,3
1,6
7,5
1,9

Absorbance
(%)
89,1
87,4
66,9
40,4

Calculated value
μg/kg (ppb)
˂ 18,50
˂ 18,50
36,69
105,01

Table. 3.
No.
1
2
3
4
5
6

Concentration
μg/L / μg/kg
0,00
50,00
150,00
450,00
1350,00
4050,00

Absorbance
(Mean)
1,871
1,720
1,349
0,928
0,583
0,223

ZON standards
Absorbance
B/B0
(CV)
(%)
3,5
100,0
2,2
91,9
5,3
72,1
7,3
49,6
1,5
31,2
1,6
11,9

Calculated
μg/L / μg/kg
49,99
149,93
450,54
1348,60
4051,56

Deviation
(%)
0,0
0,0
0,1
0,1
0,0

Table. 4.
No.

ID

1
2
3
4

C1
C2
C3
CRM 69 ppb

ZON samples and reference material results
Absorbance
Absorbance
Absorbance
(Mean)
(CV)
(%)
2,089
5,0
111,7
2,208
4,0
118,0
1,752
6,5
93,6
0,473
20,8
25,3
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66,407

INTERNATIONAL SYMPOSIUM

Table. 5
No.
1
2
3
4
5
6

Concentration
μg/L / μg/kg
0,00
50,00
150,00
450,00
1350,00
4050,00

Absorbance
(Mean)
2,313
2,103
1,797
1,059
0,773
0,308

AFLA standards
Absorbance
B/B0
(CV)
(%)
3,7
100,0
2,1
90,9
3,4
77,7
2,6
45,8
2,9
33,4
1,6
13,3

Calculated
μg/L / μg/kg
50,28
149,32
452,93
1340,04
4055,13

Deviation
(%)
0,6
0,5
0,7
0,7
0,1

Table. 6
No.

ID

1
2
3
4

C1
C2
C3
CRM 5,2 ppb

AFLA samples and reference material results.
Absorbance
Absorbance
Absorbance
(Mean)
(CV)
(%)
2,334
1,3
100,9
2,279
1,0
98,5
2,278
0,5
98,5
1,809
1,4
78,2

Calculated value μg/kg
(ppb)
˂ 1,75
˂ 1,75
˂ 1,75
5,112

The values and the results for yeasts and moulds are presented in Table 7. According to Order No. 27
of June 6, 2011 of the National Sanitary Veterinary and Food Safety Authority, the maximum allowed limits for
bakery products regarding analysis of yeasts and moulds is 10-100 CFU/g.
For all bread samples was also established the shelf life, as follows: for control bread (C1) – 2 days; for
bread with yeast (C2) – 3 days, and for bread with sourdough (C3) – 5 days.
Table. 7
Microbiological test results (yeasts and moulds)
Yeasts and moulds (cfu/g)
Sample
C1

Initial
analysis
< 10

After 2
days
< 10

After 3 days

After 4 days
-

< 10

Presence of moulds
on the surface
< 10

C2

< 10

C3

< 10

< 10

< 10

Presence of moulds
on the surface
< 10

After 5
days
-

After 6 days

-

-

< 10

Presence of moulds
on the surface

-

CONCLUSIONS
This study aimed to extend the shelf life of bread. For this purpose, 3 experimental variants were
used: Control bread, Bread with yeast and Bread with sourdough, obtaining a shelf life of 2 days for simple
bread, 3 days for yeast bread and 5 days for sourdough bread. In order to estimate the impact of
sourdough fermentation on shelf-life, our baked samples were observed during 5 days of storage. A
relevant extension (up to 5 days from 3) of the validity period, in terms of microbial evolution prevention
(namely of molds and Bacillus spp), of obtained sourdough bread was observed. After 2 days of storage,
the samples did not appear visibly different. After 3 days, Control bread was characterized by the presence
of molds on the surface. The microbiological analyses, performed at this sampling po int, revealed levels of
molds higher than 10 CFU/g. Differently in Bread with sourdough these species remained under the
detection limit after 5 days.
The results for the detection of mycotoxins (DON, AFLA and ZON) indicate that the samples are
safe for the consumers and the values are in accordance with Regulation (EC) no. 1881/2006.
Bread shelf-life and flavour were also refined by sourdough that was fermented with reduced ash content
flour and with optimised duration of fermentation.
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ABSTRACT
Although ragweed is considered by scientists as a problem weed in weeding crops in Western
Romania, over recent years it has been more and more frequently identified in crops in other regions, too, being
found now almost all around the whole country. It is strongly allergenic during flowering and a small quantity of
5-10 granules of pollen/m3 air is enough to cause severe allergy to sensitive people. There were 10 samples
made for each 1 hectare surface. The numerical method of weeds assessments was used to which the
phenophase and the average height of each plant were added. In assessed plots, the average density of A.
artemisiifolia was of 4 – 5 plants/m2 in maize and of 8 – 10 plants/m2 in sunflower. As a termophillic and space –
loving species, ragweed may suffocate the crop plants, causing important yield loss. At high density, over 20
plants/m2, it would compromise the whole crop.
REZUMAT
Deși în România ambrozia este considerată de către specialiști o buruiană problemă pentru culturile
prășitoare din vestul țării, în ultimii ani a fost identificată din ce în ce mai frecvent în culturi agricole și în alte
zone, fiind practic semnalată aproape în toată țara. Este o plantă puternic alergenă, produce polen în cantitate
foarte mare în perioada înfloririi, o cantitate mică de 5-10 granule de polen/m3 aer fiind suficientă pentru a
induce alergii severe la persoanele sensibile. Cartarea ambroziei s-a realizat în 10 sole cultivate cu porumb și
10 sole cultivate cu floarea soarelui, fiind efectuate 10 determinări/ha. A fost folosită metoda mumerică de
evaluare a gradului de îmburuienare, înregistrându-se fenofaza și înălțimea medie a fiecărei plante. Fiind o
specie termofilă și iubitoare de spațiu ambrozia sufocă plantele de cultură, având ca efect pierderi importante de
producție iar la densități de peste 20 plante/m2 chiar compromiterea totală a recoltei. In culturile monitorizate
densitatea plantelor de ambrozie a fost în medie de 4-5 plante/m2 la porumb și de 10-15 plante plante/m2 la
floarea soarelui.
INTRODUCTION
Ambrosia artemisiifolia L. is an invasive weed, originating in North America, which belongs to
Asteraceae family, Order Asterales, Class Magnoliopsida, Phylum Magnoliophyta. Popularly, it is called
ambrosia, ragweed or common hogweed. Its invasive area includes all temperate climate or warm climate
zones (Sîrbu and Oprea, 2011).It is spread over almost the whole Europe (Misiewicz, 1976; Ţopa and Boşcaiu,
1965), as well as in Asia, as far as the Far East, but also in Africa and Australia (Kott,1953; Pheloung et al.,
1999).
In our country, it was identified for the first time in Orsova railway station in 1908 (Javorka, 1910, cited
by Ţopa and Boşcaiu, 1965; Javorka, 1925). It gradually spread to the plain and hill areas, being found
frequently along roads and railways, both inside and outside localities. It also migrated to agricultural crops,
where it adapted itself to sunflower-grown fields, corn, soybeans as well as pastures, wasted or abandoned
land, building sites, through courtyards and parks. Ambrosia is an annual, hairy plant with double-feathered
leaves (the upper ones simple-feathered), alternate, unisexual flowers, monoeciously distributed in clusters
gathered in terminal spike – like form inflorescences. The male calatidia are multifloral, arranged towards the
top of the inflorescence, nutante, hemispherical, with concretionous bract and the female calatidia are uniflora,
arranged towards the base of the inflorescence, with an involucre composed of concretionated, toothed or
thorny bracts. The fruit is a pseudoachene.
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In Romania it is currently considered as an invasive species, introduced accidentally, but its spread is
still incompletely known (Sîrbu and Oprea, 2011); A. artemisiifolia shows a tendency to invade agricultural
crops, where it can cause considerable damage (Anghel et al., 1972; Sîrbu, 2003; Sîrbu and Oprea 2011). In
Central Europe, A. artemisiifolia is weed in corn crops, cereals, potatoes, sugar beet, however, it prevails in
sunflower crops (Wittenberg, 2005). In potato crops the losses produced by A. artemisiifolia amount to 30%;
losses are much higher by up to 70% in crops of small height plants such as beet (Brandes and Nitzsche,
2006).
Due to allergenic pollen, produced in large quantities during flowering. A. artemisiifolia is considered
one of the most harmful plants that cause allergies (Basset and Crompton, 1975; Frankton and Mulligan, 1974;
Hulina, 1995; Ianovici and Sîrbu, 2007; Medzihradszky and Járai-Komlódi, 1995; Pinke et al., 1995; Puc, 2004;
Rybniček and Jäger, 2001; Ţopa and Boşcaiu, 1965; Vicol, 1971, etc.). Another factor that favors its invasive
character is the prolificacy, because the number of seeds produced by a plant varies between 3,000 and 62,000
seeds (Anghel et al., 1972; Basset and Crompton, 1975; Chirilă et al., 2001, Kott, 1953; Rich, 1994) , but can
even reach 150,000 (Szigetvári and Benkö, 2008).
The need for careful monitoring of the spread of this species in our country is mandatory, once the
necessary measures are taken to stop its invasion (Ţopa and Boşcaiu, 1965; Vicol, 1971; Zvorâşteanu and
Dinescu, 2005). In Romania, the plant was included in the quarantine weeds list in 1972 (Anghel et al., 1972),
but as other authors found (Dihoru, 2004), the measures to prevent and control this invasion were either
completely lacking or were inefficient (Sîrbu and Oprea, 2011). Currently, the constraint to control and eliminate
this species is legislated by law 62/2018. Considered by specialists as a weed problem for weeding crops in the
west of the country, it has been more and more frequently identified in recent years in agricultural crops and
uncultivated land and in other areas being practically reported almost throughout the country. Given the issues
presented above, the aim of this research was to monitor the spreading of ragweed in weeding crops (maize
and sunflower) grown at Didactic Farm Moara Domneasca, Ilfov county.
MATERIALS AND METHODS
The experiments were carried out in the years 2018-2019, at Didactic Farm Moara Domneasca in Ilfov
County, within University of Agronomic Sciences And Veterinary Medicine Of Bucharest.
Monitoring of ragweed plants was done by mapping weeds in 10 plots grown with sunflower and 10
plots grown with corn, each with an area of 100 m2. There were 5 plots grown without herbicides application and
5 plots grown in which herbicides were applied, both in corn and sunflower crop. There were 10 samples made
for 100 m2 surface. The numerical method of weeds assessments was used to which the phenophase and the
average height of each plant were added. The maize and sunflowers field in which the assessments were made
were cultivated by private farmers according to their own technologies. For each field, landfills of weed
infestation have been done and they presented both general data on the location, the soil type, the previous
crop and specific data on the density, counting and constancy. For sampling and weeds inventory, the metric
frame (1 m2) was used.
Each sampling point was established by going through the field in 1-2 diagonals according to the
number of specified samples. At the final stage, the data obtained from all the analyzed samples were
centralized, the weeds were distributed in density categories in order to be identified the dominant species and
the problem weeds. The results obtained by weeds mapping has to be an important tool in taking the most
appropriate weed control measures for a crop. Fluorochloridone herbicide (a pyrrolidone derivatives) was
applied to sunflower crop with a concentration of 250 g/l in pre-emergence after sowing but before the
emergence of plants and weed seeds (BBCH 07) at a dose of 2.0 and 3.0 l/ha. In the experimental plots with
maize, a combination of two active substances was applied, a mix between the hormonal herbicide - dicamba
60.9% (growth regulator) and the sulfonylurea herbicide - rimsulfuron 3.25%.
The herbicide was applied in post-emergence in the 4th - leaf stage of corn (BBCH 14), in a dose of 307
g/ha + 0.1% Trend (250 ml/ha) but also splitted in a dose of 230 g/ha applied after weeds emergence. It
followed the second treatment at a dose of 154 g/ha at 2 weeks after the first treatment. Weeds density was
assessed in ground % and in number of plants per square meter. Weed control (efficacy) was assessed at 30
days after application in % control in comparison with the untreated found in the experimental plots.
Determination of segetal flora was performed on one square meter using a metric frame. Statistical data
- processing of the assessments was based on the analysis of ARM-9 software (P=.05, Student-Newman-Keuls.
Phytotoxicity on the crops and were visually evaluated based on a 0% - 100% rating scale where 0 is no injury
and 100 is complete death of maize and sunflowers plants.
302

INTERNATIONAL SYMPOSIUM

RESULTS
Ragweed is a thermophilic species, requiring for germination and emergence a soil temperature of
about 15-20 °C, which (depending on weather conditions) coincides with the germination temperature of
sunflower. Being much more vigorous and stronger than crop plants, at an average density of 20-25 plants/m2,
ragweed suffocates crop plants, leading to production losses of up to 80%.
The experimental plots of sunflower had corn and wheat as previous crop. In trials in which no
herbicides were applied, the degree of weeding was increased by an average of 75.9 plants m2 (Table 1).
Table 1
Plot

1
2
3
4
5

Previous
Crop

BBCH

H
(cm)

Corn
Wheat

10-14

Total ambrosia
AD
10-14
PD
12-18
AM
16-18
PM
20-23
TOTAL M+D
TOTAL WEEDS

18

18
20
25
35

1

2

3

4

4
20
0
2
4
30
2
4
10
12
28
58

12
15
22
0
8
57
8
2
12
10
32
89

0
12
4
4
10
30
10
6
22
4
42
72

20
8
10
6
12
56
10
0
8
4
22
78

Samples
5
6
7
8
9
10
Ambrosia artemiisifolia
15
6
15
6
20
5
15 30 20 12
8
25
10
2
12
0
10
8
0
10
4
12
0
8
8
0
10
0
5
2
48 48 61 30 43 48
12 16
4
15 12
4
2
10
2
5
10
0
8
2
10
8
4
6
0
0
16
4
2
2
22 28 32 32 28 12
70 76 93 62 71 60

1S/

2M/

3P

4K

m2

m2

(%)

(%)

103
165
78
46
59
451
93
41
90
54
278
729

10.3
16.5
7.8
4.6
5.9
45.1
9.3
4.1
9.0
5.4
27.8
72.9

14.12
22.63
10.69
6.31
8.09
61.84
12.75
5.62
12.34
7.45
38.16
100.0

90
100
80
70
80
84
100
80
100
80
90
85

Monitoring of ragweed in sunflower crops without herbicide
1

S= the total number of weeds/m2
2
M = the average number of weeds/m2
3
P%= the proportion in which each species participates in the general weeding
4
K%= the proportion in which each species was found in the observation points regardless of their number.

The annual dicotyledonous weeds predominated and among them Ambrosia had an average density of
45.1 plants/m2 representing a percentage of 61.8% in the general weeding of the sunflower crop. The highest
degree of infestation with ragweed was in the plots in which the previous crop was corn, exceeding 13 plants/m2
and having a percentage of over 18% in the general weeds infestation. At the time of the assessments in
sunflower crop, most dicotyledonous weeds (AD) were on the stage of 1-4 leaves (BBCH 10-14) with an
average height of 18 cm, perennial dicotyledonous (PD) on the stage of 2-8 leaves ( BBCH 12-18) with an
average height of 20 cm, annual monocotyledonous (AM) on the stage of 6-8 leaves (BBCH 16-18) with an
average height of 25 cm and perennial monocotyledonous weeds (MP) between the beginning of tillering and
stage of 3 visible tillers (BBCH 23-30) with an average height of 35 cm. In plots where the previous crop was
wheat, the degree of weed infestation with ragweed was lower because this species is not a weed peculiar to
cereal crops.
If it still appears in cereal crops, it hardly survives there, because it is a space-loving weed. Where it has
enough space it grows and branches very strongly. Ambrosia frequently reaches heights of 1-1.5 meters, but
may reach 2 meters in height, and the surface area of a single ragweed plant can reach 100 cm. In the
experimental fields, the density of ragweed plants was on average of 4-5 plants/m2 for corn and 6-8 plants/m2
for sunflower, but due to the vigor and branching capacity, the percentage of ground cover in mature plants was
much higher exceeding 50% in sunflower (Fig 1).

Fig 1.- A.artemisifolia in corn and sunflower crop (Moara Domnească, Ilfov)

Coordonates - N: 44°29’401’’ - E: 026°14’526’’
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When herbicides were applied, the degree of weed infestation in the experimental plots with sunflower
was reduced from 75.9 to 42.2 plants/m2 and for ragweed from 45.1 to 12.5 plants/m2. Because the applied
herbicide does not control the monocotyledonous weeds, they took advantage of the space created by the
control of the dicotyledonous ones, developed and had a higher density than in the plots in which no herbicides
were applied (Table 2).
Regarding the proportion in which the species A. artemiisifolia was found in the observation points (K%),
it decreased from an average of 84% in the non-herbicide sunflower plots to 52% in the herbicide plots.
Table 2
Plot

1
2
3
4
5

Previous
Crop

BBCH

H
(cm)

Corn
Wheat

10-14

Total ambrosia
AD
10-14
PD
12-18
AM
16-18
PM
20-23
TOTAL M+D
TOTAL WEEDS

18

18
20
25
35

1

2

3

4

0
8
0
0
2
10
0
4
10
6
20
30

6
4
2
0
0
12
0
2
4
14
20
32

0
2
0
4
0
6
0
6
30
12
48
54

4
0
6
2
4
16
2
0
2
20
24
40

Samples
5
6
7
8
9
10
Ambrosia artemiisifolia
4
2
0
4
10
0
4
10 10
4
0
12
0
6
0
2
0
5
0
2
0
0
0
0
2
0
4
0
0
0
10 20 14 10 10 17
4
2
0
0
2
0
20 10
2
4
10
8
10 12 10 12 10 26
8
4
10 12
5
4
42 28 22 28 27 38
52 48 36 38 37 55

S/
m2

m/
m2

P
(%)

K
(%)

30
54
21
8
12
125
10
66
126
95
297
422

3.0
5.4
2.1
0.8
1.2
12.5
1.0
6.6
12.6
9.5
29.7
42.2

7.10
12.79
4.99
1.89
2.84
29.61
2.38
15.65
29.85
22.51
70.39
100.0

60
80
50
30
40
52
40
90
100
100
82.5
67.2

Monitoring of ragweed in sunflower crops with herbicide
For corn in the experimental plots where no herbicides were applied, the weed infestation rate was 68.6
plants/m2 (Table 3). Ragweed had an average density of 31.2 plants m2 representing a percentage of 45.5% in
the general weed infestation of the corn crop. The highest degree of weed infestation was in the plots in which
the previous crop was sunflower, exceeding on average 8 plants/m2 and having a percentage of over 12% in the
general weed infestation, compared to plots in which the previous crop was wheat with an average density was
4.7 plants/m2 and a ground cover rate of 6.7%.
At the time of the assessments, most annual dicotyledonous weeds (AD) were in the stage of 1-8 leaves
(BBCH 11-18) with an average height of 30 cm, perennial dicotyledonous (PD) in the stage of 4-10 leaves
(BBCH 14-20) with an average height of 30 cm, the annual monocotyledonous (AM) in the 8-leaf stage and the
beginning of the tillering stage (BBCH 18-21) with an average height of 25 cm and the perennial
monocotyledonous (PM) in the stage of 3 side shoots visible – beginning of stem elongation (BBCH 23-30) with
an average height of 50 cm.
Table 3
Monitoring of ragweed in corn crops without herbicide
Plot

1
2
3
4
5

Previous
Crop

BBCH

H
(cm)

Sunflower
Wheat

10-18

Total ambrosia
AD
10-18
PD
14-20
AM
18-21
PM
23-30
TOTAL M+D
TOTAL WEEDS

20

20
30
25
50

1

2

3

4

0
10
0
2
6
18
12
2
15
0
29
47

10
6
4
0
2
22
8
8
8
15
39
61

5
4
6
4
10
29
10
0
30
2
42
71

8
15
2
6
2
33
10
4
25
0
39
72

Samples
S/
5
6
7
8
9
10 m2
Ambrosia artemiisifolia
6
5
10
6
20
2
72
8
15 20
0
8
15 101
10
0
4
15
2
4
47
0
6
2
12
0
8
40
8
0
10
0
12
2
52
32 26 46 33 42 31 312
12 16
4
15 12 15 114
12 10
2
5
10
0
53
4
10 25
5
4
20 146
6
10
6
14
4
4
61
34 46 37 39 30 39 374
66 72 83 72 72 70 686

m/
m2

P
(%)

K
(%)

7.2
10.1
4.7
4.2
5.2
31.2
11.4
5.3
14.6
5.4
37.4
68.6

10.49
14.75
6.85
5.83
7.58
45.50
16.61
7.72
21.28
8.89
54.50
100

90
90
80
80
80
84
100
90
100
80
92.5
88.2

When herbicides were applied, the weed infestation rate decreased from 68.6 to 18.4 plants/m2 and for
ragweed, the rate decreased from 45.6 to 6.6 plants/m2. Because the applied herbicide also controls
monocotyledonous weeds, the total weed infestation in the herbicide - applied corn crop was much lower
compared to the sunflower, respectively 184 plants/m2 compared to the sunflower 422 plants/m2 (Table 4).
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Practicing an adequate crop rotation has an essential role in controlling the species A. artemiisifolia
because it allows the use of herbicides with the best possible effectiveness. The corn crop has several
herbicides approved for ragweed control and can be successfully included in the crop rotation. It is also
recommended to include in rotation the sunflower tolerant hybrids, because effective herbicides can be applied
to control ragweed.
Table 4
Monitoring of ragweed in corn crops with herbicide
Plot

1
2
3
4
5

Previous
Crop

BBCH

H
(cm)

Sunflower
Wheat

10-18

Total ambrosia
AD
10-18
PD
14-20
AM
18-21
PM
23-30
TOTAL M+D
TOTAL WEEDS

20

20
30
25
50

1

2

3

4

2
0
0
2
0
4
0
2
2
0
4
8

0
6
2
0
0
8
0
0
0
4
4
12

0
0
0
0
4
4
0
4
10
6
20
24

6
10
0
0
0
16
2
0
0
10
12
28

Samples
S/
m2
5
6
7
8
9 10
Ambrosia artemiisifolia
0
0
0
4
2
0
14
0
2
2
0
0
6
26
0
2
0
2
0
4
10
2
0
0
0
0
0
4
0
0
4
0
0
4
12
2
4
6
6
2
14
66
4
2
0
0
2
0
10
8
0
0
4
0
8
26
4
2
12
0
4
8
42
0
8
4
6
0
2
40
16 12 16 10 6
18
118
18 16 22 16 8 32
184

m/
m2

P
(%)

K
(%)

1.4
2.6
1.0
0.4
1.2
6.6
1.0
2.6
4.2
4.0
11.8
18.4

7.60
14.15
5.45
2.17
6.52
35.89
5.43
14.13
22.82
21.73
64.11
100.0

60
80
50
30
40
52
40
90
100
100
82.50
67.25

Although corn maize rotation is common, wheat being a dense crop does not favor the germination of
ragweed seeds. In May, when ragweed usually emerges, wheat plants already cover 90% of the soil surface
and the root system and soil compaction do not favor the germination of ragweed seeds. The seeds last very
well until next year, when they will emerge in large numbers and the control process will have to be resumed
Pre-emergence and post-emergence herbicides application of ragweed-infested crops must be carried out with
approved herbicides at the optimum time of application. Under these conditions, in the experimental fields the
herbicide fluorochloridone formulated as emulsifiable concentrates (EC) applied to sunflower had a residual
herbicidal action, of long lasting term. Applied preemergently, the product is absorbed into the germinating
weeds by roots and coleoptils and translocates rapidly, destroying sensitive plants by inhibiting the synthesis of
carotenoids, most often before the weeds emergence. The residual effect lasts 3-4 weeks, enough time for the
crop plants to cover the rows, and therefore, the weeds (and especially the ragweed) have no longer enough
space for growth and development.
Fluorochloridone applied preemergently at a dose of 3.0 l/ha had a good efficacy in controlling A.
artemisiifolia species, respectively 78.7% compared to the dose of 2.0 l/ha at which the efficacy was 62.5% at
30 days after treatments application. Furthermore, all annual dodicotyledonous weeds were very well controlled
by the active substance Fluorochloridone (Table 5).
Table 5
The efficacy of herbicides after 1 month after treatment
Efficacy (% control in comparison with the untreated plots)
Sunflower
Corn
Treatment
Dose
Ambrosia
A. D.
Treatment
Dose
Ambrosia
A. D.
name
l/ha
name
g/ha
Untreated (plants/m2)
Untreated (plants/m2)
45.1a
9.3a
31.2a
11.4a
Untreated (ground%)
Untreated (ground %)
50 a
11.50a
40 a
14.0a
Untreated
0.0c
0.0b
0.0c
0.0b
2.0
Dicamba
62.5b
82.5 a
307
81.2a
96.1a
Fluorocloridon
+
3.0
78.7a
97.5a
62.5b
85.3a
Rimsulfuron 230+154
LSD P=Various
LSD P=Various
6.4-21.6
19.77
25.19
15.15
Standard Deviation
Standard Deviation
10.06
13.54
17.26
10.32

P.D.

A.M.

P.M

5.3a
5.5a
0.0b
86.2a

14.6a
15.5a
0.0b
68.7a

5.4a
8.0a
0.0c
62.5b

78.7a

81.2a

80.0a

17.02
11.66

20.34
14.28

14.76
10.10

The dicamba and rimsulfuron – based herbicide applied in corn formulated as water-dispersible
granules (WG) is rapidly absorbed by the foliage and roots of the plants and inhibits the growth of sensitive
weeds shortly after application, thus preventing competition with crop plants. Symptoms such as discoloration
and chlorosis appear 3-10 days after application, but weeds die after 2-3 weeks.
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Under these conditions, in experimental samples with corn, to which there was just a single herbicide
application, the efficacy at 30 days was 81.2% for ragweed, 96.1% for annual dicotyledonous (Chenopodium
album, Amaranthus species, Sinapis arvensis, etc.), 86.2% for perennial dicotyledonous (Convolvulus arvensis,
Cirsium arvense, Sonchus arvensis, etc.), 68.7% for annual monocotyledonous (Setaria species, Echinochloa
crus-galli, Digitaria sanguinalis, etc.) and 62.5% for perennial monocotyledonous (Sorghum halepense,
Agropyron repens etc).
When we had a split application of herbicide, it had a better effect on monocotyledonous weeds
compared to dicotyledonous ones, so that the effect on ragweed was smaller, respectively 62.5%.
CONCLUSIONS
A. artemisiifolia shows a tendency to invade agricultural crops, where it can cause particular damage.
In the experimental fields the degree of weed infestation with ragweed varied depending on the previous crop
and the applied herbicides. For the control of A. artemiisifolia the most important method is to practice an
appropriate rotation so as the most effective herbicides have to be used.
Pre-emergence and post-emergence herbicides application of ragweed-infested crops must be carried
out with approved herbicides in strict compliance with the optimal application times. Post-emergent herbicides
should be applied when ragweed plants are 2-4 leaves and less than 5 cm tall. If the ragweed plant has not
been completely controlled, it will branch out, as only the growth tip through which the ragweed lengthens its
main stem is destroyed. When the growth tip dies, the plant begins to branch from the base and continues to
produce seeds, continuing the evolutionary cycle. It starts around April 15 (depending on weather conditions).
Control of ragweed by herbicide application or tillage must be carried out by mid-July, as the period in
which it begins to shake its seeds occurs, of course depending on the crop it has infested.
Mechanical control is usually performed only once a season (when applying fertilizers in vegetation),
because, from the financial point of view and the control of ragweed does not worth more works.
The effectiveness of mechanical methods is influenced by the fact that there is a space of 10 cm on either
side of the row of plants that you cannot disturb, because there is the root system of the crop plant inside. It is
enough for only one ragweed plant to survive on the 10 cm next to the crop plant, to suffocate that plant, due to
the very strong weed branching.
After the harvest of the cereals, it is recommended to apply approved total herbicides in the stubble, as it
frees up the space necessary for the growth and branching of the ragweed.
Approaching to ragweed control must be developed within an integrated long-term system, which will give
the expected results, even if sometimes it may involve an additional cost, in order to get the best results and to
stop the invasion of this weed harmful to crops and human health.
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ABSTRACT
The present paper went on the path to look scientifically at the air quality scenario in the midst of the
lockdown era with special regard to the city of Bucharest. Using air quality data from five pollutant parameters
(PM10, PM2.5, SO2, NO2, and CO) for 19 city-spread monitoring stations, Aerlive.ro data was converted into a
series of interactive graphs by GeoSpace.The research have shown that air quality was greatly improved during
lockdown. Compared to the prelockdown period, concentrations of PM10 and PM2.5 were significantly reduced
among the selected pollutants. The reduction of PM10 and PM2.5 is as high as about 50% and 30%
respectively in comparison to the previous year (i.e. 2019) during the same period.The study concludes that,
due to decreased vehicular and industrial emissions in Bucharest, the lockdown steps substantially reduced air
pollution.
REZUMAT
Lucrarea de față a cercetat în cele din urmă această cale pentru a analiza științific scenariul calității
aerului în mijlocul perioadei de carantină, acordînd o atenție deosebită orașului București. Utilizând date privind
calitatea aerului privind cinci parametri poluanți (PM10, PM2.5, SO2, NO2 și CO) pentru 19 stații de
monitorizare la scară urbană, datele Aerlive.ro au fost convertite într-o serie de grafice interactive de către
GeoSpace. Cercetările au arătat că în cele din urmă calitatea aerului a fost mult îmbunătățită în timpul
carantinei. Comparativ cu perioada pre-carantină, concentrațiile de PM10 și PM2,5 au fost reduse semnificativ
în rândul poluanților selectați. Reducerea PM10 și PM2,5 este de aproximativ 50% și, respectiv, 30% față de
anul precedent (adică 2019) în aceeași perioadă. Studiul concluzionează că, din cauza scăderii emisiilor
vehiculelor și a celor industriale în București, carantina a redus substanțial poluarea aerului.
INTRODUCTION
The history of towns has always involved pandemics and virus outbreaks. Some of the factors associated
with the existence and spread of infectious diseases in the urban area are higher population density, greater
probability of interaction between people and insufficient basic facilities, such as the absence of potable drinking
water and wastewater collection (Gouveia N. and Kanai C, 2020).
On Wednesday, March 11, 2020, the World Health Organization (WHO) announced, the new coronavirus
COVID- 19 has becomed a global epidemic (WHO, 2020)
Governments around the world have responded to this by taking number of acts and initiatives, including
the closure of schools, places of worship and offices, the postponement and termination of large scale public
activities,the restriction of public transport, the banning of people's movement, and the suspension of domestic
and international flights (Bherwani H. et al., 2020)
Furthermore, several studies around the world have confirmed that during COVID-19 lockdown there is a
mitigation of air pollution relative to previous times. For example, during the COVID-19 pandemic, Berman and
Ebisu (2020) evaluated the air quality using air quality data, including PM2.5 and NO2, monitored in the USA
between 2017 and 2020. The study found that statistically significant reductions in PM2.5 and NO2 were found
to be 11 percent and 26 percent , respectively (Berman JD et al.,2020).
A series of steps have been taken in response to the COVID-19 pandemic following the discovery of the
first case of COVID-19 in Romania on 26 February 2020. The first three major steps taken to monitor the spread
of the pandemic were the following: the suspension of all schools and universities (10 March), the suspension of
church services (25 March), and the suspension of almost all international flights (27 March).
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On 21 March, with the spread of COVID-19 and the absence of vaccine and medicine worldwide, the
Romanian government placed a national partial lockdown (from 10 PM to 6 AM) followed on 25 March by a ban
on traveling between provinces. Overall the significance and impacts of lockdown are still not well understood
and likely to have significant role on restoration of air quality.Nationwide lockdown amid the COVID-19
pandemic provides a unique opportunity to work in this direction (Mahato S. et al., 2020).
The aim of this study is to investigate the potential effects of the COVID-19 pandemic lockdown on air
quality using meteorological and air quality datasets in the capital of Romania.
MATERIALS AND METHODS
Bucharest is the capital of Romania and, at the same time, the largest city in the country, both in terms of
population and area. The main industrial, commercial, administrative, cultural center of Romania, Bucharest is
located in the southeast of the country, with the following geographical coordinates 44 ° 26′N 26 ° 06′E.
With the aid of air quality data of five pollutant parameters (PM10, PM2.5, SO2, NO2, and CO) for 19
monitoring stations spread over the city we have employed aerlive.ro data and translated it into a series of
interactive graphs by GeoSpace, those who developed a complex application with statistical data on
coronavirus.The 19 sensors installed within the aerlive.ro project measure 2.5 microns (PM2.5) and 10 microns
(PM10) suspended dust particles, carbon monoxide (CO), nitrogen dioxide (NO2) and carbon dioxide. sulfur
(SO2).
The measurements shall be supplemented by information on temperature, humidity and atmospheric
pressure from a third-party weather data service.

Fig.1. - Map of sensor distribution in Bucharest

RESULTS
The coronavirus pandemic that affected Romania also left its mark on the pollution statistics in
Bucharest, especially during the period when mobility restrictions were at their maximum. It is also interesting
that after the introduction of the first restrictions, dust particle pollution continued to be at record levels in the
Capital, gradually decreasing later and remaining at minimum levels even today. Instead, the picture of pollution
looks completely different. It must be said that at the beginning of March, Bucharest was "shaken" by several
scandals regarding moments of massive pollution, especially on weekends and during the night. In fact, the
graph shows the maximum pollution on March 2, followed by other pollution peaks on March 7 and 9,
respectively. After the closure of schools and kindergartens and then the establishment of the state of
emergency, the authorities speak of "mountain air" in the Capital, but the pollution immediately reached new
high values on the days of 17-20, with a maximum on March 21. Then, the air quality index decreased slightly,
with small fluctuations, and remained at low levels even after passing the alert state and the successive
moments of relaxation.

309

INTERNATIONAL SYMPOSIUM

Fig.2.- Air quality index from the first Covid case until september 2020

Similarly, reports of PM 10 and PM 2.5 dust particle pollution have performed similarly. The same days
with peaks and moments of pollution were captured by Aerlive, currently the daily quotas being quite low, much
lower than a year ago in the same period.

Fig.3.- PM 10 concentrations before, during and after the lockdown

Fig.4. PM 2.5 concentrations before, during and after the lockdown

With regard to noxious pollution, the concentrations of nitrogen dioxide (NO2) recorded decreased
sharply during the state of emergency, especially during the time when mobility restrictions were imposed.
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Most likely, the decrease and fluctuations are closely related to road traffic.The low values were kept
relatively even after the transition on May 15 to the alert state and the waiver of mobility restrictions in the
locality, except for two moments with high rates (May 28 and 30).
The increase in values came after June 1, with the first stage of relaxation of measures. A high point
was reached on June 21, but otherwise the recorded levels seem to have returned closer to pre-pandemic
levels.

Fig.5.- NO2 concentrations before, during and after the lockdown

Interestingly, during the pandemic, during the state of emergency, sulfur dioxide concentrations were
generally higher than before the pandemic.During the state of emergency, there were two major decreases in
SO2 concentration, on May 4-7 and then more drastically on May 28 - June 2.After the various stages of
relaxation, the levels of sulfur dioxide are as high as in most of the state of emergency.

Fig.6. - SO2 concentrations before, during and after the lockdown

Similar to the situation presented above, carbon monoxide (CO) concentrations remained high even
after the establishment of the state of emergency, although they did not exceed the pre-pandemic values.
There was only one "peak" on May 4, then a sharp drop between May 28 and June 1, a "hole" that
overlaps and the decrease in the same period measured for SO2.
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Fig.7.- PM 10 concentrations before, during and after the lockdown

Data from the sensors show how concentrations of nitrogen dioxide (NO2) — a pollutant mainly emitted
by road transport — have decreased in the city when the lockdown measures have been implemented.

Fig.8. Average concentration (ug/m3) and % change compared with previous week

CONCLUSIONS
In this study, the potential effects of the lockdown on air quality in the Bucharest region due to the
COVID 19 pandemic were investigated using meteorological and air quality data sets collected from 19
monitoring stations covering the whole of the urban area between 26 February 2020 and 23 September 2020.
By virtue of the enforced lockdown, the mean concentrations of NO2 and PM2.5 emissions at several
monitoring stations decreased to levels below the WHO guideline values, which could reduce the impact of
COVID-19, especially on the elderly and sensitive groups.
In addition to the adverse effects of the COVID-19 pandemic, the enforced lockdown countermeasures
have given a unique opportunity to examine the impact on air quality of the reduced emission rates of
contaminants from different sources, to determine current and potential air quality management legislation, and
to establish alternative short- and long-term action plans to improve air quality.
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ABSTRACT
In Europe, 2.52 kg nitrogen and 0.51 kg phosphorous / inhabitant / year are discharged in wastewater.
Conventional biological and chemical methods for wastewater treatment are costly and not fully efficient in
removing nutrients, and the discharge of effluents in rivers and lakes enhances the eutrophication. The use of
microalgae species to remove nutrients available in wastewater, as a sustainable and low-cost treatment option,
and also the use of different systems for algal cultivation in wastewater, aiming to obtain biomass and bioproducts, is a growing field of research. Green microalgae, especially Chlorella species, play an important role
in wastewater treatment while producing algal biomass, with numerous studies proving the high potential of
Chlorella to consume nutrients from different categories of wastewater: municipal wastewater, wastewater from
agriculture, wastewater from zootechnics, industrial wastewater. Cultivated in autotrophic, heterotrophic or
mixotrophic conditions, in open or closed systems, microalgae have an important role in reducing greenhouse
gases, consuming 1.83 kg CO2 / kg dry algal biomass. Algal biomass can be capitalized to obtain many valueadded products, including biofuels. The aim of this study is to review the advances in the utilization of
microalgae Chlorella vulgaris in the treatment of municipal and zootechnical wastewater, emphasizing the
removal of nutrients (nitrogen and phosphorus).
REZUMAT
În Europa, 2,52 kg azot și 0,51 kg fosfor / locuitor / an sunt evacuate în apele uzate. Metodele
convenționale biologice și chimice pentru tratarea apelor uzate sunt costisitoare și nu sunt pe deplin eficiente în
eliminarea nutrienților, iar deversarea efluenților în râuri și lacuri sporește eutrofizarea. Utilizarea speciilor de
microalge pentru îndepărtarea nutrienților disponibili în apele uzate, ca opțiune de tratare durabilă și cu costuri
reduse, dar și utilizarea diferitelor sisteme pentru cultivarea algelor în ape uzate, care vizează obținerea
biomasei și a bioproduselor, reprezintă un domeniu de cercetare în creștere. Microalgele verzi, îndeosebi
specia Chlorella, joacă un rol important în tratarea apelor uzate concomitent cu producția de biomasă algală,
numeroase studii dovedind potențialul ridicat al Chlorella de a consuma nutrienții din diferite categorii de apă
uzată: apă uzată municipală, apă uzată din agricultură, apă uzată din zootehnice, apă uzată industrială.
Cultivate în condiții autotrofe, heterotrofe sau mixotrofe, în sisteme deschise sau închise, microalgele au un rol
important în reducerea gazelor cu efect de seră, consumând 1,83 kg CO2 / kg biomasă algală uscată. Biomasa
algală poate fi valorificată pentru obtinerea a numeroase produse cu valoare adăugată, inclusiv biocombustibili.
Scopul acestui studiu este de a revizui progresele în utilizarea microalgei Chlorella vulgaris în tratarea apelor
uzate municipale și zootehnice, punând accent pe eliminarea nutrienților (azot și fosfor).
INTRODUCTION
Depending on their origin, municipal, agricultural, and industrial wastewaters contain variable amounts of
organic matter, nutrients, heavy metals, pharmaceuticals and other emerging contaminants, detergents,
greases, oils, microplastics, insecticides, fungicides, herbicides, sulfates, phosphates, fluorides, chlorides and a
variety of pathogens.
Nutrients (nitrogen, phosphorus and other minerals) are the main elements for eutrophication of natural
water bodies (lakes), which manifests by oxygen depletion, harmful microalgal blooms and disturbances in the
balance of the ecosystem. Nutrients discharged from wastewater are getting increased attention and have been
strictly regulated worldwide.
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Even if it has low concentrations, the ammonia in wastewater effluents can be toxic to aquatic organisms
and fish. Furthermore, the phosphate and ammonia may cause serious health issues in humans, such as
methaemoglobinaemia in new-borns (Yamashita et al., 2014).
The nitrogen in wastewater is primarily due to the metabolic interconversions of extraderived
compounds, and over 50 % of phosphorus comes from synthetic detergents (Abdel-Raouf et al., 2012) used in
households and different industrial activities. Nutrient concentrations and availability vary across the wide types
of wastewater. For example, total nitrogen and phosphorous concentrations can reach values of 10–100 mg/L in
municipal wastewater, more than 1000 mg/L in agricultural wastewater and 500–600 mg/L in zootechnical
wastewater (Cheunbarn and Peerapornpisal, 2010). In Europe, on average, 2.52 kg nitrogen and 0.51 kg
phosphorous / inhabitant / year are discharged in wastewater (EU-EEA, 2015). The European Directive
6498/15/EC establishes a limit of 10 mg/L for total nitrogen and 1 mg/L total phosphorous contained in effluents
before discharge in natural waters. However, the effluents from wastewater treatment plants have much higher
values: 20–70 mg/L nitrogen and 4–12 mg/L phosphorous (Rinna et al., 2017). Hence, wastewater should not
be discharged unless proper treatment. If not recycled, the nitrogen in wastewater is lost as N 2 or as important
greenhouse gases such as N2O, which can contribute up to 78 % of the carbon footprint of a conventional
wastewater treatment plant (Vasilaki et al., 2018).
The main forms in which they occur in wastewater are NH+4 (ammonia), NH −2 (nitrite), NO 3− (nitrate) and
3−
PO 4 (orthophosphate). In the secondary effluent, the concentration of ammonia is between 40-48 mg NH+4 −
N/L, and the concentration of phosphorous is 9–12 mg PO −4 − P/L (Martinez et al., 2000).
Nitrogen is conventionally removed through biological nitrification and denitrification using aerobic and
anoxic reactors, or by the application of dual sludge treatment, while phosphorus is removed by coupling
anaerobic and aerobic reactors. The disadvantages of biological methods are the need of aeration, high energy
demand and carbon footprint. Chemical methods like chemical precipitation, ion exchange and adsorbtion, or
electrochemical methods like electrooxidation, are also used in wastewater treatment plants to remove the
nutrients, but these methods have the disadvantage of generating high amounts of sludge from chemical
reactions and precipitates. Conventional treatment of municipal wastewater (primary settling and biological
treatment) could remove 40 % of total nitrogen and 12% of total phosphorus (Rinna et al., 2017). Overall,
regardless their category, the conventional methods for nutrients removal include many steps, with complicated
operation for which are required skilled personnel, are energy intensive, produce large quantities of sludge and
have high costs.
With the new construction and upgrade of wastewater treatment plants and stricter disposal policies,
alternative and sustainable approaches are needed for treating the ever increasing volumes of wastewater.
MATERIALS AND METHODS
Bio-treatment, bioremediation or phycoremediation of domestic, agricultural and industrial wastewater
involves the use of microalgae and has attracted increasing attention in recent years.
Microalgae have the ability to adjust in adverse conditions; they grow naturally in many types of
wastewater thriving on nutrients and forming an abundant resource of biomass. Microalgae have a rapid growthrate (12 days), their doubling time during exponential growth are only 3.5 hours (Ungureanu et al., 2020) and
can double their biomass within 24 hours. During their growth, algal cells might accumulate high amount of
lipids and carbohydrates, which makes them an important feedstock for biofuel production.
Because of their photosynthetic capabilities, they convert the solar energy into abundant useful biomass.
Microalgae also play an important role in CO2 sequestration, because the CO2 needed for their photosynthetic
metabolism can be provided from industrial flue gases. When CO2 from flue gases is consumed during
microalgae growth, this leads to a decrease of greenhouse gas emission to the atmosphere simultaneously with
carbon fixation. It was estimated that 1 kg of dry algal biomass consumes about 1.83 kg of CO 2 (Rosenberg et
al., 2011). Microalgae have carbon fixation rates much higher than those of land-based plants by one order of
magnitude (Kumar et al., 2011).
In addition to CO2 mitigation, microalgae produce oxygen as a byproduct of photosynthesis, which can be
used by aerobic bacteria to decompose biologically the organic matter in the wastewater. Thus, microalgae can
help to reduce the need for mechanical aeration during wastewater treatment (Otondo et al., 2018).
Microalgae cultivation can take place in photoautotrophic, mixotrophic, or heterotrophic conditions (Fig.
1). As an emerging wastewater treatment method, microalgae treatment provides an alternative and sustainable
pathway for the removal (uptake) of the inorganic nitrogen and phosphorous from wastewater.
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Sunlight or UV light, pH, temperature, conductivity and water salinity are parameters for controlling and
adjusting the process of microalgae cultivation (Nedelcu et al., 2019). Many other factors including nutrients, the
concentration of organics and metal ions, or trace elements such as Mn, Fe, Zn and Cu, can influence the
microalgal growth in wastewater.

Fig. 1 – Microalgae cultivation methods for wastewater treatment (Sundar Rajan et al., 2019)

Microalgae either grow naturally or are cultivated in open systems like wastewater lagoons, shallow algal
ponds, high rate algal ponds, raceway ponds, constructed wetlands, and these require large areas with
considerable light exposition. About 90 % of the global algae production is conducted in the open systems
(Placzek et al., 2017).
In recent years, a large variety of closed systems (photobioreactors) were developed. This equipment must
be supplied with CO2 and light and represent a possible economically viable alternative to conventional aerobic
biological methods for wastewater treatment due to their potential of resource recovery and recycling
(Christenson and Sims, 2011). The cultivation costs in closed systems are high and this limits their commercial
applications to high-valued compounds, but the costs can be reduced by efficient design of photobioreactors,
which are able to achieve high areal biomass productivities (Placzek et al., 2017).
To some extent, in addition to the uptake by microalgae, some of the nutrient removal might be due to
physical and chemical processes like volatilization, precipitation or adsorption (AlMomania and Örmeci, 2016).
Algae uptakes the phosphorus as inorganic orthophosphate, preferably as H2PO −4 , PO −4 or HPO 24 − (AlMomania
and Örmeci, 2016).
Besided wastewater, there are other possible culture medium for microalgae growth. Centrate is a stream
generated from dewatering of sludge from primary and secondary settling, and mainly contains phosphorus,
ammonia, and nitrogen. According to Wang et al. (2010), centrate is the best among all municipal wastewater
streams for algal cultivation with high biomass accumulation and high efficiency wastewater nutrient removal. In
addition to different types of wastewater, activated sludge contains 90–95 % organic matter and nutrients and
there are some studies that have shown that activated sludge might be an alternative medium that could
provide the necessary nutrients for microalgae cultivation. Digestate from anaerobic digesters can also be used
as suitable medium for microalgae cultivation, preferably after dilution with synthetic culture medium,
secondary/tertiary wastewater or seawater (Dickinson et al., 2015).
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Microalgae can improve the quality of the final effluent through natural disinfection because they reduce
the pathogenic organisms, viruses, protozoa and coliform bacteria such as Salmonella, Shigella found in
municipal and livestock wastewater (Ungureanu et al., 2020).
Wastewater treatment by microalgae can be achieved in the form of suspended free-cells culture and
immobilized cells.
The suspended free-cells culture is the condition of microalgae living cells to move independently within
the flasks containing a medium under the condition to ensure uniform cells distribution (Katarzyna et al., 2015).
The use of suspended free-microalgae cells culture involves the removal of nitrogen and phosphorus from
wastewater whilst simultaneously providing oxygen (O2) for aerobic bacteria coexisting in the culture. The
immobilized cells culture is the condition of microalgae living cells to be prevented from flow freely from their
original location to all parts of the medium (Emparan et al., 2019). Several residual polymeric materials like
alginate and chitosan are currently used for microalgae immobilization. Biofilms also provide a medium for
immobilization of microalgae, because they are slimy, green layers consisting of large numbers of microalgae
entrapped in a gel-like matrix (Ungureanu et al., 2019).
Research on algae-based wastewater treatment has focused mostly on the conventional microalgae and
cyanobacteria, including Arthrospira sp., Botryococcus sp., Chlorella sp., Chlamydomonas sp., Haematococcus
sp., Nannochloropsis sp., Scenedesmus sp. and Spirulina sp.
Unicellular green microalgae Chlorella sp. is spherical shaped, flagellate organism with a diameter of about
2-10 µm (Fig. 2). Chlorella sp. is mostly used in the tertiary treatment of wastewater, but it has high removal
efficiency (> 80%) of nutrients (nitrogen and phosphorus) in primary and second treatment effluents.

Fig. 2 – Microalgae Chlorella vulgaris (Brzychczyk et al., 2016)

Under certain conditions, Chlorella sp. can completely remove ammonia nitrogen, nitrate nitrogen and total
phosphorous, hence it has wide application in the treatment of agricultural and fecal wastewater (Wang et al.,
2010). Its photoautotrophic growth is usually limited by lack of nutrients (particularly nitrogen), weak light,
carbon limitation, changes in wastewater pH, and accumulation of photosynthetic oxygen (Yuvraj and Singh,
2016). Chlorella vulgaris produces more oxygen than all other plants in the world (Malothu R., 2020).
In the context of a circular and bio-based economy and the development of biorefinery concepts, after
wastewater treatment, the harvested microalgal biomass can be processed to obtain high-value products,
including: cosmetics, pharmaceutical products (with antiviral, antibacterial, anticancer, antihistamine role),
steroids, algal toxins, pigments, organic fertilizers rich in N, P and K minerals, protein sources, animal feed, food
products (juices, sauce, cheese, noodles, beverages), preservatives in food industry, bioplastics, biosorbents
(ion exchangers that can bind toxic heavy metals), bioenergy (biofuels including biogas, biodiesel, bioethanol,
biobutanol, biohydrogen, biochar etc), and digester residues (compost and vermicompost).
RESULTS
Microalgae Chlorella in the treatment of municipal wastewater
As reported by Wang et al. (2010), Chlorella sp. cultivated in wastewater from a local municipal wastewater
treatment plant achieved removal rates of NH4-N, phosphorus and COD of 74.7 %, 90.6 % respectively 56.5 %,
before the primary settling stage. It was also reported a high removal efficiency of NH4-N and phosphorus from
secondary wastewater.
Feng et al. (2010) cultivated Chlorella vulgaris in synthetic wastewater containing 78 mg/L N- NH+4 and 400
mg/L COD was provided by glucose. Cultivation was done at 30 oC, under 3000 lx light emission and 0.5 vvm of
air bubbling. The microalgae grew for 7 days, and the removal efficiency of nitrogen, phosphate and COD were
96 %, 97 % and 85 %, respectively. In another study, Chlorella sp. grown in a highly concentrated municipal
wastewater (centrate) achieved approximately 90 % of total nitrogen removal (Li et al., 2011).
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Choi and Lee (2012) investigated the effect of optimal concentration of Chlorella vulgaris (FC-16) with cell
diameter between 3–8 μm, for the removal of nutrients in real wastewater obtained from preliminary
sedimentation of a wastewater treatment plant, using batch reactor operation. They observed that increasing the
concentration of Chlorella vulgaris from 1 to 10 g/L produced an increase of removal rates thus: total nitrogen
from 81.04 % to 84.81 %; total phosphorous from 32.26 % to 36.12 %; NH3-N from 96.90 % to 97.26 %, PO4-P
from 44.76 % to 48.71 %, COD from 78.33 % to 82.30 %, respectively BOD from 80.41 % to 82.92 %.
In a study conducted by Ebrahimian et al. (2014), Chlorella vulgaris was cultivated in batch system and
mixotrophic conditions supplied with CO2 using a mixture of primary and secondary wastewater with 25, 50 and
75 volume percent of the primary wastewater. As presented in Figure 3, the removal rates using 25 % of the
primary wastewater were 100 % for ammonium, 82 % for nitrate and 100 % for organic matter (COD).

Fig. 3 - Removal of nitrate in a mixture of primary and secondary wastewater (Ebrahimian et al., 2014)

AlMomania and Örmeci (2016) tested the efficiency of Chlorella vulgaris, Neochloris oleoabundans and
mixed indigenous microalgae collected from a wastewater treatment plant, for the removal of nitrogen,
phosphorus and organic carbon from primary effluent, secondary effluent, and centrate. The indigenous
microalgae culture has proven to be more effective than Chlorella vulgaris and Neochloris oleoabundans in
removing inorganic nitrogen (63.2–80.8 %), phosphorus (30.8–70 %) and chemical oxygen demand (64.9–70.4
%). Zhou et al. (2014) obtained removals of 76.7–92.3 % of total nitrogen and 67.5–82.2 % of total phosphorus
by Chlorella vulgaris, Chlorella pyrenoidosa, Chlamydomonas reinhardtii and Scenedesmus obliquus, during
wastewater treatment.
Caporgno et al. (2015) tested freshwater microalgae species Chlorella vulgaris and Chlorella kessleri and
the marine microalgae species Nannochloropsis oculata cultivated in urban wastewater, in batch mode using a
flat-panel airlift photobioreactor. Both freshwater microalgae species achieved reductions of nitrogen
concentration around 96 % and 95 %, and of phosphorous concentration around 99 % and 98 %.
Nannochloropsis oculata was able to uptake nutrients from wastewater to grow but with less efficiency,
indicating the need of microalgae acclimation or process optimization to achieve high nutrient removal.
Bacteria are inevitably present in the wastewater and they interact with the microalgae, on the one hand
potentially restricting their growth and on the other hand potentially enhancing the efficiency of wastewater
treatment due to stimulation of microalgae growth. Some bacteria could kill the algae by releasing enzymes to
break down the microalgae cell wall, and extracellular substances produced by bacteria could cause algae lysis
(Ma et al., 2014).
In this regard, He et al. (2013) studied the effect of Chlorella vulgaris with or without co-existing bacteria on
the removal of nitrogen, phosphorus and organic matter from wastewater. In the algae –bacteria system
Chlorella vulgaris had a dominant role in the removal of nitrogen and phosphorus, while bacteria removed most
of the organic matter from the wastewater. Using the algae–bacteria consortium resulted in the removal of 97
% ammonium, 98 % phosphorus and 26 % dissolved organic carbon at a total nitrogen level of 29–174 mg/L. A
study conducted by de-Bashan et al. (2002) proved that the co-immobilization of microalgae Chlorella vulgaris in
alginate beads with bacteria Azospirillum brasilense was superior to a stand-alone microalgae system, obtaining
removal rates of up to 100 % ammonium, 15 % nitrate and 36 % phosphorus.
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Kube et al. (2019) also proved that algae immobilization in alginate was more efficient and stable for
synthetically-made municipal wastewater treatment, achieving a maximum nitrogen removal efficiency of 95 %
after 84 h of treatment.
Ma et al. (2016) cultivated Chlorella vulgaris in wastewater with waste glycerol generated from biodiesel
production, to improve nutrients removal and enhance lipid production.
The tested concentrations of glycerol were 0, 1, 5 and 10 g/L. The optimal concentration of the pretreated
glycerol for Chlorella vulgaris was 10 g/L with biomass concentration of 2.92 g/L, lipid productivity of 163
mg/L·day. Under these conditions, it was obtained the removal of 100 % ammonia and 95 % of total nitrogen
(Fig. 4).
The highest COD removal efficiency of the culture with the pretreated glycerol was 98 %, possibly because
some organic compounds in the crude glycerol, which were not removed by pretreatment, were not fully
absorbed by Chlorella vulgaris.

Fig. 4 - Effect of concentration of pretreated glycerol on nutrients removal by C. vulgaris (Ma et al., 2016)

In a recent study, iron-magnetic nanocomposite particles (Fe3O4@EPS) synthesized by co-precipitation of
iron (III) chloride and iron (II) sulfate (Fe3O4 nanoparticles) with exopolysaccharides (EPS) derived from the
microalga Chlorella vulgaris were tested for the removal of nutrients from wastewater. Under optimum
conditions (3.5 g/L of Fe3O4@EPS, pH 7.0 and 13 hours of incubation) 91 %
and 85 % of
were
effectively eliminated, showing the potential of Fe3O4@EPS application in removing nutrients in wastewater
treatment plants (Govarthanan et al., 2020).
Microalgae Chlorella in the treatment of zootechnical wastewater
Piggery wastewater contains high concentration of suspended solids and nutrients, small amounts of heavy
metals and organic matter, antibiotics and hormones, so its insufficient treatment can cause serious
environmental pollution and risks to human health. The typical composition of piggery wastewater exhibits the
following concentrations: nitrogen 800–2300 mg/L, phosphorous 50–230 mg/L, biochemical oxygen demand
2000–30000 mg/L, and N/P ratio is about 12–17 (Chen et al., 2020).
A common feature of piggery wastewater is the high-strength ammonium, which is toxic for microalgae and
therefore it should be mitigated during piggery wastewater treatment by microalgae, by the addition of glucose to
adjust C/N ratio of the wastewater (Lu et al., 2018). Recognizing the potential benefits of microalgae cultivation
incorporated into the piggery sewage systems, studies into the use of microalgae as a treatment for piggery
wastewater have been ongoing for the last decades.
Lv et al. (2018) used Chlorella vulgaris selected from five freshwater microalgal strains of Chlorophyta for
nutrients removal from undiluted cattle farm wastewater by two-stage processes of microalgae-based
wastewater treatment. By the end of treatment, 62.30 %, 81.16 % and 85.29 % of chemical oxygen demand,
ammonium and total phosphorus were removed.
The two two-stage processes included a setup of double biological treatment by Chlorella vulgaris,
respectively a setup of biological treatment by Chlorella vulgaris followed by activated carbon adsorption. After
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3–5 days of wastewater treatment by the two processes, the nutrients removal efficiency of chemical oxygen
demand, ammonium and total phosphorus ranged between 91.24–92.17 %, 83.16–94.27 % and 90.98–94.41%.
Whang et al. (2015) tested an isolated carbohydrate-rich microalga Chlorella vulgaris JSC-6 to treat
piggery wastewater. They obtained between 70 – 77 % COD removal and 40 – 90 % NH3-N removal in
mixotrophic and heterotrophic conditions, depending on wastewater dilution ratio, with the highest removal
percentage obtained for 20-fold diluted wastewater (Fig. 5).

Fig. 5 – Removal efficiency of NH3-N and COD at different nutrient concentration by Chlorella vulgaris JSC-6 grown
mixotrophically (a), respectively heterotrophically (b) in piggery wastewater (Whang et al., 2015)

Chlorella vulgaris can grow well in pretreated fresh pig urine (at 8-fold dilution, pH=6, MgSO4·7H2O dosage
of 0.1 mg/L). About 1.72 g/m2·day of microalgal biomass could be produced, and 98.20 % of NH+4 -N and 68.48
% of total phosphopous could be removed in the batch mode at cultivation in light-receiving-plate enhanced
raceway pond. A hydraulic retention time of 7-9 days is optimal for the efficient removal of nutrients and
microalgae biomass production in continuous regime (Zou et al., 2020).

Fig. 6 - Removal efficiencies and removal rates of NH+4 -N and total phosphorous (Zou et al., 2020)

Zhou et al., (2018) cultivated Chlorella zofingiensis in municipal wastewater and also in municipal
wastewater mixed with 8 % pig biogas slurry. The latter contains abundant mineral nutrients after anaerobic
treatment; hence it had a significant effect on microalgal growth (2.5 g/L biomass).
Figure 7 illustrates that in municipal wastewater (MW), nitrogen and phosphorous concentrations
decreased continuously in the first 24 hours, and then remained stable, with Chlorella zofingiensis showing a
good removal efficiency of nutrients. Nitrogen decreased continuously within the first 60 hours then remained
stable, whereas phosphorus concentrations decreased rapidly in the first 36 hours.
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Overall, the removal rates for nitrogen and phosphorus in MW were 21 mg/L·day, respectively 4.6
mg/L·day, achieving 90 % total phosphorus removal and 93 % total nitrogen removal.

Fig. 7 – Removal of nutrients by Chlorella zofingiensis in municipal wastewater and in 8 % pig biogas slurry in
municipal wastewater (Zhou et al., 2018)

Zhu et al., (2013) treated piggery wastewater by the freshwater microalgae Chlorella zofingiensis, a
protein-rich algae, and obtained removal rates of 68–81 % for nitrogen, 90–100 % for phosphorous, respectively
65–76 % for COD.
CONCLUSIONS
Conventional methods are widely employed for the treatment of municipal and zootechnical wastewater,
which is based on biological and chemical systems and is costly. Hence, the use of microalgae for wastewater
treatment got increased attention in recent years. In the past few decades, tremendous advances have been
made in the field of algal technologies for combating numerous disadvantages of techno-economic order and
improving biomass production, and the research is ongoing worldwide.
Chlorella vulgaris is widely cultivated in different types of wastewater and it proved its efficiency in the
removal of nutrients (nitrogen and phosphorous) that would otherwise cause eutrophication, and in the removal
of chemical oxygen demand, biochemical oxygen demand, heavy metals, and even pathogens.
Besides their important role in the sustainable treatment of wastewater and in the reduction of greenhouse
gases, microalgae represent an abundant biomass with potential to be capitalized in obtaining biofuels of real
interest in the current climatic conditions.
ACKNOWLEDGEMENT
This work was supported by a grant of the Romanian Ministry of Research and Innovation CCDI UEFISCDI, Project INNOVATIVE TECHNOLOGIES FOR IRRIGATION OF AGRICULTURAL CROPS IN ARID,
SEMIARID AND SUBHUMID-DRY CLIMATE, project number PN-III-P1-1.2-PCCDI-2017-0254, Contract no. 27
PCCDI / 2018, within PNCDI III.
REFERENCES
[1]
Abdel-Raouf N., Al-Homaidan A.A., Ibraheem I.B.M., (2012), Microalgae and wastewater treatment, Saudi
Journal of Biological Sciences, vol. 19, pp. 257–275;
[2]
AlMomania F.A., Örmeci B., (2016), Performance of Chlorella Vulgaris, Neochloris Oleoabundans, and
mixed indigenous microalgae for treatment of primary effluent, secondary effluent and centrate, Ecological
Engineering, vol. 95, pp. 280–289;
[3]
Brzychczyk B., Kowalczyk Z., Giełżecki J., (2016), Evaluation of usefulness of the designed laboratory
photobioreactor for microalgae cultivation in controlled conditions, Agricultural Engineering, vol. 20, no.1,
pp.13-22;
[4]
Caporgno M.P., Talebb A., Olkiewicz M., Font J., Pruvost J., Legrand J., C. Bengoa J., (2015), Microalgae
cultivation in urban wastewater: nutrient removal and biomass production for biodiesel and methane, Algal
Research, vol. 10, pp. 232–239;
[5]
Chen C.Y., Kuo E.W., Nagarajan D., Ho S.H., Dong C.D., Lee D.J., Chang J.S., (2020), Cultivating
Chlorella sorokiniana AK-1 with swine wastewater for simultaneous wastewater treatment and algal
biomass production, Bioresource Technology, vol. 302, 122814;
320

INTERNATIONAL SYMPOSIUM

[6]
[7]
[8]
[9]

[10]

[11]

[12]
[13]
[14]
[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

Cheunbarn S., Peerapornpisal Y., (2010), Cultivation of Spirulina platensis using anaerobically swine
wastewater treatment effluent, International Journal of Agriculture and Biology, vol. 12, pp. 586–590;
Choi H.-J., Lee S.-M., (2012), Effects of microalgae on the removal of nutrients from wastewater: various
concentrations of Chlorella vulgaris, Environmental Engineering Research, vol. 17(S1), pp. 3-8;
Christenson L., Sims R., (2011), Production and harvesting of microalgae for wastewater treatment,
biofuels, and bioproducts, Biotechnology Advances, vol. 29, pp. 686–702;
de-Bashan L.E., Moreno M., Hernandez J.P., Bashan Y., (2002), Removal of ammonium and phosphorus
ions from synthetic wastewater by the microalgae Chlorella vulgaris co-immobilized in alginate beads with
the microalgae growth-promoting bacterium Azospirillum brasilense, Water Research, vol. 36, no. 12, pp.
2941–2948;
Dickinson K.E., Bjornsson W.J., Garrison L.L., Whitney C.G., Park K.C., Banskota A.H., McGinn P.J.,
(2015), Simultaneous remediation of nutrients from liquid anaerobic digestate and municipal wastewater by
the microalga Scenedesmus sp. AMDD grown in continuous chemostats, Journal of Applied Microbiology,
vol. 118, pp. 75–83;
Ebrahimian A., Kariminia H.-R., Vosoughi M., (2014), Lipid production in mixotrophic cultivation of Chlorella
vulgaris in a mixture of primary and secondary municipal wastewater, Renewable Energy, vol. 71, pp. 502508;
Emparan Q., Harun R., Danquah M. K., (2019), Role of phycoremediation for nutrient removal from
wastewaters: a review, Applied Ecology and Environmental Research, vol. 17, no. 1, pp. 889-915;
EU-EEA., (2015), Emission intensity of the domestic sector in Europe, European Environment Agency.
Feng Y., Li Ch., Zhang D., (2011), Lipid production of Chlorella vulgaris cultured in artificial wastewater
medium, Bioresource Technology, vol. 102, pp. 101-105;
Govarthanan M., Jeon C.-H., Jeon Y.-H., Kwon J.-H., Bae H., Kima W., (2020), Non-toxic nano approach
for wastewater treatment using Chlorella vulgaris exopolysaccharides immobilized in iron-magnetic
nanoparticles, International Journal of Biological Macromolecules, vol. 162, pp. 1241–1249;
He P.J., Mao B., Lü F., Shao L.M., Lee D.J., Chang J.S., (2013), The combined effect of bacteria and
Chlorella vulgaris on the treatment of municipal wastewaters, Bioresource Technology, vol. 146, pp. 562–
568;
Katarzyna L., Sai G., Avijeet Singh O., (2015), Non-enclosure methods for non-suspended microalgae
cultivation: Literature review and research needs, Renewable and Sustainable Energy Reviews, vol. 42,
pp. 1418-1427;
Kube M., Mohseni A., Fan L., Roddick F., (2019), Impact of alginate selection for wastewater treatment by
immobilised Chlorella vulgaris, Chemical Engineering Journal, vol. 358, pp. 1601–1609;
Kumar A., Ergas S., Yuan X., Sahu A., Zhang Q., Dewulf J., Malcata F.X., van Langenhove H., (2011),
Enhanced CO2 fixation and biofuels production via microalgae: recent developments and future directions,
Cell-Trends Biotechnology, vol. 28, no. 7, pp. 371-380;
Li Y., Chen Y.F., Chen P., Min M., Zhou W., Martinez B., Zhu J., Ruan R., (2011), Characterization of a
microalga Chlorella sp. well adapted to highly concentrated municipal wastewater for nutrient removal and
biodiesel production, Bioresource Technology, vol. 102, pp. 5138–5144;
Lu Q., Chen P., Addy M., Zhang R.C., Deng X.Y., Ma Y.W., Cheng Y.L., Huassain F., Chen C., Liu Y.H.,
Ruan R., (2018), Carbon-dependent alleviation of ammonia toxicity for algae cultivation and associated
mechanisms exploration. Bioresource Technology, vol. 249, pp. 99–107;
Lv J., Liu Y., Feng J., Liu Q., Nan F., Xie S., (2018), Nutrients removal from undiluted cattle farm
wastewater by the two-stage process of microalgae-based wastewater treatment, Bioresource Technology,
vol. 264, pp. 311–318;
Ma X., Zhou W., Fu Z., Cheng Y., Min M., Liu Y., Zhang Y., Chen P., Ruan R., (2014), Effect of
wastewater-borne bacteria on algal growth and nutrients removal in wastewater-based algae cultivation
system, Bioresource Technology, vol. 167, pp. 8–13;
Ma X., Zheng H., Addy M., Anderson E., Liu Y., Chen P., Ruan R., (2016), Cultivation of Chlorella vulgaris
in wastewater with waste glycerol: strategies for improving nutrients removal and enhancing lipid
production, Bioresource Technology, vol. 207, pp. 252–261;
Malothu R., (2020), Fatty acids extraction from algae - Chlorella Vulgaris, International Journal of
Engineering Research & Technology, vol. 9, no. 7, pp. 171-178;

321

INTERNATIONAL SYMPOSIUM

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Martinez M.E., Sanchez S., Jimenez J.M., El Yousfi F., Munoz L., (2000), Nitrogen and phosphorus
removal from urban wastewater by the microalga Scenedesmus obliquus, Bioresource Technology, vol. 73,
no. 3, pp. 263–272;
Nedelcu A., Cârdei P., Ciupercă R., Ștefan V., Zaica A., (2019), Statistical models proposed for algal
growth in open system to optimize the cultivation technology, INMATEH – Agricultural Engineering, vol. 58,
no. 2, pp. 195-202;
Otondo A., Kokabian B., Stuart-Dahl S., Gude V.G., (2018), Energetic evaluation of wastewater treatment
using microalgae, Chlorella vulgaris, Journal of Environmental Chemical Engineering, vol. 6, pp. 3213–
3222;
Placzek M., Patyna A., Witczak S., (2017), Technical evaluation of photobioreactors for microalgae
cultivation, E3S Web of Conferences, vol. 19, 02032, DOI: 10.1051/e3sconf/20171902032;
Rinna F., Buono S., Cabanelas I.T.D., Nascimento I.A., Sansone G., Barone C.M.A., (2017), Wastewater
treatment by microalgae can generate high quality biodiesel feedstock, Journal of Water Process
Engineering, vol. 18, pp. 144–149;
Rosenberg J.N., Mathias A., Korth K., Betenbaugh M.J., Oyler G.A., (2011), Microalgal biomass production
and carbon dioxide sequestration from an integrated ethanol biorefinery in Iowa: a technical appraisal and
economic feasibility evaluation, Biomass Bioenergy, vol. 35, no. 9, pp. 3865-3876;
Sundar Rajan P.S., Gopinath K.P., Greetham D., Antonysamy A.J., (2019), A review on cleaner production
of biofuel feedstock from integrated CO2 sequestration and wastewater treatment system, Journal of
Cleaner Production, vol. 210, pp. 445-458;
Ungureanu N., Vlăduț V., Biriș S.Șt., Zăbavă B.Șt., Popa M., (2019), Microalgal systems for wastewater
treatment – review, Proceedings of 6th International Conference „Research People and Actual Tasks on
Multidisciplinary Sciences”, pp. 212-217, ISSN 1313-7735, Angel Kanchev University of Ruse, Lozenec,
Bulgaria;
Ungureanu N., Vlăduț V., Biriș S.Șt., (2020), Capitalization of wastewater-grown algae in bioethanol
production, 19th International Scientific Conference Engineering for Rural Development, pp. 1859-1864,
DOI:10.22616/ERDev.2020.19.TF507, Jelgava, Latvia;
Vasilaki V., Volcke E.I.P., Nandi A.K., van Loosdrecht M.C.M., Katsou E., (2018), Relating N2O emissions
during biological nitrogen removal with operating conditions using multivariate statistical techniques, Water
Research, vol. 140, pp. 387–402;
Wang L., Min M., Li Y., Chen P., Chen Y., Liu Y., Wang Y., Ruan R., (2010), Cultivation of green algae
Chlorella sp. in different wastewaters from municipal wastewater treatment plant, Applied Biochemistry and
Biotechnology, vol. 162, pp. 1174–1186;
Wang Y., Guo W., Yen H.-W., Ho .S-H., Lo Y.-C., Cheng C-L., Ren N., Chang J.-S., (2015), Cultivation of
Chlorella vulgaris JSC-6 with swine wastewater for simultaneous nutrient / COD removal and carbohydrate
production, Bioresource Technology, vol. 198, pp. 619–625;
Yamashita T., Yamamoto-Ikemoto R., (2014), Nitrogen and phosphorus removal from wastewater
treatment plant effluent via bacterial sulfate reduction in an anoxic bioreactor packed with wood and iron,
International Journal of Environmental Research and Public Health, vol. 11, pp. 9835–9853;
Yuvraj V.A.S., Singh J., (2016), Enhancement of Chlorella vulgaris cell density: shake flask and bench-top
photobioreactor studies to identify and control limiting factors, Korean Journal of Chemical Engineering, vol.
33, no. 8, pp. 2396–2405;
Zhou G.J. Ying,G.G. Li, S. Zhou L.J. Chen Z.F. Peng F.Q., (2014), Simultaneous removal of inorganic and
organic compounds in wastewater by freshwater green microalgae, Environmental Science: Processes &
Impacts, vol. 16, pp. 2018–2027;
Zhou W., Zhongming Wang Z., Xu J., Ma L., (2018), Cultivation of microalgae Chlorella zofingiensis on
municipal wastewater and biogas slurry towards bioenergy, Journal of Bioscience and Bioengineering, vol.
126, no. 5, pp. 644-648;
Zhu L., Wang Z., Shu Q., Takala J., Hiltunen E., Feng P., Yuan Z., (2013), Nutrient removal and biodiesel
production by integration of freshwater algae cultivation with piggery wastewater treatment, Water
Research, vol. 47, pp. 4294–4302;
Zou G., Liu Y., Zhang Q., Zhou T., Xiang S., Gu Z., Huang Q., Yan H., Zheng H., Wu X., Wang Y., Ruan
R., Liu M., (2020), Cultivation of Chlorella vulgaris in a light-receiving-plate (LRP) - enhanced raceway
pond for ammonium and phosphorus removal from pretreated pig urine, Energies, vol. 13, 1644.

322

INTERNATIONAL SYMPOSIUM

EXPERIMENTAL MODEL OF BIOFERTILIZED EXTRACTOR / BIOINSECTICIDES
FOR ECOLOGICAL AGRICULTURE
/
MODEL EXPERIMENTAL DE EXTRACTOR BIOFERTILIZAT / BIOINSECTICIDE
PENTRU AGRICULTURA ECOLOGICĂ
Ph.D.Eng. Voicea I. *), Ph.D.Eng. Gageanu I., Ph.D. Eng. Matache M.G., Ph.D.Stud.Eng. Milian G.,
Ph.D. Eng. Nenciu F.
*)INMA Bucharest;
Tel: 0752161780; E-mail: voicea_iulianyahoo.com

Keywords: Extraction, biofertilized extractor / bioinsecticides, ecological agriculture.
ABSTRACT
Extraction is the operation of partially or completely separating the components of a mixture based on the
difference in solubility in one or more solvents. The process of extracting bioactive substances from medicinal
plants takes place by realizing two basic principles, namely, the dissolution of protoplasmic substances, during
the contact between the solvent and the shredded cells and the actual extraction which is complex by
penetrating the solvent into whole cells. The design and execution of the biofertilizer / bioinsecticide extractor
with pressure extraction chamber and ultrasonic system involved the design of a system that integrates 2
simultaneous extraction processes: percolation - extraction using pressure factor and ultrasonication - ultrasonic
field extraction.
REZUMAT
Extracţia este operaţia de separare parţialǎ sau totalǎ a componentelor unui amestec pe baza diferenţei
de solubilitate în unul sau mai multi dizolvanţi. Procesul de extracţie a substanţelor bioactive din plantele
medicinale are loc prin realizarea a două principii de bază, şi anume, dizolvarea substanţelor protoplasmatice,
în timpul atingerii dintre solvent şi celulele mărunţite și extracţia propriu-zisă care este complexă prin
pătrunderea solventului în celulele întregi. Proiectarea și executia extractorului de biofertilizati/ bioinsecticide cu
camera de extractie sub presiune si sistem de ultrasonicare a presupus proiectarea unui sistem care integrează
2 procese simultane de extracție: percolarea- extracție cu ajutorul factorului presiune și ultrasonicare - extracție
în câmp de ultrasunete.
INTRODUCTION
Bio-pesticides are organisms or metabolites of organisms that mediate the cohabitation relationship
between different species on the same area. Throughout human civilization, various food conservation
phenomena have been observed in the presence of aromatic plants, the possibility of healing wounds or
diseases through treatments using medicinal plants, the protection of certain plants and animals from pests
when there are repellent plants around, (Agnieszka S. and DKatarzyna C., 2019). These observations were
retained by society and integrated into traditions and folklore and transmitted from generation to generation.
With the standardization of scientific methodology, this information has been gathered and indexed in plant
protection compendiums that are the main source of knowledge in the development of the natural medicines
industry.
Since the development of synthesis chemistry, new molecules have been obtained that do not normally
exist in nature and introduced for testing in different fields of application (construction, medicine, agriculture),
(Arun KS., 2007). Some of these molecules revolutionized the areas in which they were applied, bringing
commercial success to proprietary companies.
These molecules include medicines, special materials, additives, herbicides, insecticides, fungicides and
preservatives. The use of these synthesis products intended for agriculture together with genetic improvement is
the basis for increasing productivity in plants and animals and the main driver of demographic growth. The
nutritional need of the planet's population of 7.7 billion people is currently the main objective of agriculture,
which means a greater share of resources allocated to quantity at the expense of the quality of agricultural
products. In this respect China being the largest pesticide user (1,763,000 tons/year; 13.1 Kg/Ha, Pesticide
Suse by Country), (Bhardwaj D., et al., 2018). In terms of pesticide use on the agricultural area, Romania still
has a poorly chemicalized agriculture (0.8Kg/Ha) compared to the United States (2.5 Kg/Ha).
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International research has shown that among the first generations of pesticides there are substances that
have a direct correlation with the development of diseases (paraquat and maneb with Parkinson's).
The emergence of these situations in which it is demonstrated that the use of pesticides endangers
human health is increasingly common and will be amplified in future years because the research carried out has
generally been removed from the medical field with a focus on the effectiveness of products and less on the
effects on human health due to subacute toxicity, (Chan C.H., et al, 2018).
According to the principles of toxicology, the highlighting of subacute toxic effects is done over a period of
ten percent of life span, which means for humans a period of study and monitoring of seven years. Usually
these studies are done on models represented by human cell lines, where it is omitted that the human body is a
consortium of cells of which other non-human microorganisms belong, but which help the human body through
different ways. In 1996, the International Society of Allelopathy (IAS) defined allopathy as:"Any process
involving secondary metabolites produced by plants, algae, bacteria and fungi that influence the growth and
development of agriculture and biological systems (Kotnik, P., et al, 2007).
Currently the literature has procedures for conditioning bio-pesticides, testing methods and an extensive
database both in terms of number of years of research and as a number of authors on the action of biopesticides. However, use is limited due to the association of bio-pesticides with plant protection chemicals,
complying with the same legislation for approval at European Community level. Currently in Romania the use of
bio-pesticides is done successfully indirectly, by incorporating green crops into the soil before the establishment
of the main culture. Vegetable residues of allopathy plants for various harmful agents are incorporated into the
soil, slowly releasing protective substances.
Extraction is the operation of partial or total separation of the components of a mixture based on the
difference in solubility in one or more dissolvers, (Mishra DJ, et al, 2019). The process of extraction of bioactive
substances from medicinal plants takes place through the realization of two basic principles, namely (Mishra
DJ., et al, 2019):
▪ Dissolution of protoplasmic substances during the touch between solvent and shredded cells.
▪ The actual extraction is complex by the solvent penetrating the entire cells.
Modern technologies for obtaining bioactive substances from medicinal plants require: optimal extraction
yields but also a high quality of extracted substances, quality as close as possible to their condition in the plant
product. The effectiveness of conventional techniques (Soxhlet extraction, maceration, percolation, distillation)
and unconventional (ultrasonic extraction, electrical impulses, microwave, supercritical and subcritical fluids,
extraction solvents) depends to the greatest extent on the authenticity of the plants, the chemical composition of
the bioactive substances, the modality and sequence of plant processing operations, the nature and volume of
the solvent used for extraction, the temperature and temperature , the extraction time but also the size of the
fragments, (José D. Et all., 2019).
The refinement of percolation extraction techniques with vacuum extraction and distillation solvent offers
the possibility of optimal exploitation of all plant products. These techniques are applicable for the production of
biologically active substances that allow the superior exploitation of medicinal plants. Ultrasonic Assisted
Extraction (EUA) is one of the most important techniques used for the extraction of valuable compounds from
plant materials, (Romdhane M., and Gourdon C., 2002).
This method is useful for the extraction of heat sensitive constituents that are used in the food industry, in
obtaining products with biofertilizer/bioinsecticide role, body care products, cosmetics and pharmaceutical
industry, (Samuil C., 2007).
The ultrasonic extraction method is based on the principle of ultrasonic activated osmosis and diffusion,
having an increased extraction yield and involves the use of ultrasound, with frequencies ranging from 20 kHz to
2000 kHz, thereby increasing the permeability of cell walls and producing cell lysis, thus favoring the extraction
of biologically active compounds (Wang L. And Weller C.L., 2006).
MATERIALS AND METHODS
The design of the biofertilized extractor/ bioinsecticides with the pressure extraction chamber and
ultrasonic system involved the design of a system that integrates 2 simultaneous extraction processes:
percolation-extraction using pressure factor and ultrasonication - extraction in the ultrasonic field.
The extraction process can be controlled simultaneously or separately using a programmable logical
controller (PLC) with the graphical interface (operating terminal) for the percolation process, i.e. by means of the
ultrasonic generator provided with a touchscreen, through which the working parameters of the ultrasonic
process can be programmed.
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The percolation process involves the achievement of hydrostatic pressure in the extraction vessel by
means of a hydro-pneumatic cylinder powered by compressed air from a 2,2 kW compressor.
The ultrasonic extraction process involves the generation of an ultrasonic field with an amplitude of up to
200 μm.
The functional scheme of the organic concentrated biofertilizer/bioinsecticide extractor EBB is shown in
figure 1.

Fig.1 - Principle scheme of biofertilized extractor/
bioinsecticides concentrated EBB
The biofertilised extractor/ bioinsecticideconcentrates concentrated- EBB from medicinal and aromatic
plants by simultaneous processes of extraction by ultrasound and percolation, is composed of vessel 1 loading
– solvent discharge, pumps 2 and 4 charging the extraction vessel 3, the ultrasonic generator 5 producing a
high- and low amplitude sonic field, the electrovalves 8, 9, 13, 14 which operate the hydro-pneumatic cylinder
10, the compressed air group 12, the penumatic dispenser 11 equipped with the pressure regulator, the
pressure sensor 6 and the temperature sensor 7 allowing monitoring of the extraction process, the input data
being available on a touchscreen operating terminal.
For the 3D design of the experimental biofertilizer/bioinsecticide extractor model - EBB was used
SOLIDWORKS software, a robust computer program of computer-assisted design.
The main component parts of the technical equipment are mounted on a frame, built of universal metal
profiles -Type V - perforated with elongated holes - 35 x 35 x 1.25 mm - length 1500 mm. VASE of extraction,
landmark EBB-1.0 shown in Figure 2, has a useful volume of 20 liters.
It is made of stainless steel and consists in PRINCIPAL of 3 distinct merged bodies: upper cover, main
body and lower cap.
The lower cover is welded by the main body, and this fixed assembly is attached to the upper cover by a
specific mechanical hinge mechanism. To ensure the tightness of the extraction vessel it is designed at the joint
of the two component parts with a sealing channel fitted with a rubber lining.
Mechanical watertight sealing devices have been designed in 3D to catch the two component parts of the
vessel. At the ends of the container and in the side wall are made 3 holes in which threaded nuts are welded in
order to achieve hydraulic connections with the rest of the system.
The maximum working pressure for which it was designed is 10 bar.
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Fig.2. - 3D extraction vessel projection

To perform the ultrasonic extraction process will use an ultrasonic processor type equipment, PPits 3D
swarming is shown below.

Fig.3 - 3D up-to-earth processor projection
Figure 4 shows the experimental model of Biofertilizer/Bioinsecticide Extractor - EBB composed of the
components in Figure 1, namely the loading vessel – solvent discharge, the pump loading the extraction vessel
itself, the ultrasonic generator producing a high and low amplitude sonic field, the electrovalves acting on the
hydro-pneumatic cylinder, the compressed air group, the pneumatic dispenser fitted with the pressure regulator,
the pressure sensor and the temperature sensor allowing monitoring of the extraction process, the input data
being available on a touchscreen operating terminal inserted into the automation box.

Fig. 4 - Experimental model of the EBB biofertilizer / bioinsecticide extractor
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RESULTS
The electrical and automation scheme (fig. 4) of the biofertilizer/bioinsecticide extractor - EBB is
composed of:
Q1, Q2 - relay blocks, air dispenser 11;
V1 - pump control valve;
Ev1, Ev2, Ev3 – electrovalve coils;
PLC – programmable logic microcontroller;
TO-terminal operation, TT-thermoresistance Pt 100;
TP – pressure transducer, RP-pressure regulator;
S-source voltage in switch, C-compressor, 5-generator ultrasound.

Fig.5 - Electrical scheme and automation of biofertilized extractor/
bioinsecticides EBB
The extraction procedure, applicable by the Biofertilised Extractor/ Bioinsecticides - EBB
(integratedsystem of simultaneous ultrasonic and percolation extraction), described above, has the following
characteristics:
extraction time: 7200 seconds;
high percolation extraction pressure: 1,2-1,5 bar;
low percolation pressure extraction:0.2 – 0.6 bar;
number of cycles at high pressure: 4 cycles;
number of low pressure cycles with quasi-dynamic pressure variation between 0,2 and 0,6 bar:
4 cycles;
cycle duration at high pressure: 1200 seconds;
the duration of the low pressure cycle: 600 seconds with the duration of a quasidynamic cycle of
60 seconds, the 60 seconds pause before and after the high pressure cycle and the break
being 60 seconds between the quasidynamic cycles of low pressure;
extraction temperature: 20 to 25 °C;
ultrasonic field amplitude: 0-46 μm;
duration of low amplitude of 0-15 μm: 600 seconds;
duration of high amplitude of 20 to 40 μm: 600 seconds;
immersion of the ultrasonic probe in the solvent: 35-45 mm;
radiant surface of the ultrasonic probe: 5.4 cm2.
Figure 6. shows the process of simultaneous ultrasonic extraction and percolation using the Biofertilizer/
Bioinsecticide Extractor – EBB.
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Fig.6 - Simultaneous ultrasonic and percolation extraction procedure using
THE EBB Biofertilizer/Bioinsecticide Extractor

Biofertilizer/bioinsecticide extractor - EBB from medicinal and aromatic plants by simultaneous
ultrasonic and percolation extraction processes is composed of vessel. 1 loading – solvent discharge, pumps 2
and 4 loading the extraction vessel 3,ultrasonic generator 5 producing a sonic field of high and low amplitude,
respectively, electrovalves 8, 9, 13, 14 which operate the hydro-pneumatic cylinder 10, compressed air group
12, penumatic dispenser 11 equipped with pressure regulator, pressure sensor 6 and temperature sensor 7
allowing monitoring of the extraction process, input data being available on a touchscreen operating terminal.
During work, load the extraction vessel 3 with the plant material, herbs or herbs in the dry or green state, close
the lid and start loading with pumps 2 and 4 with liquid solvent that can be distilled water, oil, ethyl alcohol,
vinegar, etc. from the loading-discharge vessel 1. Start the ultrasonic generator 5 and according to the process
of alternating low-high amplitude begins the extraction process, simultaneously with the operation of
compressed air group 12 through the dispenser and air regulator 11, as well as electrovaleves 8, 9, 13 and
14 acting hydro-pneumatic cylinder 10 achieving a pressure monitored by pressure sensor 6 and temperature
sensor 7 inside the extraction vessel, the alternation of pressure cycles being high-low.

CONCLUSIONS
Biofertilizer/bioinsecticide extractor - EBB characterized by the realization of 2 simultaneous ultrasonic
and percolation extraction processes has the following advantages:
high efficiency of radically-purging bioactive compound antioxidants, such as vitamin C, vitamin
E, tioli, etc., pharmacologically active substances used to improve health and treat diseases that can
also be extracted from waste such as peels, stems, seeds, shells, pips, roots, etc.;
by sonication the cell structure breaks and releases the bioactive compounds, leading to higher
yields and faster extraction rates;
the combination of sonication - percolation is a technique of easy extraction preventing thermal
degradation of the extract with a quality as close as possible to the normal state of the plant product;
use low-cost equipment and do not require the purchase of equipment with a long depreciation
period;
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ABSTRACT
Animal slaughterhouses are an important segment of the food industry, in continuous development,
determined by the need to provide food for a growing population with diverse needs. Slaughterhouses generate
solid waste, some of which are separated and recovered in various fields, but also generate large amounts of
wastewater loaded with physical, chemical and biological pollutants, which can harm both the environment and
human health. The typical water consumption for slaughtering pigs is 1.5–10 m3/t of product, for slaughtering
cattle 2.5–40 m3/t of product and for slaughtering poultry 6–30 m3/t of product and most of this water is
discharged as wastewater with volumes of 0.4–3.1 m3/slaughtered animal. Being characterized by high
biological and chemical oxygen demand, high concentrations of fats and dry residue, sedimentary and total
suspended matter, nitrogen and chlorides, these wastewaters can be treated by primary treatment to remove
coarse and suspended pollutants, insoluble greases, followed by a combination of biological aerobic and
anaerobic treatments and/or tertiary treatment, in order to obtain an effluent that corresponds to the regulations
in force.
REZUMAT
Abatoarele de animale sunt un segment important al industriei alimentare, în continuă dezvoltare,
determinată de necesitatea asigurării hranei pentru o populație în continuă creștere și cu nevoi diverse.
Abatoarele sunt generatoare de deșeuri solide, o parte dintre acestea fiind separate și valorificate în diferite
domenii, însă generează și mari cantități de ape uzate încărcate cu poluanți de natură fizică, chimică și
biologică, care pot prejudicia atât mediul cât și sănătatea umană. Consumul tipic de apă pentru sacrificarea
porcilor este de 1,5–10 m3/t de produs, pentru sacrificarea bovinelor 2,5–40 m3/t de produs și pentru
sacrificarea păsărilor de curte 6–30 m3/t de produs, iar cea mai mare parte a acestei ape este eliminată ca apă
uzată cu volume de 0,4–3,1 m3/animal sacrificat. Fiind caracterizate de un consum biologic și chimic de oxigen
ridicat, concentrații ridicate de grăsimi și reziduu uscat, substanțe sedimentabile și totale în suspensie, azot și
cloruri, aceste ape uzate pot fi epurate primar pentru a îndepărta poluanții grosieri și în suspensie și grăsimile
insolubile, dar și printr-o combinație de tratamente biologice aerobe și anaerobe și/sau prin tratamente terțiare,
pentru a obtine un efluent ce corespunde reglementărilor în vigoare.
INTRODUCTION
In meat industry, water is used for various purposes: as ingredient, as initial and intermediate cleaning
source, as efficient transport means of raw materials, as the main agent used in sanitizing plant equipment and
facilities. Worldwide, meat processing plants use approximately 62 Mm3/year of water (de Sena et al., 2009).
The increasing demands on meat led to expansion of slaughterhouse industries worldwide. The global
production of pork, beef and poultry meat has doubled in the past decade and is expected to grow steadily until
2050 (Bustillo-Lecompte and Mehrvar, 2017). Slaughterhouses generate meat and products marketed for
human consumption, solid waste and other by-products (e.g. skins, fats, and bones), as well as substantial
volumes of wastewater (Cuetos et al., 2008). There are four types of slaughterhouses (Ungureanu N., 2019):
a) Simple slaughterhouse – performs very limited (if any) by-product processing that usually includes
maximum two operations like rendering, rumen and viscera handling, blood processing, or hide or hair
processing.
b) Complex slaughterhouse – performs extensive by-product processing that usually includes at least
three of the operations described above.
c) Low-processing packinghouse – processes no more than the total live weight killed at that
slaughterhouse (normally less than the total kill).
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d) High-processing packinghouse – processes both the animals slaughtered at the site, and additional
carcasses brought in from outside sources.
Meat production is a considerable source of global greenhouse gases, emitting methane, nitrous oxide and
carbon dioxide through various stages. These emissions can occur directly by energy consumption and
indirectly by feedstock production, herding, movement of animals, transport, slaughtering, cleaning and dressing
the animal product, waste and wastewater (Matheyarasu et al., 2016). Slaughterhouses are very prone to
disease spread by pathogenic organisms carried and transmitted by livestock and poultry, hence they are by far
the most regulated and monitored segment in food industry.
The usual sources of waste generation from a slaughterhouse are shown in Table 1. The volume of waste
depends on the species of slaughtered animals and their state of fattening. The total amount of waste produced
per slaughtered animal is about 35 % of its weight (Kekere et al., 2020). Slaughterhouse waste has the
characteristics to be considered hazardous waste with special handling. Solid waste is often collected and
disposed in landfills where it can cause environmental problems, including leachate infiltration in groundwater
and methane emissions, but it can also be treated anaerobically with biogas production.
Table 1
Sources of waste generation from a slaughterhouse (Masse and Masse, 2000)
Process
Type of generated waste
Stockyards
Dead animals, straws, fodder, manure
Killing (exsanguination)
Blood
Skin removal
Blood, hair
Meat inspection
Rejected meat
Channel management
Cutting waste, pieces of meat, fat
Viscera management
Stomach and intestinal contents
General cleaning
Pieces of meat, blood clots
Tanning
Wastewater with high salt content
Services (offices, toilets)
Waste paper, household waste, wastewater

The primary recovery route for these solid waste high in protein and nitrogen content has been their use
in animal feed (fish feed and pet food), cosmetics and fertilizers. Screened solids, skin, hair, and unusable
interiors (e.g. bad livers, lungs, spleens) are used in cosmetic production; pancreas are kept for penicillin
production; blood is dried and transformed into an animal protein feed (Masse and Masse, 2000). Skeleton
waste from meat processing is converted into bonemeal, a good source of phosphorus for fertilizers.
Despite the importance of slaughterhouses in food industry, they consume large amount of water
resources for washing of animal carcasses after hide removal, carcass washing after evisceration (removal of
guts), trimming, washing of various equipment and installations, cooling of mechanical equipment on the
processing line, as well as cleaning and disinfecting of stables, slaughterhouse rooms and corridors, the yard
and washing places of vehicles. Slaughterhouses water consumption varies depending on the type of animal
and the process used (Mittal G.S., 2004).
Slaughterhouse wastewater is generated from a wide variety of sources and has it is recognized for its
diversity of chemical properties and constituents (Bielefeldt A.R., 2009). Slaughterhouse wastewater is
classified as industrial waste in the category of agricultural and food industries. A typical flow diagram illustrating
the sources of wastewater in a slaughterhouse is shown in Figure 1, where no distinction was made between
the types of animal slaughtered, but it should be mentioned that the quantities of wastewater and their polluting
load vary depending on several factors, including the type of animal.
The quantity of slaughterhouse wastewater is influenced by the type of animal, slaughterhouse design,
operation practices, and the cleaning methods used in each industry, with usual consumption of 1–8.3 m3
(Eryuruk et al., 2011). Typical water consumption for pigs is 1.5–10 m3/t of product, for cattle 2.5–40 m3/t of
product and for poultry 6–30 m3/t of product (Valta et al., 2017). Most of this water is discarded as wastewater
with volumes of 0.4–3.1 m3/ slaughtered animal (Saddoud and Sayadi, 2007). For a normal proportion between
large and small animals, the average is about 1 m3 of wastewater / slaughtered animal, of which approx. 0.5 m3
for the slaughter itself and 0.5 m3 for the other auxiliary operations of washing the external surface of
slaughtered animal. Modern slaughterhouses aim towards the complete recovery of all by-products, in order to
reduce as completely as possible the loss of blood, meat, extracts and fats, by-products that are transformed
into finished products and not discharged into wastewater. In this case, the resulting volume of wastewater is
about 15 m3/ ton of slaughtered animals. In this case, meat factories would generate specific volumes of
wastewater with values of 10–45 m3/ton of slaughtered animals, with the following composition: 40–55 %
wastewater loaded with fats, 20–25 % non-greasy wastewater, 9–12 % domestic wastewater and 12–20 %
conventionally clean water (Ungureanu N., 2019).
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The quality of slaughterhouse wastewater is influenced by the efficiency in blood retention during animal
bleeding, type of slaughtered animal, water usage and the amount of rendering or meat processing activities.
Clean water
Animal stables
Slaughtering:
Manure
trap

Killing
Hide removal
Evisceration
Evisceration
Rumen
Rumen

Screening

Scalding & hair
removal

Recovery of
materials

Raw
wastewater
from
slaughterhouse

Cutting
By-product
operations:
Blood
Hides
Hair
Offal

(except hair & hides)

Rendering

Auxiliary
operations:
Washing
facilities.
Boiler
blowdown

Casing saving

Sanitary
facilities
Fig. 1 – Flow diagram for wastewater generation in slaughterhouses (Ungureanu N., 2019)

Usually, cattle contain up to 22.72 kg of blood / animal, of which only 15.9 kg of blood is recovered in the
sticking and bleeding area. The remaining 6.8 kg of blood is lost as wastewater with waste load between 2.25–3
kg BOD5/1000 kg of the total weight of all animals slaughtered during a specific period of time (Amenu D., 2014)
and chemical oxygen demand (COD) of 0.375 kg/L (Masse and Masse, 2000). At slaughter, a quantity of 4–6 L
blood / animal is obtained in pigs and 20–35 L blood / animal in adult cattle; when blood is collected for
recovery, there is a loss of about 0.5 L on slaughtered pigs and 2 L on slaughtered adult cattle. Even with
correct handling during the meat processing, 2.0 and 0.5 L of blood reach the effluent stream from each bovine
and swine (de Sena et al., 2009). Blood has an average BOD5 of 209 g/L in pigs and 140 g/L in cattle, being
one of the major dissolved pollutants in slaughterhouse wastewater, and the most problematic component due
to its capacity to inhibit floc formation. Cow and sheep blood is only rarely used for human consumption, so it is
usually turned into animal feed or discharged into wastewater (Ungureanu N., 2019).
MATERIALS AND METHODS
Raw slaughterhouse wastewater comprises a mixture of organic matter as suspended solids (pieces of
flesh, blood, fats, grease, proteins, hair, feathers, hooves, horns, manure, grit), salts and phosphates (from
animal manure and stomach content or undigested food), nitrogen (from blood), chlorine and phosphorus
constituents (from the cleaners used to wash down equipment and facilities), pharmaceuticals for veterinary
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purposes (emerging contaminants like antibiotics and hormones), and bacteriological load (pathogenic and nonpathogenic viruses, bacteria like Salmonella and Shigella, parasite eggs and anaerobic cysts).
It has dark color and offensive odor and causes a contaminating effect to the rivers and sewage systems.
Slaughterhouse wastewater has a high temperature (20–30 oC).
Following a study carried out at the slaughterhouse in Salonta (Romania), the following characteristics of
wastewater resulted: temperature of 20–35 °C, pH between 6–7.5, BOD5 650–4500 mg/L, oxidisability to
permanganate (KMnO4) 1250–5000 mg/L, total residue 1250–9600 mg/L, fats 130–1700 mg/L and hydrogen
sulfide 0–20 mg/L (Ungureanu N., 2019). A series of analyzes performed on 117 wastewater samples collected
from different slaughterhouses determined the composition of these waters, with the average values of the
physico-chemical parameters presented in Table 2 (Ungureanu N., 2019).
Table 2
Characteristics of slaughterhouse wastewater determined on 117 wastewater samples (Ungureanu N., 2019)
Parameter
Value
Parameter
Value
Decantable matter [mg/L]
10.75
Biochemical oxygen demand [mg/L]
838
pH
7.4
Alcalinity [mL acid N/L]
7.2
Total suspended solids [mg/L]
580
Nitrogen [mg/L]
145
Fixed residue [mg/L]
81.6
Potassium [mg/L]
28.7
Calcination losses [mg/L]
498.4
Phosphoric acid P2O5 [mg/L]
18.7
Dissolved matter [mg/L]
1206.1
Calcium [mg/L]
131
Fats [mg/L]
108
153.6
Oxidisability to KMnO4 [mg/L]

If the lower nitrogen content of the slaughterhouse wastewater is ignored, the quantitative ratio between
nitrogen, potassium in the form of K2O, phosphorus in the form of P2O5 corresponds to that of domestic
wastewater. The biochemical oxygen demand (BOD5), which is high compared to the oxidisability to
permanganate, is characteristic for wastewater from slaughterhouses. For more concentrated wastewater, it is
several times superior to oxidisability, due to albumin and other organic nitrogen compounds. Oxidisability
ranges from 500 to 1500 mg/L, and BOD5 reaches values of up to 5000 mg/L (Ungureanu N., 2019).
Samples of wastewater collected from a slaughterhouse in Alexandria (Egypt) that processes 50000 heads
of cows and buffalo /year, with wastewater flow rates of 50–170 m3/day (average of 60 m3/day) were analyzed
by Seif and Mousry (2001). Samples were free of fats and solids because the slaughterhouse has a grease
separator receiving the effluent of processing line. Table 3 presents the composition of wastewater.
Table 3
Characteristics of slaughterhouse wastewater in Alexandria, Egypt (Seif and Mousry, 2001)
Parameter
Average value
pH
6.80
Suspended solids [mg/L]
400
Total solids [mg/L]
3900
Volatile solids [mg/L]
600
Chemical oxygen demand [mg/L]
4400
Ammonia nitrogen NH4 [mg/L]
25
Orthophosphate PO4 [mg/L]
7.5

A study was conducted by Kwarciak-Kozłowska et al., (2011) to determine the qualitative characteristics of
raw wastewater originating from the meat-processing plant near the city of Czestochowa (Poland), whose
activity covers the slaughtering and processing of pigs. The results in Table 4 show that compared to the
permissible values in this country's standards for effluents, this wastewater is high in dissolved and suspended
organic matter (proteins, greases and fats, with high content of organic nitrogen).
Table 4
Characteristics of slaughterhouse wastewater in Czestochowa, Poland (Kwarciak-Kozłowska et al., 2011)
Permissible standards for
Parameter
Concentration in influent
discharge in receiver
pH
7.28 – 7.33
6.5 – 9
Chemical oxygen demand [mg O2/L]
125
1630 – 1670
Biochemical oxygen demand [mg O2/L]
25
1480 – 1520
Chloride, Cl- [mg /L]
1000
750 – 790
Ammonia nitrogen, NH4 [mg/L]
490
30
Volatile fatty acids, CH3COOH [mg/L]
840 – 857
–
Total organic carbon [mg/L]
30
760 – 810
Ether extract [mg/L]
50
1138 – 1250

333

INTERNATIONAL SYMPOSIUM

A survey of wastewater streams in three Australian slaughterhouses processing beef and sheep was
conducted by Jensen and Batstone, (2012). Wide variations were found in levels of contaminants between
different streams within the plants and different plants. Table 5 shows the ranges for the combined streams for
the three slaughterhouses.
Table 5
Characteristics of three slaughterhouse wastewater streams in Australia (Jensen and Batstone, 2012)
Parameter
Average value
Total chemical oxygen demand [mg/L]
9600 – 12900
Soluble chemical oxygen demand [mg/L]
890 – 1970
Total solids [mg/L]
4300 – 8400
Fats and grease [mg/L]
790 – 3350
Nitrogen [mg/L]
230 – 260
Phosphorous [mg/L]
30 – 50

Due to the infectious nature of wastewater, large slaughterhouses have special sections for sick or
contaminated animals or for suspicious body parts, which include cutting rooms and an incinerator. Wastewater
produced in these sections must be collected separately and treated for disinfection. However, there is a danger
of infecting the entire wastewater circuit from the slaughterhouse and special measures must be taken when
discharging wastewater from slaughterhouses into urban sewers or discharging into natural receptors. Due to
the very high content of dissolved or undissolved organic matter, wastewater from slaughterhouses
decomposes biologically very quickly, releasing characteristic gases with a specific smell of slaughterhouse.
These emissions cause great inconvenience to the residents in slaughterhouse vicinity because of the
unpleasant smell and because they attract a large number of flies. Wastewater from slaughterhouses has a high
infectious potential, especially those from intestinal processing. Salmonella, dysenteric bacilli, tubercle bacilli,
anaerobic germs were found in these wastewaters. Being highly polluted, slaughterhouse wastewater is one of
the most harmful to the environment.
Discharging of slaughterhouse wastewater without treatment would result in degrading the aquatic
environment (by deoxygenation of rivers, excessive nutrient loading involved in eutrophication, increased
microbial activity) and pollution of irrigation water. It also leads to contamination of groundwater, it affects the
sewage systems because of the high fat content they can cause deposits and clogging on the concrete pipes of
the sewer and even damage due to the decomposition of the fat layer adhering to the walls of the pipes.
Treatment of slaughterhouse aims at reducing environmental and health risks, and recovery of process
wastewater reduces fresh water demand, wastewater volume and energy consumption.
RESULTS
In slaughterhouse industry, wastewater treatment methods vary from country to country, depending on the
degree of development and the legislation in force. There are slaughterhouses without any wastewater
treatment equipment and their effluents are released directly into the rivers and lakes, causing eutrophication,
land degradation, nutrient leaching, groundwater contamination, greenhouse gas emission. Untreated abattoir
wastewater is unsuitable for reuse or discharge into the receiving environment. There are also slaughterhouses
whose own wastewater treatment plants ensure primary treatments, followed by secondary (biological) aerobic
and anaerobic treatment and tertiary treatment (filtration, disinfection by ozonation and UV, electrocoagulation,
advanced oxidation processes, Fenton processes, etc).
Chen and Lo (2003) identified four different processes which are often used for treating slaughterhouses
wastewater: anaerobic treatment + activated sludge; anaerobic treatment + contact aeration; activated sludge +
chemical coagulation; contact aeration + chemical coagulation.
Wastewater treatment in own slaughterhouses treatment plants is applied if the connection of the
slaughterhouse to the urban sewerage system is not possible. In this case, solid impurities separated by
mechanical means from the wastewater and the sludge from the grease separators, to which is added the
manure from the stables, are subjected to anaerobic digestion at a temperature of 30 °C for 25 days, obtaining
approx. 45 m3 digestion gas / ton of a mixture of sludge and manure subjected to anaerobic digestion, or
approx. 33 m3 digestion gas / ton of manure subjected to anaerobic digestion. In this case, more important than
the production of gas are the hygienic advantages of the process from which a nitrogen-rich fertilizer is
obtained, without emitting extremely annoying odors related to the biological transformation of the residues.
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Another possibility for processing slaughterhouse residues can be achieved by composting or lime
treatment, obtaining a material that can be used in agriculture (Ungureanu N., 2019). Figure 2 presents an
example of separate anaerobic treatment of liquid and solid waste fractions for slaughterhouse wastewater.

Fig. 2 – Slaughterhouse waste and wastewater streams with recycling and reuse possibilities, using separate
anaerobic treatment of liquid and solid waste fractions (energypedia.info, 2001; Ungureanu N., 2019)

Pretreatment of wastewater from slaughterhouses is applied in order to recover the waste contained before
their disposal, in order to recover them. Primary treatment usually refers to coarse screening followed by fine
screening, oil and grease separation, dissolved air floatation, and flow equalization. Retention of waste that can
be used for animal feed or as fertilizer (especially blood) is an important method of treating the wastewater
produced (Ungureanu N., 2019). The insoluble and hardly biodegradable suspended solids in slaughterhouse
wastewater represent 50 % of the pollution charge in screened (1 mm) wastewater, while another 25 % is due to
colloidal solids (Masse and Masse, 2000). The treatment of wastewater from slaughterhouses in decanters
(settling or sedimentation) does not have a proper effect due to the high content of colloidal and dissolved
impurities, so in general this equipment are not used for the final treatment of this type of wastewater. However,
decanters can be used in combination with chemical precipitation or biological treatment equipment (biological
filters or activated sludge tanks) (Ungureanu N., 2019).
Separation and recovery of greases is done in grease separators, and the recovered greases are used in
the manufacture of technical fats, soaps, etc. Only grease-containing wastewater, i.e. water from carcass cutting
and intestinal processing in slaughterhouses, and wastewater from production sections in meat canneries must
pass through grease separators. Wastewater from stomach emptying, stables or access ramps and sewage
from toilets are not sent to the grease separators. Wastewater that is sent to the grease separator must have
uniform temperature to avoid the adverse effects on the circulation in the separator and compromise its
separation efficiency.
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Thus, if greases are in an emulsion state, the grease separators are ineffective and the wastewater must
be subjected to a special emulsion breaking treatment before being introduced into the grease separator. In
properly operated slaughterhouses, grease content of the resulting raw wastewater must not exceed 1 % of the
live weight of the slaughtered animals (Ungureanu N., 2019).
Hamawand I., (2015) evaluated the performance of primary treatment methods in removing pollutants from
slaughterhouse wastewater (Table 6).
Table 6
Primary treatment methods and their performance (Hamawand I., 2015)
Treatment method
Performance
Coarse screening removes large particles (> 1 cm), thus preventing their
accumulation which could damage the mechanical equipment. Primary screening
Coarse and fine screening
can remove 5–20 % biochemical oxygen demand and 5–30 % total suspended
solids.
Skimming and decantation can remove floating and sediment particles: 50–60 %
Primary decantation
grease, 20–30 % biochemical oxygen demand, 40–50 % total suspended solids. It is
more efficient than screening but it has higher costs for operation and maintenance.
It is placed before the anaerobic treatment to remove blood, oil and grease. DAF
systems can be used continuously or periodically to recover fats and protein. Well
Dissolved air flotation
controlled, this process can remove 30–35 % biochemical oxygen demand, 60 %
total suspended solids and 80 % fats and greases.

Biological treatment is performed either in equipment operating in aerobic conditions or in anaerobic
conditions, but for a high purification efficiency, they can be successive in the same treatment plant.
Aerobic (biological) treatment of slaughterhouse wastewater is more difficult due to the uneven
discharge of these waters. Given the biological nature of slaughterhouse wastewater, Doorn et al., (2006)
reported that the most common aerobic treatment methods in developed countries are centralized aerobic
wastewater treatment plants, constructed wetlands, ponds and lagoons for both domestic and industrial
wastewater. The aerobic treatment is limited by high energy consumption needed for aeration and high sludge
production (Budiyono et al., 2010). For aerobic treatment biofilters are preferred, being much less sensitive than
aeration tanks. In the biological treatment, closed, high-load biofilters with artificial aeration by blowing air from
top to bottom are used to prevent inconveniences such as the release of odors and the rapid multiplication of
flies; the determination of the filling volume depends on the BOD5 value of the influent wastewater, so on the
degree of their preliminary treatment.
The purification efficiency of such equipment is approx. 90 %, and in the case of wastewater treatment
with high values of BOD5 it is necessary to use equipment with biofilters in several stages. Biological treatment
with activated sludge can be applied to slaughterhouses wastewater if a proper sizing of the facilities is
achieved; thus in the research undertaken in experimental installations the aeration time was 54 hours, the
retention time in the conjugate decanters was 8 hours, the excess sludge was discharged every 15 days (at the
same time as the sludge from the primary decanters) and transmitted to an anaerobic digestion plant, and
together with the recirculation of sludges, quantities of purified water were introduced into the aeration tank to
achieve an important dilution (3-4 times the influential wastewater flow). In one of these experimental tests, the
safety in operation and the low energy consumption of such installations stood out (Ungureanu N., 2019). In
industrial slaughterhouse wastewater treatment, the biological activated sludge systems produce 15–100 L
sludge /1 kg removed biochemical oxygen demand and the sludge contains 95–98 % water (Masoumi et al.,
2015).
The treatment of slaughterhouse wastewater in biological ponds does not work satisfactorily unless a
quantity of nutrient salts is added to the treated wastewater, in relation to the organic load. The transfer of
oxygen from the atmospheric air to the treated wastewater must be favored by as large a surface of the ponds
as possible. Ponds must have adequate capacity to ensure a retention period of several months for wastewater.
If these requirements are not met, the ponds give off unbearable odors that can cause discomfort even over
long distances. However, there are many cases of ponds for the treatment of slaughterhouses wastewater,
which if properly exploited, can perform their function without negative impact on the environment, and even
without the addition of nutrients in wastewater. For this purpose, systems of at least three successive ponds
must be formed, of which the first works in anaerobic regime, and the other ponds have the role of oxidation
basins. In installations of this kind, superior efficiencies of 98.1 % were obtained, and the emission of odors
occurs only at the first pond, but this also ceases as soon as a compact layer of mud has formed on the surface
of the pond (Ungureanu N., 2019).
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Slaughterhouse wastewater is highly suitable for anaerobic treatment, which is cost effective, ecofriendly and sustainable, due to the high calorific value of by-product methane gas (Giri et al., 2015), but it also
has some disadvantages: sensitive to high organic loading rates (Budiyono et al., 2010), accumulation of
suspended solids and floating fats in the reactor, which lead to a reduction in the methanogenic activity and
biomass washout (Rajehwari et al., 2000).
The biological treatment needs high biomass concentration, large reactor volumes, long hydraulic
retention time and controlling of sludge loss, to avoid the sludge wash-out (Rajehwari et al., 2000). Biologically
treated wastewater from slaughterhouses has a strong amber-brown coloration, due to the decomposition of
blood pigments.
The natural biological treatment of slaughterhouses wastewater is done in agriculture with good results due
to the chemical composition of wastewater, if local conditions allow. In addition to the usual preliminary
treatment, this use also involves a good mechanical treatment of wastewater, especially for the complete
removal of grease. Natural biological treatment can be performed on sandy soils with a water distribution area of
approx. 1 ha with a water volume of 3 m3/day or during the working day; satisfactory results can be obtained
even with loads higher than 5–30 m3 /ha·day.
In the natural biological treatment of wastewater by spreading, the hygienic-veterinary prescriptions against
the spread of infectious and parasitic diseases must be observed without deviations. In general,
slaughterhouses wastewater has a high pathogenic potential and contains eggs from worms of various species,
sometimes in significant quantities, so filtration through the soil must be preceded by a mechanical treatment of
wastewater in settling tanks, with durations of at least 1.5–2 hours, thus being able to eliminate at least partially
the worm eggs; the sludge thus produced must be rendered harmless by two months of thermophilic or
mesophilic anaerobic digestion (Ungureanu N., 2019). Polishing of treated slaughterhouse wastewater by land
application (spray irrigation) is a process that involves simple systems and low costs. However, using this type
of wastewater for spray irrigation has its disadvantages, including greenhouse gas emission, the possible
contamination of surface and ground water, odor problems, and soil pore clogging from excessive fat loads.
Chemical treatment of slaughterhouses wastewater uses chemical precipitating reagents (coagulationflocculation) that cause intense coagulation of colloids and some of the dissolved impurities. The most used
reagents are iron or aluminum salts most often in combination with lime, in doses of 0.1–0.2 kg iron or aluminum
sulphate/m3 wastewater combined with 0.5–1 kg lime/m3 wastewater. Flocculation can be intensified by a prior
addition of chlorine, which promotes the separation of fats and slows down the decomposition processes, while
also performing disinfection; doses of ferric chloride higher than mg / dm3, without the simultaneous application
of lime, reduce by 61–78 % BOD5 and fat content. Iron waste can also be used for the flocculation of
wastewater, which by oxidation in the presence of atmospheric air leads to the formation of ferric hydroxide
which has a flocculating action. Very good results were obtained in the treatment of wastewater from
slaughterhouses by using chlorine; a dosage criterion in this case is the N / Cl ratio which must be 3:1 in the
case of fresh proteins and 1:40 in the case of cleaved proteins.
For decomposition products it is possible to intervene with higher values of the N / Cl ratio; the optimum pH
for protein precipitation is 4.2:1. CO2 is released from carbonated waters in the form of gas bubbles, which can
cause flotation (Ungureanu N., 2019). Electrocoagulation is a cost-effective technology for the removal of
organics, heavy metals and pathogens from slaughterhouse wastewater by applying an electric current without
the use of chemical coagulants (Ungureanu N., 2020), since electrocoagulation generates M3+ ions, (Al3+ and
Fe3+), using different configurations of electrodes manufactured of various materials. Electrodes made of Pt,
SnO2 and TiO2 can interact with H+ or OH− ions in acidic or alkaline conditions, with removal efficiencies of up to
80, 81, 84, 85 and 96 % for BOD5, TSS, TN, COD and color (Kobya et al., 2006).
If discharged directly into the urban sewer system, wastewater from slaughterhouses can disrupt the
proper operation of the urban wastewater treatment plant by causing pump interruptions due to clogging of
supply pipes or distribution nozzles with fragments of meat or offal or by the formation of floating films in the
aeration tanks with activated sludge or of accumulations of meat fragments or excrement on the sliding planes
of the clarifiers.
The discharge of slaughterhouse wastewater to the urban sewerage system can be done when there is
this possibility and by applying a pretreatment to bring the characteristics of effluents from slaughterhouses to
the values allowed for discharge into urban sewers.
For this purpose, hooves, horns and brushes are retained from the wastewater by mechanical processes
to avoid clogging the sewer pipes.

337

INTERNATIONAL SYMPOSIUM

It must also be determined in each case whether it is appropriate to discharge the manure in the urban
sewerage with the discharge of wastewater, taking into account the difficulties which it may cause to the proper
functioning of the urban wastewater treatment plant (formation of floating sludge in aeration tanks with activated
sludge, which can only be counteracted by the introduction of additional mixing equipment).
Another possibility of extracting the manure from the water (stomach and intestinal contents) is the use
of centrifuges or screw presses, or the burning of their solid substance. Intestines or fragments of intestines
must be chopped before discharge into wastewater, using mechanical disintegrators.
The discharge of hot wastewater in the urban sewerage is done only after a previous cooling because
otherwise it would strongly favor the entry in putrefaction of the organic load of wastewater from the sewerage
system. Wastewater from contaminated animal slaughterhouses, as well as solid residues, must be efficiently
disinfected before discharge into the sewage system, with thermal disinfection preferably (Ungureanu N., 2019).
CONCLUSIONS
Activities in the slaughterhouse and meat processing plants need plenty of water. Hence, the
slaughterhouse industry generates a large amount of wastewater which contains urine, fats, blood washed from
carcasses, floors, equipment, and undigested food from the stomach of slaughtered animals.
Slaughterhouse wastewater poses serious environmental issues and some serious health threats if not
properly disposed-off, due to their high levels of organic and inorganic matter, which demands effective and high
cost treatments. The anaerobic treatment of slaughterhouse wastewater is a suitable option because, in addition
to its proven efficiency in reducing the organic pollutants, they also provide the recovery of usable energy in the
form of methane.
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ABSTRACT
Crops from protected areas vegetate in a certain climate, which is conducted throughout the crop cycle to
obtain vegetables in winter, in the off-season or only during certain periods, in order to speed up the
appearance of products in the early spring or to prolong consumption of vegetables in autumn. Vegetable plant
life conditions, which conditions their growth and fructification, is represented by the totality of the medium
acting in a permanent manner. The paper presents a brief communication on the measurable factors of
influence of the microclimate in the protected spaces in order to prioritize their role and importance for the life of
the vegetable plants, in accordance with the phylogenetic evolution and the environmental conditions.
REZUMAT
Culturile din spațiile protejate vegetează într-un anumit climat, care este dirijat pe tot parcursul ciclului de
cultură pentru a obține legume iarna, în extrasezon sau numai în anumite perioade, cu scopul de a grăbi
apariția produselor în perioada de primăvară devreme sau pentru a prelungi consumul de legume toamna,
târziu. Mediul de viață al plantelor legumicole, care condiționează creșterea și fructificarea acestora, este
reprezentat de totalitatea factorilor de mediu care acționează în mod permanent. În lucrare se prezintă o scurtă
comunicare privind factorii măsurabili de influență ai microclimatului în spațiile protejate în vederea ierarhizării
rolului și importanței acestora pentru viața plantelor legumicole, în conformitate cu evoluția filogenetică și
condițiile mediului ambient.
INTRODUCTION
During the ontogenetic evolution, the vegetable species have different requirements with respect to the
vegetation factors, specific to each individual phenophase. Knowing them and the possibilities of assuring the
optimum values underpin the technological measures necessary to manifest to the maximum the biological
potential of each species (Draghici and Jerca, 2017).
Knowing the limits of action of the environmental factors on the physiological and biochemical processes
of plants ensures the possibility of directing them with special attention (Albright et al., 2001).
Measurable factors influencing the microclimate in the protected spaces are represented by heat, light,
water, air and food (soil or culture substrate, nutrients or nutritional solutions), abiotic factors, obligatory,
indispensable and of equal value for plant life (Ciofu et al., 2003; Murad et al., 2011; Deak et al., 2018; Bolintineanu
et al., 2010; Matache et al., 2010; Niţu et al., 2012; Păun et al., 2011; Petre et al., 2019; Vlăduţ et al., 2010).
Between these factors, a relationship of interdependence must be maintained permanently, specific to
each vegetable species, because any change of one of the factors also implies a change of the other factors,
with determination on the level and quality of vegetable production.
In case of restriction of one or more vegetation factors, a certain hierarchy of their role and importance for
the life of the vegetable plants is created, in accordance with the phylogenetic evolution and the environmental
conditions (Elena, 2016).
In practical conditions practiced by protected crops, only by the harmonious correlation a vegetation
factor can ensure the superior exploitation of the production potential to species, respectively, to the cultivator
who has different vegetable species (Draghici et al., 2019).
Due to the complexity of the activities and the physical phenomena that take place in the greenhouses,
the amount of information regarding the variables of the microclimate conditions is very large, exceeding the
limits of analysis and reaction of the worker in the greenhouses (Nelson, 1998).
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MATERIALS AND METHODS
The monitoring of microclimate factors in a greenhouse, respectively air temperature, relative humidity,
CO2 concentration or intensity of light radiation, is usually done by measurements at different preset points in
the enclosure.

Fig.1 – Scheme of the energy exchange between the greenhouse and the environment, (Ponce et al., 2015)

The temperature, as a physical expression of the heat, conditions all the physiological and biochemical
processes of the plants, respectively photosynthesis, respiration, perspiration, absorption and circulation of sap
through the plant, formation and accumulation of reserve substances, morphogenesis, etc.
Blackman states that the rate of any trial that is governed by two or more factors will be limited by the
factor at least involved. Photosynthesis is a process that depends on heat (temperature), light, CO2 and other
factors. Blackman's law is well illustrated in Figure 2, in the lower curve, the rate of photosynthesis began to rise
at about 40 kLux, regardless of whether the temperature was at 20°C or 30°C.

Fig.2 – Effects of CO2 level, light and temperature on photosynthesis in cucumber culture, (Nelson, 1998)

With the help of temperature, the growth of the plants is usually regulated. Thus, when the temperature
is lowered, the plants are shorter, but more vigorous and with better resistance, instead at high temperatures,
the elongation of the plants and the diminution of their mechanical resistance take place.
Humidity, as a factor of vegetation, plays a very important role in the life of vegetable plants because, in the
absence of water, the life of plants is not possible. The role of water in plant life is a very complex one, it participates
in (Draghici and Jerca, 2017):
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➢ dissolving the mineral salts from the soil and forming the soil solution, as the main environment from
which the vegetable plants can take their food;
➢ transporter of mineral elements with a determining role in root absorption, transporter of mineral elements
in the plant, with an essential role in the formation of raw sap;
➢ transporter of the for assimilates in the plant, with a role in the formation of the elaborated sap,
maintaining the cellular turgidity and a normal concentration of the cell juice;
➢ participates directly in the photosynthesis process;
➢ participates directly in regulating the temperature of plants through the process of transpiration;
➢ determines the obtaining of high quality, high yields.
Light is an indispensable factor in the life of green plants because, by its specific parameters, intensity,
duration of illumination (photoperiod) and spectral composition (quality), it influences photosynthesis and other
physiological processes that ensure the formation and accumulation of biological mass and the normal development
of morphogenesis.
Vegetable plants make better use of diffused light compared to direct light, as it contains 60-90% of the
physiologically active radiation, which is absorbed more intensively by chlorophyll.
The light intensity, corresponding to the optimal assimilation interval, is 20000 - 30000 lucs, and between 500
- 1000 lux photosynthesis is not triggered in most vegetable species (Elena, 2016).
The solar radiation has a wavelength of between 300 and 3000 nanometers, in the process of
photosynthesis, only those that are between 400 and 700 nm are useful, which in fact constitute active
photosynthetic radiation (PAR - Photosyntetic Active Radiation) and measure the wavelengths which emit the colors
red, yellow, green and blue. The PAR-meters express the intensity of the light in W/m2, in the winter period the
maximum values can be 150 W/m2, and in the summer period 450 W/m2.
Light is the only source of energy for plant growth, and the major effect of light on plants is photosynthesis.
(Albright et al., 2001). Light intensity varies from one place to another, but generally ranges from zero at the
beginning of the day to about 100 to 150 kilolux (1000 lumens/m2) around 12 o'clock. The intensity of light in
foggy days is quite low which results in a weak photosynthesis process. The optimal light intensity for a plant is
32 kilolux, but below 3.2 kilolux and over 129 kilolux not being optimal for the plant (Tiwari, 2003).
Figure 3 shows the scheme for transmitting solar radiation for greenhouses with east-west and north-south
orientation, for December and June.

Fig.3 – Solar radiation for different types of projects and greenhouse orientations, (Tiwari, 2003)

Air represents the permanent environment in which the vegetable plants grow, acting in several ways on the
vegetable plants:
➢ by composition;
➢ by its movements (air currents, entrainment and dispersion of polluting substances, etc.). Atmospheric air
is composed of 78% nitrogen, 21% oxygen, 0.03% CO2 and other gases, which are found in very small proportions.
The air contains, on average, little more than 0.03% CO2.
The average level at the moment is 345 ppm. Due to fuel combustion and deforestation, the CO2 level increased by
1 or 2 ppm per year from 1880, when the average level was about 294 ppm. CO2 levels are higher in areas such as
marshes and riverbeds, where large quantities of plant material decompose. Feeding microorganisms with leftovers
342

INTERNATIONAL SYMPOSIUM

from plants or animals eliminates CO2, as humans do when using foods derived from plants and animals. Also,
plants produce CO2 gas through the respiration process, which is the opposite of photosynthesis (Ponce et al.,
2015).
As the amount of energy in sunlight increases, the supply of CO2 must increase if the process is not restricted
or limited. The general relationship between CO2 concentration, light intensity and photosynthesis is shown in
Figure 4.

Fig.4 – Correlation between CO2 concentration, light intensity and photosynthesis, (Tiwari, 2003)

Artificial means can provide these important requirements for plant growth, with results of equal (and
sometimes better) growth compared to soil, although with higher costs, if the plants are grown on shallower soils
that provide an unsatisfactory environment due to limited ventilation and slow water leakage (Johnson, 2013).

Fig.5 – Different methods of cultivation without using the soil as a rooting and food medium, (Johnson, 2013)

RESULTS
Sensors / transducers are devices that transform a physical variable into an electrical signal, generally
for processing, control or display. Good crop management is dependent on getting the right information to
make the necessary decisions. In the past, the farmer was the greenhouse sensor and control system,
checking and adjusting the conditions of the greenhouse microclimate, as needed to optimize the growth of
the crop (Perdigones et al, 2004).
Environmental factors influence the quality and productivity of future plant growth. Therefore,
continuous monitoring of these parameters gives growers valuable information to better understand how each
factor affects the quality and growth rate of plants and how to maximize crop productivity.
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Fig.6 – Use of sensors in greenhouses, (Ponce et al., 2015)

There are a multitude of sensors used in greenhouses that connect to automated control systems. The
information is used to control heating, ventilation, fans, screens, nutrient dosing, irrigation, carbon dioxide
supplementation, etc. (Quan et al, 2011).
Monitoring growing conditions in greenhouses is essential. Even without automatic control of the
production system, it is not possible to make correct decisions regarding the crop without having the correct
information.
As new technologies emerge, the new trend of using sensors is the use of wireless sensors.
In modern greenhouses, several measurement points are needed to track local climate parameters in
different parts of the greenhouse to achieve a correct greenhouse automation. The use of cable sensors
increases the vulnerability of the measurement system. Moreover, wired measuring points are difficult to
transfer once installed. Commonly used standards in WSN communications include: ZigBee, 802.15.4 and
6LoWPAN (Ponce et al., 2015).
When a measurement of a non-electrical size (temperature, light, etc.) is converted into an electrical
form, a sensor must select the conversion to be performed. The first step in the selection process is to clearly
define the nature of the size to be measured.
This also includes knowing the range of sizes and frequencies that are expected. If the measurement
problem has been established, it must examine the fundamental principles of sensor operation appropriate to
the type of measurement. Thus, they must be considered:
➢ range - must be large enough to cover all expected quantities of the measured quantity;
➢ sensitivity - to obtain meaningful data, the sensor must produce a sufficient output signal due to the
change of the measured input;
➢ characteristics of the electrical signal - (output impedance, frequency response and time response) of the
sensor output signal must be compatible with the measurement system;
➢ physical environment - The selected sensor must be able to withstand the environmental conditions to
which they may be subjected during the measurements. Temperature, humidity and corrosive chemicals
can damage certain sensors;
➢ operating errors - The errors inherent to the operation of the sensor or caused by the environmental
conditions must be sufficiently small or controlled, so that they are not significant in measurements
(Dieck, 2000).
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Once the sensor is selected and incorporated into the measurement system design, the following steps
must be followed to increase the accuracy of the measurements made:
➢
the output of the sensor is calibrated in relation to any known model during use under the
operating conditions. This calibration must be carried out regularly, at least once for each season
change;
➢
changes in the environmental conditions in which the sensor operates must be continuously
recorded. Following this methodology, the obtained measurements can be corrected subsequently,
taking into account the changes of the environmental conditions;
➢
errors can be reduced by controlling the environment of the sensor by placing it in a box at a
controlled temperature and isolating it from external vibrations and shocks.
High constant humidity, risk of condensation, potential spray irrigation, dust and dirt and constant
exposure to solar radiation are factors that can influence the greenhouse microclimate. Other important
factors to consider besides those already mentioned are:
➢ the necessary precision and long-term stability;
➢ protection of the instrument - minimum IP65;
➢ operating range under conditions with high relative humidity;
➢ sunscreens for temperature and humidity sensors;
➢ wear of moving parts.
Sensors for temperature measurement:
➢
The thermocouple temperature transducer is made up, in principle, of the thermocouple type sensor,
which makes the temperature conversion into thermoelectric voltage, the extension cables, through which the
reference junction is brought from the measuring place in an area where it is possible maintaining constant
temperature, and the adapter by which the unified output signal is obtained.

Fig.7 – Thermocouple, (Ponce et al., 2015)

➢
Resistance temperature sensor (RTD) sensor - RTDs are basically devices with temperature sensitive
resistance, with a detection range between - 200°C and 500°C. Resistance increases with temperature.

Fig.8 – Resistance temperature sensor (RTD) sensor, (Ponce et al., 2015)

Sensors for measuring humidity:
➢
Humidity Capacitive Sensors (CHS) - CHSs consist of a substrate on which a thin film of polymer or
metal oxide is deposited between two conducting electrodes;

Fig.9 – Capacitive humidity sensor (CHS), (Ponce et al., 2015)
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➢
Humidity Resistive Sensors (RHS) - RHS measures changes in electrical impedance of a hygroscopic
environment, (Quan et al, 2011).

Fig.10 – Resistive humidity sensor (RHS), (Ponce et al., 2015)

Sensors for determining the light intensity:
➢
Photometric sensors - These sensors measure visible radiation or light as perceived by the human eye;
➢
Light dependent resistance (LDR) - is similar to the photometric sensor, measuring the visible light
perceived by the human eye. LDR is practically a resistor; the internal resistance increases or decreases
depending on the intensity level of the light that drafts the sensor surface (Quan et al, 2011).

Fig.11 – Light dependent resistance (LDR), (Ponce et al., 2015)

Sensors for CO2 measurement:
➢ Electrochemical CO2 sensor - The sensitive element of this type of sensor consists of a solid electrolyte
formed between two electrodes, together with a heating substrate. By monitoring the changes in the
electromotive force generated between the two electrodes, it is possible to measure the concentration of CO2 gas;
➢ Non-dispersive infrared (NDIR) CO2 sensors - NDIR are spectroscopic sensors that detect CO2 in gaseous
environments. The key components are an infrared source, a light tube, an interference filter (wavelength)
and an infrared detector. The gas is pumped or diffused into the light tube and the electronics measure the
absorption of the characteristic wavelength of light.
pH measurement sensors
➢ The pH sensor includes a measuring electrode, a reference electrode and sometimes a temperature
sensor for compensation. A typical modern pH probe typically combines these components into one device
called a combined pH electrode.
Sensors for determining the wind direction and speed - Cup anemometers. The hemispherical cups are
attached by a rotating shaft driven by air currents, so that the wind speed becomes the rotation of the shaft. To
turn it into an electrical signal, a tacho generator or alternator is often used. The generators produce a voltage
proportional to the wind speed.
CONCLUSIONS
Environmental factors influence the quality and productivity of future plant growth. Therefore, continuous
monitoring of microclimate influence factors in protected areas (temperature, humidity, CO2, etc.) gives growers
valuable information to better understand how each factor affects the quality and growth rate of plants and how
to maximize it. of crop productivity. Even if very precise measurements can now be made and the measured
data can be processed relatively quickly, in order to maintain a continuous control of the climate in the room, it is
necessary to anticipate these microclimate conditions. This forecast is made by modeling the dynamics of all the
microclimatic variables and how they influence the quality of the environment in which the plants develop.
The multitude of factors that can produce changes in the greenhouse microclimate, threatening the
health, yield and productivity of future plants, requires ensuring optimal conditions for growth and development
of cultivated plants.
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Temperature fluctuations, humidity levels, electrical power fluctuations, etc. can damage or destroy the
entire microclimate of the greenhouse.
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ABSTRACT
Modern agriculture is facing the challenge of supplying the necessary food to the ever-growing world
population, which is expected to be around nine billion by 2050. Due to the limited possibilities of expanding
agricultural areas, climate change, unpredictable weather, floods and other disastrous natural events, the
agricultural sector's task of providing sufficient food to the global population is much more difficult. The paper
presents a brief communication on the use of greenhouses in the context of climate change.
REZUMAT
Agricultura modernă se confruntă cu provocarea de a furniza alimentele necesare populației mondiale în
continuă creștere, care se preconizează că va fi de aproximativ nouă miliarde până în anul 2050. Datorită
posibilităților limitate de extindere a suprafețelor agricole, a schimbărilor climatice reprezentate de vremea
imprevizibilă, a inundațiilor și a altor evenimente naturale dezastruoase sarcina sectorului agricol de a oferi
hrană suficientă populației globale este mult mai dificilă. În lucrare se prezintă o scurtă comunicare privind
utilizarea spațiilor protejate de tip sere în contextul schimbărilor climatice.
INTRODUCTION
Agriculture can be defined as the activity that deals with the cultivation of plants that serve to obtain food,
oils as well as industrial products. This activity involves the use of different groups of plants: herbs, vegetables,
edible and ornamental flowers, legumes, oil seeds, industrial crops, medicinal plants, etc. All these groups of
plants are cultivated in the soil as well as open agricultural land, some of them can be protected by means of
protective coverings, hence the term "Protected agriculture" (Ponce et al., 2015).
The main task of the protected areas is to facilitate the creation and maintenance of optimal conditions for
plant cultivation, independently or with a controlled dependence on the external climatic conditions. These
"optimal conditions" are characterized by a set of factors and physical parameters related to the nature and
requirements of the plants grown indoors (Brătucu et al., 2002).
Intensive cultivation of horticultural plants inside protected areas is possible because the construction is
covered with a transparent coating of solar radiation. The solar radiation from short waves penetrates inside the
spaces through the shell, reaching the surface of the plants or on the ground, from where it is reflected in the
form of long waves (Balas and Balas, 2008).
One of the most significant difficulties faced by the greenhouse designers is the construction of a
structure that allows the correct regulation of the environmental conditions, the structure, the automation system
and the control having to be interconnected. (Cepeda et al., 2013; Murad et al., 2011; Deak et al., 2018;
Bolintineanu et al., 2010; Matache et al., 2010; Niţu et al., 2012; Păun et al., 2011; Petre et al., 2019; Vlăduţ et
al., 2010).
Lifestyle changes and increased needs accompanied by new consumer habits have led to increased
consumption of fruits and vegetables, nowadays, these products are widely accepted by consumers, largely due
to their beneficial health aspects. Also, consumers are very interested in the taste and quality of the products
purchased. Increased demand for these products has led to the emergence of new production techniques, such
as automated greenhouses to obtain better quality products (Lucero and Sanchez, 2012).
The greenhouse effect, first studied by Jean Baptiste Joseph Fourier in 1824, is related to the old glass
buildings for gardening; its meaning is correlated with the overheating of the planet's surface due to the
atmosphere. A building designed for the protection of growing plants (protected agriculture) outside the season
against excessive cold or heat has been called a greenhouse, hence the term greenhouse effect. The structure
of the greenhouse protects the crops from rain and wind, allows the solar radiation to pass through the walls,
realizing the exchange of heat with the external environment (Balas and Balas, 2008; Clements et al., 2011).
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MATERIALS AND METHODS
Global climate changes affecting the planet are due to the release of greenhouse gases, which have
increased significantly through the massive use of fossil fuels. The main causes of this problem are the
generation and consumption of energy in the form of coal or oil, car transport, as well as energy-consuming
industrial processes (IAASTD, 2009).
As a result of global climate change, extreme temperatures, water shortages and floods are expected.
The temperature of the Earth has increased between 1850 and 2010, by 0.5°C / century, by 0.7°C since 1900,
by 1.3°C since 1950 and by 1.8°C in the last 35 years. The last two decades are among the hottest ever since
record keeping temperatures (ASERCA, 2012).

Fig.1 – Temperature prediction curves over the next 80 years, (ASERCA, 2012)

Climate change will have a significant impact on agriculture, farmers' incomes and food security by
increasing water demand, limiting crop productivity and reducing water availability in areas where irrigation is
needed. The global atmospheric temperature is expected to increase by about 4°C by 2080 as described in
Figure 1, in accordance with the doubling of the atmospheric CO2 concentration (Cline, 2007, FAO, WFP, &
IFAD, 2012).
According to current trends, by 2030, maize production in South Africa could fall by 30%, while rice, millet
and maize in South Asia could fall by 10%. By 2080, production in developing countries could decline on
average by 10% to 25%, while in India it could drop from 30% to 40%. By 2100, when the population will be
double, rice and maize production in the tropics is expected to decrease by 20%-40% due to higher
temperatures, without taking into account the decrease in yields as a result of lower soil moisture and water
supplies caused by rising temperatures. Increasing the temperature by 3°C (until 2100, compared to
19902000) could increase crop production in medium and high latitude areas, but in low latitude areas, yields could
decrease, increasing the risk of malnutrition. Increasing the temperature by 3°C could decrease crop production
in temperate regions, which would reduce overall food production (Ponce et al., 2015).

Fig.2 – Impact of climate change in 2080 on agricultural productivity in standard deviation versus time or spacing
sequence, (Ponce et al., 2015)

Climate change is expected to impose additional restrictions on agriculture, but it also brings certain
opportunities, as these will affect the availability of land and water (OECD, 2012).
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Changes in weather conditions have forced, more than ever the emergence of new methods of plant
cultivation, protected areas for horticultural crops being one of the best options for improving the cultivation
process of future plants.
a. The micro-tunnel protected spaces are small structures built with arches on which plastic sheets are placed.

Fig.3 - Micro-tunnel type protected spaces (www.grupoxurde.es)

Due to the small size, it is not possible for people to work inside them, so the work has to be done from the
outside. The micro-tunnels are approximately one meter high, the width being consistent with the ditches in which
the plants are developing. Once it reaches a certain height, the micro-tunnel is removed to allow the plants to reach
their maximum height. Works in micro-tunnel protected spaces are similar to those in an open field system.
b. The macro-tunnel protected spaces are structures, consisting mainly of arches, not having the appropriate width
and height to be considered greenhouses, but allow workers to perform tasks within the structure.
Dimensions:
➢ width between 4 - 5 m;
➢ height between 2 - 3 m.
They have the advantage of being easy to build, but the disadvantage of retaining less heat than a
greenhouse, due to their low volume.

Fig.4 – Macro-tunnel type protected spaces (https://www.bioqualitum.com/es/home)

c. Shade house protected spaces. Shade houses are the simplest structures, whose purpose is to provide
the culture with easy protection through the mesh roof. Shading net is used when the sun's radiation is very high,
with areas with a dry climate recommended, when they can protect against rain. The dimensions may vary
depending on the space available in terms of width and length, the height depending on the future crop, but this is
usually between 3 to 5 m.
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Fig.5 – Shade House, (www.fabricanteinvernaderos.com)

d. Greenhouse protected spaces. The need and growth of the production of fresh vegetables and fruits in all
four seasons of the year has led to the development of cultivation methods in enclosed spaces, protected from the
cold and the weather called greenhouses. Greenhouses are closed structures, with a degree of technicality,
depending on the needs, used to obtain the highest possible productivity in a culture. They are used in horticulture,
seedlings and nurseries, ornamental plants, flowers and green plants for cutting. The structure of the greenhouses
protects the crops from rain and wind, allowing the solar radiation to pass through the walls, ensuring the exchange
of heat with the outside environment.

Fig.6 – Greenhouses, (Ponce et al., 2015)

RESULTS
From the constructive point of view the greenhouses can be of type:
➢ individual greenhouses;
➢ greenhouses universal block.

Fig.7 – Classification of Greenhouse Systems, (Tiwari, 2003)
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From the point of view of working principle, the greenhouses can be classified as follows:
➢ passive greenhouses - systems that normally do not require mechanical energy to move fluids for
their operation. Liquids and energy move by virtue of the temperature gradients established by the
absorption of radiation. The greenhouse acts as a collector, as the glazed area, walls and roofs are
used for collecting, storing and distributing solar energy in the greenhouse through natural processes of
convection, radiation and conductance;
➢ active greenhouses - in these greenhouses there is external thermal energy available either from
conventional fuel or solar energy through a greenhouse collector panel. These greenhouses use fans
and pumps powered by mechanical energy to circulate working fluid into the system.

Fig.8 – Classification of greenhouses from the point of view of working principle, (Ponce et al., 2015)

The greenhouse is a special construction in which the environmental factors are regulated according to
the requirements of the plants. The main task of the thermal environment created inside the greenhouse is to
provide the plants with enough heat to maintain and promote the optimum life processes, but also to protect
them from frost or overheating.
The main requirements imposed on the construction of greenhouses refer to:
➢ ensure optimum access of solar radiation to plants;
➢ ensure uniform temperature conditions within the space;
➢ be watertight, heat losses be minimal;
➢ allow the mechanization and automation of the works;
➢ be cheap, to be easily constructed, to use in their construction prefabricated components;
➢ be durable, corrosion resistant;
➢ require reduced metal consumption;
➢ withstand the demands of the wind and the weight of the snow.
CONCLUSIONS
Greenhouses have for many years played a very important role in the production of food for human
nutrition. The supply of food with fresh products throughout the year is ensured by the production obtained in greenhouses.
Man's concern for green roofs, generally of large city buildings, has led to the emergence of greenhouses on
large buildings in order to reduce the rate of growth of global warming and improve living conditions.
The modernization of the greenhouses, the so-called "smart" greenhouses have made a very important
progress lately, the automations have led to the very easy exploitation of the production of a greenhouse.
In addition to the classical greenhouses, where water, temperature, air are remotely regulated with the
help of modern technologies, new variants of plant growth system such as hydroponic systems (cultivation of
vegetables and flowers without planting them in the ground, is called hydroponic culture) as well as aquaponic
systems (combining the two forms of agricultural production, recirculating and hydroponic aquaculture).
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ABSTRACT
Aquaculture is one of the oldest activities in the history of humanity and has now become the one of the
most important part in the agro-food industry, increasingly contributing to the world's production of aquatic food,
given that, in the case of most wild fish stocks, the limits of sustainable exploitation are now almost reached or
even exceeded. The food that is provided to fish is assimilated and used as energy needed for vital activities,
including energy needed for growth. Combined feed is a balanced mixture of feed materials of vegetable,
animal, microorganic origin, vitamins, mineral salts and other feed additives, completely balanced and
homogeneous, so as to meet the energy and nutrient requirements for a well-established category of animals,
according to certain scientific criteria. Combined fish feed can be either pelleted or granulated. The paper
presents a series of considerations on obtaining fish feed for aquaculture systems.
REZUMAT
Acvacultura este una dintre cele mai vechi activități din istoria umanității și a devenit acum una dintre cele mai
importante părți din industria agroalimentară, contribuind tot mai mult la producția mondială de alimente acvatice,
având în vedere că, în cazul majorității stocurlor de pești sălbatici, limitele exploatării durabile sunt acum aproape
atinse sau chiar depășite. Alimentele furnizate peștilor sunt asimilate și utilizate ca energie necesară activităților
vitale, inclusiv energia necesară creșterii. Furajele combinate reprezintă un amestec echilibrat de materiale furajere
de origine vegetală, animală, microorganică, vitamine, săruri minerale și alți aditivi pentru furaje, complet echilibrat și
omogen, astfel încât să îndeplinească cerințele energetice și de nutrienți pentru o categorie bine stabilită de animale,
după anumite criterii științifice. Furajele combinate pentru hrănirea peştilor pot fi peletizate sau granulate. Lucrarea
prezintă o serie de considerații privind obţinerea hranei pentru pește pentru sistemele de acvacultură.
INTRODUCTION
Today, aquaculture is globally the fastest growing branch of the agri-food industry producing almost 40%
of all aquaculture products in the world. However, the growth rate of aquaculture production is slowing due to
growing concerns about aquaculture practices and the quality of the fish obtained. The aquaculture sector is
facing the challenges of an evolving society that is increasingly concerned about the ecological sustainability of
its activities (Artemio et al., 2018; Guillaume et al., 1999).
Aquaculture, in its forms - extensive, semi-intensive and intensive - has a double influence on the
environment: it brings environmental benefits by ensuring the support of faunal and floricultural biodiversity in
ecosystems that integrate fish farms (especially extensive and semi-intensive aquaculture), but it can also have
a negative impact on the environment-especially intensive aquaculture (Antonie et al., 2018; Neagoe et al., 2019).
Fish production in fish basins remains "extensive" or "semi-intensive" (with additional feeding) in most countries,
where semi-static freshwater systems play an important role in agriculture (Caba et al., 2017; Caba et al., 2018).
Aquaculture is increasingly contributing to the world's production of aquatic food, given that, for most wild
fish stocks, the limits of sustainable exploitation are now almost reached or even exceeded. In the EU,
aquaculture is an important economic activity in many coastal and continental regions. European aquaculture
offers good quality products, strictly complying with the standards of environmental sustainability, animal health
and consumer protection (Laza et al., 2017). The excellent quality of EU aquaculture products should be an
important competitive advantage for EU aquaculture (Andrei et al., 2016; Pâslaru V., 2015)
In human diet, fish has a significant importance, providing 12-15% of the total protein consumed. Fish
meat has special sensory qualities and a high nutritional value, given by the high contents of complete proteins,
lipids with a high degree of non-saturation, lipo and water-soluble vitamins and important mineral salts.
Pellets are generally difficult to make from plant materials and their structure is influenced by the material
from which they are made, particle size, humidity, mold shape, etc. (Danciu et al., 2010; Ungureanu et al., 2016a;
Ungureanu et al., 2016b; Ungureanu et al., 2018; Vlăduţ et al., 2011; Voicea et al., 2014a; Voicea et al., 2014b).
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Fig. 1 – Schematic diagram of a Recirculating Aquaculture Systems
(https://www.hatcheryinternational.com/innovation-leading-new-wave-of-ras-technology-3355/

Nutrition studies should take into account many things, primarily the ecological and ethological
characteristics of the species, with direct reference to the eating habits of the species studied, especially when
seeking to transfer knowledge from the natural environment, in captivity (Landau M., 1991).
Digestion is a complex biochemical and mechanical process that takes place in the digestive tract and
during which ingested fodder is transformed into simple, easily assimilable substances. The amount of feed that
can be ingested by fish is influenced by the following factors: nutritional, environmental and behavioral that can
increase or decrease the efficiency of nutrition. The choice of feed formula is essential in the diet of fish. A
number of terms and expressions are introduced which will be put into practice as information on the nature and
qualities of the different animal feeds and information on the nutritional requirements of the fish are presented.
The accuracy of understanding these terms is essential for their correct application (Haţieganu et al. 1984).
The first step in formulating the diet is to balance the level of crude protein and the level of energy. This
can be done by trial and error, by the square method for either the crude protein level or the energy level, and
then by adjusting or solving the simultaneous equations. At first, it is useful to use at least three food formulas
during the initial balancing of protein and energy levels: one high in protein and one high ME, one low or
intermediate in protein and one high ME and one low or intermediate in both protein and ME. Once the
practice makes a person more experienced in formulating the diet, any number of feeds can be used. You
need to remember to reserve a room in the forms for any feed additive, such as a premix of vit amins or
minerals (Savin C., 2020).
The second step in formulating the diet is to check the levels of essential amino acids in the formulation to
make sure that the food levels meet the requirements of the animal to be fed. Fish requirements for essential
amino acids are expressed as dietary level (as a percentage of the diet) or as a percentage of the protein level
of the diet. To convert a level of amino acids from the percentage of diet to the percentage of protein, divide the
dietary level of each amino acid by the protein level of the diet. It may be interesting to calculate the dietary
levels of all the essential amino acids, but it is not practical to do it all the time. If the levels of arginine, lysine,
methionine and tryptophan meet the dietary requirements of the fish to be fed, the levels of the other six
essential amino acids will be above the required levels. When using unconventional protein supplements, the
levels of all ten essential amino acids should be checked (https://www.wenger.com/industries/aquatic-feed). The paper
presents a series of considerations on obtaining pelleted fish feed, as an important part of aquaculture systems.
MATERIALS AND METHODS
The food that is provided to fish is assimilated and used as energy needed for vital activities, including the
energy needed for growth. The definition is simple, but what must be kept in mind is that even in the case of fish,
abundance, quantity of food and quality are not enough. The relative content of food in carbohydrates, lipids,
proteins, vitamins and trace elements is of paramount importance. The nature of the food absorbed, as well as
the conversion coefficient, meaning the transformation of ingested food into fish meat, can differ greatly,
depending on the calendar period of the year and the stage of fish growth. In addition, in an ecosystem,
competition for food, intraspecific or interspecific, can lead to both slowdown and starvation and the elimination
of the species from the food chain.
The fodder used in fish feed must meet the following conditions: it must contain the nutrients necessary
for the growth, development and fattening of the fish; to be distributed in an accessible form and to be easily
assimilated; to be distributed in sufficient quantities to obtain the desired growth spurt; not to be used in an
altered state to avoid the unpleasant smell and taste of the fish meat; to be easily digestible for the species; to
be rationally staggered quantitatively and qualitatively during the feeding period.
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In order to meet the physiological requirements of farmed fish species, feed must contain a number of
ingredients (feed additives). Feed additives are a category of substances or products that are introduced in
small quantities into animal feed to cover certain specific requirements and / or to usefully influence (directly or
indirectly) zootechnical performance or health. This group includes: enzymatic preparations, antioxidants,
antimicrobial agents, flavoring substances (attractants), hormones, binders, premixes, pigments and
bioadditives. The use of granulated combined feeds in fish feed aims at: reducing specific consumption by
optimizing food and considerably reducing nutrient losses, reducing labor costs, saving storage space.
The fodder is classified according to 3 main criteria:
➢ their origin:
✓
Plant origin: alfalfa, clover or other chopped vegetable components; seaweed crops, fibrous fodder flour;
corn, oats, barley, barley; sunflower, soybean, castor and rapeseed meal; cereal crumbs; residues from the
selection of cereals; residues from the beer and sugar industries; mill dust; legumes: lupine, beans,
soybeans, peas, beans; roots and silage;
✓
Animal origin: meat, blood, bone and fish meal, poultry meal, feather meal, slaughterhouse waste; by-products
from the dairy industry (whey powder, casein, skimmed milk powder); chrysalis; shellfish; mollusks, etc.;
✓
Mineral origin: calcium feed; feed phosphates; volcanic tuff.
➢ technology used for obtaining them: depending on the method of preparation, combined feed for fish is
classified into: bulk combined feed; pressed granulated combined feeds; extruded-expanded granulated
combined feeds; hydrolyzed combined feeds.
➢ fish species and age: Larval and juvenile fish feed; fodder for raising young fish; fodder for edible fish; for
breeding fish.
The use of granulated combined feeds in fish feed aims at: reducing specific consumption by optimizing
food and considerably reducing nutrient losses, reducing labor costs, saving storage space.

Fig. 2 – Examples of granulated fish feed (https://www.wenger.com/industries/aquatic-feed)

Granulated combined feeds have the following characteristics and advantages: the consistency of the
granules in the water must be maintained long enough to be consumed; it must have a pungent odor to attract
fish; are easily observed by fish due to their larger size; are easier to digest compared to bulk combined feeds;
can be stored between 2-6 months without the risk of alteration (water content is less than 10%); allow the
mechanization of storage and distribution works in ponds; before dispensing, the granules do not get wet; after
administration, the granules are soaked with water for the first 15 minutes and then have a sponge-gelatinous
consistency, maintaining the homogeneity of the mixture; specific consumption is low (1-2 kg / kg increase).
Extrusion consists in subjecting the feed mixture to the combined effect of pressure (30-120 bar) and
temperature (90-180oC) for a short period of time (30 sec.) and introducing them into the press. through
granulation, the volume of compound feed is reduced by 20-30% (Chelemen I., 1983).
The use of extruded-expanded granulated combined feeds has the following advantages: the starch in
them is gelatinized in a percentage of 70-100%; have high digestibility; have a low fiber content; are obtained
without binders; the high temperatures they are subjected to destroy the bacteria; have great stability in water;
they are ecological and do not pollute water; they have low conversion rate.
Feeding fish with granulated feed has the following advantages over feed in the form of flour:
• increases the efficiency of food recovery (much better assimilation of nutrients);
• a complete supply of nutrients can be achieved in a single feeding;
• animals can no longer consume feed preferentially;
• animals can be "tricked" into eating ingredients they would not normally consume;
• vitamins, premixes, etc. can be added to the composition of granulated feed without any loss;
• the sanitary condition of the feed is improved due to the high temperature at granulation;
• increases the shelf life of feed;
• the composition and is kept during handling, they can be transported more easily without dehomogenization;
• efficient storage, the feed being more compact;
• one can make its own recipes according to needs;
• about 95% of the mold colonies in feed materials, toxic substances that negatively affect the growth and health
of animals and the quality of meat will be destroyed.
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RESULTS
The process of granulation / pelleting of the feed is largely influenced by the physico-chemical properties
of the feed and the binders used. The granulation of the feed has a special influence. In general, the finer the
granulation of the feed components, the easier it will be to granulate and the more strongly intertwined particles
will be. However, too fine a granulation prevents compaction. The components of the feed mixture also influence
the granulation process, through their specific properties. Some components, such as oatmeal, bran, hemp, etc.,
although involved in small proportions, may disadvantage the granulation process. The addition of molasses or
other sugary substances, introduced in the process in large proportions, prevents slipping and favors the
expulsion of granules, while cereal flours (especially corn flour), alfalfa flour, meat flour, etc. favors granulation.
The process of producing pellets involves subjecting the materials to very high pressures and making it to
pass through the cylindrical orifices of a special die. When it is exposed to the right conditions, the materials
"merge" and eventually form a solid mass. This type of process is also called extrusion. Certain types of
materials (for example matrials with high lignin content) naturally form good quality pellets, while other types of
materials (fodder, herbaceous biomass, etc.) could require a series of additives to act as "binders" that keep the
pellets bound after passing through the die orifices. However, the actual creation of pellets is only a small step
in the process of producing pellets. These steps include material grinding, moisture control, extrusion / pelleting,
cooling and packaging / storage. Pelleting is performed by using equipment with the main active bodies
represented by a die and one or more pressing rollers, two molds or a mold and a profiled pressing body.
The classical granulation process is shown in Figure 3.

Fig. 3 – Diagram for a classic granulation process
(http://reproducerea-cresterea-pastravilor.blogspot.com/2013/09/cresterea-pastravilor-in-sistem.html)

Coarse ingredients usually pass over a magnet that will remove any possible metal parts and then are
grinded using a hammer mill that reduces particle size to the desired sizes. The mixing operation has two
stages. One is for mixing micro-nutrients; the operation is generally called pre-mixing. The second stage
involves the actual blending of all components of the fish diet.
Micro-nutrients, such as vitamins and minerals, are accurately weighed and then mixed in a batch mixer
to ensure homogeneity. The mixed feed blend for pelleting is first conditioned with steam or water, and then it
enters the pressing chamber where it is finally extruded through the die orifices. Immediatelly after extrusion,
pellets are hot and contain excess moisture which will be removed during the cooling stage. Fine particles that
fall from the prellets are then screened from the cooled pellets and will be reintroduced in the process. The fish
feed is then packaged and stored / distributed.
As a result of pelleting, density control can be achieved, meaning that it is possible to obtaine feed that
floats, sinks or slowly sinks to the bottom, therefore having an optimum feeding of the fish species grown.
Also, through pelleting, the air is removed from the spaces between the particles and a protective film is
formed on their surface. In this way, the shelf life of feed can be increased 3-4 times.
CONCLUSIONS
The use of granulated combined feeds in fish nutrition aims at: reducing specific consumption by
optimizing food and considerably reducing nutrient losses, reducing labor costs, saving storage space. Pelleted
granulated combined feeds have superior properties such as: higher digestibility; better buoyancy; appropriate
complex texture, low friability. The quality and durability of feed pellets are closely connected to the physical
forces that bind biomass particles to each other. For example, the effects of the constituents of the pressed
material, the size and distribution of the particles, the moisture content of the particles, etc. on the quality of
pellets are very important aspects to consider.
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ABSTRACT
In November 2018, the European Commission presented its strategic vision "A Clean Planet for All".
This strategy shows how Europe can show the way forward towards climate neutrality by investing in realistic
technological solutions, empowering citizens and aligning actions in key areas such as industrial policy, finance
or research, while ensuring social equity for a fair transition. In 2018, GHG emissions fell by 2.0%, while the EU
economy continued to grow. In 2018, EU greenhouse gas emissions (including those from international aviation)
decreased by 23% compared to 1990 levels, according to preliminary data
REZUMAT
În noiembrie 2018, Comisia Europeană și-a prezentat viziunea strategică „O planetă curată pentru toți”.
Această strategie arată modul în care Europa poate arăta drumul de urmat către neutralitatea climatică prin
investiții în soluții tehnologice realiste, prin responsabilizarea cetățenilor și prin alinierea acțiunilor în domeniicheie, cum ar fi politica industrială, finanțele sau cercetarea, asigurând în același timp echitatea socială pentru o
tranziție echitabilă. În 2018, emisiile de GES au scăzut cu 2,0 %, în timp ce economia UE a continuat să
crească. În 2018, emisiile de gaze cu efect de seră ale UE (inclusiv cele provenite din aviația internațională) au
scăzut cu 23 % comparativ cu nivelurile din 1990, conform datelor preliminare
INTRODUCTION
The Commission's strategic vision is an invitation to all EU institutions, national parliaments, business
sector, non-governmental organisations, cities and communities, as well as citizens, and in particular to young
people, to contribute to ensure that the EU can continue to take a leading role in this area and encourage other
international partners to follow the same path (Yue and Gao, 2018).

Fig. 1- Trajectory of GHG emissions for the EU
in the scenario of temperature increase of 1.5 °C (Yue and Gao, 2018)

In 2018, emissions were 2.0% lower than in 2017. Therefore, EU GHG emissions reached their lowest
level since 1990. Between 1990 and 2018, the EU's common GDP grew by 61%. The intensity of the economy's
GHG emissions, defined as the ratio of emissions to GDP, has decreased to 303 g CO2/EUR equivalent, which
is less than half of the 1990 level (Xu et al, 2018).
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Fig. 2. Total EU GHG emissions, including those from international aviation
(historical emissions in the period 1990-2018, estimated emissions under the conditions of maintaining existing
measures and with additional measures4 in the period 2019-2030) and GHG reduction targets (Xu et al, 2018)

Emissions from stationary installations covered by the EU Emissions Trading System (EU ETS), mainly
emissions from electricity and heat production and industry, decreased by 4.1% from 2017 to 20185. The
reduction came mainly from the production of electricity and heat. This development reflects the trend over the
past five years, during which time emissions from these sectors have decreased significantly. The situation
reflects, in particular, changes in the fuels used to produce electricity and heat, including increased use of
renewable energy sources. Emissions not covered by the EU ETS (such as emissions from transport, buildings,
agriculture and waste) have decreased by 0.9% from 2017 to 2018. The reduction came after a three-year
period of slight increase in emissions in these sectors and mainly came from the energy consumption of
buildings. Emissions from agriculture have also fallen slightly, and emissions from transport have increased
slightly compared to 2017. Furthermore, emissions from international aviation continued to increase in 2018,
increasing by 19% over the past five years. These emissions are, in principle, covered by the EU ETS, for the
time being limited to flights from the European Economic Area (SEE).
The EU has adopted regulatory acts to achieve its 2030 target for the Union has communicated a
national contribution under the Paris Agreement to reduce greenhouse gases by at least 40% by 2030
compared to 1990. The EU has adopted regulatory acts, as shown in Figure 3, which will enable it to fulfil this
commitment. Effective implementation of all climate, energy and mobility targets under Union law could even
lead to reductions in the volume of EU-28 greenhouse gases by up to around 45% in 2030 compared to 1990
(Manmatha et al, 2017).
MATERIALS AND METHODS
In June 2019, the European Commission made recommendations to Member States on the basis of their
Projects of PNEC. As regards GHG emissions in sectors not covered by the EU ETS, several Member States
were recommended:
clarify how the Member State intends to achieve its 2030 greenhouse gas target for sectors outside
the EU emissions trading system, taking into account other cost-effective policies in the period 20212030;
clarify how the Member State intends to comply with the requirement that emissions from land use,
land use change and forestry (LULUCF) do not exceed absorptions;
consider as a source of financing and the generation of transfers to other Member States in a costeffective manner under the RPE.
Several Member States were also advised to review their level of ambition for renewable energy and
energy efficiency in order to close the GAPs at EU level in this respect. In addition, many Member States were
advised to further analyse the interactions between planned climate and energy policies and measures and air
pollution. Emissions covered by the DPE were 11 % lower in 2018 compared to 2005, as shown in Figure 3.
This constitutes a third percentage point overrun of the intermediate reduction target of 8 %. Since the launch of
the system in 2013, emissions at EU level have been below the total limit each year. This resulted in a
cumulative surplus of annual emission allocations (AAE) of around 1 110 Mt CO2 equivalent in the period 20132018. By 2020, emissions are expected to remain below the annual limit and the 2020 effort sharing target is
expected to be exceeded by 3 percentage points with existing measures (Aizebeokhai, 2009).
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Fig. 3- Emissions from sectors currently covered by effort-sharing legislation
in the period 2005-2030 and AAE (CO2 equivalent Mt) (Aizebeokhai, 2009)

Emissions from sectors covered by effort-sharing legislation gradually decreased from 2005 to 2014.
Since 2014, emissions have increased in three consecutive years, further down in 2018. More than a third of
the emissions covered by effort-sharing legislation come from transport. After a decrease in emissions between
2007 and 2013, transport emissions have increased in each of the last five years and are now only 3% lower
than in 2005. In view of 2030, Member States expect a small reduction (of 7 % compared to 2005) with existing
measures. However, through the implementation of the planned policies and measures, transport emissions are
expected to decrease by 18% by 2030 compared to 2005 (Manabe,2019).
Land use and forestry can generate both emissions and CO2 absorptions from the atmosphere. In the
period 2013-2020, EU Member States committed to ensure that greenhouse gas emissions and removals from
additional actions in the sector are taken into account for their reduction target under the Kyoto Protocol.
However, these emissions and removals are not taken into account in order to achieve the EU's internal target
of achieving a 20% reduction by 2020, (Chao and Feng, 2018).

Fig. 4. Preliminary emissions and removals accounted for activities reported under the Kyoto Protocol, (Chao and Feng, 2018)

EU 'accounted' debits and appropriations per activity for the period 2013-2017 produced an average
absorption of -111.9 Mt CO220 equivalent. Net accounted loans decreased from - 133.9 to - 80.5 Mt CO2
equivalent from 2013 to 2017. These quantities for the EU include both 'mandatory' activities
(afforestation/reforestation, deforestation and forest management) and 'chosen' activities under the Kyoto
Protocol (https://unfccc.int/process-and-meetings/the-kyoto-protocol/what-is-the-kyoto-protocol/kyoto-protocoltargets-for-the-first-commitment-period).
The decrease in the net appropriations described above results mainly from the decrease in loans or
loans which are converted into debits for forest management in Croatia, the Czech Republic, Denmark, France,
Italy, Lithuania, Portugal, Slovenia and the United Kingdom. The main reason is the increase in harvest indices.
This was mainly due to a significant increase in timber demand and national policies optimising harvesting and,
to a lesser extent, by the fact that more forests have matured, for example in Denmark and France.
Natural disturbances have also contributed to increased emissions. For example, 2017 emissions from
fires in Italy and Portugal were among the highest ever recorded. Pests and storms have dramatically affected
forests in Lithuania, Slovenia and the Czech Republic.
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The 2030 climate and energy policy framework integrate land-related emissions and removals for the first
time. From 2021 onwards, the LULUCF22 Regulation requires Member States to take measures in this sector to
ensure that accounted emissions resulting from land use are fully offset by the removal of at least an equivalent
amount of CO2 from the atmosphere. This 'neutral or positive balance sheet rule' means that Member States
must offset emissions from deforestation, for example through afforestation to ensure equivalent carbon
absorption or improve sustainable management of existing forests (Tian et al,2016). Member States have
submitted the Forest Accounting Plans at national level, including the proposed forest reference levels. An
expert group assessed the proposals23 from a technical point of view and the European Commission issued
technical recommendations to improve national plans24. On this basis, Member States should review their
plans by 31 December 2019.
The Commission Communication 'A Clean Planet for All'25 also included emissions and removals from
LULUCF. Currently, EU land stores more emissions than they emit. Even if this level of absorption is expected
to decrease, it will need to play an increasingly important role, together with other technological solutions, to
offset the remaining emissions from other sectors and to enable neutrality to be achieved by 2050.
RESULTS
The EU has set out to allocate on average at least 20% of its budget for climate-related expenditure in
2014-2020. According to the most recent available data, this expenditure accounted for 20.7% of the 2018
budget.34 It is estimated that, on average, EUR 209 billion (19.7% of the budget) will be allocated in the current
Multiannual Financial Framework (MFF). On the basis of these positive results, on 2 May 2018 the Commission
proposed the more ambitious target of allocating 25 % of the budget to expenditure contributing to climate
targets in the next MFF 2021-2027 (Khandekar et al, 2005).

Fig. 5. Expenditure from the EU budget related to climate policy in the period 2014-2020, (Khandekar et al, 2005)
(in EUR million and as a percentage of the EU budget)

Over the past year, further progress has been made under the EU Strategy on Adaptation to Climate
Change, which was adopted in 2013 to prepare Member States for the current and future impact of climate
change (Yang et al, 2018):
currently, 26 Member States have a national adaptation strategy, while the other Member States have
almost completed their strategies;
more than 1,900 cities and localities in Europe have committed, through the Convention of Mayors, to improving
their resilience to the effects of climate change (their number has increased by around 900 from 2018);
several draft national energy and climate plans contain adaptation objectives;
the CLIMATE-Adapt platform has been modernised;
The European Commission has released an update of its PESETA41 study on a number of climate effects,
including an economic assessment;
the LIFE programme funds adaptation projects in key areas, for example in water resources,
The EU strategy on adaptation to climate change was assessed in 2018, with positive conclusions43.
Some of the lessons learned could help define future adaptation actions in Europe, for example:
International developments have created the need for the EU to harmonise its adaptation actions with the
Paris Agreement, the Sendai Framework for Action on Disaster Risk Reduction and the Sustainable
Development Goals;
the need to adapt to accelerated change is even greater than when the strategy was adopted: we need to
better strengthen infrastructure to cope with extreme weather and climate change;
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ecosystem approaches need to be better incorporated into the assessment and choice of adaptation
options;
public health issues should receive more attention in adaptation and planning policy.
Under Horizon Europe, a Mission on the Adaptation and Transformation of Society was launched. The
Mission Council is chaired by Mrs Connie Hedegaard. Horizon Europe's missions will ensure and guide
research and innovation, attract industry and public support through ambitious intermediate targets that can be
communicated to the general public (Abeydeera et al, 2019).
CONCLUSIONS
Agriculture requires a dual approach: reducing GHG emissions and adapting to the anticipated effects
of climate change. The agricultural sector emits greenhouse gases into the atmosphere, albeit on a smaller
scale than other economic sectors. At the same time, this sector can provide solutions to climate change
problems.
Reducing GHG emissions. Agriculture is an important source of emission of two powerful greenhouse
gases: nitrous oxide (N2O) and methane (CH4). Both CH4 and N2O produced from the storage and spread of
animal fertilizers. N2O is released into the atmosphere fromagricultural land, mainly due to the microbial
transformation of soil fertilisers containing nitrogen. Emissions of N2O account for more than half ofall emissions
from agriculture; Emissions of CH4 are largely due to fertilisers from the digestion processes of ruminant animals
(mainly cows and sheep).
Adapting to the anticipated effects of climate change. Climate change affects many economic sectors,
and agriculture is one of the most exposed because agricultural activities depend directly on climate factors.
This is important for the European area because 90% of this area is composed of agricultural land and forests.
Adaptation is a critical challenge for agriculture and rural areas.
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ABSTRACT
The objective of this paper is to present the need of using the equipment for opening and
compartmentalizing watering furrows as well as the current stage regarding the construction of these
equipments. Agriculture and food production are industrial sectors that involve high water consumption. Thus, if
we want to meet the growing need for high-quality food worldwide and at the same time meet the environmental
and climate goals set, we must not neglect these requirements. In case of continuous or interrupted furrows, the
aim is to obtain the largest furrow section in order to transport and accumulate as large a volume of water as
possible.
REZUMAT
Obiectivul acestei lucrări este acela de a prezenta necesitatea utilizării echipamentelor de deschis și
compartimentat brazde de udare, precum și stadiul actual privind construcția acestor echipamente. Agricultura
și producția alimentară sunt sectoare industriale ce implică un consum ridicat de apă. Astfel, dacă dorim să
satisfacem nevoia crescândă de hrană de calitate superioară, la nivel mondial, și să atingem totodată,
obiectivele de mediu și climatice stabilite, trebuie să nu neglijăm aceste cerințe. În cazul realizării brazdelor
continue sau întrerupte de udare se urmărește obținerea de secțiuni cât mai mari de brazde necesare pentru a
transporta și respectiv a acumula un volum cât mai mare de apă.

INTRODUCTION
One of the most important human activities is agriculture. Depending on the crops we plant the climate
plays an important role, agriculture being closely linked to water sources. Climate change and the rainfall
instability have caused the amount of water reaching the plants to vary. In this situation a safe production could
not be guaranteed and the only solution is to use irrigation systems [28].
The water needed for plant development comes from the rain that falls on the cultivated land. Rains fall
randomly, so the water quantity does not comply to plants requirements. Only a small part of rainfalls infiltrates
into the soil, the rest of it provoke excessive drippings and erosion. Thus, a method of collecting rainfall water
consists in culture practices, namely creating compartmented furrows (Song et al., 2014).
Irrigation represents an important technical mean of eliminating the soil water shortage, constituting the
infrastructure of a sustainable development. Technologies of fighting against the climate change effects have
importantly evolved through the reduction of water consume for plants (dripping, micro-spraying), high
valorization of water by losses diminishing and performing agricultural works such as fertilization, herbicide
applying, etc and utilization of other sources of water-wastewater coming from animals or rural, urban and
industrial environment (Guo et al., 2009;Song et al., 2014).
Water resources in Romania are low, with a value of about 1660 m3 / inhabitant, and in other countries in
Europe they are 2.5 times bigger and therefore it is important to promote techniques and technologies that
efficiently capitalize water from various sources, with low energy consumption, soil water and its circulation is of
interest, as about 41% of our country's arable land is affected at some times of the year by excessive humidity
on about half of the arable area, and in the same year droughts are recorded longer or shorter, and watering
with variable rules is required, and soil erosion phenomena are manifested on 35% of the total agricultural area.
Water resources in Romania are modest compared to other countries in Europe-11th place for local resources
and 21st place for the ones formed on its territory (Biolan et al, 2015). Uniform storage of water along the row of
plants is achieved by forming continuous or compartmentalized (interrupted) furrows.
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Furrow irrigation is a surface irrigation method of laying out the water channels in such a way where gravity
plays the role of providing just enough water for suitable plants to grow. It is usually made by the planned
placement of ridges and furrows. The open furrow work is known as soil processing by ridgeplowing (soil
modelling) and was initially made with the help of some trailed animals. This operation is done with a machine that
works in aggregate with a tractor, the machine on which is mounted equipment for continuous furrows or
specialized equipment for making interrupted furrows (Aquaproiect S.A., 2017; Oprescu et al., 2018; Oprescu et
al., 2019). The furrow irrigation method is used on narrow areas in sandy soils (in the households when irrigating
leguminous plants) due to their predominantly coarse granulometric composition. On typical sandy soils, it is not
possible to count on furrow lengths greater than 50-70 m, if the criteria for uniformity of watering (Ploae et al,
2002).Furrow irrigation, using proper management and short furrow runs, resulted in yields and water‐use
efficiencies as high as those of the other irrigation methods (Sammis, 1980; Ungureanu et al., 2017; Ungureanu et
al., 2018; Bularda et al., 2020; Croitoru et al, 2015). When executing continuous or interrupted furrows, the aim is
to obtain the largest section of the furrow necessary to accumulate and transport as large a volume of water as
possible. Discontinued watering furrows are used on uneven lands or crops that do not allow water to accumulate
in micro-depressions. For the execution of compartmented furrows, the machine consists of elements for making
furrows and rotors with pallets for modeling and interrupting them by forming dams (plugs). The number of work
sections is determined according to the sowing scheme and the interval between rows. The modelling of
agricultural land is of particular importance, because this work ensures a uniform distribution of water in the soil
(Biriş et al., 2008; Biriş and Vlăduţ, 2011; Croitoru et al., 2016; Croitoru et al., 2017; Matache et al., 2015;
Ungureanu et al., 2015; Ungureanu et al, 2018; Vlăduţ D.I. et al., 2018; Vlăduţ et al., 2009; Vlăduţ et al., 2017;
Vlăduţoiu et al., 2017), whether it is conducted through furrows or strips on the surface of the land, or it is sprayed
by spraying. Opening the interrupted furrows is necessary in the following situations (Biolan et al, 2016):
- on landscaped lands for sprinkling with fixed or mobile installations and with uneven or sloping streams
causing water leakage and pouring into microdepreses;
- on lands with kneaded microrelief with small slopes, not arranged for irrigation and in which rainwater
flows rapidly downstream, being not used by the plant and producing the phenomenon of erosion
MATERIALS AND METHODS
Furrow irrigation is the most complete method of free-flow (gravity) surface irrigation. According to its
effect on soil and plant, formation of water, air, and nutrient regimes, it is applicable not only for vegetable
growing, but also for field crop cultivation. Surface furrowing enables using irrigation practically for all types of
soil, reliefs and slope grades with small scale of leveling works. Irrigation furrows are trenched simultaneously
with sowing or intertillage of spaces between crop rows, notably furrowing is well linked with the crop sowing
and nursing technology (http://www.cawater-info.net/bk/4-2-1-4-1-3_e.htm).The goal of every successful
irrigation is uniform water application over the field in order to avoid leaching and overlogging. Although simple
and technology free, furrow irrigation is certainly not an easy irrigation system type. Prior irrigation, farmers have
to consider many different factors to achieve good water management results. After construction the furrow
system should be maintained regularly; during irrigation it should be checked if water reaches the downstream
end of all furrows. There should be no dry spots or places where water stays ponding, overtopping of ridges
should not occur and the field channels and drains should be kept free from weeds [28].
RESULTS
Before a farmer starts with furrow irrigation establishment, he needs to construct the furrows first. Rural
farmers with usually small plots use animal and hand-drawn ridgers. On the other hand, farmers in developed
countries preferably use an equipment attached to a tractor. In this paper are presented the most used
equipments for opening this kind of furrows. The Pocket Pitter from Ag Engineering & Dev. Co. was developed
for onions and narrow row crops, or bedded crops, but has been used with excellent results in not only onions
but also in beans, grass seed, peas, wheat, greens, sugar beets, garlic, corn and potatoes.

Fig.1- Equipment for narrow crops and the tanks created by it (https://dammerdiker.com/pocket-pitter.html)
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The equipment uses a heavy-duty, five-spoke wheel with heavy chrome castings to create a reservoir, or
narrow slice, 18 inches long between the rows, or on top of the bed. The advantage, besides creating a water
holding reservoir, is that there is very little soil disturbance as the wheel, on a common shaft, rolls between the
rows of plants. The Pocket Pitter is designed for long life with minimum maintenance requirements
(https://www.farm-equipment.com/articles/16259-ag-engineering-dev-co-pocket-pitter-reservoir-tillage-equipment).

Fig.2 - Kinematic scheme of a Pocket Pitter equipment
(https://www.farm-equipment.com/articles/16259-ag-engineering-dev-co-pocket-pitter-reservoir-tillage-equipment)

The patented Dammer Diker equipment and process is simple but the effect is dramatic. It greatly improves
each plant's access to moisture, nutrients, temperature, and air. An inter-row ripper opens up the soil, and a multispoke "spider" implants the tillage reservoirs. The spiders are mounted on a common shaft in gangs of at least three
spiders, with each spider being timed so that the gang rolls smoothly through the opened soil, alternately implanting
the tillage reservoirs. Since these reservoirs are implanted below the soil surface, they are easier to harvest over and
last longer than reservoirs formed by any other method (https://www.dammerdiker.com/dammer-diker.html)

Fig.3- Dammer Diker equipment, (https://www.dammerdiker.com/dammer-diker.html)

Fig.4- Water storage tanks formed using Dammer Diker equipment

The Wheel Track RollerTM Equipment is a practical solution to maximize water retention and mitigation
of surface water leaks for farmers who use them. Water is directed under the roots of adjacent crops for
possible absorption. Self-cleaning molded plastic cylinders allow the creation of evenly spaced lines / tanks
(http://www.aquagronomy.com/The%20Wheel%20Track%20Roller.pdf).
The machine is designed to be used for both cereal crops and weeds. The unique shape of the roller
allows its self-cleaning and the plastic material used achieves low adhesion. The inclined oblique roller forms
elongated angles and cracks on the soil surface to further aid absorption. The sharp angles divert water through
the soil to the plant roots and the concave central section of the roller gives a necessary, compacted convex
center of the channel that ensures the flow of water in tanks (https://www.fwi.co.uk/arable/grower-uses-new-kitto-stop-water-run-off ).
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Fig.5 - The Wheel Track RollerTM equipment
(http://www.aquagronomy.com/The%20Wheel%20Track%20Roller.pdf)

The Reservoir Tillage 850. The RT850 Reservoir Tillage tool is designed to run between the rows to
create depressions in the ground. This creates a soil profile with better infiltration and permeation, allowing
farmers to make optimal use of available water that gets to a field, whether by rainfall or irrigation
(https://www.willmarfab.com/rt850.php).

Fig. 6 - RT850 Equipment (https://www.willmarfab.com/brochures/28.pdf?nc=849)

The RT850 is a simple and robust piece of equipment. It consists of a metal frame coupled to the tractor
by the three-point clamping system on which are mounted a number of sections corresponding to the sowing
scheme of the crop. The sections have in their composition rotors on which are mounted the active members in
the form of a blade. The blades are made of abrasion-resistant metal, replaceable and inclined to the left and
right. When the blades encounter an obstacle there is the possibility of rolling, avoiding their damage. A
protective role is also assured by the assemblies of rubber rods. When obstacles arise, they allow the
equipment to move, thus avoiding additional forces on the support frame and on the three-point clamping
system on the tractor.
Equipment for opening and partitioning irrigation channels without locking systems for active components.
In the case of this equipment the formation of plugs is achieved by the amount of soil accumulated in front
of the active organs. By accumulating the soil, it creates a certain pressure on the surface of the blade and
when the necessary force is obtained to unblock it rotates followed by plug formation and then continuing the
process of opening the channel.The distance between the plugs is not constant, as it is influenced by the quality
and processing of the soil.

(a)

Equipment for opening irrigation furrows
(b) Kinematic scheme of the equipment
Fig.7 - Equipment for opening and partitioning irrigation channels without locking systems for active
components
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Cottard Barbutte Equipment. This system is simple and completely mechanical, namely a spur wheel coupled
to a curved beak that scrapes the ground and rises at regular intervals of 1.60 m to form a dam between the
mounds. This inexpensive system prevents erosion. The device can hold 20 to 30 l of water / m² during heavy
rain. This infiltrating water enriches the water supply, which can be profitable in drier periods. Disease
prevention is a major asset. The spur wheel lifts the roller which is fixed to it and which actuates the arm at the
end of which is the shovel, and the lowering is performed when the roller no longer has contact with the arm.

Fig.8- Cottard Barbutte equipment and in-furrow micro-dams (Stephan et al, 2020)

The Briggs Tied Ridger has been developed to prevent rain and irrigation water to run off from crops
grown on sloping land, thus giving a dramatic reduction in surface erosion, fewer green potatoes, reduced
fertiliser loss and a reduction in water requirement.

Fig.9- Briggs Tied Ridger Equipment (https://www.briggsirrigation.co.uk/products/tied-ridger/);
(https://thefarmingforum.co.uk/index.php?threads/briggs-tied-ridger.25053/ )

Fig.10- Dams created with Briggs Tied Ridger equipment
(https://www.briggsirrigation.co.uk/products/tied-ridger/)
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The machine incorporates specifically designed paddle wheels to form and press consistently sized and
spaced dams, that will be effective even on light land. It is heavily ballasted and runs on a depth wheel in each
row. In order to avoid damming tramlined rows, a hydraulically operated freewheel is fitted to both rows; this
overrides the trip mechanism and allows the paddle wheel to rotate freely whilst the tramliner is operated. To
produce a good quality dam, it is important that the recommended forward speed of 3 km/h is not exceeded.
The ridge will erode through the year and the speed of erosion will vary depending on the quality of the dam
made in the first place and the soil type. If the dam remains intact throughout the season it will be necessary to
consider using tines to eradicate the ridges either in front of the harvester or on a previous operation such as
topping (https://www.briggsirrigation.co.uk/products/tied-ridger/).
CONCLUSIONS
Furrow irrigation can be used to irrigate many different crops, like vegetables and fruit trees, but it is most
convenient for growing row crops (corn, sunflower, potato, soybean, wheat). Actually, it is suitable for all
crops that would be damaged if water covered their stem or crown. Farmers mainly practice semi-automatic
systems, where the irrigator decides when irrigation is needed and delivers the irrigation water to the field.
Automation of furrow irrigation system requires specific field and water properties as well as proper design,
installation, and maintenance of the distribution system.
Up to this point, furrow irrigation was a very inexpensive irrigation system type but due to modernization
this system require extra cost and effort.
ACKNOWLEDGEMENTS
This work was supported by a grant of the Romanian Ministry of Education and Research CCDIUEFISCDI, project number PN-III-P1-1.2-PCCDI-2017-0662, Contract no.12 PCCDI/2018, within PNCDI III and
project PN 19 10 02 01- DEVELOPMENT OF INNOVATIVE TECHNOLOGIES IN SMART FARMS within the
Program NUCLEU 2019 - 2022.
REFERENCES
[1]
Biolan I., Serbu I., Mardare F., Biolan C., (2015), Modern techniques of irrigation of agricultural crops,
AGIR Publishing House;
[2]
Biolan I., Serbu I., Tusa G.C., Mardare F., (2016), Agricultural Irrigation-Technology, AGIR Publishing House;
[3]
Biriş S., Maican E., Vlăduţ V., Paraschiv G., Manea M., Bungescu S. (2008), Study regarding the soil
particles kinematics during the ante-mouldboard tillage tools working process, PROCEEDINGS OF THE
36 INTERNATIONAL SYMPOSIUM ON AGRICULTURAL ENGINEERING "Actual Tasks on Agricultural
Engineering", pp. 115-126, 2008, Opatija – Croaţia;
[4]
Biriş S.Şt., Vlăduţ V. (2011), Use of finite element method to determine the influence of land vehicles
traffic on artificial soil compaction, WATER STRESS, pp. 179-198;
[5]
Bularda M., Vişinescu I, Ghiorghe A., Vlăduţ V., Cujbescu D. (2020), The effect of conservative
agricultural works on soil and field plants and optimized mechanization technologies, INMATEH –
AGRICULTURAL ENGINEERING, vol. 61 (2), pp. 323-338;
[6]
Croitoru Şt., Marin E., Bădescu M., Manea D., Vlăduţ V., Ungureanu N., Manea D., Boruz S., Matei Gh.
(2015), Researches regarding the minimum work for improving soil fertility by deep loosening,
PROCEEDINGS OF THE 43 INTERNATIONAL SYMPOSIUM ON AGRICULTURAL ENGINEERING, pp.
165-176, 2, Opatija – Croaţia;
[7]
Croitoru Şt., Vlăduţ V., Marin E., Matache M., Dumitru I. (2016), Determination of subsoiler's traction force
influenced by different working depth and velocity, 15th International Scientific Conference
"ENGINEERING FOR RURAL DEVELOPMENT", Proceedings, vol. 15, pp. 817-825, Jelgava / latvia;
[8]
Croitoru Şt., Vlăduţ V., Voicea I., Gheorghe Gh., Marin E., Vlăduţoiu L., Moise V., Boruz S., Pruteanu A.,
Andrei S., Păunescu D. (2017), Structural and kinematic analysis of the mechanism for arable deep soil
loosening, PROCEEDINGS OF THE 45 INTERNATIONAL SYMPOSIUM ON AGRICULTURAL
ENGINEERING "Actual Tasks on Agricultural Engineering", pp. 207-216, Opatija – Croaţia;
[9]
Guo X.N., Hu T.S., Tan G.M., (2009), Farmland drainage standard based on multi-attribute; analysis,
Transactions of the Chinese Society of Agricultural Engineering, Vol. 25, pp. 64-70;
[10] Matache M., Voicu Gh., Cardei P., Vlăduţ V., Persu C., Voicea I. (2015), Accelerated test of MAS 65 deep
soil loosening machine frame, PROCEEDINGS OF THE 43 INTERNATIONAL SYMPOSIUM ON
AGRICULTURAL ENGINEERING "Actual Tasks on Agricultural Engineering", pp. 131-140, Opatija – Croaţia;

369

INTERNATIONAL SYMPOSIUM

[11]

[12]

[13]
[14]
[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]

Oprescu R., Biriş S.Şt., Voicea I., Vlăduț V. (2018), Considerations regarding the construction and
operation of an equipment designed to model the soil in compartmented furrows in vineyards and
orchards, INTERNATIONAL SYMPOSIUM ISB-INMA TEH’ 2018, pp. 431-436, Bucharest / Romania;
Oprescu R., Biriş S.Şt., Voicea I., Vlăduț V., Paraschiv G., Marinescu A.M. (2019), Considerations
regarding the construction and operation of an equipment designed to model the soil in compartmented
furrows in vineyards and orchards, ACTA TECHNICA CORVINIESIS – Bulletin of Engineering, Tome XII,
Fascicule 3, pp. 115-118;
Ploae P., Gheorghe D., Marinică Gh., (2002), Irrigation the essential link of the agricultural system
practiced on sandy soils in southern Oltenia, Semicentenar ISPIF Bucharest, pp. 141-146, Romania;
Sammis T. W., (1980), Comparison of Sprinkler, Trickle, Subsurface, and Furrow Irrigation Methods for Row
Crops, Journal Article 740 of the New Mexico Agric. Exp. Stn., New Mexico State Univ., Las Cruces, NM 88003;
Song C.J., Li Q., Wang Y., (2014), Research overview of ecosystem effect of farmland drainage ditch,
Modern Agricultural Sciences and Technology, Vol. 2, pp. 201-203;
Stephan S., Robin S., Dirk B., Klaus H., (2020), Consideration of risk management practices in regulatory
risk assessments: evaluation of field trials with micro-dams to reduce pesticide transport via surface runoff
and soil erosion, Environmental Sciences Europe volume 32;
Ungureanu N., Vlăduţ V., Biriş S. (2017), FEM modelling of soil behaviour under compressive loads,
International Conference on Applied Sciences (ICAS2016) - IOP Conference Series: Materials Science
and Engineering, Vol 163(2017), 012001, pg. 1-10;
Ungureanu N., Croitoru Şt., Biriş S., Voicu Gh., Vlăduţ V., Selvi K.Ç., Boruz S., Marin E., Matache M.,
Manea D., Constantin G., Ionescu M. (2015), Study of agricultural soil compaction under the action of
agricultural machinery, PROCEEDINGS OF THE 43 INTERNATIONAL SYMPOSIUM ON
AGRICULTURAL ENGINEERING "Actual Tasks on Agricultural Engineering", pp. 31-42, Opatija – Croaţia;
Ungureanu N., Vlăduţ V., Persu C., Cujbescu D., Oprescu M. R., Voicea I. (2018), Study on the
compaction under front and rear wheel of a 40 kW tractor on plowed soil, PROCEEDINGS OF THE 46
INTERNATIONAL SYMPOSIUM ON AGRICULTURAL ENGINEERINg, pp. 189- 199, Opatija – Croaţia;
Ungureanu N., Vlăduţ V., Biriș S.-Ș., Paraschiv G., Dincă M., Zăbavă B. Ș., Ștefan V., Gheorghiță N. E.
(2018), FEM modelling of machinery induced compaction for the sustainable use of agricultural sandy soils,
PROCEEDINGS OF THE 46 INTERNATIONAL SYMPOSIUM ON AGRICULTURAL ENGINEERING
"Actual Tasks on Agricultural Engineering", pag. 201-211, Opatija / Croaţia;
Vlăduţ D.I., Biriş S., Vlăduţ V., Cujbescu D., Ungureanu N., Găgeanu I. (2018), Experimental researches
on the working process of a seedbed preparation equipment for heavy soils, INMATEH –
AGRICULTURAL ENGINEERING, vol. 55 (2), pp. 27-34;
Vlăduţ V., Popa L., Danciu A., Bungescu S., Biriş S., Paraschiv G. (2009), Soil Pressure Determination in
Real-Field and Simulated Laboratory, PROCEEDINGS OF THE 37 INTERNATIONAL SYMPOSIUM ON
AGRICULTURAL ENGINEERING "Actual Tasks on Agricultural Engineering", pp. 107-116, Opatija – Croaţia;
Vlăduţ V., Gheorghe G., Marin E., Biriş S.Șt., Paraschiv G., Cujbescu D., Ungureanu N., Găgeanu I.,
Moise V., Boruz S. (2017), Kinetostatic analysis of the mechanism of deep loosening system of arable
soil, PROCEEDINGS OF THE 45 INTERNATIONAL SYMPOSIUM ON AGRICULTURAL ENGINEERING
"Actual Tasks on Agricultural Engineering", pp. 217-228, Opatija – Croaţia;
Vlăduţoiu L., Cârdei P., Vlăduţ V., Fechete L. (2017), Modern trends in designing and selecting the
machine / equipment for soil deep tillage, 16th International Scientific Conference "ENGINEERING FOR
RURAL DEVELOPMENT", pp. 1415-1420, Jelgav / Latvia;
http://www.aquagronomy.com/The%20Wheel%20Track%20Roller.pdf;
http://www.cawater-info.net/bk/4-2-1-4-1-3_e.htm;
https://blog.agrivi.com/post/modern-management-of-centennial-furrow-irrigation;
https://blogro.eu/importanta-si-rolul-irigatiilor-in-agricultura-ce-nu-stiai-despre-tehnologia-folosita-si-cumaceasta-a-evoluat/;
https://dammerdiker.com/pocket-pitter.html;
https://thefarmingforum.co.uk/index.php?threads/briggs-tied-ridger.25053/;
https://www.briggsirrigation.co.uk/products/tied-ridger/;
https://www.dammerdiker.com/dammer-diker.html;
https://www.farm-equipment.com/articles/16259-ag-engineering-dev-co-pocket-pitter-reservoir-tillage-equipment;
https://www.fwi.co.uk/arable/grower-uses-new-kit-to-stop-water-run-off;
https://www.willmarfab.com/brochures/28.pdf?nc=849;
https://www.willmarfab.com/rt850.php;
https://inma.ro/, (2017), Project: Device for modelling the soil in compacted furrows in two constructive
solutions, Contract no. 4639/2017-I.N.M.A, Aquaproiect S.A.
370

INTERNATIONAL SYMPOSIUM

LABORATORY DEVELOPMENT OF AN AQUATIC PLANT CULTURE SUITABLE FOR
THE POLICULTURE FISH FARMING SYSTEM
/
DEZVOLTAREA ÎN LABORATOR A UNEI CULTURI DE PLANTE ACVATICE PRETABILĂ
PENTRU SISTEMUL DE CREȘTERE A PEȘTILOR ÎN POLICULTURĂ
Eng. Neagoe M.*1), Ph.D. Eng. Voicea I.1), Stud. Ph.D. Eng. Gageanu I.1),
Ph.D.Eng. Moga I.C.2), Ph.D.Eng. Arsenoaia V.3), Ph.D.Eng.Nenciu F. 1)
1)
INMA Bucharest, 2) DFR Systems, 3) USAMV Iasi
Tel: +40-728-249.572; E-mail: mikyscorpio@yahoo.com

Keywords: aquatic plants, fish farming system, Vallisneria americana (Gigantea), Anubias barteri var. nana.

ABSTRACT
In addition to their aesthetic function, aquatic plants play an important role in a fish farming system
being the element that transforms it into an ecosystem, where the life of the constituent elements is in a
symbiosis. Without difficulty, we can notice that fish raised in an aquarium populated with plants are more
vigorous and reproduce more often. In fact, it was found that some fish species cannot even reproduce in an
aquarium / pond without plants.
REZUMAT
În afară de funcția estetică pe care o au, plantele acvatice au un rol important într-un sistem de creștere
a peștilor fiind elementul ce îl transforma într-un ecosistem, unde viață elementelor constituente este într-o
simbioză. Fără mare greutate se poate observa că peștii crescuți într-un acvariu populat cu plante sunt mai
viguroși și se reproduc mai des. De altfel a fost constat că unele specii piscicole nici nu se pot reproduce într-un
acvariu / iaz lipsit de plante.
INTRODUCTION
Aquatic plants provide hiding places and food for the newborns of many species, increasing their
chances of survival. Some more shy fish prefer light filtered by a dense layer of surface plants. There are some
species of fish, especially the large ones that will eat the introduced plants, however most of the fish will leave
the plants untouched.
Vital for the growth of aquatic plants, light must meet a number of conditions for the result to be the
desired one, namely a healthy development of plants and fish in the aquaculture system. If at first glance the
sunlight seems sufficient, an analysis can be found that it may be insufficient or not recommended in the early
stages of aquatic plant development. The remaining solution is the use of artificial lighting and most often the
use of fluorescent tubes or UV LED lamp to stimulate plant growth.
They are more economical than incandescent bulbs and do not primarily emit too much heat that could
disturb fish or even cultivated aquatic plants. Chlorophyll is a mixture of two compounds, chlorophyll a (a blueblack solid) and chlorophyll b (a dark green solid), which gives a green color in organic solutions (Findlay et al,
1996). In natural chlorophyll there is a ratio a: b = 3: 1, of the two components. In the photosynthetic reaction
chlorophyll absorbs light energy, and an electron in chlorophyll is excited, moving from a lower energy state to a
higher energy state, and so the electron is transferred to another molecule.
An electron transfer step chain ends with an electron transferred to the carbon dioxide molecule.
Meanwhile, chlorophyll that has given up an electron can accept an electron from another molecule. This is the
end of a process that leads to the removal of an electron from water (Schmautz and Junge, 2015). Thus,
chlorophyll is at the center of the oxidation-reduction reaction, called photosynthesis between carbon dioxide
and water, resulting in oxygen.
Once well lit, aquatic plants will be able to produce the process of photosynthesis through which they
feed. But for that they need minerals to process. Plants use the waste produced by fish and other aquatic
creatures as food, so if an aquaculture system without plants is an unbalanced one, one that contains only
aquatic plants is not a good idea either.
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Fig.1- Plant growth spectrum (Findlay et al, 1999)

The nutrients used by plants, nitrates, are the result of the breakdown of food waste, fish droppings.
Thus, they remove from the water substances whose presence in large quantities can become dangerous for
the life of fish (Valipour et al, 2016). Also, aquatic plants need iron that can be introduced into the aquarium in
the form of rods or balls of laterite buried in the substrate at the root of the plants. Liquid substances (special
plant fertilizers) can also be used, but they have a low efficiency because they are easily removed by the
filtration systems of the aquaculture system (Holm et al, 1997). Once, well lit, aquatic plants will be able to
produce the process of photosynthesis through which they feed. But for that they need minerals to process.
Carbon dioxide is produced by the breath of fish and is needed by plants that remove oxygen instead.
The presence of aquatic plants greatly reduces the concentration of carbon dioxide in the water. However, if the
aquaculture system is not well aerated and there are too many plants or fish in it, survival problems can occur.
An overpopulation with fish material can lead to an increased concentration of carbon dioxide and a lack of
oxygen (Julien and Griffiths, 1998). It must also be taken into account that in the absence of light the plants
consume oxygen and eliminate carbon dioxide. The other extreme can be reached: due to a small number of
fish compared to the number of aquatic plants, a deficit of carbon dioxide can occur and some aquatic plant
breeders use systems to introduce carbon dioxide into the water, but these are not necessary, only when
imbalances occur in the ecosystem. Aquatic plants fall into the following categories:
• Submerged plants (plants that are completely below water level). These plants play an important role in
oxygenating the water as well as in cleaning, filtering the water. The main examples are: Water plague:
Elodeea, Anacharis, Myriophyllum, Pond Barley (Vallisneria), Echinodorus potamogen, Bacopa,
Ludwigia, etc.
• Floating plants. Only plants that do not (necessarily) have roots fixed in the ground and that generally
float in the drift belong to this group. The main examples are: Water salads (Pistia Stratiodes), Wood
minor, Water hyacinths (Eichornia crassipes), Pond thistle (Trapa natans), Rust (Juncus effusus).
• Lilies. Being fully considered the basic ornament of each pond, the water lily exists in a very varied
range, depending on the size, shape, color, resistance to cold, etc. Not only water lilies but also lotus or
water pumpkin belong to this group.
• Shore and swamp aquatic plants: Reed, Rush, Iris, Watercress, Butomus umbellatus (pond lily),
Obligeana (Acorus calamus), Water mint, etc. All these plants live with their "feet in the water". In this
case a separate group of swamp plants can be made, which prefers moist soil, but in most cases these
plants have a high tolerance to water, so it grows regardless of whether they are planted below water
level or only in moist soil.
In recent years, many tanks have begun to grow intensively. Some of them are almost completely
covered with aquatic vegetation and gradually turn into a swamp. In nature, such a water supply occurs
everywhere, but it unfolds very slowly over hundreds and thousands of years (Jyoti and Garima, 2013), Human
activities have dramatically accelerated this process. Washed fertilizers from the field, domestic wastewater,
changes in the hydrological regime of water bodies and much more lead to an intensive growth of aquatic
vegetation. So, aquatic plants turn from good to bad.
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Cultivation of aquatic vegetation will increase the number of plants to increase the cleaning capacity of
water bodies, increase food resources in fish farming, strengthen banks and prevent their washing. The
agricultural practices associated with the cultivation of aquatic plants are generally not complicated.
Most plant species are perennials and can be planted with rhizome pieces or whole cakes, (Moga et al,
2013). Plants without root system or with underdeveloped roots (duck, telloresis, hornolistnik) are transplanted
in whole or in part. In the case of seeds of reproduction of the species, it is recommended to spread the
harvested seeds evenly above the surface of the plot. The seeds of many plants float on the surface of the
water, so they are first rolled into lumps of clay and scattered around the pond (Nayanathara and Bindu, 2017).
Species that reproduce predominantly in a vegetative manner (reed) are resumed with the help of
segments of stems and rhizomes with resting buds, as well as whole plants. The stems and rhizomes are cut
into pieces, fixing them at the bottom of the tank. Whole plants are put in water in areas protected from the wind.
This method of reproduction gives good results. For plants with a mixed type of reproduction (water lilies, pods,
rdesta, cattails, susak, arrows) it is recommended to use both methods or alternate them in different areas.
Such a rational use of plant resources in reservoirs allows the maintenance of biomass at the level at which they
bring maximum benefits to the reservoir / pond / inhabitants (Trang and Brix, 2014).
MATERIALS AND METHODS
In order to achieve the objective of the phase, the following 2 aquatic plants were cultivated and
developed in the laboratory: Vallisneria americana and Anubias barteri var. nana.

Fig.2- Vallisneria americana (Gigantea)

Fig. 3 - Anubias barteri var. Nana ( Project PN 19 10 02 03)

Vallisneria sp. Gigantea (americana) is an aquatic plant that is part of the family: Hydrocaritaceae,
Order: Alismatales, which comes from Asia, has a rapid growth and is best suited for large aquaculture systems.
In most ponds, the leaves will grow so long that they will float to the surface of the water (50-150 cm, 2 cm
wide). Therefore, the plant needs pruning to prevent it from taking light from other plants / fish species that grow
under it. The leaves are strong and hardy and will not be eaten by herbivorous fish. Vallisneria americana
spreads easily through fishes, which will appear quickly and in large numbers if the substrate is nutritious.
The main requirements for proper growth are as follows: Temperature: 15 - 30°C, pH: 5 - 8, Light:
medium - strong, Growth rate: fast, Water hardness tolerance: excellent, CO2 fertilization - not required
Requirements: unpretentious plant,(Pricop et al, 2013).
Aquatic plant Anubias barteri var. nana. Anubias nana is one of the most common plants now in the
USA, Europe and Asia. In the aquarium / pond, Anubias barteri var. nana. is practically indestructible
(sometimes called the “growing plastic plant”). This plant grows along a rhizome that produces leaves that can
last for years. In nature, Anubias barteri var. nana is often found along shallow river areas in Cameroon, Africa.
Tropica, an important aquatic greenhouse in Europe, was the first to grow and marketed this plant since 1970. It
can tolerate many lighting variants, from very low (less than 0.3W / l) to very low. strong (more than 1W / l). It
handles well with or without CO2, although its addition leads to faster growth, as does a good substrate or
breaking old leaves. The high level of phosphates (PO4 = 1.5-2 mg / l) encourages the flowering of this species
regardless of the conditions in the pool or the health of the plant. This high level of phosphates, together with a
strong microfertilization (especially with iron), reduce the problems with algae that are created on plants placed
directly under strong light. Moving the plant to a shady area is another solution. For propagation, the rhizome
can be cut into two or more pieces, depending on the size of the plant. The main requirements for proper growth
are as follows: Light required: low, Temperature required: 20 - 30 ° C, Tolerated hardness: 1 - 20 ° H, tolerated
pH: 5.5 - 9, Growth rate: slow, Requirements: low nutrients, Resistance: very resistant plant (Popa et al 2017).
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The aquatic plant can reach a height of 5-15 cm, the rhizome can be 10-15 cm or even more. This
species is very suitable for accentuating the middle area in large aquariums and in ponds it can be used as a
foreground plant, (Trang and Brix,2014).
For the cultivation and development in the laboratory of the 2 species analyzed for the period JanuaryApril 2020, 2 plant breeding ponds with a length of 4000 mm each were used, aquaponic pond width: 1000 mm,
aquaponic pond height: 340 mm, water supply connection diameter: 25 mm, water outlet connection diameter:
32 mm. Aquatic plant growth basins are equipped with a panel-led lighting system with UV light, panel power 14
W which are placed above the hydroponic basins, so that the distance from the plants is adjustable and have
the role of providing the necessary light for photosynthesis, ensuring thus a better development of the plants
(Fig.4).

Fig.4. Cultivation and development in the laboratory of aquatic plant cultures
(Vallisneria sp. Gigantea and Anubias barteri var. nana) ( Project PN 19 10 02 03)

RESULTS
The determination of the water quality parameters was performed with the help of the portable analysis
system WATER CHECKER U-10, produced by Horiba. It is equipped with a series of sensors that allowed the
determination of pH, conductivity, turbidity, dissolved oxygen, temperature and salinity of water. The water that
fed the 2 aquatic plant growth basins was passed through a boiler type electric heating device with a capacity of
200 l, the water temperature being set at 25°C. In the following table we have presented a synthesis of the
obtained data.
Table 1
Evolution of water quality parameters after the introduction of aquatic plants
Nr.crt

January 2020 (introduction of
aquatic plants in growing ponds)
(%)
February 2020 (%)
March 2020 (%)
April 2020 (%)

The
evolution of
water pH

Dissolved
oxygen
(mg / l)

Temperature
(°C)

Salinity
(%)

Nitrite
(mg / l)

7,24

8,64

25

0,01

0,05

7,46
7,79
7,84

9,36
9,95
10,94

25,6
26,4
26,5

0,005
0,01
0,015

0,03
0,02
0,01

Also, the results regarding the growth and development of the 2 aquatic species analyzed were
representative, in the period January 2020 - April 2020 of the experiment it is found that it is enough to
Vallisneria sp. Gigantea at an average weight per plant of about 85 grams (initial weight at introduction into the
growth basin is 28 grams) and Anubias barteri var. the nana reached an average weight of 115 grams (the initial
weight at the introduction into the growth basin was 38 grams), which were measured using a KERN analytical
balance.
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In the next period, 2 other species of aquatic plants are to be introduced for growth and development in
basins, namely ZAMBILA de agua and Pistia-stratiotes Salad-of-Nil.

Fig.5. ZAMBILA of water and Pistia-stratiotes Salad-of-Nile ( Project PN 19 10 02 03)

In rural households, rizac leaves were used as agricultural fertilizer, and the cork cornac serving as
fodder for animals, especially for cattle. Water hyacinth and salad Nile can be used as green fodder
supplement, or silage protein extract with the compound feeds mixed for beverages and food pigments. In
traditional medicine, the rhizomes of white lilies and sedative properties used to combat insomnia and agitation.
Yellow water-lily rhizomes helped to diarrhea and skin diseases. Grass frog was used as an emollient. Culinary
interest as plants are consumed by humans cornac nuts, boiled in salted water. Once cooked nuts sold in
markets in Tulcea. Yellow water-lily flowers in Moldova prepare jam and sherbet. Industry, white lily stems and
fruits contain tannin and were used in the tanning industry. As entertainment, natural lakes rich in aquatic
vegetation are gladly visited by tourists. Some species are used as ornamental plants in leisure pools in parks
and other public places. Aquatic plants are elements always present in the aquarium setting.
CONCLUSIONS
Aquatic vegetation is an important component of aquatic ecosystems; it is a food for many aquatic
organisms (fish, insect larvae, all kinds of worms, shells, many species of waterfowl, fur animals and many
more). Aquatic plants are not only a food component for organisms, but also a habitat.
Aquatic plants together with microscopic algae, enrich water with oxygen, regulate the concentration of carbon
dioxide, acidity, affect the mineral composition of water and the entire hydrochemical regime of water bodies.
With the help of plants, favorable temperature conditions and a gas regime are formed, contributing to the
intensive reproduction and growth of fish.
Aquatic vegetation has another important function, protecting the pond from pollution. Aqueous
vegetation is able to absorb and use in the process of metabolism many organic substances and minerals,
including fertilizers and detergents. Aquatic plants function as a sorbent and absorbent, which accelerates the
purification of water from such a persistent pollutant as oil. Thus, in the presence of plants, the destruction of oil
is 3-5 times faster than without them. The decomposition of the oil is the result of the common activity of
microorganisms living on plants and coastal aquatic plants. The first acts as the main destroyer of pollutants,
and second - as consumers of these oxidized compounds. In the destruction of oil and other pollutants, not only
the plants themselves play a major role, but also the microorganisms that live on their surface. Bacteria and
algae are placed on the plant stems, which play an active role in water purification. Such a high mineralization
capacity in aquatic plant bushes is mainly due to specific physico-chemical conditions that support a high rate of
energy flow in biotopes.
The high cleaning capacity of the plants suggests the need for their special cultivation in shallow water.
Many experts recommend their use as biofilters for tanks for various purposes. For the operation of such
biofilters need periodic cleaning. Otherwise, the plants themselves after they die will cause additional pollution
of water bodies. The intensity of the development of aquatic plants depends on many factors, first of all, the
transparency and temperature of the water, the content of biogenic elements in water and mud, the pH, etc. The
positive role of aquatic plants is achieved only if they do not occupy more than 20-30% of the surface of the
tank. With intensive overcrowding, the process of water enrichment begins, which negatively affects the fish.
By processing vegetation, phytophagous fish not only effectively transform plant products into fish
products, but also feed other organisms with their residual products. Aquatic vegetation is an important
component of aquatic ecosystems; It is a food for many aquatic organisms (such as fish, insect larvae, all kinds
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of worms, mussels, many species of waterfowl, fur animals, and more). Aquatic plants are not just a food
component for bodies, but habitat.
Aquatic plants with algae, oxygen-rich water, adjust the carbon dioxide concentration, the pH, the
mineral composition of water affects the entire system hydro water bodies. With the plant under favorable
conditions is formed and a single gas temperature, contributing to reproduction and intensive fish. By
processing vegetation, fish phytophagus not only effectively converts vegetable products into fish products, but
also feeds on other organisms with their waste products.
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ABSTRACT
Reducing the impact of sewage sludge on the environment is a matter of great importance and
topicality. On the other hand, stabilized sludge, also called biosolids, has a high potential for fertilization due to
its content in organic matter and nutrients. The paper presents the results of research on the realization and
characterization of granular organo-mineral fertilizers derived from biosolids. To improve the fertilizer role of
biosolid, the formula used contains urea as a source of nitrogen, monoammoniophosphate as a source of
phosphorus and nitrogen, potassium chloride, molasses as a source of organic nitrogen, potassium and
vitamins, protein hydrolyzate as a source of protein, and other microelements as sulphates.
REZUMAT
Reducerea impactului nămolurilor de epurare asupra mediului reprezintă o problemă de mare
importanţă şi actualitate. Pe de altă parte, nămolurile stabilizate, denumite şi biosolide, au un potențial ridicat de
fertilizare datorită conținutului lor în materie organică și substanțe nutritive. Lucrarea prezintă rezultatele
cercetărilor privind realizarea și caracterizarea îngrășămintelor organo-minerale granulare derivate din
biosolide. Pentru a îmbunătăți rolul de îngrășământ al biosolidului, rețeta folosită conține uree ca sursă de azot,
monoamoniufosfat, ca sursă de fosfor și azot, clorură de potasiu, melasă ca sursă de azot organic, potasiu și
vitamine, hidrolizat proteic, ca sursă de proteine, și alte microelemente sub formă de sulfaţi.
INTRODUCTION
The increase in the number of the world's population and its concentration in larger and larger urban
centers, due to industrialization, leads to significant increases over time in the amount of sewage sludge. Thus,
at the level of the European Union it is estimated to reach in 2020 a quantity of 13 million tons of sewage
sludge, which means an increase of 30% compared to 2010 (Kominko et al., 2017). These increases are also
due to the policies applied at European Union level of imposing on Member States and to finance the
development of new wastewater and sludge treatment capacities or the modernization of old ones, in order to
reduce water pollution, soil pollution, respectively storage in landfills (EU Directive, 2019).
In view of all this, reducing the impact of sewage sludge on the environment is a matter of great
importance and topicality which involves identifying and applying solutions that lead to their removal from the
waste category and their recovery as secondary raw materials through efficient recycling, without the supply of
substances harmful to humans or the environment. The option of sewage sludge disposal that best meets these
objectives is their use as fertilizer for agriculture, in which case they must meet certain conditions and are part of
the category known in the literature as biosolids. In general, biosolids are sludges that, following advanced
processing, can be used safely for their nutritional or energy value (Wang et al., 2008). Biosolids used in
agriculture are organic solids obtained by digestion and stabilization of sludges resulting from wastewater
treatment in order to reduce concentrations of pathogens and toxic chemicals below levels where they can be
used as fertilizers without harming the health of plants, soil and groundwater, and thereby, the health of
consumers of agricultural or animal products (Pöykiö et al., 2019).
According to the latest Eurostat (Bureau of Statistics of the European Union) report, from 2020, in
Romania resulted, from the wastewater treatment, at the level of 2017, over 280 thousand tons of dry sewage
sludge, compared to 82 thousand tons in 2010 (https://appsso.eurostat.ec.europa.eu/nui/show.do?).
Based on the same data, in fig. 1 is presented, as a percentage, the share of disposal methods of
sewage sludge applied at the level of 2017, and fig. 2 shows the evolution, during 2008-2017, of the quantity of
biosolids used in agriculture.
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Fig. 1 - Sewage sludge disposal methods

Fig. 2 - Biosolids-agricultural use

Global population growth, which is estimated to reach 9.8 trillion by 2050, inevitably leads to an increase
in the need for food, most of which comes, directly or indirectly, from agriculture (Kominko, 2019).
The increase of agricultural production can be achieved only extensively, by increasing the cultivated
area, or, intensively by applying larger amounts of fertilizers. The use of mineral fertilizers is limited both in
terms of raw material resources, especially in the case of phosphorus, and the negative effect they have on the
soil, by impoverishing it in organic matter, and on the environment and man, by their easy leaching into
groundwater (Ahmad et al, 2019).
Under these conditions, at European and global level, fertilizer researches focus on reducing the negative
impact of using it on the environment and consumers, and finding new, less costly fertilizer sources. It is aimed
at making more concentrated organic fertilizers, easier to apply and more stable during plant growing periods
(Nagy et al, 2018). According to the European Parliament Regulations on fertilizer products bearing the CE
marking, an organo-mineral fertilizer is composed of one or more inorganic fertilizers and a material containing
organic carbon and nutrients of exclusively biological origin (EU Regulation, 2019). The most widely used
recyclable materials, which provide the organic part and, in part, the mineral part of an organo-mineral fertilizer,
are sewage sludge, manure and by-products after its treatment in the context of its use as secondary raw
materials in organo-mineral fertilizer production (Kominko et al., 2019; Lamastra et al., 2018; Mieldažys et al.,
2019). The reintroduction of these materials into the ecosystem is in line with the concept of circular economy
that encourages the transformation, in a closed circuit, of nutrient-rich waste into organo-mineral fertilizers
(Chojnacka et al., 2020; Collivignarelli et al., 2019; Smol et al., 2020).
The nutrient content of biosolids varies depending on the quality of wastewater, respectively the sludge
from which they come, as well as the technologies used to stabilize the latter (Azim, 2017; Bożym and
Siemiątkowski, 2018; Popa et al, 2019).
In order for biosolids-based organo-mineral fertilizers to be balanced in content and even more effective
after use, it is necessary to add in the manufacturing recipes chemical compounds which generally contain both
the three nutrients N, P and K, indispensable for plants, as well as micronutrients (Kominko et al., 2017). The
best production technology used to improve the transport, storage and application properties of organo-mineral
fertilizers is granulation. Granules or pellets made by this method have a low moisture content, require less
storage space, pollute the environment less, eliminating the possibility of dust formation, allow mechanization of
application on the soil and, thus, the precision of spreading (Mieldazys et al., 2017).
One of the most modern applicable methods for granulating organo-mineral fertilizers is reactive
extrusion which, by being a thermomechanical process, ensures in addition to good compaction and the
development of chemical reactions between components, which leads to a homogeneous physical and chemical
structure of granules. Another advantage of this process is that not only the composition but also the size of the
granules can influence the release rate of nutrients into the soil.
MATERIALS AND METHODS
In order for the product to meet the requirements of the European regulations in the field and to ensure
its fertilizing role, it was taken into account that, by the components added to the biosolids, the following
nutrients are ensured: min.2% N , min. 2% P2O5, min 2% K2O and the sum of the three components must
represent at least 8% by mass. The manufacturing formula used was prepared in 3 variants whose composition
is shown in table 1.
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Table 1
Nr crt.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Composition of manufacturing variant
Percentages, %
Used substance
Variant I Variant II Variant III
Dry biosolid, humiditaty 20%
30.00
30.00
30.00
Monoammoniumphosphate (MAP)
24.50
0
25.00
Mineral fertilizer, NP 20:20
0
24.00
0
Potassium nitrate, KNO3
22.20
23.10
23.00
Urea
5.30
6.30
6.20
Protein hydrolyzate, solution 11 %
4.00
4.00
4.00
Starch
7.98
7.47
7.50
Magnesium sulphate, MgSO4
3.30
2.82
3.56
Zinc sulphate, Zn SO4
0.08
0.07
0.09
Copper sulphate, CuSO4
0.05
0.04
0.06
Iron sulphate, FeSO4
0.11
0.09
0.11
Manganese sulphate, MnSO4
0.22
0.19
0.24
Cobalt sulphate, CoSO4
0.03
0.03
0.03
Molasses from sugar beet
2.23
1.89
0.00
Orthophosphoric acid, H2PO4
0.00
0.00
0.21

Biosolid, has a high potential for fertilization due to its content in nutrients that lead to the improvement of
soil properties, such as: organic matter content, nutrient content necessary for plant development, porosity,
water retention, bulk density, pH etc. The biosolid used in the formula was purchased from SEdC Mioveni and
had a content of 1.52% N, 1.38% P2O5 and 0,675% K2O. Monoammonium phosphate (MAP), used as a source
of phosphorus and nitrogen is a mineral fertilizer in the form of granules, with 12% nitrogen, 61% phosphorus,
0% potassium, free of chlorine and other harmful elements, totally soluble, with a low pH of 4-4.5. Mineral
fertilizer NP 20:20 is inorganic, solid, complex fertilizer which contains 20% nitrogen and 20% phosphorous;
Potassium nitrate is a crystalline salt, KNO₃, and is a soluble source of two major essential plant nutrients.
When used by itself, it has an NPK rating of 13-0-44. It’s commonly used as a fertilizer in intensive horticulture.
Urea, used as a source of nitrogen, is a granular fertilizer with 46% nitrogen, which maintains long-term a
neutral pH in the soil and also contributes to the release of biosolid humic and fulvic acids. Protein hydrolyzate,
used as a source of proteins, polypeptides and amino acids is obtained by heating in an autoclave at 135oC and
a pressure of 4 bar for 3-6 hours of a mixture of potassium hydroxide (1-3%), wool waste (10-15%) and water.
The obtained hydrolyzate contains 10-13% of proteins, polypeptides and amino acids.
The starch used was corn starch manufactured by SC Roquette SA Calafat, having a moisture content of
12.01% and a density of 0.561 g / cm3. Molasses from sugar beet, as a source of organic nitrogen, potassium
and vitamins, is a dark viscous liquid containing 0.5-2.1% nitrogen, 2-5% potassium, and other microelements
with a pH of 4.9-8.5. The role of molasses is to catalyze the enzymatic biological processes that take place at
the root level in the soil, with betaine, a growth factor amino acid and biotin that is a vitamin. Orthophosphoric
acid, (H3PO4), the most important oxygen acid of phosphorus, used to make phosphate salts for fertilizers.
Zn sulphate as colorless crystals, is frequently used as a source of soluble zinc ions and it is necessary to
activate several enzymatic systems of plants. Cu sulphate in the form of a blue crystalline salt is the source of
Cu and plays a role in plant metabolism and chlorophyll formation. Fe sulphate in the form of a green salt has a
role in the synthesis of chlorophyll, carbohydrates and nitrogen assimilation. Mn Sulphate in the form of pale
pink crystals or crystalline powder, is important in nitrogen metabolism and CO2 assimilation and is essential in
the photosynthesis process.Co sulphate in the form of red crystals, soluble in water, is essential for nitrogen
fixation.
The technological process of realization the biosolid-based granular organo-mineral fertilizer comprises
preparation of raw materials consisting of grouping and mixing them into categories: mixture of solid
components, (dry biosolide, monoammonium phosphate / mineral fertilizer NP20:20, potassium nitrate and
starch) and mixture of liquid components (protein hydrolyzate in which urea, molasses and microelements in the
form of sulphates are dissolved), supplying the extruder with the two categories of mixtures, extrusion carried
out at a temperature in the range 30-100°C and a pressure of 16 bar, with a feed rate of 4.5 kg / h of solids and
0.5 kg / h of liquid components, granulation made in a hammer mill and drying carried out in an air recirculation
oven.
The technological process used to obtain granular biosolid-based organo-mineral fertilizer was done
using the plant shown in fig.1.
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Fig. 3 - The installation for realization of granular organo-mineral fertilizers
1 - Peristaltic pump, 2 - The feeder for powdered materials, 3 - Extruder, 4 - Die, 5 - Cooling area

The peristaltic pump type SP 311/6, manufactured by VELP Scientifica, for liquid dosing can achieve
flows ranging from 6 to 35 ml / min. The feeder for powdered materials, is a double-screw volumetric feeder
designed to feed granulated materials between 2.0 and 40 microns at a humidity of max.15%, with the
possibility to continuously adjust the flow rate between 0.3 and 10 kg / h. The supply will be continuous, any
supplying interruption leading to variations in flow and properties of the finished product. The extruder is the "ZK
25" type, Collin manufacturing, with two modular corotative screws with a productivity of max.15 kg / h, screw
diameter: D = 25 mm, screw length: L = 30xD, screw speed: max. 400 rpm. The extruder cylinder is also
modular and has 5 zones (Z1-Z6) removable and interchangeable with each other, each with independent
heating and cooling. The extruder is provided with an ECS control microprocessor, with the possibility to adjust
and maintain the temperature in the five working areas of the extruder, adapter and die. The die is provided with
1 hole of 3 mm in diameter, with temperature and pressure sensors. Cooling area ensures the decrease of the
temperature of the product with a view to collecting and granulating it.
The grinding equipment is a hammer mill type whose rotor has a diameter of 220 mm is driven at 1000
rpm with a single-phase electric motor with a power of 500 W.
Table 2 presents the parameters of the technological process.
Table 2
The parameters of the technological process
Parameter
U.M
Value
Z1
Z2
Z3
Z4 Z5
0C
Temperature in the area
30 35 60 90 100
Flow rate of solid components Kg/h
4,5
Flow rate of liquid components Kg/h
0,5
Flow feed ratio solid / liquid
9
Extrusion pressure
bar
16

RESULTS
The obtained organo-mineral fertilizers are shown in fig. 4.

Fig. 4 - Granular organo-mineral fertilizer based on biosolid
a)-before granulation, b)-after granulation
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Table 3 lists the main composition of theorgano-mineral fertilizers.
Table 3
Composition of organo-mineral fertilizers
Characteristics
Value
U.M
Version I Version II Version III
Color
brown
brown
brown
Nitrogen, N
%
8.38
10.82
8.56
Phosphorus, expressed in P2O5
%
15.19
4.8
15.50
Potassium expressed in K2O
%
10.10
10.51
10.47

As can be seen, the nutrient content of the organo-mineral fertilizer granules obtained varies for the three
formula variants used and reflects how the components used and their proportions and the technological
process influence them. Corroborating the results from table 3 with the compositions of the formula from table 1,
there is a marked decrease in the phosphorus content in variant II in which instead of monoaminophosphate
was used mineral fertilizer NP20:20. Also, the increase by 2% of monoaminophosphate proportion, by 3.6% of
potassium nitrate and by 3.2% of urea in the formula in variant III compared to variant I leads to the increase by
2.8% of the N content, by 2% of the P2O5 content and by 3.5 % of K2O content in organo-mineral fertilizer
granules.
CONCLUSIONS
The application of organo-mineral fertilizers is a better approach to sustaining soil fertility and crop yield
than applying only chemical or organic fertilizers. Due to the advantages it presents, the biosolids are a basis
and source of organic matter for fertilizing organo-mineral fertilizers.
The production formula that underpinned the development of the biosolid-based granular organo-mineral
fertilizers is aimed to achieve an optimal blend of organic and mineral substances, depending on the nutrition
needs of the plants. It contains urea, as a source of nitrogen, monoammonium phosphate (MAP) or inorganic
fertilizer NP as a source of phosphorus and nitrogen, Potassium Chloride as a source of potassium, sugar beet
molasses as a source of organic nitrogen, potassium and vitamins, protein hydrolyzate as a source of protein,
orthophosphoric acid as a source of phosphorus, cobalt sulphate, zinc sulphate, copper sulphate, iron sulphate
and manganese sulphate. The realization of the biosolid-based granular fertilizers was made by reactive
extrusion and granulation.
The characteristics of biosolid-based granular organo-mineral fertilizers have values corresponding to the
requirements imposed for organo-mineral fertilizers.
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ABSTRACT
Concerning the Paris Agreement of 2015, ratified by Romania in 2017, the European Council has
decided, as a target, to reduce, by 2030, GHG emissions at EU and Member States level by at least 40%,
compared to 2005. For agriculture, that is a major emitter of GHG, a reduction of at least 30% is expected. The
paper presents a review of national and international regulations which concern all the institutional and
procedural aspects regarding the estimating, accounting and reporting of GHG emissions and absorption from
the agricultural sector.
REZUMAT
Referitor la Acordul de la Paris din anul 2015, ratificat de România în anul 2017, Consiliul European a
decis ca țintă reducerea, până în anul 2030, a emisiilor de GES, la nivelul UE şi a statelor membre, cu cel puțin
40% față de anul 2005. Pentru agricultură, care este un mare emițător de GES, se prognozează o reducere cu
cel puțin 30%. Lucrarea prezintă un review al reglementărilor naționale și internaționale privind totalitatea
aspectelor de natură instituțională și procedurală referitoare la estimarea, contabilizarea și raportarea emisiilor
și absorbțiilor de GES din sectorul agricultură.
INTRODUCTION
Climate change manifested by the increase in average annual temperatures, change in the type,
frequency and quantity of precipitation, melting of glaciers and raise of seas and oceans levels etc., is an
important global challenge and is considered the main threat to global stability and security by many experts in
the field. Biodiversity, agriculture, water resources, forestry, infrastructure, energy, tourism and population
health are just a few of the areas that will be massively affected by climate change (Aizebeokhai, 2019; Chao,
2018; Nedelcu et al., 2019; Xu et al., 2018). Mostly, the warming is caused by the increase in the atmospheric
concentrations of the greenhouse gases as a result of the emissions resulting from human activities, increase
that leads to greenhouse effect intensification (Abeydeera, 2019; Manabe, 2019; Manmatha, 2017; Liu, 2019;
Tian, 2016; Tolvaly-Roșca and Pásztor, 2019; Yue and Gao, 2018). Under these conditions, monitoring and
reduction of greenhouse gas emissions constitutes a challenge that involves a responsible approach and taking
concrete actions at international, regional, national and local level. The main sectors generating anthropogenic
greenhouse gas emissions are: energy, industrial processes, agriculture and waste.
Countries contribute differently to greenhouse gas emissions and their contributions vary over time,
both in terms of quantity and structure (Jiang et al., 2019).
Agriculture is, after the energy sector, the main contributor to greenhouse gas emissions (Blandfordan
and Hassapoyannes, 2018; Cloy, 2012; Mohammed, 2019; Tubiello, 2019). According to the Annual European
Union greenhouse gas inventory 1990–2018 and inventory report 2020, based on the national inventories
submitted by the member states, for 2018, the contribution of agriculture to the total emissions of greenhouse
gases represents 10% at the European level and 16.92% in Romania (https://www.eea.europa.eu//publications/
european-union-greenhouse-gas-inventory-2020).
This review presents the set of current national and international regulations, on the basis of which
Romania assumed the fulfilment of the obligations regarding the accounting and reporting of greenhouse gas
emissions and removals in the agricultural sector.
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The framework document for managing global climate change over time is the United Nations
Framework Convention on Climate Change (UNFCCC) (https://unfccc.int/ resource/ docs/convkp/ conveng.pdf),
signed in New York in 1992, ratified by Romania by Law no. 24/1994 (Parliament of Romania, 1994). The 194
signatory countries to this document agreed to act in the long term in order to “stabilize greenhouse gas
concentrations at a level that would prevent dangerous anthropogenic (human induced) interference with the
climate system.” The Convention entered into force on 21 March 1994. Romania is included in Annex I to the
Convention as a country with an economy in transition.
MATERIALS AND METHODS
By signing and ratifying this convention, Romania committed, among others:
- to elaborate, update periodically, publish and make available to the conference of the parties to this
Convention, the national inventories of all anthropogenic greenhouse gas emissions and removals;
- to adopt national policies and take precautionary measures to predict, prevent or mitigate the causes of
climate change and limit their adverse effects.
In 1997, at the third session of the Conference of the Parties to the Framework Convention, which took
place in Japan, the Kyoto Protocol (https://unfccc.int/sites/default/files/resource/docs/cop3/l07a01.pdf) was
signed to the UNFCCC, which made binding commitments of a legal nature to limit and reduce greenhouse gas
emissions for the first commitment period, 2008-2012, and the means of international collaboration to achieve
these objectives were identified. During this first commitment period, most Member States, including Romania,
assumed a target of reducing greenhouse gas emissions by 8% compared to the base year 1989. The protocol
also provides for the implementation, before the first the commitment period, respectively until 2008, of the
National Greenhouse Gas Emissions Inventory.
The six greenhouse gases regulated by the Kyoto Protocol and listed in Annex A thereto are: carbon
dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs),
sulphur hexafluoride (SF6). The sources of greenhouse gases for the Agriculture sector, provided in the same
annex, are: enteric fermentation, management of organic fertilizers, rice cultivation, exploitation of agricultural
soils, savanna burning, burning of agricultural residues in the field.
This protocol was ratified by Romania by Law no.3/2001, (Parliament of Romania, 2001) and entered into force
on February 16, 2005.
At the United Nations Climate Change Conference (COP 18) in Doha in December 2012, the parties to
the Kyoto Protocol agreed on the Doha Amendment, (https://unfccc.int/files/kyotoprotocol/application/
pdf/kpdohaamendmentenglish.pdf), which establishes a second commitment period under the Kyoto Protocol,
which started on January 1, 2013 and ends on December 31, 2020.
The Doha Amendment stipulates commitments to limit or reduce GHG emissions during the second
commitment period under the Kyoto Protocol for the countries listed in the new Annex B to the Protocol,
including Romania, and aims at a global objective of greenhouse gas emissions reduction of states in this annex
by at least 18% below 1990 levels, during the commitment period 2013 - 2020. Also, the list of greenhouse
gases regulated by the Kyoto Protocol, Annex A, is completed by adding a new gas, namely nitrogen trifluoride
(NF3). The Doha Amendment was ratified by Romania by Law no. 251/2015 (Parliament of Romania, 2015). By
signing the Amendment Romania was obliged to limit the increase of GHG emissions up to max. 19% by 2020,
compared to 2005, in sectors such as land use, transport, agriculture, waste etc. (Non-ETS Decision).
In 2015, at the 21st session of the Conference of the Parties to the United Nations Framework
Convention on Climate Change (COP21), the Paris Agreement (https://unfccc.int/process-and-meetings/theparis-agreement/the-paris-agreement) was adopted; it was ratified by 170 states.
This agreement is the first one with a universal character in the field of climate change, which imposes
legal obligations on all parties to achieve the objective of limiting the increase of the global average temperature
below 2˚C compared to the level of the pre-industrial period, considering additional efforts for this limit to be
1.5˚C. The Paris Agreement entered into force on November 4, 2016 and was ratified by Romania by Law no.
57/2017 (Parliament of Romania, 2017).
The European Council of March 2007 announced the firm and independent commitment of the
European Union and the Member States to achieve a reduction by at least 20%, compared to 1990, of
greenhouse gas emissions by 2020. Once adopted, December 2008, the climate and energy package, the
target to reduce emissions by 20% was established by law. The main regulations and decisions for achieving
this objective were voted and published in the Official Journal of the European Union in 2013.
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RESULTS
Thus, by Decision 2013/162/EU (EU Decision, 2013), the European Commission established the annual
levels of emissions (in tonnes of carbon dioxide equivalent) allocated to the Member States for the period 20132020 pursuant to Decision no. 406/2009/EC (EU Decision, 2009) establishing only as a percentage the effort of
Member States to reduce greenhouse gas emissions so as to comply with the Community's commitments to
reduce greenhouse gas emissions by 2020.
In these documents it is mentioned that for monitoring the level of greenhouse gas emissions and for
the Member States to fall within the allocated emission levels it is necessary to closely monitor and periodically
evaluate the greenhouse gas emissions within the Community. It is also mentioned that the measures taken by
the Community and its Member States in the field of climate change policy need to be analyzed in good time.
Therefore, the European Parliament and the Council adopted Regulation (EU) No. 525/2013 (EU Regulation,
2013) and Decision no. 529/2013/EU (EU Decision, 2013).
The objective of the Regulation (EU) No. 525/2013 was to establish a framework “ensuring the
timeliness, transparency, accuracy, consistency, comparability and completeness of reporting by the Union and
its Member States to the UNFCCC Secretariat” on anthropogenic greenhouse gas emissions, “actions taken by
Member States to adapt to the inevitable consequences of climate change in a cost-effective manner” and
“evaluating progress by the Member States towards meeting their obligations under Decision no 406/2009/EC”.
In this regard, this regulation establishes new monitoring and reporting requirements. Thus, there are mentioned
requirements regarding: National inventory systems (Article 5), Union inventory system (Article 6), Greenhouse
gas inventories (Article 7 Approximated greenhouse gas inventories (Article 8), Procedures for completing
emission estimates to compile the Union inventory (Article 9), Establishment and operation of registries (Article
10). The Regulation also presents the reporting method on policies and measures and on projections of
anthropogenic greenhouse gas emissions by sources and removals by sinks and of other information relevant
for climate change (Articles 12-18). The regulation also establishes how the European Commission evaluates
the national inventories submitted annually by the Member States (Articles 19, 20) and the progress made in
fulfilling the national and international commitments (Article 21).
An important category of greenhouse gas emissions in the agricultural sector, which was not taken into
account in the European Union’s commitment to reduce by 20% the total greenhouse gas emissions, relates to
land use, land-use change and forestry (LULUCF). For the monitoring of this sector, Decision no. 529/2013/EU
was adopted, which “sets out accounting rules applicable to emissions and removals of greenhouse gases
resulting from land use, land-use change and forestry (‘LULUCF’) activities, as a first step towards the inclusion
of those activities in the Union’s emission reduction commitment, when appropriate.”(Article 1) Starting with
January 1, 2021, Member States have the obligation to develop and maintain accounts containing all the annual
emissions and removals resulting from the activities of cropland management and grazing land management
(Article 3, point 2, letters a and b ). Until January 1, 2022, Member States shall transmit to the Commission,
annually, by 15 March, “initial, preliminary and non-binding annual estimates using, where appropriate, IPCC
methodologies” (https://www.ipcc.ch/about/). Article 2, point 3, letter b) and no later than March 15, 2022, “final
annual estimates for accounting of cropland management and grazing land management” (Article 2, point 3,
letter c). Accounting in the LULUCF sector will be done for carbon dioxide (CO2), methane (CH4) and nitrous
oxide (N2O) (Article 3, point 4). The decision establishes general accounting rules for LULUCF (Article 4) as well
as, for the agricultural sector, accounting rules on cropland management, grazing land management,
revegetation, wetland drainage and re-wetting (Article 8).
For the implementation of these regulations the European Commission adopted the Delegated
Regulation (EU) No. 666/2014 (EU Regulation, 2014) and the Implementing Regulation (EU) No. 749/2014 (EU
Regulation, 2014)
By its objective, the Delegated Regulation (EU) No. 666/2014 lays down rules on the requirements for a
Union inventory system, further specifying that “The Union greenhouse gas inventory is the sum of Member
States' greenhouse gas emissions from sources and removals by sinks for the territory of the European Union”
and “is established on the basis of the Member States' greenhouse gas inventories” (Article 1.1). This
Regulation also lays down “rules on the requirements for a Union inventory system” (Article 1.2), as well as
“rules with regard to the global warming potential values and the internationally agreed inventory guidelines to
be used by the Member States and the Commission in the determination and reporting of the greenhouse gas
inventory” (Article 1.3).
Implementing Regulation (EU) No. 749/2014 establishes rules implementing Regulation (EU) No
525/2013 as regards structure, format, submission processes and review of information reported by Member
States within greenhouse gas emissions inventories.
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Chapter IV of the Regulation refers to the reporting activity for the purposes of Decision No.
529/2013/UE establishing the reporting requirements on systems for cropland management and grazing land
management” (Article 39), and reporting requirements on annual estimates of emissions and removals from
cropland management and grazing land management (Article 40).
The European Council decided in October 2014 that in order to achieve the objective of the Paris
Agreement, the contribution of the EU and its Member States would be a target of reducing by 2030 domestic
greenhouse gas emissions by at least 40%, compared to 2005. For non-ETS sectors, including agriculture, the
reduction will be at least 30% (https://register.consilium.europa.eu/doc/srv?l= EN&f=ST% 20169% 202014
%20INIT).
To implement this objective, the European Parliament and the European Council adopted Regulation
(EU) 2018/841 (EU Regulation, 2018) and Regulation (EU) 2018/842 (EU Regulation, 2018). Regulation (EU)
2018/841 establishes the commitments of the Member States, on the obligatory inclusion, starting with 2022, of
greenhouse gas emissions and removals from land use, land-use change and forestry (LULUCF) in the Union’s
commitments for 2030. The Regulation also sets out the general accounting rules and the specific accounting
rules for each LULUCF domain, including for cropland, managed grassland and wetlands (Article 7).
Regulation (EU) 2018/842 establishes the mandatory minimum contributions of Member States to the
reduction of domestic greenhouse gas emissions from the categories of energy, industrial processes and
product use, agriculture and waste for the period 2021-2030.
Each Member State will limit its greenhouse gas emissions in 2030 compared to its 2005 emissions, at
least with the percentage set for the respective Member State in Annex I to the Regulation (- 2% for Romania).
Also, Annex III provides for the total net removals from afforested land, deforested land, managed cropland,
managed grassland that Member States can consider to ensure commitments for the period 2021-2030 (13.2
million tonnes of CO2 equivalent for Romania). With regard to the agricultural sector, it is specified that the
common agricultural policy and the use of innovative practices and technologies could make a decisive
contribution to the fulfilment of the commitment of each Member State in the European Union’s effort to limit
greenhouse gas emissions.
NATIONAL REGULATIONS ON THE UNFCCC, THE KYOTO PROTOCOL AND THE DOHA
AMENDMENT. In 1996 the Government of Romania adopted the Decision no. 1.275/1996 on the establishment
and functioning of the National Commission on Climate Change (Romanian Government Decision, 1996).
The National Commission on Climate Change is an inter-ministerial body, without legal personality,
whose activity is coordinated by the Ministry of Waters, Forests and Environmental Protection and promotes the
measures and actions necessary for the uniform application in Romania of the objectives and provisions of the
United Nations Framework Convention on Climate Change, ratified by Romania by Law no. 24/1994.
This Commission was reorganized by Government Decision no. 658/2006 (Romanian Government
Decision, 2006) and then by Government Decision no. 1026/2014 (Romanian Government Decision, 2014), still
in force, which establishes the composition and powers of the National Commission on Climate Change and of
the Technical Working Group on Climate Change subordinated to the Commission, as well as of the secretariat
that works under the authority of the body with responsibilities in the field of climate change within the central
public authority for environmental protection and climate change.
The tasks of the Technical Group include the identification of the optimal procedure for implementing in
Romania the provisions of Decision no. 406/2009/EC on the effort of the Member States to reduce greenhouse
gas emissions so as to comply with the Community’s commitments to reduce greenhouse gas emissions by
2020, taking into account the priority of national interests in the field climate change and economic and social
development in the short, medium and long term.
As part included in Annex I of the United Nations Framework Convention on Climate Change
(UNFCCC) and as a requirement introduced by art. 5 paragraph (1) The Kyoto Protocol to the Convention,
Romania had the obligation to set up the National System for estimating the anthropogenic emissions resulting
from sources and the removals by sequestration of all greenhouse gases. As a result, the Government of
Romania adopted the Decision no. 1570/2007 (Romanian Government Decision, 2007), which established the
National System for estimating the level of anthropogenic greenhouse gas emissions (SNEEGHG) from sources
or from the removal by sequestration of carbon dioxide, regulated by the Kyoto Protocol.
SNEEGHG has the role of regulating all the institutional and procedural aspects in order to estimate the
level of the anthropogenic greenhouse gas emissions regulated by the Kyoto Protocol, the reporting, as well as
the archiving and storage of the information contained in the national inventory of greenhouse gas emissions.
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The decision specifies that SNEEGHG is a system for collecting, processing and presenting the data
and information necessary for the elaboration of the national inventory of greenhouse gas emissions (INGES)
regulated by the Kyoto Protocol and that SNEEGHG is thus developed and administered by the competent unit,
the National Agency for Environmental Protection, so as to ensure “transparency, consistency, comparability,
completeness and accuracy of the inventory, as defined in the IPCC Guidelines on the elaboration of national
GHG inventories”.
The decision specifies the public authorities and institutions that are obliged to provide the competent
authority with the activity information, data and elements regarding the emission factors and/or related
information, necessary to develop the national greenhouse gas inventory for the sectors and parameters set out
in the annexes to the Decision. The decision stipulates the obligations and responsibilities of the competent unit
for the preparation, development and management of the national greenhouse gas inventory. The decision also
specifies the documents that the central public authority for environmental protection communicates, by January
15 of each year, based on the data provided by the competent authority, both to the European Commission, the
European Environment Agency and other international bodies, according to the legislation in force.
In order to adapt to the regulations and decisions at national, European and international level, Decision
no. 1570/2007 has been amended and supplemented on several occasions. Thus, by Decision no. 668/2012
(Romanian Government Decision, 2012), the name of the system was changed to “The National System for
estimating the level of anthropogenic emissions from sources or of removals by sequestration of all greenhouse
gases, regulated by the Kyoto Protocol” with the abbreviated name “SNEEGES”.
The annexes to decision 1570/2007 were also renewed, supplementing with the reporting deadlines for
each parameter requested. In order to comply with the European legislation, the Romanian Government
adopted the Decision no. 120/2014 (Romanian Government Decision, 2014) by which the Government Decision
no. 1.570/2007 was amended and supplemented in order to establish measures implementing the provisions of
Regulation (EU) no. 525/2013.
Following the appearance of the Implementing Regulation (EU) no. 749/2014, which establishes rules
for the implementation of Regulation (EU) no. 525/2013, the Government of Romania issued Decision no.
1.022/2016 (Romanian Government Decision, 2016). By this Decision articles were eliminated, modified or
added to both Decision 1570/2007 and Decision 120/2014, Decision 668/2012 remaining unchanged, including
the Annexes, among which Annex 3 on Agriculture.
This decision establishes that the National Agency for Environmental Protection has the quality of
institution responsible for the annual realization of the national inventory of greenhouse gas emissions (INGES).
Considering the provisions of Article 12 of Regulation (EU) no. 525/2013, the Romanian Government adopted
Decision no. 267/2019 (Romanian Government Decision, 2019) establishing the National System for the
reporting of policies and measures and for reporting the forecasts of greenhouse gas emissions and removals
(SNPMPEGES).
SNPMPEGES is realized, coordinated and administered by the Central public authority for
environmental protection, so as to “ensure both compliance with the reporting terms in accordance with the
requirements of Regulation (EU) no. 525/2013, as well as the transparency, consistency, comparability,
completeness and accuracy of the data and information reported on policies and measures, as well as on
forecasts regarding anthropogenic emissions from sources and the removal by absorbers of greenhouse gases
and of related elements”.
According to this Decision, the Central public authority for environmental protection is responsible both
for elaborating the Report on the policies and measures regarding the anthropogenic emissions from sources
and the removal by absorbers of the greenhouse gases (RpPM) which is the tool for reporting the related
elements, policies and measures regarding anthropogenic emissions from sources and the removal by
absorbers of the greenhouse gases as well as for elaborating the Report on the forecasts regarding the
anthropogenic emissions from sources and the removal by absorbers of the greenhouse gases (RpP) ), which is
the tool for reporting the forecasts regarding the anthropogenic emissions from sources and the elimination by
absorbers of the greenhouse gases and of the related elements.
SNPMPEGES is an inter-ministerial tool and has the role of ensuring the proper collection, processing
and presentation of the data and information required to prepare RpPM and RpP.
According to the Decision no. 406/2009/EC, Romania’s main obligation to respect the commitment
made by the European Union, following the Kyoto Protocol and the Doha Amendment, regarding limiting the
increase of greenhouse gas emissions, is the increase up to a level of max. 19% of these emissions until 2020
compared to the level of 2005, in the non-ETS sectors, of which agriculture and land use are also part.
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In order to establish the legal, institutional and procedural framework necessary for the implementation
of this obligation, the Romanian Parliament adopted Law no. 14/2019 (Parliament of Romania, 2019).
The law indicates both the greenhouse gases to be monitored and the non-ETS sectors in which it
applies, as well as the list of authorities and institutions responsible for providing relevant information for
estimating GHG emissions.
Considering the Regulation (EU) 2018/841, which stipulates the obligation for Member States to
account for greenhouse gas emissions and removals from the LULUCF sub-domain, the Romanian Government
adopted the Decision no. 590/2019 (Romanian Government Decision, 2019), which establishes the legal,
institutional and procedural framework regarding the administration of the LULUCF sub-domain in Romania.
The decision provides for the institutions and activities for which they are responsible for administering
the LULUCF sub-domain within INEGES, the report on reduction policies and measures and the report on the
forecasts of greenhouse gas emissions.
CONCLUSIONS
The main sectors generating anthropogenic greenhouse gas emissions are: energy, industrial
processes, agriculture and waste. Agriculture is, after the energy sector, the main contributor to greenhouse gas
emissions. The framework document for managing global climate change over time is the United Nations
Framework Convention on Climate Change (UNFCCC). The international regulations that establish concrete
commitments for the implementation of the UNFCCC provisions to limit and reduce greenhouse gas emissions
are: Kyoto Protocol for 2018-2012, Doha Amendment to this Protocol for 2013-2020 and the Paris Agreement
for the period 2021-2030.
The commitments deriving from these treaties at European level, the contributions of the Member
States to these commitments and how they are reported and monitored have been regulated by the executive
and legislative bodies of the European Union. At national level, legislative acts have been adopted that establish
the responsible bodies and the way they work and collaborate so that the commitments made at European and
international level are fulfilled.
Starting with the year 2022, national inventories of greenhouse gas emissions will necessarily include,
in addition to data on agriculture, data on activities related to land use, land-use change and forestry (LULUCF).
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ABSTRACT
This article presents the use of retractable fingers in the construction of agricultural machines. The
retractable fingers are components of the combine harvester’s header. The mechanism with retractable fingers
has the role of taking the vegetative mass from the cutting device and sending it to the grain conveyor, to be
inserted in the beater. This mechanism is provided with a sheet metal cylinder that rotates around its own axis
and through which passes some metal rods that are called fingers.
REZUMAT
În acest articol este prezentată folosirea degetelor escamotabile în construcția mașinilor agricole.
Degetele escamotabile sunt părți componente ale hederului secerătoarei combinei. Acest mecanism are rolul de
a prelua masa vegetativă de la aparatul de tăiere și a o transmite către transportorul cu racleți, pentru a fi
introdusă în bătător. Acest mecanism este alcătuit dintr-un cilindru de tablă care se rotește în jurul axei proprii și
prin care trec tije metalice ce sunt numite degete.
INTRODUCTION
Straw harvester harvests the plants from the field, trash the ears, separate the grains left in the straw,
cleans the grains of impurities. A self-propelled grain harvester consists of work devices and a self-propelled
chassis (White, 1954).
The main working devices are: harvesting equipment, conveyors, sorting machines, shaker, cleaning
system, grain hopper (https://www.academia.edu/10114645/0_combine_de_ecoltat_ cereale).
This article presents the construction of the header and the use of the auger with retractable fingers. Its
role is to move the material to the scraper conveyor (Neagu and Cojocaru, 1995). It consists of a crankshaft with
a fixed position, on which the retractable fingers are mounted (fingers coming out and entering the cylindrical
drum) and a rotating cylindrical drum, which is in rotational motion during the work.( Neagu and Cojocaru, 1995;
Farcaş and Borugă, 2003).

Fig.1. John Deere auger with retractable fingers
(https://blog.machinefinder.com/23185/can-john-deere-630f-help-harvest)
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Combine harvesters are equipped with massive headers capable of harvesting large amounts of
vegetable material. A very important component of the header is the retractable finger auger. For a better flow,
manufacturers use large diameter augers with fingers displayed on the full length of the auger (Popa et al,
2017). As shown in fig.1., representing an auger used by John Deere.
Figure 2 shows the assembly of the header with removable fingers with a sickle for cutting agricultural
materials (cereals). In the illustrated example, the retractable finger assembly extends the full width of the
header, and includes a long tube with a cylindrical side wall.
The flow of material carried by the fingers is influenced by the inclination angle of the crankshaft. The
angle between the retractable finger and the upper face of the material layer increases with the crankshaft angle
and the surface where the finger acts on the plant material decreases. When crankshaft angle decreases the
finger's surface increases (Popa et al, 2018).
The two opposite helical parts have the role of gathering vegetative mass in the middle of the header,
and to transmit it to the conveyor. The tube is supported at opposite ends for rotation around the longitudinal
axis of the tube. In this sense, the left end of the tube has an end panel fixed on the side wall, the final panel,
having in his turn, an axially fixed shaft to receive driving power from a chain drive device (Randy et al, 2007).

Fig.2 Assembly of the header with removable fingers
(Randy et al, 2007)

The header assembly further includes a retractable finger mechanism that largely includes the primary
components – a set of retractable fingers and a stationary crankshaft bearing the fingers. In the illustrated
example, the fingers are generally located along the full length of the tube. It is possible that the fingers can only
provide in the central region of the tube (leaving the two portion of it essentially without fingers fig.3)
(https://www.deere.co.uk/en/combines/combine-headers/600fd/630fd/).
.

Fig.3. Assembly of the header with fingers located in the center region of the tube
(https://www.deere.co.uk/en/combines/combine-headers/600fd/630fd/

Figure 4 shows the retractable finger used for John Deere 600R Auger with 16 mm in diameter with a
reach of 125 mm (https://www.deere.co.uk/en/combines/combine-headers/600r/616r/).
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Fig.4. John Deere retractable finger

(https://www.deere.co.uk/en/combines/combine-headers/600r/616r/).
Each section of the crankshaft includes a portion of the shaft offset laterally comprising a finger shaft
extending parallel to the axis of rotation of the gripping tube in an eccentric relationship therewith. The opposite
ends of each offset finger shaft are provided with cranks and which are in turn fixed to portions of the crank
shaft, which are coaxial with the axis of rotation of the tube (fig.5.).
The performance of the retractable fingers is influenced also by the rotary center, as it was determined
that the best performance of the retractable fingers apears when the fingers are situated in the fourth
quadrant(Kang Xiao-yun, 2017).Another build of this mechanism is using a camshaft instead of crankshaft for
fingers movement, this build is used in residual film recovery machinery (Shilin et al, 2018).

Fig.5. The view of the auger with a finger shaft parallel to axis of the tube

MATERIALS AND METHODS
As a result of this construction, when the rotating tube is rotated by the drive unit (in a counter clockwise
direction the crankshaft remains stationary), but the fingers are driven around the shaft by the rotating tube
(Toma et al, 1981). Due to the compensation relationship between the shaft and the axis of rotation of the tube,
the fingers extend (fig.6.a) and retract (fig.6.b.) sequentially during each complete revolution.

Fig.6.a. - Example of auger with extended fingers

Fig.6.b Example of auger with retracted fingers

Fig.6.a. side view

Fig.6.b. side view
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Because of the rotation tube rotates counter clockwise, and the finger shaft is offset forward, the fingers
are caused to extend forward along the front of the tube and retract on its back. In other locations between
these two extremes, the fingers are either retracted (as they move down and under the grip tube) or extended
(as they move up and over the tube) (Randy et al, 2007).
CONCLUSION
It can be seen that the finger axes are quite long compared to their diameter. Therefore, there is a
tendency for the finger shaft to twist and flex during the rotation of the assembly. This action is particularly likely
to occur when some of the fingers are experiencing unanticipated tasks. This can cause the finger to retract
more than intended.
If one of the fingers becomes retracted by the time it is pulled back inside the tube, it may pierce a hole
in the tube with the auger as it tries to extent into the finger narrowing phase or may catastrophic damage to the
mechanism.
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ABSTRACT
The use of furrow compartmentalization works in the technology of some crops allows the recovery of a
significant amount of water from precipitation or irrigation, reducing the amount of energy required for irrigation
but also soil losses caused by erosion or puddles. equipment and fuel, can be recovered in the first season. The
present study analyzes the way of achieving the qualitative indices for the work of compartmentalizing watering
furrows with the help of DMBC-5 equipment performed on the experimental group of S.C. AGROMEC S.A.
Crânguri, Giurgiu County, Romania.
REZUMAT
Utilizarea lucrărilor de compartimentat brazde în tehnologia unor culturi permite recuperarea unei
cantități importante de apă din precipitații sau din irigații, reducând cantitatea de energie necesară pentru irigații
dar și pierderile de sol cauzate de fenomenul de eroziune sau de băltire. Investițiile necesare pentru executarea
acestei lucrări, pentru echipament și combustibil, pot fi recuperate în primul sezon. Studiul de față analizează modul
de realizare a indicilor calitativi pentru lucrarea de compartimentat brazde de udare cu ajutorul echipamentului
DMBC-5 efectuat pe lotul experimental al S.C. AGROMEC S.A. Crânguri, jud. Giurgiu, România.
INTRODUCTION
The basic natural resource of the agricultural system is the soil, being at the same time more complex
than water and air, it is the essential support of life. Over 90% of human and animal food is produced in or on
the ground. One of the basic components of the soil is water loaded with solubilized substances. Being a
porous, hydrophilic body, the soil is able to retain a certain amount of water, the life of plants being connected to
the water in the soil, its moisture state (Căpăţînă, 2010). Water and soil ensure the existence of all living things.
By wetting the soil, a film of water is created on the surface of the soil particles, which ensures the adhesion
between the soil particles, which contributes to the formation of structural aggregates. The structure of the soil
contributes to the increase of resistance to wind and water erosion [19].
Water has been identified as one of the scarce resources that can severely restrict and even compromise
agricultural production and productivity unless it is carefully managed and conserved. Lately, climate change
has begun to create problems for farmers in more and more areas of the planet, with periods of prolonged
drought accompanied by periods of heavy rainfall (Wistrand, 1961). In our country, drought is an important
factor in obtaining low agricultural yields. In the hilly and plain regions, we have a deficit of humidity or an
unfavorable distribution of precipitation in relation to crop requirements. High winds and temperatures during the
summer make the process of perspiration to increase the process by which a significant amount of water is lost.
Irrigation intervention has a higher share in July and August. The natural environment and socio-economic
conditions of our country are relatively advantageous for the irrigation process. We have a well-distributed
hydrographic network, with relatively easy water supply possibilities, large agricultural areas with fertile soils and
a relief according to other important factors that facilitates the development of the irrigation network [20].
Current scenarios predict that climate change will increase water shortages in southern Romania (Marica
and Busuioc, 2004). Climate change has the potential to affect agriculture through changes in temperature,
distribution and rainfall.
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Rainfall changes will be one of the most critical factors that will determine the global impact of climate
change. This problem indicates the need to develop integrated technologies that increase the efficiency of
rainwater use and support the quality of the soil and the environment by ensuring higher agricultural production
at lower costs (Oprescu et al, 2019; Biriş et al., 2008; Biriş et al., 2011; Bularda et al., 2020; Croitoru et al., 2015;
Croitoru et al., 2016; Croitoru et al., 2017; Ungureanu et al., 2015; Ungureanu et al., 2017; Ungureanu et al., 2018a;
Ungureanu et al., 2018b).
Directing water or uniform storage along the row of plants is done with the help of continuous or
compartmentalized furrows (interrupted). furrowing is a water conservation practice used for both irrigated and
irrigated crops. It is most often used on slightly sloping lands in arid and semi-arid areas. This practice has
begun to be widely used with new herbicides to control weeds. and increasingly high-performance equipment
for dam construction (Ordie and Baumhardt, 2003).

Fig.1. Mini dams built with DMBC5 -0 equipment

Discontinued watering furrows are required on lands with unevenness or slopes that cause water to drain
and accumulate in micro-depressions, lands that have been arranged for sprinkler irrigation, using fixed or
mobile installations. Weed crops are made with low pressure systems LEPA (Biolan, et al, 2016).

a) Continuous furrows and compartmentalized
furrows after rain (Biolan et al., 2016)

b) Use of the LEPA type irrigation system
(https://www.hayandforage.com/article-1226-Lower sprinkler-drops--save-water-and-energy.html.)
Fig.2- Weed crops are made with low pressure systems LEPA

The use of the LEPA irrigation system minimizes evaporation and drift losses due to wind directing water
directly to the soil surface at very low pressures, saving pumping energy and water.
The work of opening furrows, also known as thinning (soil modeling) is initially performed with horsedrawn weeds, it is done with machines working in the aggregate with a tractor, a machine on which is mounted
equipment for executing continuous or compartmentalized furrows. This machine consists of rarities that make the
channel whose section is in a triangular shape and the modelers who make its finishing and obtaining the final
section in parabolic shape (Ordie and Baumhardt, 2003).
Through these capture works, precipitation is collected in mini basins, allowing more time for infiltration,
which reduces runoff and the potential for erosion and transport of soil particles (Gebremedhin, 2015).
MATERIALS AND METHODS
Experiments under operating conditions (DMBC-5 Equipment) were performed on the experimental batch
of S.C. AGROMEC S.A. Crânguri, Giurgiu county, Romania, in the following working conditions: previous crop 396
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wheat, soil type - alluvial chernosome, slope of the land - 6%, used tractor - U650M brand of 65 HP on wheels,
working speed - 3.2 km / h.

Fig.3 Aspects during DMBC-5 testing

During the tests under operating conditions, the procedures specific to the tests of the soil modeling
devices were used and the following metrologically verified measuring and control devices and equipment were
used: digital electronic cone penetrometer with FIELDSCOUT SC 900, metal roulette with range measuring
meter 0-15m, mechanical timer series 0922 with accuracy class 2 and measuring range 0-30min, portable soil
humidometer model HH2 used together with ThetaProbe ML2x precision sensor with an accuracy of ± 1%, brazdometer, rulers, squares, milestones, stakes.
Carrying out the work of compartmentalizing watering furrows can be carried out in good conditions only
for certain values of humidity and soil preparation. For this, the humidity, penetration resistance and weeding
were checked. Penetration resistance is the ability of the soil to resist the penetration of a rigid body.
Penetration resistance is easy to determine, both in the field and in the laboratory using the penetrometer. Soil
penetration resistance decreases as soil moisture increases.
Table 1
Nr. crt.

Soil resistance classes to penetration (according to the I.C.P.A. Methodology, 1987)
Interpretation
Limits, [daN/cm2]
Very small

≤10

2

Small

11-25

3

Middle

26-50

4

Big

51-100

5

Very big

101-150

6

Extremely large

≥151

1

Apparatus used to determine the terrain characteristics of the experimental batch: - digital electronic cone
penetrometer FIELDSCOUT SC 900. The device measures the resistance force to the penetration of the cone
into the soil layers (expressed in units of pressure, kPa) with an electronic force and depth transducer (position)
penetration of the cone into the ground using a position (level) sensor with ultrasonic generator.
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Data on the values of penetration resistance and depth of penetration of the cone of the penetrometer
into the ground can be viewed on the device screen, stored in the “data logger” and transferred to the memory
of a computer (for processing).
Table 2
Compaction in soil grown with sunflower
Depth, cm
0
2,3
5,0
7,5
10,0
12,5
15,0
17,5
20,0

Test No. / Resistance to penetration, daN/cm2
1
2
3
16,5
70,7
30,7
23,0
80,7
46,5
31,1
94,8
64,9
42,6
104,8
72,5
63,7
112,8
81,0
85,7
182,0
76,7
98,8
259,2
79,6
104,8
285,5
74,0
112,8
296,8
78,5

From the analysis of the measured values regarding the soil penetration resistance corroborated with the
soil resistance classes to penetration (according to the ICPA Methodology, 1987) it resulted that in a high
percentage the soil is extremely large compacted on the row on the tractor wheel (sample no. 2) due to the
large number of transitions to sunflower crop for seed. The figure shows an aspect during the measurement of
the penetration resistance to determine the compactness of the soil in which the experiments were performed.

a
b
Fig.4. – a)- Aspects during the measurement of penetration resistance to determine the compactness of the soil in the
soil where the experiments were performed, -b). Digital electronic penetrometer with FIELDSCOUT SC 900 cone

The measurement of the volumetric humidity of the soil was performed with the portable soil humidometer
HH2, which was used together with the Theta Probe ML2X sensor (fig.5).

a

b

Fig. 5. a- Appearance during the measurement of the volumetric humidity of the soil with portable humidometer HH2, b- portable
humidometer HH2

Table 3
Soil moisture in soil grown with sunflower
Value / measurement points
Volumetric humidity, % / depth, cm
1
2
3
4
5
Average
On the surface
11.4 13.9 11.6 12.1 10.5
11.9
10
10.7 12.6 11.5 10.7 11.7
11.44
20
11.2 12.9 12.3 14.9 10.5
12.36

From the analysis of the values presented in table 3 results an average humidity of 12.36% at a depth of
20 cm, which falls within the agrotechnical requirements for sunflower cultivation.
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Following the measurements on the humidity and the degree of weeding of the soil, it was concluded that
the conditions for carrying out the work to be executed and compartmentalizing the watering channels are met
with vanes (see fig.6), with the following characteristics: depth of watering gutters - Hd; the width of the bottom of
the gutter - Bd; the upper width of the gutter - Bb stopper height -Hb; the distance between plugs - Ld.

Fig. 6. The dimensions of the gutter

a

b

c

d

Fig.7. - Aspects during the measurement of the dimensions of the gutter: a-height of the plug Hb, b-height of the gutter
Hd, c - the width of the bottom of the gutter Bd and the upper width of the gutter Bb, d-distance between plugs Ld

Table 4
The qualitative indices obtained
Qualitative indices obtained in the soil cultivated with sunflower
Hb, cm Hd, cm Bb, cm Bd, cm Ld, cm
17
10
41
20
280
15
9.5
38.5
18.5
28015.6
10
40
20
285
16.4
9
38
19.5
285
16
9.5
39.5
19
285
Absolute average, cm
16.00
9.60
39.60
19.60 283.00
Standard deviation, cm
1.41
1.04
1.04
1.04
5.20
Coefficient of variation, %
8.84
9.83
2.62
5.30
1.84

CONCLUSIONS
Following the experiments performed according to the standards in force in operating conditions (DMBC5 equipment), on the soil from AGROMEC CRÂNGURI, it resulted that the qualitative work indices performed
are within the agrotechnical requirements for the work performed in sunflower crops. Thus, for the depth of
watering gutters Hb, the upper width of the gutter Bb, the width of the bottom of the gutter Bd and the distance
between the plugs Ld, coefficients of variation values were obtained below 10%, and for the distance between
the plugs Ld , the coefficient of variation was 1.84% which is below 5% according to the requirements of the
work of making the compartmentalized furrows.
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ABSTRACT
Air humidity is a potential source of freshwater that is accessible everywhere and can be used for crop
irrigation. This paper presents a review of atmospheric water harvesting used for the purpose of valorization for
crop irrigation.
REZUMAT
Umiditatea aerului este o sursă potențială de apă dulce, accesibilă peste tot și care poate fi folosită
pentru irigarea culturilor. Această lucrare prezintă o trecere în revistă a recoltării apei atmosferice utilizate în
scopul valorificării irigării culturilor.
INTRODUCTION
Climate change is a major challenge for agriculture, water resources and ensuring stability crops being
key priorities in the policy of prevention and mitigation of extreme events. Despite the vast amount of water on
the planet, most of it (97.5%)is in seas with high salt content, rendering it unsuitable for human consumption,
while the rest is foundas fresh water (2.5%). Of this fresh water, 70% is frozen and about 30% exists in the form
of moisture orunder ground aquifers (Mendoza-Escamilla et al, 2019).
Non-conventional water resources have emerged as means to meet or supplement irrigation demand for
reforestation and agriculture in water scarce regions (Tomaszkiewicz et al,2017).
Despite the significant value of the potentially extractable fresh water in the world few atmospheric waterharvesting systems are commercially operating currently. In general, any viable atmospheric water-harvesting
technology must satisfy five primary criteria: it should be efficient, cheap, scalable, wide-band, and stable
enough to operate for a whole year or at last a monsoon season (Yaodong, 2018). Although resultant yields are
relatively small, dew positions itself as a viable water resources supplement because it occurs naturally and
frequently in many locations globally, particularly in the absence of precipitation or when more traditional water
sources are subject to depletion (Tomaszkiewicz,2015).
Irrigation by condensation is an inexhaustible resource of water for irrigation, the combination of
highrelative humidity, the air temperature and the low temperature of water circulating through a closed
loopsystem. Irrigation by condensation are designed primarily to arid and semi-arid areas, where groundwater
isdeep and fresh water sources are rare (Manea et al, 2016). The aim of this study is to present methods of
collecting air humidity for the purpose of valorization for crop irrigation.
MATERIALS AND METHODS
According to the forms of airborne water, the atmospheric water-harvesting technologies can be divided
into two categories: fog water collectionand dew water collection (Yaodonget al, 2018). Atmospheric water can
be harvested through passive methods or active methods. Passive methods are suitable for atmospheric
humidity that has already condensed to liquid rain, dew or fog (Nidalet et al, 2017). One passive method of
atmospheric moisture collection utilizes screens and meshes to hunt dew mist and fog droplets and deposit
them into gutters that stream them into collection tanks (Nidalet et al, 2017).
Another method of passive atmospheric water harvesting involves chemical treatment of cotton fabrics
to enable them to absorb considerable amounts of water from misty air that can be more than three times of
their own weights (Mendoza-Escamilla et al, 2019).
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Fig.1. Atmospheric water harvesting technologies (Hasila et al,2020)

Active harvesting of atmospheric humidity requires special dehumidifiers that condense atmospheric
moisture to produce liquid water. Electromechanical / refrigerative dehumidifiers come with refrigerative coils,
where moist atmospheric air is forced to pass through the cold coils. This causes the condensation of gaseous
vapor into liquid water. This water is then streamed into collection tanks.
A more recent passive method of atmospheric moisture collection utilizes screens and meshes to hunt
dew mist and fog droplets and deposit them into gutters that stream them into collection tanks (Nidalet al,
2017).
RESULTS
The usual method to collect fog water is placing a rectangular mesh perpendicular to the wind, which
traps fog droplets. When exposed to a foggy environment, water droplets carried by the wind are pushed
against the mesh and become trapped. After successive impacts, the droplets grow by coalescence until they
are large enough to fall by gravity, and a gutter transports the water to a tank (Yaodong et al, 2018).
Research suggests that fog collectors work best in locations with frequent fog periods, such as coastal
areas where water can be harvested as fog moves inland driven by the wind.

Fig.2. Fog collector (Domenet al, 2014)

The collection rate of a fog collector is determined by the fog liquid water content (LWC), the size
distribution of fog droplets, the size and arrangement of the mesh mate- rial, and the wind speed.
The collection rate of a fog collector is determined by the fog liquid water content (LWC), the size
distribution of fog droplets, the size and arrangement of the mesh material, and the wind speed.
The Raschel shade net material from the Chilean manufacturer Marienberg is used in most fog collector
applications world-wide. The materials made of food-safe polyethylene and has a ﬁber width that is effective at
collecting fog droplets (Klemm et al, 2012).
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Fig.3. Raschel mesh (http://www.marienberg.cl)

Talaat A. Salem investigated the suitability of harvesting fog and rain water for irrigation using a pilot fog
collector for water quantity, water quality and economic aspects. This study proved that fog harvesting is feasible in
terms of water quantity, water quality and economy. But it recommends collection of fog at various locations and
times, since both water quantity and water quality are variable in time and space (Salem et al,2017).
Sabah A. Abdul-Wahab conducted Experiments using three fog collectors with different local materials:
AC filter, green shade filter, and aluminium filter. The results indicated that the total fog water collected during
the experimental period of 76 days by AC filter, green shade mesh, and aluminium shade mesh was 995.04,
879.93, and 752.58 L/m2, respectively. The ion concentrations were studied and found to meet World Health
Organization drinking water standards. Water from the three fog collectors was found to be of good quality. The
results indicated a significant linear association between the collected fog water and the wind speed and rainfall.
It was found that fog water collection rates increased with increasing wind speed and rainfall (Sabah et al,
2007).
• Dew Water Collection
There are two main types of dew condenser, the apparatus used to collect dew water, namely radiative
(also called passive) and active condensers (Khalil et al,2016). The technology behind radiative dew water
collection system is relatively simple as it relies on exploiting the physical processes of dew formation, and no
additional energy input is necessary. The technology behind radiative dew water collection system is relatively
simple as it relies on exploiting the physical processes of dew formation, and no additional energy input is necessary
(Khalil et al,2016).

Fig.4 Dew condenser (Daniel et al, 2009)

Studies on passive cooling system include investigation on materials with low emissivity surfaces. Early
study on the influence of condensing surface materials to the dew formation has been investigated for Bahrain
climatic condition. Three materials: aluminium, glass and polyethylene foils were investigated as the
condensation surfaces. From their study, aluminium surfaces were reported to have the highest amount of
average dew collected at 3 kg/m2 per hour, followed by glass and polyethylene foils at 0.8 and 0.3 kg/m2 per
hour, respectively (Alnaser and Barakat 2000).
Sharan G. investigated three different types of condensing surface, galvanized iron sheet with
emissivity 0.23 and thickness 1.5 mm, commercial aluminium sheet with emissivity of 0.09 and thickness 1.5
mm and PETB film (polyethylene mixed with 5% TiO2 and 2% BaSO4) UV stabilized.
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From all the three surfaces being tested, the highest collection was in the PETB units (19.4 mm)
followed by galvanized iron (15.6 mm) and aluminium- 9 mm (Sharan, 2011).

Fig.5 Different types of condenser surfaces (Sharan, 2011)

Active condensers typically require electrically powered compressors or vacuum pumps and the
quantity of water harvested in directly related to the input energy (Hasilaet al, 2020).
Compared to radiative condensers, active condensers are more efﬁcient, with daily yields proven to be
considerably higher (Khalil et al, 2016).
The company Roots Up introduced a multifunctional greenhouse that allows farmers to grow food and
collect water, named Ecodome. The greenhouse is an affordable technology that accumulates sufficient water
reserves to provide year-round irrigation.

Fig.6. Ecodome-Dew Collector greenhouse (https://rootsup.com)

The greenhouse serves multiple purposes to suit different climatic conditions. It is designed to efficiently
capture dew. The dome-like greenhouse is activated when temperatures increase in the noon sun, causing
water to evaporate and rise. With the humidity contained, the top point of the structure catches this evaporation
before it’s able to escape into the atmosphere. As night falls, the greenhouse top is then opened by pulling the
ropes attached to the latch, exposing the collected droplets to cool air. Those droplets then cool and condense,
falling into a storage cistern. The collected water can then be used for watering plants. This system can be
repeated each day, allowing plants to thrive while excess moisture is captured and saved for future use.
The Airdrop irrigation concept is a low-tech design that uses the simple process of condensation to
harvest water from the air. Utilizing a turbine intake system, air is channeled underground through a network of
piping that quickly cools the air to soil temperature. This process creates an environment of 100-percent
humidity, from which water is then harvested. The collected water is stored in an underground tank, ready to be
pumped out via sub-surface drip irrigation hosing. The Airdrop design also features an LCD screen displaying
water levels, pressure strength, solar battery life and system health.
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Fig.7. Airdrop irrigation design (https://coolhunting.com/tech/airdrop)

In 2016, INMA Bucharest developed the project "Intelligent technological system of condensation
irrigation in greenhouses and solariums" which is intended for vegetable farms, especially those in areas
threatened by desertification, to achieve a substantial saving of irrigation water. The field of use of the
experimental model is the irrigation of vegetable crops in the open field or in protected environments
(greenhouses, solariums), by capitalizing on the humidity in the soil and air, at a minimum installed energy
power.

Fig.8. INMA’s Intelligent technological system of condensation irrigation
in greenhouses and solariums (Marin et al, 2017)
1-Temperature optimization installation in the area of plant roots; 2- Circulation pump; 3- Cold water tank; 4-Solarium with gothic vertical
walls; 5- Expansion vessel; 6- Condensing system with copper pipes or with PHD pipes; 7- Water cooler; 8- Automation system

The system contains a condensing installation designed from a network with pipes, in version I of
copper or in version II of PHD, mounted in a closed loop, which by recirculating the cold water inside them
combined with the high relative humidity and the air temperature inside the solarium will use water resulting
from condensation for the irrigation of the vegetable crop.
CONCLUSIONS
This study presented methods of collecting air humidity for the purpose of valorization for crop irrigation.
According to the forms of airborne water, the atmospheric water-harvesting technologies can be divided into two
categories: fog water collection and dew water collection.
Studies have shown that fog and dew harvesting is feasible in terms of water quantity, water quality,
and economy. Researchers have demonstrated that atmospheric humidity collectors can be used for collecting
water and use it for irrigation. It recommended that collection be made at various locations and times, since both
water quantity and water quality are variable in time and space.
Water harvesting is a technology that has greatly evolve in the past decades but challenges remain to
be optimized for efficiency and to ensure the delivery of water with a quality appropriate to its end use.
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ABSTRACT
In all the states from the community space, including Romania, one of the sectors with the highest rate of
work accidents is the agricultural one. In order to improve occupational health and safety in this area, risk
management is needed. The identification of the risks of a product is made according to the essential
requirements to which the product must respond, the complexity of the product, constructive and functional. The
paper presents an analysis of risks in the field of machines and installations for agriculture and food industry
based on their assessment, implementation of measures to prevent injuries or control risks, and, of course,
monitoring and reviewing measures implemented to make them more efficient.
REZUMAT
În toate statele din spațiul comunitar, inclusiv România, unul dintre sectoarele cu cea mai mare rată a
accidentelor de muncă este cel agricol. În scopul îmbunătățirii sănătății și securității în muncă în acest domeniu,
este necesară gestionarea riscurilor. Identificarea riscurilor unui produs se realizează funcție de cerințele
esențiale la care trebuie să răspundă produsul, de complexitatea produsului, constructivă și funcțională.
Lucrarea prezintă o analiză a riscurilor din domeniul mașinilor și instalațiilor destinate agriculturii și industriei
alimentare, având la bază modul de evaluarea a acestora, implementarea măsurilor de prevenire a vătămărilor
sau de control al riscurilor, și, bineînțeles, monitorizarea și revizuirea măsurilor implementate în scopul
eficientizării lor.
INTRODUCTION
Agriculture plays a vital role in production of food for Europe's citizens, as well as important influences on
the rural landscape and the economy, but in the same time, this sector continues to be one of the most
dangerous industries. Agricultural machinery continues to be involved in most of serious injuries, so fatal
accidents are common and other accidents often result in operators being permanently disabled.
In terms of risk management, the agricultural sector inherently faces more risks than do most of other
industries (Fargoli M. et.al., 2018). Farmers’ perceptions of risk and responses to these risks are important in
understanding their risk behaviours. Several surveys about risk and risk perception have been conducted in
recent years, but most were based on conventional agriculture; specifically, dairy and crop producers (Cividino
et.al., 2018; Caffaro et al., 2017; Biriş et al., 2007; Vlăduţ et al., 2006; Vlăduţ et al., 2013; Vlăduţ et al., 2014). In
order to improve occupational health and safety in this area, it is necessary to manage risks, based on their
assessment, implementation of injury prevention or risk control measures, and, of course, monitoring and review
of measures implemented to make them more efficient.
Today’s machines and installations designed to agriculture and food industry are extremely specialized
and designed to perform many different tasks. As technology has progressed, a great variety of machines and
installations have come to be used, which has led to diversification in the potential for risk.
On the other hand, machines-related injuries make up the highest number among all agriculture and food
industry accidents (Dzwiarek, 2004). Many of these incidents result from the lack of hazard recognition and
control, and the bypass of existing safeguards. For these reasons, it has become increasingly important for
agricultural and food industry machinery manufacturers to be skilled in identifying and controlling machinerelated hazards and risks. At the same time, standards and regulations concerning occupational safety have
become more and more rigorous.
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The article presents an analysis of the risks in the field of machines and installations intended for
agriculture and the food industry in order to use them in full safety conditions.
MATERIALS AND METHODS
Machinery directive (EC Directive, 2006) describes the requirements on the design and construction of
safe machines. In Annex I the general principles for conformance are communicated.
Basic terminology, principles and a methodology for achieving safety in the design of machinery are
specifies (EN ISO 12100, 2010). It specifies principles of risk assessment and risk reduction to help designers in
achieving this objective. These principles are based on knowledge and experience of the design, use, incidents,
accidents and risks associated with machinery. Procedures are described for identifying hazards and estimating
and evaluating risks during relevant phases of the machine life cycle, and for the elimination of hazards or
sufficient risk reduction. Guidance is given on the documentation and verification of the risk assessment and risk
reduction process.
Risk management is currently a key component of any design process A diagram for this process is
describes in figure 1 (Blecha et al., 2011).

Fig.1. - Risk management process flow chart

In the new technological management, which is based on the resizing of agricultural holdings, machines
with a lower or higher degree of automation are used in almost any type of agricultural activity. Agricultural
Machinery is any kind of machinery used on a farm to help with farming such as: tractors and other vehicles,
self-propelled machines and motor machines, tools and equipment for working the soil, sowing, planting and
fertilising equipment, crop protection, fertilisers and seeds, irrigation equipment, manipulation and transport
equipment, preparation, selection and storage To perform their tasks agriculture machines require human
control and interaction. The best-known example of agriculture machine is the tractor, whose daily pre-operation
checks are shown in figure 2.
Daily Tractor Checklist
□ safety belt
□ ROPS
□ guards&shields
□ tires
□ steps
□ operator’s platform
□ fluid leaks
□ fluid levels

Fig.2. -Tractor daily pre-operation checklist (Cutini, 2017)
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One of the most dangerous power transfer devices on a tractor is the PTO. Maintaining proper machine
guards can lower injury risk (fig. 2).

Fig.3. - Power take-off guarding
(PTO-power take-off, POC-power output coupling, PIC-power input coupling)

The safety requirements and the means of their verification for the design and construction of selfpropelled ride-on machines, mounted, semi-mounted and trailed machines used in agriculture in order to deal
with the hazards which are typical for most of the agriculture machines are specifies (EN ISO 4254-1, 2015). In
addition, it specifies the type of information on safe working practices including information about residual risks
to be provided by the manufacturer.
RESULTS
Risk management is currently a key component of any design process. The designers are required to
identify all hazards within the whole life cycle of the machine and, if necessary, to take appropriate measures in
order to reduce the risk of these hazards to an acceptable level.
Risk Assessments are the first step in providing both safe equipment and a safe working environment for
employees. A risk assessment starts with having all the workers understand the risks present at the worksite
and the countermeasures for and actual conditions pertaining to said risks. Next, use a reasonable method to
determine the priority of the risks that should be eliminated. After that, evaluate if risks for which
countermeasures have been implemented have been reduced to tolerable risks. If they have not been reduced
to this level, consider what type of protective measures are required. Carry out these activities periodically
during the risk assessment and continue it until all risks are reduced to tolerable levels.
When determining risk levels for machine hazards, a standardized method should be applied to allow
consistent comparison and prioritization of risks (Wang et.al., 2017). This qualitative method uses severity and
probability of harm as the primary risk factors in estimating risk levels. The probability and magnitude of the
risks can best be highlighted with the help of a diagram called the risk matrix. It can be built in several forms,
being a valuable tool for the risk management specialist.
The basic principle of the risk matrix is to report the probability that an event will materialize depending on
the impact (magnitude, severity) of that event.
The risk R associated with a hazardous event may be calculated by multiplying the probability p (or
frequency) of the event by the consequences C of the event, so that
If we take the logarithm of this
expression, we get:
(1)
The risk index of a hazardous event is defined as the logarithm of the risk associated with the event and
is found by adding the frequency class of the event with the severity class of the event.
The ratio between unmitigated/process risk and tolerable risk defines the Required Risk Reduction
(Aminbakhsh et.al., 2013):
(2)
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Also, a cost-benefit approach must be adopted to decide what constitutes a “reasonable” risk level. It
requires that a risk-reducing measure be implemented if the cost of the measure is not grossly disproportionate
to the benefit gained.
A disproportion factor d may be calculated as:
(3)
In figure 4 is presented an example of risk evaluation tools.

Fig.4. - Risk level decision matrix (Aminbakhsh, 2013)

In addition to those hazards listed above, other possible hazards include electrical hazards, thermal
hazards, hazards generated by noise, hazards generated by vibration, hazards generated by radiation, hazards
generated by materials and substances, and hazards generated by ignoring ergonomic principles.
To design safety into machines and installations designed to agriculture and food industry, manufacturer
need to (Aneziris et.al., 2013; Cecchini et.al., 2013; Mangado et.al., 2007):
- meet the essential health and safety requirements of the Machinery Directive;
- use established engineering principles;
- use, wherever possible, safe mechanisms and components;
- provide safe and reliable control systems;
- position moving parts where people cannot reach them;
- construct moving parts to guard against ejection hazards;
- design machines to avoid the need for access for adjustment, routine maintenance or cleaning in
danger zones.
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Table no. 1 presents the main types of hazards (mechanical, electrical, thermal etc.) and protection
measures for machines and installations intended for agriculture and the food industry.
Table 1
List of significant mechanical hazards and protection measures
No.
1

2

3

Hazard

Hazardous situation / event

Protection measures

Crushing hazard

Shearing hazard

Controls; Boarding means;
Platforms; Power
transmission; Working tools;
Service/maintenance; Rollover; Shearing/pinching points;
Moving the machine; Stability;
Mounting of machines

All safety guards/devices are
fitted

Cutting or severing hazard

Working tools

4

5

Entanglement hazard

The PTO and moving parts
are stopped before attempting
to free any machine blockage.

Drawing-in or trapping hazard
-Power transmission parts
-Working tools
-Starting/stopping the engine
-PTO drive shaft

7

Stabbing or puncture hazard

9
High-pressure fluid injection or ejection
hazard

10

11

-Hydraulic components
-The uncontrolled release of
high-pressure hydraulic fluid

Roll-over and tip-over

Falling objects

In the case of self-propelled
machinery with a ride-on
driver, operator(s) or other
person(s), there is a risk of
rolling, tipping over, or falling
objects
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The PTO “O” guards are
present.
PTO
shafts
must
appropriately guarded.

be

Check the hydraulic systems
and hoses to be in good
repair.
Never work under equipment
that’s only supported by a
hydraulic ram.
The machinery must be fitted
with an appropriate protective
structure. This structure must
be such that in the event of
rolling, tipping over, falling object
or material, it affords the rideon person(s) an adequate
deflection-limiting volume.
Use a tractor with a falling
object protective structure
(FOPS) if you could be hit by
falling objects.
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When designing and constructing machines and drawing up instructions, the manufacturer must take into
account not only the normal use of the machines, but also the foreseeable misuses that can be expected. The
machine must be designed and constructed in such a way as to avoid its abnormal use, if such use could create
a risk. Where appropriate, the instructions must draw the user's attention to the ways in which experience can
be found in which the machine is not to be used (Patel et.al., 2012).
In the food industry area, the fundamental reason for applying hygienic design principles is to prevent the
risk of contamination of food products. Equipment and factories of poor hygienic design are difficult to clean.
Residues (soil) may be retained in crevices and dead areas. Product residues allow micro-organisms present in
the product to survive and multiply. Residues of cleaning and disinfection chemicals increase the risk of
corrosion and may cross-contaminate subsequent batches of product. Additionally, contaminants, e.g. foreign
matter, allergens, lubricants, detergents and disinfectants, might be carried with the product during processing
and packaging. A risk analysis can help to define areas of cross contamination (e.g. all exposed surfaces of an
open processing factory).
The hygienic requirements are specified in European Machinery Directive (EC Directive, 2006),
subsequently extracts from it were included within the standards (EN 1672-2, 2005) and (ISO 14159, 2002).
CONCLUSIONS
The impact of the Machinery Directive is quite relevant in the field of agricultural machinery:
manufacturers and users are obliged to take into account numerous risks which have been disregarded so far.
The procedure developed for the risk assessment resulted in being rather effective for the analysis of these
types of machines, allowing us to investigate in details the occurrence of most the significant risks. Moreover,
the checklist for assessing the conformity of the tractor with safety laws and standards (e.g. the SLC Checklist)
resulted in being a very useful tool, which can be used both by manufacturers in design activities and by users
in the development of the company’s documents concerning risk assessment.
The provision of information for use is the final method and is required when risk cannot be removed or
reduced by way of the inherently safe design measures, and safeguarding and complementary protective
measures described above.
The safety level of an agriculture machine is considered satisfactory if the designer and the manufacturer:
- eliminated or reduced all risks;
- has taken all necessary protective measures;
- informed the users of the product of the residual risks which could not be eliminated or avoided.
The greatest benefit attained by conducting a risk assessment and properly implementing a risk reduction
strategy is the added assurance that the employees working with the safe machinery and systems remain
unharmed and productive. There is also the added assurance that machinery and systems themselves, remain
safe and productive. Both result in increased overall efficiency, productivity and ultimately increased profitability
for all parties involved
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ABSTRACT
The use of modern, performant equipment for the application of phytosanitary treatments is an important
step in the process of reducing pesticide pollution of the environment. The paper presents the experimental
researches carried out in exploitation conditions in order to determine the working qualitative indices of the
prototype of a performant machine destined to application of the phytosanitary treatments in field crops in order
to prevent the environmental degradation.
REZUMAT
Utilizarea unor echipamente moderne, performante la aplicarea tratamentelor fitosanitare reprezintă un
pas important în procesul de reducere a poluării cu pesticide a mediului înconjurător. Lucrarea prezintă
cercetările experimentale efectuate în condiții de exploatare în scopul determinării indicilor calitativi de lucru ai
prototipului unei mașini performante destinată realizarii tratamentelor fitosanitare în cultura de câmp cu scopul
de prevenire a degradarii mediului.
INTRODUCTION
Pesticides play an important role in ensuring food production worldwide, and at the same time their use is
a major public concern about the impact on food quality (pesticides remaining in agricultural products) and on
the environment in general. To address this concern, one of the main objectives of sustainable agriculture
policies is to reduce the pesticides used.
Thus, Framework Directive 2009/128 / EC provides for action plans to reduce the dependence of
pesticide agriculture on the Member States of the European Union. Also, since 1995, FAO AGSE has worked to
improve the safety and efficiency of plant protection products within systems of sustainable agriculture and
integrated pest management (IPM). To support Member States in controlling the quality of the most common
spraying equipment, FAO has published a number of best practice guides since 1997.
Firstly, reducing the amount of pesticide used can come from technological advances in equipment
used to carry out the protection treatments. Secondly, the reduction of the amount of pesticides used can also
be reached through implementation of complementary approaches such as crops rotation, selection of resistant
varieties, crop management techniques, planning of appropriate scouting practices, introduction of thresholds
for triggering protection treatments and application of biocides and beneficial organisms (Epstein and
Bassein 2003; Lechenet et al. 2014; Pertot et al. 2017).
In order to reduce the amount of pesticide used and ensure the efficiency of treatments, many authors
study the influences of various factors on the spraying process, aiming to ensure optimal quality work indices
regardless of working conditions (Parafiniuk, S. et al. 2011; Rojek, G., 2013; Rosu (Nitu) M. 2016).
In general, in order to obtain a quality phyto-sanitary treatment, the pesticide application equipment
must ensure the uniformity of the treatment, a good coverage of the foliage with solution drops and the
application of the dose recommended by the pesticide producer. Within the paper the experimental researches
are presented regarding some working qualitative indicators of a performant machine for the application of
phytosanitary treatments in field crops.
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MATERIALS AND METHODS
The performant machine designed to carry out phytosanitary treatments in field crops in order to prevent
environmental degradation, MTFS 4000 (fig.1) is intended for the administration of herbicides or insecticides
and fungicides in field crops. The machine has a working width of 28 m, with hydraulic actuation of the ramps.
The setting of the norm per ha administered as well as the start or stop of the application of the
treatments is automatically controlled from the BRAVO 400 computer located in the tractor cab. The
construction of the ramp is of the light beam type with lattice with a good resistance to shocks, being fixed on
two pneumatic rubber shock absorbers. The equipment works with the tractor of 100 HP (74 kW).

Fig.1- MTFS 4000 spraying equipment

The main technical characteristics of MTFS 4000 are presented in Table 1.
Table 1
Technical characteristics of MTFS 4000
Characteristics
Capacity of solution tank
Maximum pump flow
Maximum working pressure
Nr. diaphragm pistons
Line filter
Stirring system
Boom length
Number of boom sections
Number of nozzle holder
Nozzle holder type
Nozzle type
Clean water tank capacity for the human operator
Clean water tank capacity for equipment washing
Weight

U.M.
l
l /min
bar
m
l
l
kg

Value / characterization
4000
400
20
6
with self-cleaning and discharge on hydraulic stirrer
Hydraulic, with ejector
28
7
56
triple, with quick attack mounted on stainless steel pipe
IDK 120-02/03/04, anti-drift, with anti-drip and nozzle filter
20
230
5000

Among the quality indices of the spraying, the flow rate through the nozzle, the pressure drop and the
coverage degree of the foliar surface were studied. The nozzle flow rate was determined by the volumetric
method. The liquid discharged through each nozzle, within 1 minute, at a predetermined pressure of 3 bar, was
collected with graduated glass (fig.2). For each nozzle 3 measurements were made and the average flow value
on each spray device was determined.
This value must not deviate by more than ± 10% from the nominal flow rate indicated by the nozzle
manufacturer in accordance with SR EN ISO 16122-2:2015. The quantity of liquid expressed in liters, which
flows through the nozzle during 1 minute, represents the actual flow through the respective nozzle.
To determine the pressure drop at the end of the ramp sections, the mobile device with quick coupling on
the nozzle (fig.3), part of the pumps testing stand, was used. The device allows direct pressure reading through
the nozzle.
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Fig.2 –Measuring nozzle flow rate with a graduated glass

Fig.3 - Mobile device for measuring nozzle flow rate and pressures for each nozzle

In order to determine the coverage degree, samples were collected on water-sensitive paper during
herbicide in a corn crop, from a field near Bontida village. The sprayer was equipped with IDK 120-03 nozzles
and a norm of 300 l / ha was applied. Ambient temperature was 26.4 oC, average wind speed 3.2 km/h, humidity
54.4 %. The water-sensitive paper was fixed directly on the leaf face. Spray coverage was assessed with an
image analysis software called SnapCard (Ferguson C., Moore J., 2015; Marian O.et all, 2016). The samples
were individually assessed for percent coverage using software application installed on a mobile phone with 12
MP camera.
RESULTS
The experimental data of nozzle flow rate, are shown in table 2. The mean value of the flow rate for each
nozzle do not deviate with more than +/- 10 % (0.119 l/min) from the nominal value.
Table 2
Average flow rate through nozzles IDK120-03
IDK 120-03
pressure = 3 bar
Nozzle
Nozzle flow rate
Nominal flow rate
(l/min)
(l/min)
Right
Left
1
1,12
1,19
2
1,14
1,17
3
1,15
1,17
4
1,14
1,16
1.19
5
1,14
1,21
6
1,14
1,15
7
1,07
1,14
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Nozzle

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

IDK 120-03
pressure = 3 bar
Nozzle flow rate
Nominal flow rate
(l/min)
(l/min)
Right
Left
1,15
1,16
1,16
1,19
1,15
1,17
1,16
1,11
1,16
1,14
1,14
1,16
1,12
1,11
1,10
1,10
1,10
1,10
1,11
1,10
1,10
1,11
1,12
1,11
1,11
1,10
1,11
1,14
1,15
1,12
1,14
1,11
1,10
1,08
1,15
1,12
1,12
1,06
1,21
1,25
1,20
1,25

The experimental data of pressure drop at the end of the boom sections, are shown in table 3.
Table 3
Pressure drop at the end of the boom

Pressure
Pressure set on the manometer
Right boom end pressure
Left boom end pressure

3 bar
2.80 bar
2.75 bar

Pressure drop
0
0.20
0.25

The pressure drop obtained from the difference between the working pressure (pressure set on the
manometer) and the pressure through the last nozzle must not exceed 10%. The measured values fall within
this provision (6.6% for the right extremity and 8.3% for the left extremity). Data obtained after image analysis of
the samples of water sensitive paper (fig.3) are presented in table 4.
Analyzing the data from table 4 we notice that the use of IDK 120-03 nozzles, at a pressure of 3 bar
ensures drops of appropriate dimensions that cover very well the surface of the leaf ensuring the efficiency of
the applied treatment. The lower value of the coverage degree for sample 4 is due to the positioning of the
water sensitive paper on a leaf inclined at an angle of about 60 degrees to the horizontal.

1

2
3
4
Fig.3 – Droplets deposit on water sensitive paper

5
Table 4

Sample
1
2
3
4
5

Coverage degree
Spray coverage, (%)
85.5
64.2
81.0
55.4
74.1
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CONCLUSIONS
The performant machine designed to carry out phytosanitary treatments in field crops in order to prevent
environmental degradation, MTFS 4000 with a working width of 28 m works with 100 HP tractor and
ensures good working qualitative indicators as: flow rate through the nozzle, the pressure drop and the
coverage degree of the foliar surface.
The flow rate for each nozzle do not deviate with more than +/- 10 % from the nominal value and are in
accordance with SR EN ISO 16122-2:2015.
Also, the pressure drop do not exceed 10%, the values are 6.6% for the right extremity and 8.3% for the
left extremity. The coverage degree obtained by an image analysis software SnapCard are between 55.485.5%.
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ABSTRACT

This article presents the importance and diversity of composting methods. The advantages and
disadvantages of composting as well as the materials needed to produce compost are also analyzed. Following
the results of the process, the quality of compost is observed in the effectiveness of methods is assessed.
REZUMAT
În acest articol prezintă importanța și diversitatea metodelor de compostare. Sunt analizate de asemenea
avantajele și dezavantajele compostării cât și materialele necesare producerii compostului. În urma rezultatelor
procesului se observă calitatea compostului și se apreciază eficacitatea metodelor.
INTRODUCTION
All biodegradable waste: household waste, animal manure, vegetable waste, food industry waste can be
transformed into a particularly valuable ecological natural fertilizer and the degradation process must be carried
out in a controlled way to ensure a final product, stable and with high fertilizer potential.
When mineral fertilizers are not available or are too expensive, compost is the most important source to
provide plant nutrients and adjust soil condition.
Many people today appreciate compost as a natural source of nutrients and humus.
Turning materials into compost means ending the natural circle of life (Bachert et al, 2008).

Fig.1 - Resource management (http://greenly.ro/)

Composting is the process of decomposition and transformation of solid organic substances by
microorganisms (mainly bacteria and fungi) into a stable material, which can be used (depending on the
characteristics) in agriculture, instead of chemical fertilizers or in land improvement works (soil improvement)
(Weimar, 2008; http://www.incdpm.ro/).
What is the compost? “Composting is the biological decomposition of biodegradable solid waste under
controlled conditions in a state that is stable enough to allow for safe storage, handling and that is satisfactorily
matured for safe use in agriculture.”
The Quebec Bureau of Standardization defines compost as follows: “a solid mature product resulting from
composting, which is a process of bio-oxidation of the solid heterogeneous organic substrate including a
thermophilic phase.”
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Compost means a product obtained by an aerobic, thermophilic process of decomposition and microbial
synthesis of organic substances in waste products, which contains more that 25% relatively stable humus
consisting predominantly of microbial biomass and which is still subject to poor decomposition being stable
enough not to reheat or cause odor or insect problems and has a C: N = 10 – 15 ratio.
Composting can therefore be defined as a method of managing the biological oxidation process that
converts heterogeneous organic matter into more homogeneous ones, with fine particles similar to humus.
Composting means all the microbial, biochemical, chemical and physical transformations that organic,
vegetable and animal waste undergoes, from their initial state until they reach different stages of humification, a
qualitative state different from the newly formed product, called compost.
For farmers who do not have enough land for the distribution of waste products, composting is one of the
methods of treatment and release of manure in conditions of environmental protection. To do this, they must opt
for an intensive system of aeration of the pile and have the necessary equipment for mixing the pile (Bilitewski et
al, 2013; https://www.slideshare.net/Koroli/conexiunea-proiectelor-cu-managementul-deseurilor ).
MATERIAL AND METHOD
At least 5 composting methods are practiced in the USA:
A. Passive composting in the open pile;
B. Composting on the platform, in rows or in piles using a loader for turning, mixing and handling;
C. Composting on the platform using special pile remodeling equipment;
D. Aerated static pile systems using perforated pipes;
E. Container composting system.
The first three methods are usually practiced outdoors and the last two indoors to have better control of
humidity, treatment and odor capture (Bachert et al, 2008; https://www.icpa.ro/).
A. Passive composting in open piles is suitable for small or moderate farm with less management. The
method involves the formation of the pile of organic materials and leaving it undisturbed until the materials
are decomposed into stabilized products.
These small pipes have the advantage of natural air movement. Due to the active fermentation, the pile
heats up inside, the warm air rises and is lost at the upper surface of the pile, being replaced by the cold air that
enters the base of the pile and on the side, thus refreshing the air in the pile. Depending on the size of the pile,
air currents can refresh the air in the pile faster or slower, activating the fermentation process.
For an efficient air exchange, especially during the summer and if composting material that emit more
hear such as horse manure, the height of the pile will be only 0.9 – 1.2m.
Cost of labor and necessary equipment to form and mix the pile is the largest operating expenditure.
Farm loaders and garbage spreaders are usually the ones used on the farm (Bachert et al, 2008;
https://www.icpa.ro/).

Fig.2 – Open pile composting (http://greenly.ro/)

B. Platform composting in rows and piles is the most common form of composting. For an active management
of the process the rows and piles are rearranged with the help of a special machine which avoids the
compaction of the pile, improves the air exchange, brings to the surface of the pile the material inside and
introduces in the pile the material from the pile surface. In this way, weed seeds, pathogens and fly larvae
can be destroyed by composting, reaching the middle of the pile where the temperature is very high.
By turning and mixing again during the reshuffling, the materials subjected to composting are fragmented
intro smaller particles and increase their biologically active contact surface.
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In Romania the way of working is very cumbersome and is closer to the first option of composting than to
this one, due to the lack of specific equipment. It is preferable for the composting platform to be surrounded by a
drainage ditch.
The collected liquid can be used to moisten the pile during remodeling if necessary or can be applied on
the agricultural land as a liquid fertilizer.
An equipment for remodeling can mix between 400 and 4000 t per hour, but even with this equipment a
remodeling loader is still required for the initial organization of the pile, for loading compost into transporting or
spreading
machines,
etc.
(https://www.slideshare.net/Koroli/conexiunea-proiectelor-cu-managementuldeseurilor, Mustin, 1999).

Fig.3 – Rowing composting (http://greenly.ro/)

C. Composting on the platform using specialized remodeling equipment is practiced in large composting units.
It is identical in the way of organization with method B – composting on the platform in rows and piles, but it
is mandatory present special reshuffle equipment.

Fig.4 – Platform composting (http://greenly.ro/)

D. The system of aerated static pile with perforated pipes – can be developed in open or closed spaces.
Perforated pipes for aeration are build into the pile. The hot gases inside the pile rise and cold air enters
through the pile. Forced aeration can also be practiced using an air blower in the ducts at the base of the
gamut which makes the air circulation faster. The aeration forcing system allows the pile to grow and better
control of the composting process.
Negative pressure arrangements allow direct air to be exhausted through biological filters if odors
become a problem. Aerated static piles are based on wood chips, chopped straw or other porous materials. The
porous material at the base also incorporates perforated ducts for aeration. The selection and initial mixing of
the raw materials to be composted are essential, as they must have a good structure to maintain their porosity
throughout the composting period. This general requirement is ensured by the use of a density-maintaining
agent, such as straw or wood chips.
The initial height of the aerated static pile is 1.5-2.5 m. In winter. Larger piles help maintain hear. A layer
of finished compost covers the compost pile. The length of the aerated static pile is limited by the distribution of
air through the aeration ducts. For aerated static piles the mixture of materials deposited in the pile is essential
because the pile is formed only once.
The mixing of the pile is done with the help of a front loader of fadroma type by mixing several times in
another pile and then depositing in the final pile of mixed material. It is recommended that the mixing and
formation of the pile to be done on a concrete surface (Bachert, 2008; https://www.icpa.ro/).
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Fig.5 – Composting in heaps with aeration pipes (http://greenly.ro/)

E. The container (vessel) composting system involves the closure of active composting materials in a
container, building, etc. The container system has the most aggressive management and generally
the one with the largest capital investment, but offers the best control of the composting process.
Most methods in the container involve a variety of forced aeration systems and mechanical turning
techniques leading to intensification of the composting process (https://www.icpa.ro; Mustin, 1999).
Some composting systems in containers (a huge bag) include non-returnable composting materials. The
composting system in small containers that are installed for use for about a year are accessible for composting
on a variety of farms that generate organic materials including dead birds and manure.

Fig.6 – Container composting (http://greenly.ro/)

Many of these systems combine the attributes of the platform with return equipment and those of the
aerated static cell method. Regardless of the composting method used, the ability of the compost pile to hear up
and maintain a high temperature is dependent on 7 factors:
- the physical and biological composition of the materials subjected to composting;
- accessibility of nutrients, including carbon for microorganism that produce composting;
- the humidity level in the materials subjected to composting;
- pile structure (particle size, texture and bulk density);
- aeration rate in piles or rows;
- the size of the compost pile;
- environmental conditions, temperature, wind, humidity, etc., (https://www.slideshare.net/Koroli/
conexiunea-proiectelor-cu-managementul-deseurilor; Mustin,1999).
Suitable materials for obtaining compost. The materials introduced in the pile and their composition are very
important for a fast process of compost production and a good quality of the product. A simple rule says, “A
good compost requires a good composition of the materials introduced in the pile” (Buyukgungor et al, 2009;
https://www.epa.gov).
Suitable materials for obtaining a good compost are: kitchen waste (organic), leftovers from fruits,
vegetable and salads, fruit scraps, coffee and tea sachets, ground coffee and tea with filter paper, eggshells and
nuts, breadcrumbs, potato peelings, cut flowers, paper napkins, paper kitchen rolls, wrapping paper, garden
waste (Organic), cut grass, fungi, tree bark, pruning scraps trees and hedges, wood chips, roots, ground
coconut shells, chopped palm leaves, perennials / weed, flowers and plants, parts of plants and diseased parts
of plants removed from them, moss, branches / leaves broken by wind, cropping resides -from parks,
landscaping sports (Bilitewski et al, 2013; http://www.incdpm.ro/).
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Fig.7 – Materials suitable for compost (http://greenly.ro/)

Materials unsuitable for stacking- Recyclable materials, plastic, plastic foam, polystyrene and plastic
foil, plastic bottles and glasses, metals, cans, composite materials and used glass, beverage paper container,
large paper, cans used and contaminated cardboard, hazardous substances, batteries, paints and oil,
medicines, glue, alkaline solutions, acids, pesticides and herbicides, residual waste, cooked food and
preparations (meat, fish and fruit) as well as food scraps (bones), towels / toiletries, glossy paper, cigarettes and
cigarette butts, dungs from pets, treated wood (painted, impregnating agents), high fat kitchen waste, polluted
material in general (B.Bilitewski et al, 2013; http://www.incdpm.ro/).

Fig.8 – Materials unsuitable for compost (http://greenly.ro/)

RESULTS
Compost quality
Compost is considered good if it has the following characteristics:
- It is presented as homogeneous dark brown or black product.
- The smell is earthy without any other unpleasant odors.
- The particle size is less than 1.2 cm.
- It is a stable product (able to be stored for a reasonable period of time without losing its
effectiveness as a soil amendment).
- Does not contain viable weed seeds.
- Does not contain phytotoxins or visible contaminants.
- It has a pH between 6.0-7.8.
In order to be delivered the compost must be accompanied by a certificate which must include at least the following:
- Humidity (below 50%);
- Total nitrogen content (over 1.5% in s.u.);
- C: N ratio (10 – 18);
- pH (6.0-7.8).
The name and address of the produces, the materials that formed the basis of the compost preparation
and recommendations for use will be written on the label (Buyukgungor et al, 2009; https://www.epa.gov).
CONCLUSIONS
Advantages and disadvantages of composting
The main advantages of composting animal waste products are:
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-

ensures the protection of the environment near the zootechnical complexes and in the whole area
where it is applied;
- is an efficient recycling method for crop residues, residues and mortality from livestock complexes;
- replace a bulky product, with high humidity, difficult to transport and in a small radius around the
complex with a concentrated product, easily transportable at any distance, odorless, free of
pathogens, able to control the development of disease and pests in the soil, easy to store, does not
create problems with flies or weeds, and can be applied on the ground at the most convenient time;
- preserves the nutrients from garbage; compost contains a more stable organic form of nitrogen,
which is less washed in the groundwater;
- -the final product yields more difficult nutrients accessible to plants and can be applied in the field
for a longer period;
- a valuable fertilized is obtained for agriculture, especially for the vegetable and floricultural sectors,
which can replace large quantities of chemical fertilizers;
Disadvantages of composting:
- requires time and money; composting requires equipment, labor and management; using only farm
equipment would increase labor consumption; it is therefore necessary for medium and large farms to
purchase special composting equipment which costs from a minimum of $10,000 to over $ 100,000 in
order to start composting operations;
- requires land for the activity; the areas required for the storage of raw materials, finished compost and
for the composting process can be very large;
- it is possible for odors to appear, at least in the first phase of the process; composting products often
emit unpleasant odors, especially if stored for a while before starting the process, some places may
require odor reduction measures; odors can also be generated through improper management;
- manure and vegetable waste are removed from agricultural production and oriented in other directions;
- compost slowly yields plant nutrients;
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ABSTRACT
Environmental pollution is due to several factors such as: industry, agriculture, tourism, services, etc.,
and at first sight the industry is seen by all as the main polluter of the planet. On the other hand, agriculture also
seems to play an important role in terms of environmental pollution. Among the factors in agriculture that have a
high proportion in environmental pollution there are: animal husbandry and agricultural works, among which can
be listed: works of establishment and maintenance of agricultural crops (soil pollution with chemical and organic
fertilizers), works of plant protection (application of products used in plant protection). This paper presents some
considerations regarding the main agricultural works that have a high impact on the environment in terms of
pollution, respectively some measures that are required to combat this pollution.
REZUMAT
Poluarea mediului este datorată mai multor factori precum: industria, agricultura, turismul, serviciile,
etc., iar la prima vedere industria este văzută de toţi ca principalul poluator al planetei. Agricultura, pe de altă
parte, are şi ea un rol important în ceea ce priveşte poluarea mediului. Dintre factorii din agricultură care au o
proporţie ridicată în poluarea mediului se remarcă: zootehnia şi lucrările agricole, dintre care se pot enumera:
lucrările de înființare și întreținere a culturilor agricole (poluarea solului cu îngrășăminte chimice şi organice),
lucrările de protecţia plantelor (aplicarea produselor utilizate în protecţia plantelor). În lucrarea de faţă sunt
prezentate câteva considerente privind principalele lucrări agricole care au un impact ridicat asupra mediului din
punct de vedere al poluării, respectiv unele măsuri ce se impun pentru a contracara această poluare.
INTRODUCTION
Agriculture in general is largely polluting, and the phenomenon of pollution is largely known to
environmentalists. It is true that pollution, as a process of degradation of the quality of environmental factors
vital for human health, has not been recognized by political factors in the very recent past, as well as the fact
that there were lacking and still lack the equipment needed to highlight all aspects involved in pollution. The
main aspects of environmental pollution caused by agricultural activities can be summarized in
(https://ro.ripleybelieves.com/what-is-environmental-impact-of-agriculture-7534):
• Discharge of several million cubic meters of wastewater, untreated or incompletely treated, from industrial
complexes for growing of pig, poultry and cattle, into the surface water and the drainage system. To these is
added the deep infiltration of wastewater, during the period of storage in ponds, battles and basins, affecting the
quality of groundwater used as a source of drinking water in many rural localities.
• The use on agricultural land, for dual purposes of fertilization and irrigation, of sludge and wastewater
from livestock farms, containing harmful salts and contaminating pathogens to the soil, plants, animals and
humans.
• The administration on agricultural lands adjacent to the livestock complexes of exaggerated norms of
manure (over 100 t/ha), at intervals of 2-3 years, which by far exceed the needs of plants and determine the
accumulation of nitrates in feed, as well as the leaching of nitrates in groundwater.
• The use of chemical fertilizers (especially nitrogen) in too high doses and at times not related to
consumption in different stages of development of the cultivated plants. Often, their application is made on
frozen ground with a thick layer of snow, which is why due to sudden melting and favored by the slope of the
land they reach, by washing, into the running water used as drinking water sources.
• Application of chemical products (pesticides), in order to control diseases, insects, rodents, nematodes
and weeds in agricultural crops and fruit-wine orchards, by poorly trained people. Applying too large amounts
and concentrations at inappropriate times and by using products with a high degree of toxicity and long shelf life
has multiple negative effects on plants, animals and humans.
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• Not to be neglected are the aspects related to the preparation of pesticide solutions, washing and
dumping in illegal places of the remaining solutions from the agricultural apparatus and equipment used for their
administration.
• Uncontrolled storage of manure and the lack of collection basins for liquid manure from animals belonging
to many private households have as negative effects their runoff into running water, as well as nitrate infestation
of groundwater.
• Aggravation of soil erosion on sloping lands, due to the practice of an inadequate agricultural system,
respectively: poor organization of the territory, execution of soil works from hill to valley, crop rotations with a
high share of weeding plants, lack of organic fertilization.
• Degradation of the physical state of the soils (structure, porosity, permeability, resistance to plowing) due
to the decrease of the organic matter content and the exaggerated traffic with agricultural equipment on the field
having an inadequate soil moisture.
In terms of animal husbandry, even some domestic animals irretrievably destroy the growing tree
vegetation, preventing the regeneration of forests. Also, pet farms can also pose serious problems of
environmental pollution with animal waste. The exodus of some animal populations can create ecological
catastrophes. In animal husbandry, in addition to insecticides, other chemicals are also used that give unwanted
side effects, namely substances administered to influence the development of animal production. These
substances are harmful because they are excreted in the urine and are found in the drinking water of other
batches of animals (for which the substance is contraindicated) or they can reach to humans when administered
until the last days before slaughter.
In the organization of modern agriculture, a very important role is played by landscaping works and
especially by water management. Dams and irrigation canals not only change the hydrological regime in the
area, but also the local ecological systems by changing soil factors. Both positive effects (territorial expansion of
cultivated areas and increased productivity) and negative ones (salt pollution: salification, salting) can occur.
Irrigation played a very important role in the development of the great ancient civilizations. Today, more than
500 million ha are irrigated, and this represents 50 times more than in 1800.
Agriculture is mainly responsible for water and soil contamination, this being caused by the increasing
use of pesticides, as well as the intensive nature of agricultural production (Petre et al, 2019). Almost all
pesticides are made from chemical substances that are designed to keep diseases and pests away from crops.
However, in the long run, the whole environment suffers - a paradox that ultimately affects human health and
therefore technical solutions are needed for a rational application of herbicides / chemicals (Bolintineanu et al,
2009; Bungescu et al, 2009; Matache et al, 2010; Niţu et al, 2012; Vlăduţ et al, 2010a; Vlăduţ et al, 2010b).
Moreover, as agriculture becomes more intensive, in order to feed the growing population, many
ecosystems are destroyed to make room for crops. Entire forests are cut down to eventually get agricultural
crops, but people forget that in the long run we are actually destroying the planet's lungs. Solutions consist in
the recovery of degraded soils through different treatment / improvement methods (Pruteanu et al, 2019),
treatment of wastewater from animal husbandry (Tociu et al, 2019; Ungureanu et al, 2019a; Popa et al, 2019),
respectively the use of different methods and solutions for depollution of soils (Vanghele et al, 2019).
Organic farming is a viable alternative but it is still too expensive for many agricultural producers and
also for potential buyers of products thus obtained. In the future, however, the adoption of cultivation techniques
using agrochemical analysis of soil (Borland et al, 1981), organic and pest control equipment that does not
involve the use of pesticides and other pollutants (Zhu et al, 2007), which uses advanced materials (Cârdei et
al, 2012), will be a solution to prevent soil pollution.
MATERIALS AND METHODS
Paradoxically, the very branches of the human economy, which are mostly based on relations with the
environment, are also sources of pollution. Agriculture can be a source of environmental pollution by: triggering
and favoring soil degradation processes following the erosion processes (land clearing leads to soil erosion),
salting, compaction (Ungureanu et al, 2019b); the use of pesticides (insecticides that destroy all insects,
including the useful ones); excessive use of chemical fertilizers.
According to specialists, out of the total agricultural area of our country, only 30 % are soils with a high
fertility potential, the rest having different states and stages of degradation. Of the 5 million ha of land affected
by erosion only half were landscaped anti-erosion and thus led to increased productivity per hectare (compared
to the previous period). Through the erosion process, 150 million tons of soil are lost annually, of which 1.5
million tons of humus.
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Excessive deforestation in the upper part of most river basins, as well as the irrational use of agricultural
land, have had a negative influence on the flow of water on the slopes, causing severe processes of soil
erosion. The forest fund of our country is of 6.4 million ha, which represents a strong imbalance, predominating
the young forest, and the one of over 80 years (exploitable) has a deficit of 500 thousand ha, causing an acute
lack of wood for timber and veneer.
Due to intensive agriculture and to the use of pesticides and chemical fertilizers, the soil is the main
environmental factor affected. Most soils lose their nutrients and organic matter to a greater extent than the
process of supplementing them, which ultimately leads to their depletion.
Soil pollution means any action that disrupts the normal functioning of the soil as a support and living
environment in natural or man-made ecosystems. Soil disturbances can be:
a) physical: the phenomenon of compaction and damage to the structure generated by improper work;
b) chemical: generated by soil pollution with heavy metals, pesticides, fertilizers, changing the pH of soil
solution;
c) biological: generated by soil pollution with germs of diseases transmissible to plants and animals;
d) radioactive: soils capture very easily radioactive pollution that they transmit to plants and animals for a
long time (Borlan et al, 1981).

Fig. 1. Soil pollution (Borlan et al., 1981)

RESULTS
• Soil pollution with chemical and organic fertilizers - works for the establishment and maintenance of
agricultural crops
Intensive agriculture, widely practiced in all countries of the world, involves the administration of
chemical fertilizers in order to increase the productivity of crop plants. This process aims to return to the soil the
equivalent of the amounts of nutrients extracted from it by plants. The most important and most used are
nitrogen-based fertilizers (ammonium, calcium and potassium nitrates), sulfur (ammonium sulphate and
superphosphate) and potassium. The polluting effect is mainly determined by the excessive amounts used, well
above the necessary ones used repeatedly over the years and, secondarily, by the introduction into the soil of
toxic impurities contained in fertilizers (Vlad et al, 2018; Vlăduţ et al, 2008).
The polluting effects are given by (Munteanu et al, 2011):
• impurities, residues from the manufacturing process;
• imbalances of certain biogeochemical cycles, which lead to soil degradation;
• contamination of groundwater;
• lack of purification and cleaning of industrial fertilizers due to production costs; they contain toxic metals
and metalloids (arsenic, cadmium, chromium, copper, lead, zinc) with risks of soil and food contamination;
• excess of nitrates due to superfertilization with nitrogen fertilizers in the biosphere circuit, estimated at 9
million tons/year, which accumulates in the hydrosphere through leaching processes of soils degraded by
superfertilization (misuse of nitrogen fertilizers).
Research shows that nitrates usually accumulate in green leaves, and in this sense, Rondest J. (1972)
found that in spinach and lettuce leaves there were such large amounts of nitrates that consumers' health was
endangered. Nitrates reaching the human intestine are converted to nitrosamines, which are powerful
carcinogens. The misuse of chemical fertilizers has the following negative effects:
• modifies the biogeochemical circuit of nitrogen and phosphorus;
• inhibits or blocks the recycling of organic substances and humus, the process causing their decrease,
manifested by the decline of the clay-humic absorbent complex;
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• causes groundwater and surface water pollution and thereby induces a decrease in the biodiversity of
aquatic ecosystems and their biological productivity.
Of the total amount of fertilizers applied on an agricultural area, a maximum of 50 % is found in the
vegetable mass; the rest remains in the soil or is entrained in groundwater and surface water. Through links in
the food chains, nitrogen from the plant mass is taken up by animals and humans. Through metabolic
processes, nitrates are transformed into nitrites that have a high affinity for hemoglobin, together with which they
form methemoglobin, a stable product that drastically reduces the oxygenation capacity of tissues. Nitrates
usually reach the food chain through milk, the main food for children. In the '80s, in the areas of Galati, Braila
and Ialomița, poisonings were reported because the concentration of nitrates in milk exceeded 850 ppm,
compared to 75 ppm set as the maximum limit by the WHO and FAO (Tuomisto et al, 2017a).
Superfertilization with phosphate fertilizers causes the excess of phosphorus entrained yearly by inland
waters into the lakes and seas to cause the phenomenon of eutrophication, which through its long-term action,
makes the water increasingly poor in oxygen, finally destroying the aquatic fauna (fish, etc.).

Fig. 2. Soil pollution with chemical and organic fertilizers (Tuomisto et al, 2017)

•

Pollution with pesticides and their residues - maintenance works of agricultural crops
Soil pollution with pesticides is an important component of agricultural pollution of the environment in
general. Unlike other pollutants, pesticides are deliberately dispersed in the wild to destroy certain parasites of
humans, domestic animals or crops (Tuomisto et al, 2017b).
Modern pesticides are mostly synthetic organic substances intended for the destruction of harmful
insects (insecticides), phytophagous fungi (fungicides), weeds in crops (herbicides), rodents (rodenticides) or
nematodes (nematocides). Current synthetic insecticides are divided into three main groups: organochlorines,
esters and carbonates. Contamination of soils and vegetation with pesticides has important consequences for
species and biocenoses (Pisante et al, 2012).
Despite the important advantages of using pesticides in the agriculture (increased production, reduced
labor, etc.), their use on a large scale and in large and repeated doses causes many ecological disadvantages.
Their application leads to a number of changes in the ecosystems in which they were introduced, among which
are mentioned:
• has a very intense spectrum of toxicity for both animal and plant organisms;
• have a fairly low degree of selectivity and are often used against populations and not against individuals;
• their effect does not depend on the density although their application takes into account the density;
• many of them have a high degree of persistence in the soil which can be of the order of months or even
years;
• some pesticides are dispersed over very long distances and are incorporated into biomass, ocean waters
or soil;
• through their biological action, they destroy not only the target organisms, but also some useful ones;
• persistence in the environment, accumulation of some of them and their penetration into food chains.
These effects can be of demoecological nature (those that affect the populations and especially their
density), respectively of biocenotic nature (those that cause disruptions of biocenotic balances). Being toxic to
weeds, diseases and pests, pesticides pose a risk of harm to humans, pets, venison and birds. For this
purpose, various procedures are used, such as:
• incorporation of activated carbon in the soil and administration in the soil of adjuvants, products that
retain or degrade the pesticides and cultivation of plants (corn, sorghum) that have the ability to depollute the
soil of atrazine by organic absorption into the soil in large quantities;
• integrated control of diseases and pests as a measure to prevent soil pollution with pesticides.
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Due to the high risks, it is recommended to use those pesticides that comply with the following rules: to
use the least toxic products; to avoid the introduction into the ecosystem of biologically degradable pesticides,
those with high residuality; to avoid the use of easily leachable products, which reach the groundwater faster;
products that due to their persistence easily enter the food chain plants - animals - humans are no longer
accepted. A safe way to achieve this goal is the introduction of integrated protection (integrated management),
which is based on:
• combining methods: agrotechnical, physical, biological, chemical;
• the application of control measures only when they are economically justified.
If in the not too distant past it was expected to liquidate, eradicate pests to the last specimen, in
integrated management the concept is combated and abandoned. In reality, pathogenic pests and weeds
produce crop losses only when they have a certain density. It is therefore recommended to use the economic
damage threshold before using pesticides to determine exactly how much pesticide is needed
(https://ec.europa.eu/agriculture/envir_en).

Fig. 3. Pesticide pollution (https://ec.europa.eu/agriculture/envir_en)

•

Plant protection
Plant protection is the science that deals with the study of harmful organisms (phytopathogens,
phytophagous arthropods, weeds, rodents, etc.), in order to establish the most effective measures to combat the
damage / economic losses caused by them. It is estimated that about a third of the potential crop yield is
destroyed ("tithed") by harmful organisms, so plant protection, as an applied biological discipline, contributes to
increasing crop yields and improving crop quality.
Pest control of agricultural crops is achieved by several methods: chemical (using pesticides), biological
(using antagonistic organisms and natural products), genetic (by improving the resistance of plants to harmful
organisms), agrotechnical (by soil work, including weeding) and physical-mechanical (thermal disinfection of
seeds, plant surgery, seed clearing, etc.).
Pesticides are either mobile or highly absorbed by soil organic matter. They can be volatile, persistent
or rapidly degradable. Pesticides are chemical means of plant protection, obtained by formulating and
conditioning of biologically active ingredient(s). With very few exceptions (such as plant growth regulators, used
to control plant growth, or products that act by activating systemically manifested resistance in plants, and which
are a kind of "vaccines" for plants) biologically active ingredients are toxic ingredients. This toxicity actually
requires the existence of a code of good practice for the distribution and use of pesticides. The following
categories of substances are also included in the category of pesticides: growth regulators, defoliants,
desiccants, systemically activated resistance activators, vegetable and fruit cleaners, substances applied to
prevent fruit falling, as well as substances applied before or after harvest to control pests acting during storage
and transportation of the crop (http://www.farmer.com.cn/wlb/nmrb/nb8/200902250069.htm2009-02-25).
Biopreparations are biological means made on the basis of microorganisms useful to crop plants or on
the basis of natural compounds (plant extracts, suggestively called in English "botanicals"). The use of
biopreparations is an important orientation in today's agriculture due to its advantages:
- reducing environmental and food pollution;
- avoiding the occurrence of pest populations resistant to control treatments;
- the possibility of using unqualified personnel in conditions of total security (both for crops and for the user);
- sustainable use of a useful resource from the agricultural systems unexplited so far.
There is a widespread but wrong practice on farms to voluntarily dispose of waste and pesticide
residues in ditches, canals, surface waters or on agricultural land. They come from:
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• excess spray liquid;
• washing of the machines;
• losses of spray liquids during their supply or during technological operations;
• losses due to uneven distribution;
• packaging and containers which still contain pesticides and which are disposed of or stored improperly;
• residual liquids from immersion baths or sheep bathing;
• waters that were used to wash the agricultural products;
• leakage from broken or cracked packaging or containers;
• pesticides eliminated due to expiry date.
The cultivation of vegetables and ornamental plants in greenhouses and solariums is an important
source of complex local pollution, with pesticides and fertilizers. Pollutants reach the surface waters through
other circuits than in the case of agricultural crops, namely:
a) eaves spills (condensation water or artificial rain) that carry the fertilizers and pesticides deposited on the
windows inside;
b) irrigation that is used concomitantly with fertilization and for the administration of pesticides;
c) waters of glazing washes on both sides;
d) wastewater from special flower treatments.
All this water must be recovered in watertight concrete ponds and followed by a closed circuit by
recirculation, without being discharged outside.
Pesticide depots will not be located near water bodies or in areas where groundwater is present at
shallow depths. The location will be at least 200 m from homes, water sources, fodder, fields and agricultural
land, farms and animal depots. Warehouses will be constructed of durable, non-flammable materials with
sufficient and adequate storage capacity.
The pesticide depot must be able to keep the products safe in the event of spills or spills. The floor must
be impermeable and located below the ground surface to form a retention basin or there must be sills on doors
and walls that prevent liquids from passing through them and that retain the scattered material. (Zhu Liya et al,
2007).
• Application of products used in plant protection, and water and soil protection measures
The strategies to reduce the impact on the environment through the intake of pesticides can be
addressed in various ways, from prevention at source to treatment of symptoms related to the adverse
environmental effects. Next are some of them (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5814744):
a) reducing the basic needs of crop protection by chemical means by using practices and methods that reduce
crop diseases (judicious crop rotation, cultivation of varieties resistant to diseases and pests, seeds, seedlings,
disease-free and pest-free cuttings, adequate measures of hygiene to limit the spread of disease and pest
attacks) as well as by the strict use of chemicals to the minimum in order to combat crop diseases;
b) choosing with great discernment of only authorized pesticides that do not harm the environment, such as
selective ones;
c) personnel using these products must be trained, certified and authorized;
d) strict supervision of the regime and use of pesticides;
e) interdiction of using air treatments, especially when the treated agricultural land is close to water bodies;
f) limiting the administration of fertilizers because there is a situation that certain diseases and pests are favored
by increasing the yield and productivity of crops;
g) reduction of the preventive use of pesticides taking into account the fact that the presence of parasitic
organisms is a normal situation, their problem being reconsidered only when there is an estimated danger or a
certain degree of harm is exceeded;
h) partial replacement of the use of pesticides by ecologically clean means and methods, other than chemical
ones (biological methods, preventive methods, traps, manual removal of pest nests, etc.).
The following complementary measures are recommended to reduce the amount of pesticides
dispersed in the environment:
- equipping the spray devices with anti-dispersion screens that limit the spread of pesticides outside the
strictly targeted areas;
- sprayers and especially their most important component - the nozzle must be maintained in the best
operating condition at optimal parameters; for this purpose, periodic checks will be carried out with the
immediate replacement of defective, worn or improper parts; strict correlation between the capacity and
efficiency of the spraying equipment and the load of pesticides supported by the environment;
- prohibition of the establishment of orchards in the immediate vicinity of water bodies;
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- the establishment of forest curtains against the predominant winds;
- the establishment of pesticide-free areas 10 m wide in the immediate vicinity of a body of water.
Chemical control treatments are applied curatively or preventively, either in vegetation, or by seed
treatment, or by soil treatment. Pesticides are usually applied by wet treatments, in the form of spraying,
pulverization or aerosols (toxic mist).
Many widely used pesticides (bentazone, atrazine, simazine, dinoseb, etc.) are included in the category
of substances with a high risk of pollution of surface water and groundwater. When such pesticides are
identified in the groundwater, it can be assumed that there will be an increase in their concentration given that
the movement through the pedological columns can take place in a relatively long time.
Seed treatment is done either by wet or dry methods (depending on the type of product) using special
seed treatment machines. The most dangerous products for the environment and human health are dust
powders. In Romania there are practically no products formulated in this way, with the notable exception of
sulfur, which is a product with ecological consonance, being natural, biodegradable and with low toxicity for nontarget organisms.
Usually, all pesticides are biologically active substances that have side effects on the environment and
human health. When there is a choice, the product that has the least impact on the environment and presents
the lowest risk to human health will always be chosen.
Pesticides should only be applied on warning. Treatment warning is done when a pest tends to grow
above the economic damage threshold (EDT), which is the level of the pest population that causes a higher
damage to the total costs (ecological and economic) of the treatment with plant protection means (pesticides,
biopreparations). In general, the treatment warnings are made by the County Plant Protection Inspectorates,
having a weighted value at county level. However, the most accurate and advantageous are the computerized
forecasting and warning systems used locally.
Pesticide treatments must be notified in advance (in writing) to local authorities, specifying: type of
treatment; crops to be protected; the plots on which treatments will be applied; the period of application;the
type(s) of pesticide(s) used.
In areas with surface water, good agricultural practices require the limiting of using aero means of
treatment (helicopters, gliders, planes, etc.), because these means of treatment are too widespread. A similar
situation is the case of the use of strongly blowing mechanical means such as those used in vineyards and
orchards.
In areas with surface water, treatments with toxic insecticides for fish (e.g. synthetic pyrethroid
insecticides) should be avoided as much as possible. If it is not possible to give up these pesticides, appropriate
risk management measures will be taken (precise delimitation of the treatment perimeter with a minimum
distance of 10 m to the waterfront, equipping the spraying machines with anti-dispersion screens, strict
correlation between machine capacity spraying and the surface to be treated, application of treatments at a
maximum wind speed of 4 m/s, complete prohibition of discharges of water polluted with pesticides from
washing machines, etc.).
The application of pesticides will be done in meteorological conditions provided by the technologies in
force. Treatments will not be made at very high temperatures and during the afternoon, and for products with
inverse temperature coefficient the maximum indicated temperature will be observed. Do not apply to rain (or
before and after) and do not apply pesticides when the humidity is high. In case of strong wind, the treatments
will be performed in the morning or in the evening.
In Romania, however, the practice of using illegally traded pesticides is quite common. These illegal
pesticides are:
- brought by the small border traffic from the neighboring countries;
- from expired pesticide stocks (including DDT stocks!);
- extracted from the waste dumps of chemical factories.
In order to ensure a proper operation, the sprayers will be regularly tested and certified. Each of the
dispensing devices (spray nozzles, rotary sprinklers, etc.) will have to discharge similar amounts of solution /
suspension, in a constant and reproducible manner. The fastening system of these spraying devices must allow
strict adjustment of the distance to the treated plants. Worn parts must be replaced immediately with new parts.
Spraying systems must ensure a strictly localized distribution on the row of plants and not on the entire field.
Untreated and / or double-treated areas should be avoided. This is done by marking the area to be treated, and
the equipment to be applied pesticides must allow compliance with the markings.
The dose of pesticide applied per ha must be strictly correlated with the watering norm established by the
Interministerial Commission for the Approval of Phytosanitary Products.
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Watering norms are established according to the type and age of the crop and vary between 330 - 1100
l/ha. To facilitate the compliance with the pesticide dose, the recommendations for use usually include both the
recommended dose and concentration at the appropriate watering rate.
The user has the obligation to choose the appropriate nozzle to the specifics of the work to be
performed. The user must also avoid the use of worn, dirty, clogged nozzles, because they, even if they were
initially very good, cause disturbances in the work process, leading to the formation of asymmetrical jets, with
large drops and uneven distribution. These also increase the risk of high concentrations of solution reaching
certain areas on the plant and in the soil, which leads to increased pollution.
The sprayer with ramps for the application of treatments to field crops must be checked, making sure
that all nozzles show the same amount of solution in the unit of time.
The water from washing the packages will be transferred to the spraying solution, in compliance with the
watering norm. The equipment will be washed with pressure jet, in specially arranged areas, provided with
inactivation bases for the pesticides from the washing waters. The bases for inactivating the washing waters will
be delimited and marked accordingly "Danger, poisoned area!". The location of the inactivation bases will be set
at a suitable distance from houses, wells, animal shelters, and agricultural crops (https://www.girisudecris.ro
/documente/8e33b7dc8e66ba941a73760e653e207c.pdf).

Fig. 4. Application of products used in plant protection
(https://www.girisudecris.ro/documente/8e33b7dc8e66ba941a73760e653e207c.pdf)

CONCLUSIONS
Intensive agriculture, which uses large amounts of pesticides and fertilizers, affects the environment, the
irrational exploitation of land leading, in addition to the effect of soil degradation, to the losses of agricultural
land, soil pollution, water and thus the environmental pollution. One solution is to promote organic but
mechanized agriculture.
The European Union, through the Common Agricultural Policy, promotes the sustainable agriculture but
due to population growth, implicitly increasing the need for food, the agriculture will face in the coming years a
great challenge: to provide food for the population but without polluting the environment. Unfortunately, the
green revolution has only solved one problem, that of food.
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ABSTRACT
A transformation of an agricultural company (greenhouse type) into higher productivity will require a
decision-making agricultural system based on a lot of information. Farmers need to get information at the right
place and time. Some applications focus only on data collection. Research in the field has shown in studies that
the price of information from planting to sale on the agricultural market can be a very important percentage of
total production costs. Agricultural and environmental data are very important for research, reference surveys,
monitoring, impact assessment, to inform agricultural policy making and for many other purposes.
ABSTRACT
O transformare a unei firme agricole (de tip sera) către o productivitate mai mare va necesita un sistem
agricol decizional bazat pe foarte multe informații. Agricultorii trebuie să obțină informații la locul și momentul
potrivit. Unele aplicații se concentrează doar pe colectarea datelor. Cercetările in domeniu au aratat în studiile
efectuate că pretul informațiilor de la plantare până la vânzarea la piața angricolă poate constitui un procent
foarte important din costurile totale de producție. Datele agricole și de mediu sunt foarte importante pentru
cercetare, sondaje de referință, monitorizare, evaluare a impactului, pentru a informa elaborarea politicilor
agricole și în multe alte scopuri.
INTRODUCTION
Agriculture involves a large number of agricultural activities from sowing to harvesting and capitalizing
on products. The timing of all these agricultural activities, such as sowing, irrigation, fertilization, crop
maintenance, etc., plays an important role in obtaining large yields. If agricultural activities are not carried out on
time and properly, then they will have a negative effect on the crop. Agricultural experts also stress the
importance of an appropriate timetable for these agricultural activities. However, most farmers do not know well
enough the importance of carrying out these activities in a timely manner or sometimes even forget to do them
at the right time (Bolintineanu et al., 2010; Deak et al., 2018; Matache et al., 2010; Niţu et al., 2012; Păun et al.,
2012; Petre et al., 2019; Vlăduţ et al., 2010).
Depending on the needs of remote control of the greenhouse environment, mobile applications of
environmental control in greenhouses have emerged, so that users can view real-time environmental
parameters on smartphones and remote environment control. Greenhouse environmental control applications
are characterized by their flexibility, so that the environmental conditions in greenhouses can be changed in real
time, which allows crops to grow in the best environmental conditions, which can lead to increased efficiency in
terms of economic and production view. The experimental results show that using greenhouse control applications
can obtain real-time environmental parameters and at the desired value, perform real-time monitoring and
control of greenhouse conditions, the operating interface is simple and easy to use (Murad et al., 2011).
With the development of mobile telephony, internet and communication technology, this system has
become the most popular operating system in smartphones and can provide a good human-computer
interaction interface. Land monitoring can also be one of the most important investments in risk management
that a farmer can make. Today's successful farmers consider real-time crop analysis to be one of the most
valuable ways to protect their investments, and recognize that monitoring crop development is one of the
methods of risk mitigation and farm management that pays off quickly. Farmers understood that they had to
observe in real time the problems that arose in their soils in order to take measures and treat the problems
before they caused damage to the crop.
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More and more farmers are relying on land monitoring because it has been found that when we have
more knowledge, it leads to a clearer understanding of the problems and to making the best decision in a timely
manner. In general, farmers want their monitoring to be carried out over a period of an agricultural season, such
as from sowing to re-entry into vegetation. During this period, the specialists from the farmer investigate the
evolution of insects, diseases and weeds. At the same time, field monitoring, combined with soil sampling, is
recommended from six months to one year before sowing.
In recent years, some farmers have resorted to using drones to visualize the fields, but this technology
also requires a physical presence in the field, and images obtained by drones generally do not provide enough
detail to provide complete information that the farmer needs. In addition, the use of drones is also hampered by
factors such as flight range, human factor and weather conditions. But the use of drones on agricultural land
also represents a progress in the development and modernization of agriculture. The increase in the
consumption of fresh vegetables and fruits throughout the year has led to the development of cultivation
methods in areas protected from cold and weather. The greenhouse effect derives from the difference between
the physical properties of the soil and the plants, respectively of the transparent materials with which these
protected spaces are covered. In addition to the greenhouse effect, the cultivation of plants in protected areas
allows better control of the microclimate, with effective control of diseases and pests, ensuring the need for
nutrients and water, with low consumption compared to field crops.
Among the conditions that must be monitored and controlled in order to obtain the most favorable
microclimate for the development of plants are related to air temperature and relative humidity, soil temperature
and its water content, CO2 concentration, air movement, etc. (Chel and Kaushik, 2011). Greenhouses are
protected areas for plant cultivation, they are complex constructions, the design and practical implementation of
which must take into account many factors depending on the requirements and characteristics of plants, local
climatic conditions, special materials for this type of construction, of heating sources and equipment, irrigation
systems, ventilation, etc. (Christine et al, 2011).
MATERIALS AND METHODS
Applying the Android system to the control of the greenhouse environment can increase the production
of greenhouse crops, reduce energy consumption and reduce labor costs (Zhao et al, 2017). And real-time
observation on the smartphone terminal can instantly change the environment in greenhouses to keep the
greenhouse in optimal conditions for plant growth and development. The user has the possibility to check the
parameters of the greenhouse environment at any time and can control it to maintain the greenhouse
environment in optimal conditions. Due to the popularity of the Android system and its qualities, humancomputer interaction, the greenhouse control application can better serve the user. The greenhouse control
application does not work independently (Xu, 2015), it takes a smartphone to access the web server of the
greenhouse environment to obtain the desired parameters by adding carbon dioxide and supplementing the
light if necessary.
The sensor sends the parameters of the greenhouse environment to the web server via wireless
transmission, and the server processes and stores the information. The software then remotely accesses the
web server via 3G, 4G or WIFI and transmits information about the greenhouse to users. Users can also
remotely control the greenhouse's execution devices, (Ma et al, 2011). Greenhouse data such as greenhouse
temperature, light, carbon dioxide concentration and so on are displayed on the display.
The results of the measurements will be displayed on the page in real time, and the data is
automatically refreshed according to the settings made, which fully meet the user's requirements for obtaining in
a timely manner the parameters necessary for plant growth conditions. The results of the page design are
presented as in the figure below (figura.1).

Fig. 1 - Data display page, (Qiao X. et al, 2018)

Fig.2 - Control page display, (Qiao X. et al, 2018)
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When the user wants to control one of the greenhouse actuators, he must open or close the switch on
the right side of the corresponding function. Page design results are displayed in Figura 2.
Once the Android mobile phone is installed, click on the app icon to enter the main app interface. As
shown in figura. 3, four buttons are set on the main interface to divide the control system into four modules, (Xu
et al, 2015; Qiao et al, 2018).

Fig. 3 - Home page of the greenhouse control
application, (Qiao et al, 2018)

Fig. 4 - Display data inside and outside the
greenhouse, (Qiao et al, 2018)

Access the button in the corresponding module to switch to the environmental data for the greenhouse
and the atmospheric space outside the greenhouse (Figura 4).
The values on the data display page show us the situation in a timely manner both inside and outside
the greenhouse. The result of the click on the control module of the greenhouse implementation system located
on the mobile phone is presented in figura 5, where you can see when the light and temperature in the
greenhouse are adjusted. (Zhao et al., 2017; Liu and Yang, 2018).

Fig.5 - Adjusting the light and temperature in the greenhouse, (Qiao et al, 2018)

The greenhouse environment control application designed in this variant is connected to the web server
to acquire the data of the greenhouse environment parameters and to perform the remote control of the
greenhouse environment by the mobile terminal to obtain the best conditions in order to grow and develop
cultures. In this situation, taking advantage of the mobility of Android devices and real-time data transfer can
avoid the problem of manually managing greenhouses that can not be monitored in real time. (Zhu and Gao,
2014; Qiao et al, 2018).
In air conditioning and intelligent control systems for the greenhouse, there is a central unit that is the
brain of the entire system that allows data collection, remote control and monitoring from your computer or
smartphone.
The advantages of using these "smart systems" are:
- improves work efficiency,
- has low energy consumption due to a dynamic control of temperature and humidity, the energy
being consumed only when the crop requires it,
- improves product quality,
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-

send text or email alerts if the system detects problems,
analyzes and measurements can be made, during the entire period of crop growth and
development, which can then be combined with other data necessary to optimize the program of
cultivation and development of agricultural crops,
it is known that small changes in temperature, lighting and nutrient dosing can cause plant stress,
which directly affects their yield and quality, so the opportunity to obtain timely data on greenhouse
crops is very important.
Monitoring systems.
a) Sensafon 1800 type monitoring system (Figura 6)

Fig. 6 -Sensafon 1800 type monitoring system,
(https://www.sensaphone.com/industries/greenhouse/product
/sensaphone-1800)

Fig.7 -Satelite (http://www.vantagero.com/news/monitorizarea-terenurilor/)

The Sensaphone 1800 system remotely monitors environmental conditions such as temperature,
humidity, ventilation, carbon dioxide, etc. This system is a simple and cost-effective solution, ideal for smaller
greenhouse operators, commercial growers and retailers. The system monitors environmental conditions for up
to eight locations.
When the system identifies a small problem, it works as a vending machine that can alert up to eight
people with personalized phone calls. Internal rechargeable battery backup provides 24 hours of continuous
monitoring and alerts in the event of a power outage. Each unit is sealed in an enclosure to protect it from
moisture, dirt and chemicals commonly found in a greenhouse environment. Operators can obtain the status of
each condition monitored at the installation site or by telephone (Ma et al, 2011).
b) Monitoring system variant – GeoSCAN
A very useful solution for monitoring could be the satellite field scanning service, called GeoSCAN.
(Figura 7). With the help of satellite images of the field, the vegetation index and weather data from the
GeoScan program provide a detailed picture of each lot and the development of any crop without the farmer
having to leave the office. All data is visible on a web platform as well as through a mobile application. The
images obtained by satellite (every 4 to 8 days) ensure the relevance of information and meteorological data
that can be associated with data from a weather station located in the field, so that the data are much more
accurate. The program also provides data on the phases of crop growth, as well as recommendations for the
appropriate periods of sowing, spraying, etc.
With the help of GeoSCAN images, farmers can detect poorly developed areas in the soil and take
timely measures to eliminate the problems. If those areas where crops are not well developed are not due to
pests, drought, floods, poor quality maintenance or other problems visible to the naked eye, many farmers
choose to take soil and plant samples to determine if crops do not lack certain nutrients. Soil sampling soil maps
are also visible in GeoSCAN (http://www.vantage-ro.com/news/monitorizarea-terenurilor/).
Based on the updated maps from GeoSCAN, which show the state of the crops in different vegetation
periods, it can be determined:
- Areas with high and low productivity in each plot;
- The different evolution of varieties in a given crop;
- Insufficient or excessive fertilization;
- Poor agrotechnical operations;
- Excessive weed growth;
- Plant diseases or insect damage;
- Water stress - lack of water or flooded areas;
- Damage caused by wild animals;
- Estimation of hail damage.
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Satellite information can be obtained much more efficiently than if we tried to obtain it with the naked
eye. The vegetation index is a mathematical transposition of the light values reflected in the visible spectrum
and in the infrared spectrum being correlated with the chlorophyll content, the total amount of biomass and with
the photosynthesis activity of the plants.
c) Monitoring system variant - Bayer Agro Solution
It is the most popular application in Romanian agriculture - with thousands of downloads from farmers'
phones and tablets that rely on this software to find solutions to a number of problems they face in agricultural
crops. Bayer Agro Solution software helps farmers with information designed to make it easier for them to
evaluate crops, but also to find the most appropriate agricultural treatment.
By identifying weeds from pictures taken in the field, Bayer through its digital farming systems includes
mobile applications that will help identify crop problems such as diseases, weeds or various pest attacks, while
providing better control over the treatments needed to control them, (https://agrointel.ro/94847/ cea-maipopulara-aplicatie-pentru-ferme-mii-de-fermieri-romani-o-au-deja-instalata-pe-telefon/).
d) “Smart” digital platform,
This digital platform helps agricultural producers with a series of innovative solutions to increase maize
production on the same area. With the help of the application, farmers benefit from recommendations on the
choice of corn hybrid depending on the type of soil and the culture medium, the density at which sowing should
be done, the crop being constantly monitored from the satellite. Crop productivity can be increased by up to
30% using this application. The culture is constantly monitored with the help of satellite images, which signal the
occurrence of problems caused by various factors. Starting from the consistency of the green vegetation, the
satellite images can signal problems such as the uneven development of the culture, caused by pedoclimatic
factors, diseases, pests or other accidents, during the vegetation period.
Crops can be monitored in real time using satellite images:

Fig. 8 - Satellite view of corn crops
(https:// www.rfi.ro/stiinta-101700-fermierii-romani-supraveghere-culturi- telefon)

The cultures were tested with outstanding results at the DEKALB Technology Plants in Europe (Figure
8). The technology developed for maize crops was successfully tested in 2017, in 12 European countries,
including: Romania, France, Hungary, Spain and Italy, large maize-growing countries.
DEKALB SMART technology maximizes the potential of hybrids and terrain. Basically, this technology
takes into account the specifics of each existing soil type and offers the customized solution, plot by plot. The
application version can be accessed from any device with internet access, and the mobile application will be
available shortly. Romania is among the first European countries in which the new technology is launched.
Among the first in Europe, Romanian farmers will be able to monitor, even from their own smartphone, all the
corn plots and will be able to be up to date with everything that appears in the field, regardless of where they are
(https://www.rfi.ro/stiinta-101700-fermierii-romani-supraveghere-culturi- telefon).
RESULTS
Today, with the development of technology, thanks to easy access to smartphones and the Internet,
everything is available with just one click. Therefore, if all this information related to agricultural activities is
provided to farmers in an appropriate organization then they will be more interested in using them. In order to
channel the correct availability of information to farmers, the planning application is designed to remind farmers
of various agricultural activities from two or more previous crops, giving them notifications about the timing of
future agricultural activities so that they can perform on time and also use the available resources correctly. This
planning application also provides information about the seeds recommended by specialists. The farmer can
select the best seeds, suitable for their farms and benefit from a yield good.
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The application is developed in areas, focusing on organized farmers, so there will be no language
barriers and more and more farmers are able to use it. The farmer can select the best seeds, suitable for their
farms and benefit from a yield good. The application is developed in areas, focusing on organized farmers, so
there will be no language barriers and more and more farmers are able to use it.
The application is built in an efficient way, based on detailed requirements and analyzes. In the design
phase, the programming language and hardware and software requirements are also decided. The activities of
the application are designed based on studies and the user interface should be as easy to use as possible,
because the user interface is the main channel of interaction between farmers and the programming application.
So it must be easy to handle. The activity for viewing the previous information is done by displaying the previous
information of the selected month that is stored in the database.
By clicking on any record, the administrator gets two options either to delete the information previously
entered in the database or to update the information already entered. The administrator can delete or update
the information by clicking the appropriate option. The application has two modules, one is for users and the
other is for the administrator. The administrator has full access to the application data. The administrator can
update or delete previously stored information from the database or enter new information. When the new user
installs the app on their Android smartphone, the smartphone user must first register, as only the registered user
can access the app.
Once the user is registered, the user can authenticate in the application by entering the correct details
and can have full access to the application information. The application is mainly designed for two or more
cultures. First, the user must select one of the crops. The user can set notifications for the agricultural activities
of the selected crop, view a list of recommended seeds of that crop or the monthly schedule of another selected
crop. By clicking on the notification option, the farmer can set notifications for the agricultural activities of the
selected crop. By setting the date of sowing of crops, the user can set notifications for the next agricultural
program. The application will send notifications to the farmer, reminding him about the calendar of various
activities related to culture. When the user clicks the notification in the notifications panel, then a new page
opens that displays the weather based on the user's latitude and longitude, as well as the notification in detail.
It also offers user suggestions related to the activity, taking into account the weather conditions. The
application also presents the weather information in the area.
When the user clicks on the recommended seed option, the application displays the list of all selected
crop seeds recommended by sowing specialists. The application provides information such as the correct
sowing interval of the seed variety, the yield per hectare of that variety and other basic information, such as the
best suitable conditions for good productivity. Another feature of the application is that the user can view the
complete monthly program of the selected crop, from sowing to harvesting, and the list of all agricultural
activities that will be carried out during this period.
When any of the months is selected during the growing period of this crop, then the application displays
full details of the agricultural activities of that month. Provides complete details on the correct timing of
agricultural activities.
Information on the correct amount of pesticides and fertilizers to be used for the selected crop is
provided by the application. This helps to avoid wasting resources and, at the same time, a step towards
sustainable agriculture. There are several applications related to agriculture that provide various forms of
information about market prices of crops, weather, agricultural equipment, etc. All this type of information plays
a very important role in improving crop productivity and profit. The development of agricultural applications is
one of the areas in great development lately. In a very short time, a lot of applications have appeared on the
market lately.
In general, it is very important that the application is designed in the regional language of the farmer so
that he can overcome the problem of language and use. Because, if the farmer does not understand the
language of the application, the complete information provided by the application will be useless to him. The
application provides not only notifications, but also suggestions related to agricultural activities, taking into
account the weather conditions of the user's land.
This helps to avoid wasting resources and the correct use of resources and leads to quality agriculture.
The implemented application is an Android based application. Android phones are available even at low prices,
in these conditions they are easily accessible.
Moreover, the cost of internet access tends to decrease permanently, so it is easily accessible even in
rural areas. The application is quite easy to use, so it can be used by people who do not have a special
education and without any prior training (Navjot, 2016).
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The latest technologies have found applicability in many fields of activity so that in agriculture, the
"smart greenhouse" has become a reality.
The development of the construction market, materials and automation technologies have led to the
solution of problems related to the automation of greenhouses, now all the processes necessary for the
operation of a greenhouse at the highest parameters of production and quality can be controlled remotely
(Figura.9).

Fig. 9 - Greenhouse control system,
(https://ro.decorexpro.com/teplica/umnaya-avtomatika-dlya-sooruzhenij/)

The autonomous operation of a greenhouse by automation is achieved by installing a kit, which includes
connection diagrams, locks with thermal sensors and various modules (Figura 10). The basic design of a
"smart" greenhouse allows the following functions to be performed automatically: temperature control and
regulation inside the greenhouse, air humidity monitoring, soil humidification, lighting regulation, etc..

Fig. 10 - Greenhouse variant with automatic control system
(https://ro.decorexpro.com/teplica/umnaya-avtomatika-dlya-sooruzhenij/)
ACKNOWLEDGEMENT

This paper was financed by grant of the Romanian Research and Innovation Ministry, through
Programme 1 – Development of the national research-development system, sub-programme 1.2 – Institutional
performance – Projects for financing excellence in RDI, contract no. 16 PFE.
CONCLUSIONS
Computer applications have penetrated all areas of activity and lately in the field of agriculture. With the
help of these computer applications, agriculture manages to obtain productions in larger quantities, of good
quality and throughout the year. Crop monitoring through the use of modern technologies can be done remotely
and in several locations by a single person.
Also from a distance, the same person can change the climatic conditions within the protected areas,
humidity, temperature, etc. Computer applications used in agriculture can be used by all farmers because they
do not require special training, being easy to use.
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ABSTRACT
Along with industry, agriculture has become a source of environmental pollutants, the relationship
between the environment and agriculture being a rather complex relationship. Animal farms can produce food,
but they also produce massive amounts of animal waste, one of the problems that poses an increased risk to
the environment. How they are collected, stored, handled, and their composition and quality are key factors that
determine the level and density of emissions. The paper presents aspects related to environmental pollution
factors in agro-zootechnical holdings, regulations in force and measures to prevent and reduce environmental
impact.
REZUMAT
Alături de industrie, agricultura a devenit o sursă de poluanţi pentru mediu, relaţia dintre mediu şi
agricultură fiind o relaţie destul de complexă. Fermele de animale pot produce hrană, dar produc, de asemenea,
cantități masive de deșeuri animale, una dintre problemele care reprezintă un risc sporit pentru mediul
înconjurător. Modul cum acestea sunt colectate, depozitate, manevrate, precum și compoziția și calitatea
acestora reprezintă factori-cheie care determină nivelul și densitatea emisiilor. Lucrarea prezintӑ aspecte legate
de factorii de poluarea mediului din exploataţile agro-zootehnice, normativele ȋn vigoare şi mӑsurile de prevenire
şi reducere a impactului asupra mediului.
INTRODUCTION
The agricultural sector is one of the main land users in Europe, together with grasslands and cultivated
land accounting for 39% of Europe's land area and therefore helping to shape landscapes in rural areas. It has
various direct and indirect effects on the environment and in turn depends on natural resources (Amann, 2017;
Rao, 2002).
Along with industry, agriculture has become a source of environmental pollutants, the relationship
between the environment and agriculture being a rather complex relationship. On the one hand, agriculture is a
source of water and soil pollution, habitat destruction and diminishing of biological diversity. On the other hand,
agriculture is affected by an environment altered by air pollution, climate change and the expansion of
agricultural land use by other sectors of the economy, mainly industry and infrastructure (Horje, 2016; Worley,
2011). In 2015, approximately 94% of ammonia emissions in Europe came from agriculture, mainly from
activities such as the storage of natural organic fertilizers, the spreading of liquid manure and the use of
inorganic nitrogen fertilizers (Amann, 2017).
Agriculture is also one of the main sources of nitrates in surface and groundwater. In many regions of
Europe, often those where intensive agriculture is practiced, nitrate concentrations are still too high. One of the
problems which represents an increased risk to the environment is animal manure. The way they are collected,
stored, handled, as well as their composition and quality are key factors that determine the level and density of
emissions. Moreover, incorrect manure management generates the release of ammonia into the atmosphere the main air pollutant resulting from the breeding activity of animal species (Alexandru, 2014).
The paper presents aspects related to environmental pollution factors in agro-zootechnical holdings,
regulations in force and measures to prevent and reduce the impact on the environment.
MATERIALS AND METHODS
Animal farms may produce food, but they also produce massive amounts of animal waste, such as urine
and manure, which emit about 400 different harmful gases into the atmosphere, and some of these gases
include nitrous oxide, ammonia, particulate matter, endotoxins and hydrogen sulfide.
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Because thousands of animals are kept together on agro-zootechnical farms, the concentration of gases
produced can be extremely dangerous for the local community. The key aspects to be analyzed in relation to
the forms of environmental impact are presented in table 1.
Table 1
Cr.
iss.
1

Forms of impact
Character and duration of
impact

2

Extent, scope and
complexity

3

Consequences

Key aspects related to the forms of impact
Key aspects
-Impact character (positive, neutral or negative)
-Highlighting the forms of significant impact (positive and negative)
-Description of the impact (cumulative, continuous, intermittent, occasional,
temporary, short-term, medium or long-term, direct / indirect, reversible /
irreversible).
-Quantification of the quantity or intensity with which the character / quality
of any aspect of the environment will change
-Indication of the geographical extent of the effects
-Description of the degree of change (imperceptible, slight, observable or
significant).
-Indication of whether the impact can be avoided, mitigated or remedied.
-Highlighting the forms of reversible impact
-Indication of whether a form of compensation is available, possible or
acceptable

The more modern and efficient the equipment in the agro-zootechnical farms, the smaller the impact on
the environment will be. Therefore, it is advisable to take into account the age of the farm when assessing the
impact on the environment, in order to ensure that appropriate measures are taken (eg air filtration techniques,
equipping the farm with technologies that allow the highest possible efficiency in reducing emissions, changing
manure transfer methods, imposing conditions on manure storage).
Soil pollution with zootechnical residues. Manure is a complete organic fertilizer, containing all the nutrients
needed by the plant (Table 2).
Table 2
The chemical composition of the manure from different sources (Alexandru, 2014)
Cr. iss.
The type of manure
Nitrogen [%] Phosphorus [%]
Potassium [%]
1
Cattle manure
0,45
0,23
0,5
2
Fermented manure 3-4 months
0,55
0,25
0,7
3
Completely fermented manure
0,98
0,58
0,9

Excessively applied as a fertilizer, animal manure affects the properties of soils (Hart, 1997; Monti, 2019).
They can contain NaCl, biostimulators, urea, drugs, pathogens, which cause chemical and biological pollution of
soils, decrease permeability and can diffuse to groundwater, turning them into outbreaks of chemicals, viruses,
etc. In order to be used in agriculture, their content of heavy metals and viruses is analyzed, especially since
some viruses, such as enteric ones, can persist for up to 9 months. Common substances in manure are
hormones, antibiotics and pesticides.

Fig.1. – Distribution of nutrients to cattle
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Regardless of the form in which the manure is used "raw" (fresh / dry) or in the form of compost, an
analysis of potentially toxic substances will be performed. International regulations require that plants not be
treated with any manure within 120 days of harvest to ensure protection against diseases such as Salmonella
and E. coli (Worley, 2011). Urine is also considered a good natural organic fertilizer, being rich especially in
nitrogen and potassium (fig.1). In order to avoid nitrogen losses, the urine from the zootechnical shelters is
used, not retained by the used bedding, collected and stored with or without fermentation in covered basins.
Odor emissions from animal production systems come from three main sources: manure storage
facilities, animal shelters and manure disposal methods. A large number of volatile compounds have been
identified as decomposing products of animal waste. The most important gaseous compounds are: ammonia,
methane and carbon dioxide. They are known to have implications for global warming and the formation of acid
rain. It has been estimated that one third of the methane produced each year comes from agriculture (primarily
from animals and manure storage units). Although animals produce more carbon dioxide than methane, the
latter has an impact on the greenhouse effect 15 times greater than carbon dioxide (Costescu, 2010; Whalen,
2019).
The average annual quantities of manure from different species, depending on their state of aggregation
and their nutrient content are presented in Table 3.
Table 3
Cr.
iss.
1
2
3

Average annual amounts of manure from different animal species (Alexandru, 2014)
Species
Manure / year
Nutrients [kg]
Solids [kg]
Liquids [l]
N
P2O5
K2O
Caws
6000
2000
30,0
11,0
1,6
Sheep
500
200
6,7
1,5
5,0
Horses
4000
1200
35,0
8,0
10,0

Also from animal husbandry can result residues from the sanitizing substances of the stables, which
contribute to the pollution of soils and waters. Another negative consequence is the overloading of water
resources with nutrients from manure discharges from animal farms due to both the negligence and operation of
defective technological equipment and storage tanks, as well as non-compliance with existing water and
environmental legislation.
Nitrogen is a very mobile element in the soil and can be easily lost by leaching and volatilization. Fresh
manure should be spread in the field and incorporated into the soil by plowing as soon as possible, in order to
avoid nitrogen losses by volatilization; thus it remains in the soil blocked by the clay and humus particles,
following that in time the garbage will decompose turning into humus (Yang, 2011).
The administration of semi-liquid and liquid manure on steeply sloping land, on poorly drained, frozen
land, on land near watercourses or by applying excessive amounts and the wrong choice of time of
administration are agricultural practices that should be avoided. In the use of manure as fertilizer, the time of
application on agricultural land is particularly important, as no manure is applied in the period between the
appearance of the first and last frost. These data are established based on the analysis of the series of
meteorological data interpolated at the level of each commune (table 4).
Table 4
Land use
Crt.
iss.
1
2
3

Manure application periods (Alexandru, 2014)
Manure
Garden soil

Crops established in autumn
Crops established in spring
Meadows, pastures, grassland,
alfalfa

1 feb - 31oct.
1 jan - 30 june
1 feb - 31aug

15 jan - 31oct
15 jan - 30 june
15 jan - 15 nov

Liquid manure

15 jan – 31 oct
15 jan - 30 june
1 feb - 31 oct

When applying manure, the following aspects are taken into account: soil type, type of precipitation, soil
slope and chemical composition of the soil on which the manure is applied.
Manure storage management
Manure is stored in several ways. In order to evaluate the operation of manure depots, are taken into
account the number of storage spaces, the capacity of storage spaces (to ensure the necessary storage
volume), the type and material from which the warehouses are built, the time required for manure storage such
as and how to deal with the problem of odor and emissions into the atmosphere.
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Although the costs for building compliant warehouses are relatively high, they are lower if borne by the
originator at the initial stage than if a subsequent compliance program is applied. Another important aspect is
the transport and subsequent application of manure. Although it is recognized that manure applied to cultivated
land enriches the soil with nutrients (nitrogen and phosphorus), there is a risk that these compounds may enter
groundwater and surface waters, especially if the soil is saturated with nutrients. (Amon, 2014; Arvanitoyannis,
2008). This can lead to water eutrophication or, even worse, contamination of drinking water sources.
On the other hand, there is a real possibility that after the application of the manure, odors will appear,
which often create discomfort to the neighbors of the land where they were applied. For these reasons, it is
necessary to describe the process of use / treatment of animal waste and its frequency.
At the level of local communities, the Integrated Control of Nutrient Pollution involves activities of
collection, storage and management of manure, endowment with equipment for collection and spread as
organic fertilizer of composted manure, endowment of households with individual platforms for manure storage,
construction of communal platforms for storage and management of manure, rehabilitation of communal
pastures and creation of plant protection barriers around watercourses.
Waste and scrap from agro-zootechnical holdings
In agro-zootechnical farms, in addition to waste with fertilizer value - manure, liquid and fluid manure,
other waste and residues can result, which if not treated properly can become pollutants of soil, water and air.
This category includes various liquid and solid excretions resulting, for example, from milking animals, their
slaughterhouses, wastewater from sanitation works, etc. They must be handled with great care to avoid
pollution of water and soil by some hazardous or toxic substances they contain (pathogens, heavy metals,
detergents, chemicals used for disinsection and disinfection, etc.). These types of waste must be treated in
treatment plants and after the depollution and neutralization parameters provided, used as fertilizer materials or
stored as waste according to the rules in force (HG no.856, 2002; Order no. 1181, 2005; Law no.211, 2011;
Order no. 1281, 2014).
All large agro-zootechnical units must have the related facilities for the execution of decontamination and
neutralization operations of waste and residues from agro-zootechnical farms (drainage, collection and transport
systems, treatment plants, storage sites).The discharge of wastewater in the network of drainage channels or,
as the case may be, of irrigations, or on agricultural lands will be done only under the conditions of an adequate
purification.
Waste and wastewater from the agricultural and livestock processing sector
Wastewater and waste from the processing of agricultural and livestock products usually have a high and
very specific load of potentially polluting substances, mainly of organic origin: carbohydrates (sugar, starch),
fats, proteins, etc. Those from the livestock processing sector may also have a significant load of pathogens.
They do not discharge directly into surface waters or into the network of irrigation or drainage channels,
because they have a fast and intense polluting effect, especially due to the very high biochemical oxygen
consumption.
Compliance with treatment technologies and proper maintenance of wastewater treatment plants are
measures that can lead to purified water that can be further discharged into the sewage system or can be used,
if appropriate qualitatively, for irrigation of crops. Sludge from treatment plants can be used, after composting, to
fertilize crops, unless there are other restrictions on their use (eg a load of heavy metals or other hazardous
substances above the maximum permissible limit). Their administration should be done only after their analysis
by specialized laboratories (ICPA, 2006).
The application of animal manure in excessive doses, which exceeds the requirements of plants, can
negatively affect soil fertility through the negative influence it has on physical condition, permeability, water
retention capacity and oxygen content. In this case, the contents of soluble salts in the soil become excessive
and may impede the growth of plants or may be leached into groundwater (Chaney, 2012).
RESULTS
Legislative instruments for the protection and sustainable management of water resources have been
promoted at European Union level. Directive 91/676 / EEC on the protection of waters against pollution caused
by nitrates from agricultural sources (Nitrates Directive) has as its general objective the reduction of water
pollution. Also of particular importance is the Framework Directive 2000/60 / EC, which defines water as a
heritage that must be protected, treated and conserved as such. This directive provides the necessary
framework for sustainable water management, which requires the quantitative and qualitative management of
healthy waters and ecosystems. The main source of permanent artificial pollution is wastewater reintroduced
into receptors.
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Wastewater from livestock and poultry farms generally has the characteristics of wastewater from
households, the main pollutant being organic matter.
The legislation on limit loads of pollutants in wastewater is summarized in two technical rules: NTPA
001/2005, for discharges into surface waters and NTPA 002/2005, for discharges into city sewers. Compared to
the limits imposed by these norms, the Territorial Bodies may impose, on a case by case basis, additional
restrictions regarding the allowed limits.
Table 5
The average composition of wastewater from livestock and poultry farms (Alexandru, 2014)
Crt.
Characteristics
g/day mg/l
iss.
1
Total solids:
250
655
1.1
- mineral substances
105
275
1.2
- volatile substances
145
380
2
Sedimentary suspensions:
54
140
2.1
-minerals
15
40
2.2
-volatile
39
100
3
Non-sedimentary suspensions (floating):
36
95
3.1
-minerals
10
25
3.2
-volatiles
26
70
4
Dissolved substances:
160
420
4.1
-minerals
80
210
4.2
-volatiles
80
210
5
Biochemical oxygen consumption CBO5
54
140
6
Chemical oxygen consumption CCO-Mn
57
150

The limits allowed by these normative acts to the main pollution indicators are summarized in table 6.
Table 6
Crt.
iss.
1
2
3
4
5
6
7
8
9
10
11
12

Limits allowed for the main pollution indicators (Order no.1181, 2005)
Quality indicator
U.M.
NTPA 001/2005
NTPA 002/2005
pH
Suspended materials
Biochemical oxygen consumption every 5 days
(CBO5)
Chemical
oxygen
consumption-potassium
dichromate method (CCO-Cr)
Ammoniacal nitrogen (NH4+)
Total nitrogen
Total phosphorus (P)
Sulfides and hydrogen sulfide
Sulfates(SO4)
Extractable substances with organic solvents
Petroleum products
Biodegradable synthetic detergents

mg/dm3
mg/dm3

6,5-8,5
35
20

6,5-8,5
350
300

mg/dm3

70

500

mg/dm3
mg/dm3
mg/dm3
mg/dm3
mg/dm3
mg/dm3
mg/dm3
mg/dm3

2,0
10
1,0
0,5
600
20
5,0
0,5

30
5,0
1,0
600
30
25

CONCLUSIONS
•
The greatest concern for human health is animal pathogens, pesticides, groundwater nitrates, metal
elements and emerging pollutants, including antibiotics and antibiotic-resistant genes from animal droppings.
•
The agri-livestock sector must reduce emissions and help combat air, water and soil pollution.
•
In order to protect the environment, first of all, the affected areas must be identified, the degree of
damage assessed and the causes that produced the respective imbalances established.
•
There is clear evidence that emissions can be reduced at all stages of the
feeding‐housing‐storage‐application chain, i.e., during, grazing, housing, manure storage, and application of
manure. However, a balanced combination of medium‐cost measures could effectively reduce overall NH3
emissions from the total chain while potentially avoiding the most expensive measures.
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ABSTRACT
The paper presents the integration of measures to adapt to climate change in sectoral development
strategies and policies and their intersectoral amortization. The 2030 Agenda for Sustainable Development has
brought a new vision not only in terms of the essence of the objectives set, namely their universal and
interconnected nature, but also a new vision in terms of implementing the objectives, which is based on
recognizing that the success of it depends not only on the state actor, but also on the other interested actors,
down to the last citizen
REZUMAT
Lucrarea prezintă integrarea masurilor de adaptare la schimbarile climatice in strategiile si politicile de
dezvoltare sectoriala si amortizarea lor intersectoriala. Agenda 2030 pentru dezvoltare durabilă a adus o nouă
viziune nu doar în ceea ce privește esența obiectivelor stabilite, respectiv caracterul universal și interconectat al
acestora, dar și o nouă viziune în ceea ce privește implementarea obiectivelor, care se bazează pe
recunoașterea faptului că succesul materializării nu depinde doar de actorul stat, ci și de ceilalți actori interesați,
până la ultimul cetățean
INTRODUCTION
In the coming decades, the world's population will continue to face environmental changes that pose
increasing challenges to our food systems, health and well-being. These changes - such as climate change,
rising ground-level ozone, changes in water availability, fertilization due to rising carbon dioxide levels, soil
degradation, deforestation and land use change - can directly and substantially affect agricultural production.
(Balan, 2010; Vlăduţ V et al., 2006). In addition, the variability in the abundance and spread of pests, pathogens
and pollinators - which are also linked to environmental changes - could have an additional indirect impact on
agriculture.
Global growth will open up new opportunities for Europe's exporters and competitive access to vital
imports. All instruments of external economic policy need to be deployed to foster European growth through our
participation in open and fair markets world wide. This applies to the external aspects of our various internal
policies (e.g. energy, transport, agriculture, R&D) but this holds in particular for trade and international
macroeconomic policy coordination. An open Europe, operating within a rules-based international framework, is
the best route to exploit the benefits of globalisation that will boost growth and employment (Barroso, 2020).
At national level, the implementation of the commitments undertaken for the second commitment period
under the Kyoto Protocol at the level of the European Union, since December 2008 the Energy - Climate
Change Package was adopted, which established efforts to reduce greenhouse gas emissions. greenhouse
gases between Member States (http://mmediu.ro/app/webroot/uploads/files/Strategia-Nationala-pe-SchimbariClimatice-2013-2020.pdf.)
MATERIALS AND METHODS
Some of the world's best environmental standards have been developed at EU level, and national
governments have set clear targets to guide European environmental policy for 2020, set out a vision for 20202050, and support a number of them. of research programs, rules and funding opportunities, respectively
(https://europa.eu/european-union/topics/environment_ro.):
▪ protecting, conserving and enhancing the EU's natural capital
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▪

the transition to a green and competitive economy with low carbon and resource
efficiency;
▪ protecting EU citizens from environmental pressures and health and well-being risks.
The estimated impact of the implementation of the circular economy at European level will be
manifested simultaneously on four levels (Rizos et a.l, 2017, Satvinderjit, 2020):
• in economic terms, by increasing competitiveness, GDP and transforming it into a sustainable
one in the European economy, supporting innovative initiatives;
• social, through integration and social cohesion, increasing the quality of life, mutations in
consumer behavior, creating new jobs;
• environmental, by reducing the negative and irreversible effects on the climate and the
environment;
• efficient use of resources (reducing the dependence of the European economy on imports of raw
materials).
Adjacent measures to increase resource productivity by 30% by 2030 could increase the EU's GDP by
almost 1% and create an additional 2 million jobs (Ochiș, 2018). According to experts, an increase in resource
productivity of only 2% could create two million new jobs in the EU by 2030, and independence from resource
imports would ensure both the stability and security of the area and continued economic growth (Rizos,
Benhrens, 2017).
At EU level, air quality, biodiversity, waste management, fisheries, forestry, organic farming, food safety,
animal welfare and civil protection are some of the specific areas.
The scale of the impact of environmental change on food systems and health will depend on a variety of
environmental, behavioral and economic factors. First, the extent of environmental change will depend on the
current level and trends of various environmental stressors, as well as on mitigation actions taken by each
country and society as a whole..
The 2030 Agenda for Sustainable Development has brought a new vision not only in terms of the
essence of the objectives set, namely their universal and interconnected nature, but also a new vision in terms
of implementing the objectives, which is based on recognizing that the success of materialization does not it
depends only on the state actor, but also on the other interested actors, down to the last citizen
(https://sgg.gov.ro/new/wp-content/uploads/2018/10/SNDD-2030-_-varianta-dup%C4%83-Comitet
interministerial-4-octombrie-2018.pdf).
Romania, as a member of the United Nations (UN) and the European Union (EU) has expressed its
support for the objectives of the 2030 Agenda - 2030 Agenda for Sustainable Development - Transforming our
world -, which requires a change in the development paradigm to cope with the process of globalization,
accentuating inequalities and aggravating environmental problems. Sustainable development is the solution,
which in this case takes on a particular dimension to achieve the complexity of an environment with “vertical
characteristics (Pohoata,2018).
In Romania, research related to the circular economy is a relatively new field of study. According to the
former Commissioner for the Environment - Janez Potocnik, “Improving our economic well-being and, at the
same time, our environment was once considered the solution that took into account all aspects of the problem.
Now it's called a circular economy " (Lakatos et al, 2017).
RESULTS
Through the relevant information it provides, the European Environment Agency (EEA) supports the
development and implementation of climate change adaptation measures in Europe, the evaluation of EU
policies and the development of long-term strategies for climate change adaptation and mitigation. disaster risk.
The information provided by the EEA (observations, forecasts, indicators, assessments) covers climate change,
its effects, vulnerability and adaptation in Europe (https://europa.eu/european-union/topics/environment_ro).
Europe needs to transform its economic model from a growth pattern of "obtaining, manufacturing, using,
disposing" - a linear model that starts from the premise that resources are abundant, available and cheap to
eliminate - to a pattern that favors reuse, repair, reconditioning and recycling of existing materials and products
(Lakatos et al, 2017).
In a true circular economy, consumption only happens in efficient biocycles. Resources are regenerated
in the biological cycle or recovered and restored in the technical cycle. In the biological cycle, natural processes
regenerate matter with or without human intervention.
In the technical cycle, with enough energy available, human intervention recovers materials and recreates
the product. Keeping the value of products and materials as long as possible and generating less waste, the EU
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economy can become more competitive and resilient, while reducing pressure on resources. precious and on
the environment (Lakatos et al, 2017).
The circular economy model synthesizes several major schools of thought. These include Walter Stahel's
functional service economy (performance economy); William McDonough and Michael Braungart's Cradle to
Cradle design philosophy; biomimicry as defined by Janine Benyus; the industrial ecology of Reid Lifset and
Thomas Graedel; natural capitalism by Amory and Hunter Lovins and Paul Hawken; and the approach to blue
economy systems described by Gunter Pauli (Negrei, Istudor, 2018).
The objective of the circular economy is to reproduce the quasi-cyclical functioning of natural ecosystems.
Europe needs to transform its economic model from a growth pattern of "obtaining, manufacturing, using,
disposing" - a linear model that starts from the premise that resources are abundant, available and cheap to
eliminate - to a pattern that favors reuse, repair, reconditioning and recycling of existing materials and products
(Georgesu, 2016).

Fig.1. Linear economy vs. circular economy ( Georgesu, 2016)
The benefits of the new economy model (fig.2.) Can be materialized in:
✓ economic environment;
✓ social environment;
✓ for the environment;
✓ for resources.
The benefits of the transition to a circular economy in Europe could be considerable by reducing
environmental pressures and drastically reducing import dependence, which, in the event of gradual growth, can
become a source of vulnerability. Increasing global competition for natural resources has contributed to rising
prices and volatility. Circular economy strategies could also have the effect of reducing costs and increasing the
competitiveness of European industry through net benefits consisting of job opportunities. (Lazar, 2018).
Recycling sector
RE-use-repair/recycling
Consumer/householder
Retailer
Design/ manufacture
Fig. 2 The benefits of the circular economy

The benefits of the transition to a circular economy in Europe could be considerable by reducing
environmental pressures and drastically reducing import dependence, which, in the event of gradual growth, can
become a source of vulnerability. Increasing global competition for natural resources has contributed to rising
prices and volatility. Circular economy strategies could also have the effect of reducing costs and increasing the
competitiveness of European industry through net benefits consisting of job opportunities. (Lazar, 2018).
New and innovative business models often require carefully designed policy interventions to become
mature, competitive and economically viable, while at the same time avoiding market distortions. Reuse
initiatives, for example, are often supported by specific policy initiatives, such as the establishment of local and
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regional reuse networks, the development of binding quality standards and warranty regulations for secondhand products, or first attempts to ensure the reparability of products.
In France, for example, manufacturers and retailers are obliged to inform consumers about the period for
which spare parts will be available and manufacturers are obliged to provide the repair sector with spare parts.
One successful type of policy intervention is the linking of reuse to social employment policies, offering jobs to
lower skilled or long-term unemployed workers. These kinds of synergies are demonstrated by, inter alia, the
Kringloop Reuse Centres in Flanders, Belgium (https://www.eea.europa.eu/publications/circular-economy-ineurope).
The economic dimension expresses the contribution of the circular economic model to increasing
competitiveness at national and regional level, the environmental dimension considers the reconfiguration of
industrial platforms in an ecological way, while the social dimension is correlated with the contribution of the
circular economic model to reducing unemployment and improving the quality of life in general (Campeanu,
2018). According to EU officials, increasing resource efficiency is based on six key concepts:
Table 1
Key concepts to increase resource efficiency
(http://ecoprofit.ro/economia-circulara-schimbarea-societatii-industriale-eficienta resurselor)
Key concept
Measure initiated
Circular economy
-efficient collection of waste, recycling and use to produce new goods.
-reducing the need for primary resources to almost zero, depending on
production efficiency
Cascading resources -maximizing the efficiency of resource use
- through recycling processes, resources must be used as many
times as possible in other product categories
Waste hierarchy
-eficientizarea maximă a proceselor din ciclurile de producție și reciclare
Increasing
-management of producers' decommissioning of products,
responsibility
in -avoiding the production of waste that can no longer be reintroduced
production
into the cycle of the circular economy
Industrial symbiosis
- collaboration between producers for the use of by-products resulting
from the main production activity contributing both to the disposal of
waste and to its sustainable development
New
business - completely new resource efficiency strategies
models

Considering that the National Strategy for Sustainable Development represents the “umbrella” for the
sectorial, regional and local strategies, which will take into account, in the future, the development lines drawn in
it, for the analyzed field, among the 17 sustainable development objectives, characterized through potential
applicable targets, the following objectives find their opportunity (https://www.edu.ro/sites/default/
files/Strategia-nationala-pentru-dezvoltarea-durabila-a-Rom% C3% A2niei -2030.pdf):
Table 2
Targets applicable to the field (http://roaid.ro/obiectivele-de-dezvoltare-durabila/)
The objective

Objective 1:
No poverty

Objective 2:
Eradication
of
hunger.
Organic
farming
and
traditional products
Objective 3:
Health
and
wellbeing
Objective 4:
Quality education

MEASURE

Targets 2030

Eradicating poverty in all its forms and in any
context

Strengthen the unitary national system of
emergency response services, further
rehabilitation and compensation of losses in
case of natural disasters, industrial accidents
or extreme weather events
Maintaining and expanding the genetic
diversity of seeds, cultivated plants and farm
and domestic animals and related wildlife

Eradicating hunger, ensuring food security,
improving
nutrition
and
promoting
sustainable agriculture

Ensuring a healthy life and
promoting the well-being of all, at any age
Ensuring quality education and promoting
lifelong learning opportunities for all
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Ensuring universal access to information,
education and counseling services to promote
prevention and adopt a risk-free lifestyle
Expanding in formal university education
sustainable development as principles and
specialization and emphasizing the role of
interdisciplinary research in the development
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The objective

MEASURE

Targets 2030
of a sustainable society

Objective 5:
Gender equality

Objective 6:
Clean
water
sanitation

Achieving gender equality and strengthening
the role of women and girls in society

and

Ensuring the availability and sustainable
management of water and sanitation for all

Objective 8:
Decent work and
economic growth

Ensuring everyone's access to affordable
energy in a safe, sustainable and modern
way
Promoting sustained, open and sustainable
economic growth, full and productive
employment and ensuring decent jobs for all

Objective 9:
Industry, innovation
and infrastructure
Objective 10:
Reduced inequalities

Building resilient infrastructure, promoting
sustainable industrialization and encouraging
innovation
Reducing inequalities within and between
countries

Objective 11:
Sustainable
cities
and communities
Objective 12:
Responsible
consumption
and
production
Objective 13:
Climate action

Developing cities and human settlements so
that they are open to all, safe, resilient and
sustainable
Ensuring sustainable consumption and
production models

Objective 14:
Aquatic Life

Conservation and sustainable use of oceans,
seas and marine resources for sustainable
development

Objective 7:
Clean energy

Objective 15:
Earth life

Objective 16:
Peace, justice and
efficient institutions

Objective 17:
Partnerships
achieve goals

to

Take urgent action to combat climate change
and its impact

Protecting, restoring and promoting the
sustainable use of terrestrial ecosystems,
sustainable forest management, combating
desertification, halting and repairing soil
degradation and halting biodiversity loss
Promoting peaceful and inclusive societies
for sustainable development, access to
justice for all and the creation of efficient,
responsible and inclusive institutions at all
levels
Strengthen the means of implementation and
revitalize the global partnership for
sustainable development

Ensuring the full and effective participation of
women and equal opportunities in leadership
positions at all levels of decision-making in
political, economic and public life
Substantially increase water efficiency in all
sectors and ensure a sustainable process for
capturing and supplying drinking water to
address water scarcity
Decoupling economic growth from resource
depletion and environmental degradation by
significantly increasing energy efficiency
Promoting development-oriented policies that
support productive activities, create decent
jobs, start-up entrepreneurship, creativity and
innovation, and encourage the formalization
and growth of micro, small and medium-sized
enterprises, including access to financial
services
Strengthening
scientific
research,
modernizing the technological capacities of
industrial sectors; encouraging innovation
Romania's approximation of the EU average
level, corresponding to 2030, from the point of
view of sustainable development indicators
Reducing the effects of air pollution on human
health and the environment by paying special
attention to air quality
Improving the process of statistical-economic
and social monitoring of consumption and
sustainable production models at national,
regional and local level
Climate change and the integration of climate
change adaptation into vulnerable economic,
social and environmental sectors, in line with
EU policies
Prevention and significant reduction of marine
pollution of all types, especially from landbased activities, including marine litter
pollution and nutrient pollution
Complementary
approaches
involving
traditional methods and state-of-the-art
technologies to restore the reduction of
dependence on synthetic fertilizers and
pesticides, to combat soil degradation
The administration of justice in conditions of
impartiality and speed, in accordance with
established laws and procedures, in
compliance with the principle of the
presumption of innocence
Increasing
and
diversifying
official
development aid as Romania's economic
potential
increases
and
encouraging
Romanian economic agents to invest, on a
competitive basis, in the economy of less
developed countries

Environmentally sustainable agriculture, which uses natural resources wisely, is essential for food
production and the quality of our lives - today, tomorrow and for future generations.
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A matrix of the limiting factors of a crop is essential as a starting point for establishing the potential
"points of intervention" of convergent areas in ensuring a sustainable development of agriculture. (Zaman and
Zenovic, 2006). The limiting factors for agricultural crops are shown in figures 3-5 (http://www.raiffeisenagro.ro/sfaturi/factorii-limitativi-ai-unei-culturi):
Pedoclimatic factors

Ground
- fertile layer
- the depth of the
groundwater table, the
slope

Temperature
- the optimal temperature for
plant development
- air temperature
- soil temperature

The water
the
amount
of
precipitates and their
distribution during the
year

Fig.3. Pedoclimatic factors of sustainable agriculture
(http://www.raiffeisen-agro.ro/sfaturi/factorii-limitativi-ai-unei-culturi)

\
Agrotechnical factors

Variety or Hybrid
- the genetics of the hybrid determine
resistance, tolerances, qualities and
production

Culture technology
- tillage, time of sowing, time of application of
treatments or fertilizers

Fig.4. Agrotechnical factors of sustainable agriculture
(http://www.raiffeisen-agro.ro/sfaturi/factorii-limitativi-ai-unei-culturi)

The human factor

Human influence
- soil pH
- composition of organic matter
- the amount of chemical elements in
the soil
- soil permeability

Agrotechnical works
- crop rotation, tillage, fertilization,
amendments
-destruction of weeds, control of diseases
and pests

Fig.4. The human factor of sustainable agriculture
(http://www.raiffeisen-agro.ro/sfaturi/factorii-limitativi-ai-unei-culturi)

FARMER

SOIL

RAINFALLI

LIGHT

TEMPERATURE

HYBRID

PRODUCTION
Fig. 2.1. Limiting factors of sustainable agriculture
(http://www.raiffeisen-agro.ro/sfaturi/factorii-limitativi-ai-unei-culturi)
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There is a process of structural transformation worldwide, as a result of the emergence of new global
challenges with a long-term effect, which requires the development of a strategic vision in the field and the
continuation of research in convergent fields.
The strategy for the development of the agri-food sector in the medium and long term, horizon 20202030, in the project phase - summarizes the economic priorities (abundance, accessibility, food safety and
quality), social (ensuring a perspective for farmers and rural areas) and environmental (“greening”) in the
determined national context, respectively (https://www.madr.ro/docs/agricultura/strategia-agroalimentara-20202030.pdf):
structural division of agricultural land;
change and demographic transition in agriculture;
the effects of climate change and greenhouse gas emissions.
CONCLUSIONS
For the optimal development and implementation of the adaptation policy, it is necessary to ensure an
efficient research activity that would substantiate the decision-making process of the adaptation policies and
measures, and that would propose to the interested parties an optimal way to achieve the proposed
objectives. Therefore, Romania must take appropriate measures to reduce the impact of climate change on
its territory and to protect the population from the negative effects of climate change.
Through the relevant information it provides, the European Environment Agency (EEA) supports the
development and introduction of measures to adapt to climate change in Europe, the evaluation of EU
policies and the development of long-term strategies to adapt to climate change and reduce the risk of
climate change disasters.
It is imperative that national research on climate change be linked to international research efforts and
apply the knowledge gained at this level. A model for setting up this database is the Clearinghouse
mechanism, developed at European level which will be a tool for collecting and disseminating information,
data and case studies in the field of climate change and which will also contribute to increasing the level of
climate change. coordination between relevant sectoral policies.
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ABSTRACT
On the surfaces inside the various working spaces such as processing halls, restaurants, offices, banks,
shops etc., there may be a series of microorganisms such as bacteria, yeasts, molds and viruses that can
adversely affect the activities carried out in those spaces, with direct implications on the health of the staff
serving them, on the quality of the products obtained and finally on the health of the human consumer. Within
the cleaning and sanitation activity, as a complementary measure to the cleaning of these spaces, in order to
reduce the risk of contamination, disinfection can be applied using non-ionizing ultraviolet radiation UV-C. It is
already used successfully in various fields such as medicine (decontamination of air and medical equipment),
ecology (wastewater treatment), packaging industry (decontamination of packaging for various food products),
etc. The paper presents aspects regarding the cleaning and sanitizing activity of various working spaces, as well
as the construction and operation of technical equipment for decontamination with UV-C, which could be used
for disinfection of surfaces and air within these spaces.
REZUMAT
Pe suprafetele aflate in incinta diverselor spatii de lucru precum hale de procesare, restaurante, birouri,
banci, magazine etc., pot exista o serie de microorganisme precum bacterii, drojdii, mucegaiuri si virusuri care
pot afecta negativ activitatile desfasurate in cadrul acelor spatii, cu implicatii directe asupra sanatatii
personalului care le deserveste, a calitatii produselor obtinute si in final a sanatatii consumatorului uman. In
activitatea de curatenie si igienizare, ca masura complementara curatarii acestor spatii, in vederea reducerii
riscului de contaminare, se poate aplica dezinfectia utilizand radiatia neionizanta ultravioleta UV-C. Aceasta
este deja utilizata cu succes in diverse domenii precum medicina (decontaminarea aerului si a instrumentarului
medical), ecologie (epurarea apelor uzate), industria ambalajelor (decontaminarea ambalajelor pentru diverse
produse alimentare) etc. În lucrare sunt prezentate aspecte privind activitatea de curatenie si igienizare a
diverselor spatii de lucru, precum și constructia si functionarea unor echipamente tehnice de decontaminare cu
UV-C, care ar putea fi utilizate pentru dezinfectia suprafetelor si aerului din aceste spatii.
INTRODUCTION
The spaces where various activities take place (production, storage - floors, walls, ceilings, doors,
windows, vents, lighting systems etc.), as well as the equipment and installations operating within these spaces,
must be periodically cleaned, and where appropriate, sanitized.
Cleaning and sanitation must perform:
• from a physical point of view - removal of all visible deposits from surfaces;
• from a chemical point of view - eliminating traces of chemical substances from washing or disinfection
solutions;
• from a microbiological point of view - minimizing the existing microflora.
Increasing the efficiency and shortening the duration of cleaning operations is done using various tools,
apparatus and devices.
For washing and disinfection it is recommended to use the equipment that allows the mixing of water in
different proportions with concentrated detergent or disinfectant solutions, in order to obtain working solutions
that allow the execution of all phases of washing and disinfection with the same device. High pressure water jets
have advantages regarding the speed of execution of sanitation operations, especially in the case of hard to
reach places, because they make possible the use solutions with higher concentrations and temperatures, not
indicated in the case of manual execution of sanitation.
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Within the storage rooms for finished products, within the warehouses of flour, cereals or sugar etc., in
which the residues are, in particular, in the form of powders and where the wet sanitation with water and
solutions is not indicated or impossible, vacuum cleaners are used.
The automatic sanitation systems are mainly used within the technological processes that uses liquid
products (milk and beer industry), through a network of pipes through which the washing and disinfection
solutions and the rinsing water can circulate.
The water used within the sanitation process has the role of dissolving the chemicals used as washing
and disinfecting agents, to entrain the dirt deposits detached from the surfaces and to finally rinse these
surfaces, in order to remove the chemicals used.
The water necessary for sanitation must correspond qualitatively to the conditions required for drinking
water, so it must come from a source accepted by the sanitary institutions. If the water is too hard (the content
of calcium and magnesium salts is too high), polyphosphates (in appropriate concentrations) are added to the
composition of the washing chemicals, which have the role of blocking the calcium and magnesium compounds
and making them unprecipitable as a result of contact with certain alkaline substances or the application of high
temperatures. Otherwise, the calcium and magnesium salts within the water precipitate and form deposits of
"stone", difficult to remove, which protects the microorganisms from the action of disinfectants. In the dairy
industry, the prevention of the formation of these deposits is done by using acidic sanitizing agents.
The use of water and physical and mechanical means are not sufficient to remove all deposits and
residues that adhere to the surface. To increase the effectiveness of these means, chemical washing agents or
detergents are used in order to weaken the forces of attraction between the dirt and the surface to which it
adheres.
In order to be accepted for use in the food industry a chemical washing agent must meet the following
characteristics:
• to be non-toxic and safe to use;
• to be easily and completely soluble;
• to be free of corrosive action on the surfaces on which it is used;
• not to precipitate calcium and magnesium salts in water;
• to have penetrating and wetting power;
• to be able to saponify and emulsify fats and dissolve organic or inorganic solid particles;
• to be easily removed by rinsing and keep dirt particles in suspension;
• not to have strong and persistent odors to transmit to food.
As cleaning and washing does not completely remove the microbial load from the surfaces, the washed
surfaces must be disinfected.
Disinfection is the action that aims to decontaminate the environment of pathogenic and potentially
pathogenic germs.
Within a food-producing unit, when determining disinfection requirements, the following shall be taken into
account:
• microflora to be destroyed (sporulated or not, yeast, bacteria, molds);
• the disinfectant used (physical or chemical);
• temperature and duration of application;
• the way of washing the surfaces and their characteristics;
• the result pursued.
Disinfection can be achieved by physical and chemical means. Within the food industry, commonly used
chemical disinfectants are almost entirely part of two categories of substances, namely halogens and cationic
surfactants.
Among halogens, chlorine and its compounds are the most commonly used disinfectants and among the
surfactants, with germicidal properties, used in the food industry we mention cationic surfactants, which are
quaternary ammonium salts and ampholytic surfactants.
MATERIALS AND METHODS
In addition to the methods earlier mentioned, a special potential has the use of non-ionizing ultraviolet
radiation UV-C. The wavelength range that varies between 200 and 280 nm, which is considered lethal to most
types of microorganisms, affects the DNA replication of these microorganisms (Bintsis et al., 2000; Char et al.,
2010).
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UV-C is already used successfully in various fields such as medicine (Warren B. et al., 2020, Cadnum J.
et al., 2019, Boyce J. and Donskey C., 2019), ecology (Aguilar S. et al., 2017), packaging industry
(decontamination of packaging for various food products), postharvest technologies (Peng J. et al.,2017, Boas
A. et al., 2017) etc.
Non-Ionizing UV radiation can cause breaks of molecular chemical bonds and can induce photochemical
reactions. All nutritional and toxicological undertaken studies showed the absence of any adverse effects of ions,
excited atoms and molecules generated during irradiation. The DNA damage by irradiation to undesirable
microorganisms, leads to their inactivation. The amount of energy can be controlled to achieve desired effects in
terms of conservation, while maintaining quality, safety and nutritional properties of the food. The biological
effects of UV radiation depends on the wavelength and the exposure time (Yousra et al., 2013).
In the spectrum of electromagnetic radiation, the ultraviolet radiation are between X-rays and visible
radiation with wavelengths between 40 and 400 nm, and the energy varies from 3 to 30 eV. UV spectrum
comprises five distinct regions: extreme-UV (40…190 nm), far-UV (190…220 nm), UV-C (220…290 nm), UV-B
(290…320 nm) and UV-A (320…400 nm).
The UV radiations from the extreme-UV, far-UV and UV-C are almost nonexistent in nature, because they
are completely absorbed in the atmosphere. Artificial sources of UV light are produced by the lamps of low
pressure or high / medium pressure. Low pressure lamps produce, essentially, monochromatic light at a
wavelength of 253.7 nm, very close to the peak of germicidal efficiency, respectively 264 nm. These lamps are
available with ozone producing and non-producing ozone. Medium pressure lamps produce a polychromatic
light on a broader spectrum.
Non-ionizing ultraviolet radiation UV-C is used as an alternative to chemical sterilization and microbial
reduction in food products and has been approved for use as a disinfectant for surface treatment of food (USFDA, 2002).
The disinfection method using UV-C decontamination equipment complements the cleaning measures to
avoid the spread of harmful microorganisms.
Ultraviolet-C (UV-C) radiation is effective in killing a wide range of viral and bacterial pathogens.
However, high-intensity UV-C devices commonly used for room disinfection cannot be used when people are
present. (Shaikh A. et al. 2016).
Within the food industry, ultraviolet radiation is mainly used for disinfecting surfaces and air within
production and storage rooms. For disinfection, low-pressure mercury vapor lamps are used, which emit
radiation with a wavelength of 240-280 nm, an interval in which the germicidal effect is maximum.
For a complete disinfection, the number of UV lamps needed to disinfect the air in an enclosed space is
calculated according to the flow of air disinfected by each device, the volume of the room and the speed of air
exchange in the room.
Failure to meet the required conditions, increases the risk of incomplete disinfection and may eventually
lead to accidents.

RESULTS
Worldwide there are companies producing UV-C devices that could be used to disinfect surfaces and air
in various spaces. Among them can be mentioned: Lumalier Corporation (USA), DDK Scientific Corporation
(USA), Trojan UV (Canada), UV technology (UK), LIT Ultraviolet Technology (Russia), GLA (Netherlands),
MIDAS Electronics (Romania), Biocomp (Romania), Rolix Impex Series SRL (Romania) etc. Below will be
presented some aspects regarding the construction and operation of some technical equipment for UV-C
decontamination made by Rolix Impex Series S.R.L., equipment that could be used for the disinfection of
surfaces and air in various spaces.
The device for disinfecting the air within the rooms is a device that can be mounted both on the stand
and on the wall or ceiling of the enclosure. The device ensures a constant circulation of an air current through
the inside of a tube with a square section, in which two high-power UV-C lamps are located.
The device for disinfecting the air within the rooms (fig. 1) has the following main subassemblies:
- Stand with foot;
- Metallic case;
- Air circulation tube;
- UV-C lamps (253.7 nm) and related electronic equipment;
- Fan.
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Fig. 1 - Device for disinfecting the air within the rooms (Sorica C., 2020)

The portable UVC directed device for the disinfection of surfaces within rooms, is a mobile device
with an increased flow of UV-C radiation, used especially for the decontamination of surfaces and air near the
equipment.
The portable UVC directed device for disinfecting the surfaces within rooms (fig. 2) has the following
main subassemblies:
- Body mounted on 4 wheels with locking system;
- UV-C lamps (253.7 nm) and related electronic equipment;
- Fans.

Fig. 2 - The portable UVC directed device for disinfecting the surfaces within rooms (Sorica C., 2020)

The device for disinfecting UVC A4 formats, banknotes, masks, is a portable device used for
disinfecting documents of maximum A4 format, banknotes, masks etc., by simultaneously exposing both sides
to UV-C radiation. Thanks to the built-in fan, it also disinfects the air around the device.
The device for disinfecting UVC A4 formats, banknotes, masks (fig. 3) has the following main
subassemblies:
- Metallic case;
- Deflector shield for UV-C;
- UV-C lamps (253.7 nm) and related electronic equipment;
- Drawer for products subject to disinfection;
- Fan.
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Fig. 3 - The device for disinfecting UVC A4 formats, banknotes, masks (Sorica C., 2020)

The constructive and functional parameters are presented within table 1.
Table 1
Constructive and functional parameters
No crt

Characteristic

M.U

Parameters value

Device for disinfecting the air within the rooms
1.

Equipment length

mm

360

2.

Equipment width

mm

340

3.

Equipment height

mm

1800

4.

Mass

kg

24

5.

UV-C radiation flux

W

8 lamps x 25,5 W=204 W

1.

The portable UVC directed device for disinfecting the surfaces within rooms
Equipment length
mm
500

2.

Equipment width

mm

500

3.

Equipment height

mm

1545

4.

Mass

kg

29,8

5.

UV-C radiation flux

W

2 lamps x 25,5 W=51 W

1.

The device for disinfecting UVC A4 formats, banknotes, masks
Equipment length
mm
410

2.

Equipment width

mm

330

3.

Equipment height

mm

225

4.

Mass

kg

8,3

5.

UV-C radiation flux

W

4 lamps x 11 W=44 W

CONCLUSIONS
Non-ionizing ultraviolet radiation UV-C is used as an alternative to chemical sterilization and microbial
reduction in food products and has been approved for use as a disinfectant for surface treatment of food.
Ultraviolet-C (UV-C) radiation is effective in killing a wide range of viral and bacterial pathogens. However, highintensity UV-C devices commonly used for room disinfection cannot be used when people are present.
Usually, for disinfection, low-pressure mercury vapor lamps are used, which emit radiation with a
wavelength of 240-280 nm, an interval in which the germicidal effect is maximum.
Worldwide there are companies producing UV-C devices that could be used to disinfect surfaces and air
in various spaces. Among them can be mentioned: Lumalier Corporation (USA), DDK Scientific Corporation
(USA), Trojan UV (Canada), UV technology (UK), LIT Ultraviolet Technology (Russia), GLA (Netherlands),
MIDAS Electronics (Romania), Biocomp (Romania), Rolix Impex Series SRL (Romania) etc.
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ABSTRACT
The idea of modeling the cutter-milled material interaction starting from the prey-predator model is, in
principle, successful for short simulation times. The behavior from which the asymptotic phenomena are
noticeable, however, is large in relation to the time found experimentally, at which the milling cutter becomes
inefficient. The model does not lead to solving the problem completely, without experimental information, and if
the experimental information is used, as we did in the case presented in this paper, the model becomes an
approximate one. This model opens a research direction, possibly very profitable, in which the prey-predator
model is applied to cutting phenomena, erosion, friction, etc.
REZUMAT
Ideea modelării interacțiunii materialului tăiat-frezat pornind de la modelul pradă-prădător are, în principiu,
succes pentru timpi scurți de simulare. Comportamentul de la care se remarcă fenomenele asimptotice este
totuși mare în raport cu timpul găsit experimental, la care freza devine ineficientă. Modelul nu duce la rezolvarea
completă a problemei, fără informații experimentale, iar dacă se utilizează informațiile experimentale, așa cum
am făcut în cazul prezentat în această lucrare, modelul devine unul aproximativ. Acest model deschide o
direcție de cercetare, posibil foarte profitabilă, în care modelul pradă-prădător este aplicat fenomenelor de
tăiere, eroziune, frecare etc.
INTRODUCTION
Dental milling cutters, more precisely their milling head, are an instrument without automatic restoration,
(https://ro.wikipedia.org/wiki/Fiabilitate), ie an instrument whose operating capacity is no longer restored during
operation, after the occurrence of the defect or loss of capacity. thing. If reference is made to the entire dental
cutter, then it can become a system with recovery, by replacing a defective element (head, electric motor, etc.).
The defect is defined, (https://ro.wikipedia.org/wiki/Fiabilitate), as the inability of an element (the head of
the dental cutter, for example, but the electric motor can also yield to a dental cutter) to perform a required
function. The defect is considered a deviation of a quality characteristic from the desired (imposed) level. Failure
is the cessation of the ability of a product to perform its specified function, ie the interruption of its operation
during operation.
According to (https://ro.wikipedia.org/wiki/Fiabilitate), defects are the cause of defects. Defects that may
occur in the execution phase of the product are: defects caused by the nature of the material; defects caused by
the machine or technological equipment; defects caused by the human operator; defects caused by the control
method. During the operation stage, defects can be caused by wear, shocks and deformations, the
environment, defects caused by the human factor. The quantitative expression of the falls can be done by
recording the durations (times) of good operation until the failure, (N. Bârsan-Pipu, Al. Isaic-Maniu, Viorel Gh.
Vodă,1997).
MATERIALS AND METHODS
For cutting, cutting tools, etc., in general, the assessment of wear and service life is made in relation to
one or more geometric or physical parameters, as can be seen from the literature., (Baksa T., Kroupa T., Hanzl
P., Zetek M, 2014) and (Jozic S., Lela B., Bajic D, 2014).
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Such an estimate of the service life is given in Table 1. The critical value of the sharpening angle was
considered to be 120o. The interpolation functions of the first, second and third degree are taken for the
variation in relation to the time and in relation to the speed of the milling head of the sharpening angle.
Table 1

Speed, [rpm]

7000
12000
35000

Life of the dental cutter head, for three working speeds
and for three functions of interpolation of additional data
Lifetime in hours, given by:
First degree
Second degree interpolation Third degree interpolation
interpolation function
function
function
10.128
7.557
5.875
9.916
7.072
5.761
8.941
5.545
4.733

The most accurate results are those given by the third degree interpolation function.In addition, they are
in best agreement with the experimental findings. Similar estimates of the life of the dental cutter head can be
made relative to the angles of clearance and placement.
In order to determine a critical fraction of material of the milling head which can be lost through the milling
process, it is possible to start from approximately 65% of the approximate circular crown mass on which the
milling head blades are located.
Table 2
Lifespan ends of milling cutters used in the experiments
Grupa de freze
Milling group
Life time, hours

F1-5

F5-8

F9-12

7000
12000
35000
7000
12000
35000
7000
12000
35000

11.373
6.634
2.275
10.265
5.988
2.053
12.613
7.358
2.523

It was found that the lifespan of the 60 dental cutters grouped according to table 2 taken into account that
there are differences in operating time depending on head speed.
The mathematical model presented in this paper is one of the possible mathematical models to estimate
the wear and life of the dental cutter head, which is appreciable old and initially modeled a relatively similar
phenomenon of aggression or erosion of one entity by another. .
The mathematical model of the predator-predator population system, well known in ecology and
expressed in a system of first-order differential equations by AJ Lotka and V. Volterra, (Baksa T., Kroupa T.,
Hanzl P., Zetek M., 2014) is applied. successfully in other fields as well: economy, (Akula S.B., Mamilla V. R.,
2013), services, (https://doctoruldedinti.info/freze-stomatologice/), prediction of technologicale volution,
(https://www.fabory.com/ro/ knowledge_center/technical/steel/ influence_of_ alloying_ elements), adoption of
cryptocurrencies,
(https://en.wikipedia.org/wiki/Wear),
hygiene,
(https://mathworld.wolfram.com/Bump
Function.html), communications (security and optimization), (Iliescu E.M. 2017), medicine, (Babu CV, 2018),
passenger transport forecast, (Zhang G, et al, 2018), plasma physics, (Lotka, A.J.,1910).
Also, the use of differential equations in modeling the working process of dental cutters has also been
addressed, (Caado-Vara R.,2019).
In this wide context of applications, the application used in the research thesis of the prey-predator model,
Lotka-Volterra, to the phenomenon of interaction between the dental milling cutter and the milled material is also
included. The application starts from the assimilation of the dental cutter with the predator that extracts material
from the body of the milled material, assimilated with the prey.
The milling action, the action of the predator, does not remain without negative results for him, the milling
material also losing particles. Both parts of this phenomenon cannot grow as a mass, an experimental aspect
that turns into important hypotheses.
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The material of this paper is the phenomenon of wear of dental cutters, being taken from (Cardei P.,
Saracin A., Saracin I.,2020). Some experimental data taken from the literature and the experiences of the
authors will be used to calibrate the model. The working method is mathematical modeling using a classical
model, through the partial similarity of the process modeled by each of them.
Among the variants that (https://dexonline.ro/definitie/uzur%C4%83) proposes for the notion of wear, we
note those related to the subject of this test: damage, degradation of an object or progressive modification of
(some physical characteristics) of a technical part during the operation of the system in which is part.
According (Gatabazi P., Mba J.C., Pindza E., Labuschagne C.,2019), "wear is the damaging, gradual
removal or deformation of material at solid surfaces". Among the words that fall into the multitude of words that
define the word wear, there are also mechanical erosion and physical erosion.
For certain similar aspects, from the mathematical models of some natural phenomena, we selected the
biological phenomenon of coexistence (interaction) of predatory prey, put in the mathematical form by Lotka and
Volterra, (Berryman, A. A ,1992).
The simplest Lotka - Volterra model is the one that contains two species, the prey and the predator. The
predatory species consumes the prey species. The main hypotheses of this model are the following:
• LVH1) The prey population has unlimited food resources;
• LVH2) In the absence of predators, the population of prey, x increases in proportion to its number:
(1)

.
•

LVH3) In the absence of security, the population of predators y will decrease in proportion to its number:
(2)

.
•

LVH4) When both populations exist, a decline in the prey population and an increase in the
predatory population will occur, both proportional to the individual interaction of the two
species:
pentru pradă si

(3)

pentru prădător.

With these hypotheses, the system of two nonlinear, first-order differential equations is born that models
the predator-predator interaction, Lotka-Volterra:
(4)

To use this model to describe the interaction between the dental cutter and the milled material, we will
modify some of the above hypotheses. First, we will assimilate the mass of the milling material with the measure
of the predator population and we will denote it with y, and the mass of the milled material with the measure of
the prey population denoting its mass with x.
We will accept the following hypothesis:
• H5) The mass of the milling cutter as well as the mass of the milled material cannot increase. As a
result we will assume:
(5)

Under these conditions, the system of differential equations that models the interaction between the
milling material and the milled material, becomes:
(6)

The initial conditions are considered:

.
being the initial time, and

and

(7)

the initial masses of the milling material and the milling cutter.
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RESULTS
The solution of the system of differential equations (6) with the initial conditions (7) is:
(8)

.
Losses of milled and milling material result in accordance with the formulas:
(9)

.
The model (8) of the milling of the dental material, contains two parameters: β and γ. It follows from (6)
that the physical dimension of these parameters is
,
.
The mathematical model (8) of the cutter-dental interaction does not contain an important process
control parameter, namely the cutter speed, n [rot / min], related to the angular velocity ω and the rotation
frequency ν, through the relations:
(10)

.

One of the ideas that can be used to introduce this parameter in the model (8), is related to the physical
size of the parameters involved in the process. In this way, another parameter that does not appear in (4.9) will
be introduced, namely the force of the milling cutter on the dental material, F. From a dimensional point of view,
the following formulas for the parameters of the model (4.8) can be accepted:

(11)

in which:
, si
, are dimensionless constants,
,
s are the Vickers hardnesses of the milled material, respectively of the material from which
the milling head is made.
For the calculation of the two dimensionless parameters
, and
, we have the option of using
experimental data, if they exist.
Obviously, considering the model hypotheses, only positive values will be accepted for the two
dimensionless parameters.
Using experimental data from (Saracin A., Voicu Gh., Saracin I., Pandia O,2019), values are obtained
for the temporal variation of the mass of the dental cutter and of the milled material, which give the following
values for the two dimensionless parameters:
.

(12)

We used the values for the material parameters and the established working regime:
(13)

The initial mass of the dental cutter being
, and that of the processed material, , being
6,180 g, and the final values of the mass of the processed material varied between 5,482 and 6,102 g.
In fig. 1 and 2 are given the temporal variations of the functions that shape the evolution of the masses
of the two bodies in interaction: the dental milling cutter and the material that is subjected to milling. The same
figures show the experimental data that were used to estimate the dimensionless model parameters.
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Fig. 1- The variation in time of the mass of material lost
by the head of the dental cutter, due to wear

Fig. 2 Time variation of the milled material sample.

It is observed that both interacting bodies lose mass. The curves have an exponential appearance even
if, during the working interval, due to the values of the parameters, their curvature is less visible.
Finally, write the solution (8), introducing the other parameters that describe the phenomenon:
(14)

for the mass lost by the dental cutter, and:
(15)

For the milled table, we passed as additional arguments the working frequency of the milling head and
pressing force, as the most important control parameters. The functions of mass loss of the milled material and
of the milling cutter are defined:
(16)

and cutter efficiency ratio:
(17)
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Curves with an allure similar to that in Figure 3, obtained experimentally for wear measures, are found,
for example, in (Chavan A.A., Deshmukh P.V,2017). In the literature, the search for effective measures of wear
continues. In this paper we expressed wear in terms of mass, but in (Saracin A., Voicu Gh., Saracin I., Pandia
O,2019), which exposes most of the experimental research, we also expressed wear in geometric terms
(changes in lengths, thicknesses or angles).

Fig. 3 Time variation of material mass losses: milling and milling.

With the help of the graphical representations of fig. 3 and 4 it can be seen that the material and the
configuration of the cutter material allows it to be efficient, ie using a small amount of cutter material more
material of the milled material is removed.

Fig. 4 Time variation of the ratio between the loss of mass of the milling material
and the loss of material of the milling cutter.

However, this effect is visible for times much longer than four hours of operation, after which the
experimenter noticed the inefficiency of the cutters. From this point of view, the direct model extracted for the
interaction phenomenon between the milling cutter and the milled material from the prey-predator model is not
very successful. Some improvements are expected, but they can lead to complications in solving the system of
differential equations.
CONCLUSIONS
The idea of modeling the cutter-milled material interaction starting from the prey-predator model is, in
principle, successful for short simulation times. The behavior from which the asymptotic phenomena are
noticeable, however, is large in relation to the time found experimentally, at which the milling cutter becomes
inefficient.
The model does not lead to solving the problem completely, without experimental information, and if the
experimental information is used, as we did in the case presented in this paper, the model becomes an
approximate one.
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This model opens a research direction, possibly very profitable, in which the prey-predator model is
applied to cutting phenomena, erosion, friction, etc. In order to obtain the best possible results, qualitatively and
quantitatively, it is necessary to introduce other functions in the system of predator prey equations, which will
shape the aggression of the predator.
The modification of the system of prey-predator equations was frequently made even in biology,
resulting in complex nonlinear models that can even model the extinction of some species. It is obvious that in
order to obtain better results in modeling the phenomenon of the interaction of the cutter with the milling
material, the introduction of a function or at least some coefficients to measure the aggressiveness or efficiency
of the teeth of the cutter head, is a necessity.
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ABSTRACT
Bamboo is a rapidly growing species of woody grass that can be grown sustainably in frequent and
short-lived harvesting schemes, making it an ideal crop for rural development especially in developing countries.
It is a versatile plant that is widely used with uses in multiple branches of industry, whether we are talking about
the construction industry, food, textile or energy.The purpose of this paper is to highlight the main uses of
bamboo in the industry as well as those less known to ordinary consumers, and the presentation of machinery
for the processing of bamboo.
REZUMAT
Bambusul este o specie de iarbă lemnoasă, caracterizata de o creștere rapidă Se preteaza la a fi
cultivată durabil în scheme de recoltare frecventă și cu durată scurtă, fiind una din culturile de bază ale
dezvoltarii rurale, pentru unele tari, din zonele geografice de raspandire naturala a acestei specii. Bambusul o
plantă versatile, ce se folosește pe scară largă, având multiple întrebuințări în diverse ramuri industriale cum ar
fi: industria construcțiilor, alimentara , textilă sau energetică.Lucrarea prezinta o scurta sinteza referitoare la
principalele intrebuințări ale bambusului în industrie și nu numai, precum și la utilajele destinate prelucrării
acestuia.
INTRODUCTION
Bamboo is the woody plant with the highest growth rate in the world, reaching up to three times higher
than other plants. The growth rate of bamboo is between 7.5 and 40 cm per day, the world record being held by
Japan with a growth rate of 1.2 m in 24 hours.
Globally there are many species of bamboo, estimated at over 1200, their number.
Compared to hardwood species, in which the maturation process lasts 50-100 years, bamboo reaches
maturity after four or five years, and can be harvested every year, depending on the species up to 120 years or
even more. According to the American Bamboo Society, the duration of the bamboo maturation process
depends on the species, as well as its characteristics similar to hardwood- namely hardness, strength, stability
(Xiaobing, 2007).
The underground part of the bamboo stem is a rhizome, characterized mainly by sympodial branching,
in which the above-ground flowering stem is formed from the terminal buds and, as a result, the tip of the
rhizome comes out to the soil surface every year. The upper section of the bamboo tree contains most of the
wood. It has no bark and a hard, smooth outer shell due to the presence of silicon (American Bamboo Society
2014).
The bamboo stem (culm) consists of branches, leaves, inflorescences, fruits and seeds. Bamboo
species are distinguished from each other by the growth of the ridge, which can be erect, with pendulous tips,
ascending, arched or climbing. Bamboo has common characteristics with many other lignocellulosic raw
materials and has the potential to be a sustainable raw material in the bioeconomy, not only for energy
purposes, but also for the chemical and materials sectors. Bamboo is commonly perceived as "green" and
environmentally friendly. In recent years, significant global markets have emerged for fashionable bamboo
textiles and functional food ingredients (Van der Lugt, P., Vogtländer, J.G., 2015.).
In Romania, bamboo can be grown especially in the western part of the country but also in Dobrogea.
The first bamboo plantation in our country, dating back to 200 years ago, was established in Hunedoara (M. Niţu
et al 2019).
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The paper presents a brief summary of the uses of bamboo in industry, along with the description of
specific equipment for its processing.
MATERIALS AND METHODS
Bamboo has a built-in longitudinal fibrous structure with an intermediate diaphragm at the nodes, which
gives it strength. The unique combination of high resistance and low weight has made this plant highly sought
after and studied recently.
The chemical composition of bamboo differs depending on the species and the degree of maturity of the
plant. In general, the average values of the chemical constituents are shown in Figure 1 ( Wang YP et al., 2010;
Li LJ et al. 2010)

Fig.1 - The chemical composition of bamboo
( Wang YP et al., 2010; Li LJ et al. 2010)

Bamboo is an interesting material to use, because it has a high level of force / weight ratio, a relatively
low cost, a rapid growth rate, and its reproductive capacities (durability) help oxygenate the environment and
capture carbon dioxide-ecological effect (Qiu, FG 1992).
According to research by Vogtländer (2011), Waite (2009) and Wooldridge (2012), bamboo is used in
varying amounts to obtain: food, medicine, biomass, textiles, cellulose and paper. It can also be used as a
material for many other fields: construction of buildings and bridges, furniture manufacturing, household objects,
applications in the electronics and automotive industries, as well as other products such as chopsticks, etc.
Bamboo contains a large amount of nutrients, amino acids, vitamins, plant steroids, which are stored in the top,
leaves and shoots. Bamboo can also be used to obtain processed beverages, pesticides, toothpaste, soap, etc.
Throughout its life cycle, optimized production and industrial use, bamboo can have a negative carbon
footprint, by sequestering it, when at the end of its life the products are incinerated to produce electricity
(Hoogendoorn, C., 2017).
RESULTS
Because manual processing of bamboo is a difficult process, which takes place over a long period of
time, machines have been designed to process it. in order to increase the production efficiency of the finished
products obtained from this species.
Within the Adigrat University (Ethiopia) was made the bamboo processing machine, with electric drive
(fig.2). It can grind bamboo surfaces and knots, to which a splitting function is added. Thus, the machine can
divide bamboo stems up to 100 mm in diameter into segments up to 1.5 m long. The operation is performed in
less than 1 min, requiring an average human pressing force of 250N. The machine substantially reduces the
processing time of bamboo (Dessalegn Ahmed, Dr. Balkeshwar Singh 2018).
Imli Toshi Namo (India) developed a bamboo processing machine (fig.3). The machine is electrically
powered by a 1 HP motor, which operates at a supply voltage of 230 V AC. The motor operates a main shaft at
a speed of 40-90rot / min.
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The advantage of Imli Toshi equipment is the use of a single versatile woodworking platform that
facilitates the removal of knots, the realization of flat surfaces, the polishing and carving of bamboo. The
precision in work is achieved by implementing the dedicated control center and a joystick with four directions of
use.

Fig.2 - Bamboo processing machine

Zhengzhou Runxiang Machinery Equipment Co., Ltd. from Henan China, which produces a bamboo
processing line used mainly for the manufacture of toothpicks (fig. 4).
This technological line consists of 8 machines, including the bamboo cutting, dividing, polishing and
sharpening machine. The technological line has the capacity to produce 810000 pieces / h.

Fig. 3 Imli Toshi Equipment (http://nif.org.in)

Fig. 4 - Bamboo processing technology line
(https://sc01.alicdn.com/kf/H8a993ad09dcf49ea80af19e259e05b04E.jpg)
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Anil Enterprises (India) manufactures a range of bamboo processing machines such as: bamboo
splitting, polishing, knotting and bamboo drying ovens, both semi-automatic and automatic.

Fig. 5 Semi-Automatic Bamboo Splitting Machine
(https://5.imimg.com/data5/AE/RE/QC/SELLER-313774/bamboo-radial-splitter-machine-500x500.jpg)

Figure 5 shows a semi-automatic splitting machine electrically driven by a motor with a power of 2-5 kw,
powered at a voltage of 440V, with a working capacity of 250-500 pieces / h.

Fig.6 Semi-Automatic Bamboo Drying Oven
(https://5.imimg.com/data5/BC/WQ/HF/SELLER-313774/semi-automatic-bamboo-drying-oven-500x500.png)

Figure 6 shows a semi-automatic bamboo drying oven with hot air, with vertical flow, can be operated
electrically or using other types of fuel. The oven has access on both sides (front, back).

Fig.7 Automatic Bamboo Drying Oven
(Https://5.imimg.com/data5/SR/AL/JC/SELLER-313774/automatic-bamboo-drying-oven-500x500.JPG)
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And in figure 7 is the automatic drying oven of bamboo, with a capacity of 100-500 kg and which can
reach a maximum drying temperature of 250 ° C.
CONCLUSIONS:
Thanks to innovative technologies and research that are on the rise, we can say that soon everything
around us will be environmentally friendly and bamboo through its properties is suitable to replace poor
materials (wood) or materials with a negative effect on the environment (plastic).
Regarding the bamboo processing machines, their continuous optimization is aimed in order to increase
the technical performances and to reduce the costs.
ACKNOLEDGMENTS
This work was supported by one founding source the NUCLEU Program, carried out with the support of
ANCSI, Project PN 5N/07.02.2019 “Research on the superior valorisation of some new plants species cultivated
in Romania”.
This work was supported by a grant of the Romanian Education and Research Ministry, through
Programme 1 – Development of the national research-development system, subprogramme 1.2 – Institutional
performance – Projects for financing excellence in RDI, contract no. 16PFE and by a grant of the Ministry of
Agriculture and Rural Development, contract of sector financing, ADER type, no. 25.4.1 “Technology for
obtaining biofertilizers and/or bioinsecticides, for ecological production systems”.
REFERENCES:
[1] American Bamboo Society (2014). Official Website, ABS, Bamboo, Bamboo.org. (n.d.). Retrieved from
http://www.bamboo.org/index.php on 12th August 2015;
[2] Dessalegn Ahmed, Dr. Balkeshwar Singh, (2018), Design and Manufacturing of Bamboo Processing
Machine with Sanding Bamboo Surfaces, Grinding Knots & Splitting Functions- ternational Research
Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056 Volume: 05 Issue: 10;
[3] Hoogendoorn, C., (2017), Sustainable development of commodity supply chains. In: Bamboost
Conference, Wageningen, The Netherlands;
[4] Li LJ, Wang YP, Wang G, Cheng HT, Han XJ., (2010), Evaluation of properties of natural bamboo fibre for
application in summer textiles, J Fibre Bioeng Inform;
[5] M.Niţu, A. Pruteanu, I. Găgeanu, C. Sorică, I. Voicea, (2019) Researches on the technologies of
establishing and maintaining a bamboo crop under the climate conditions in romania- research people and
actual tasks on multidisciplinary sciences, Lozenec, Bulgaria;
[6] Qiu, F.G., (1992), The recent development of bamboo foods. In: Proceedings of the International
Symposium on Industrial Use of Bamboo, pp. 333–337, International Tropical Timber Organization and
Chinese Academy;
[7] Vogtlănder, J.G., (2011), Life Cycle Assessement and Carbon Sequestration – Bamboo products of
MOSO International Delft University of Technology;
[8] Vogtländer, J.G., (2015), The Environmental Impact of Industrial Bamboo Products, Life-Cycle Assessment
and Carbon Sequestration INBAR Technical Report 35;
[9] Waite M., (2009), Sustainable textiles: the role of bamboo and a comparison of bamboo textile
properties,TATm Journal of Textileand Apparel Technplogy and Management, vol. 6, Issye 2;
[10] Wang YP, Wang G, Cheng HT, (2010), Structures of bamboo fibre for textiles, Text ResJ, 84:334–43;
[11] Woodridge, M., (2012), Booming bamboo, The next super-material, BBC News Magazine, BBC News,
Nicaragua;
[12] Xiaobing Y., (2007), Bamboo: Structure and crop, The use of bamboo in the industrial context with referral
to its structural and cultural dimensions, Doctoral thesis, University of Duisburg-Essen, Yibin, China;
[13] https://5.imimg.com/data5/BC/WQ/HF/SELLER-313774/semi-automatic-bamboo-drying-oven-500x500
.png;
[14] www. http://nif.org.in;
[15] https://5.imimg.com/data5/AE/RE/QC/SELLER-313774/bamboo-radial-splitter-machine-500x500.jpg;
[16] https://5.imimg.com/data5/SR/AL/JC/SELLER-313774/automatic-bamboo-drying-oven-500x500.JPG;
[17] https://sc01.alicdn.com/kf/H8a993ad09dcf49ea80af19e259e05b04E.jpg.

474

INTERNATIONAL SYMPOSIUM

THE PRODUCTION OF BIOHUMUS FOR A HEALTHY AND ORGANIC AGRICULTURE
/

PRODUCEREA BIOHUMUSULUI PENTRU O AGRICULTURĂ BIO ȘI SĂNĂTOASĂ
PhD. Stud. Eng. Laza E-A.*), PhD. Eng. Caba I., PhD.Eng. Nenciu F.
*)
INMA Bucharest;
Tel:0256.499.336; E-mail: eveline_anda@yahoo.com

Keywords: vermiculture, biohumus, organic agriculture

ABSTRACT
One of the ways to solve the processing and transformation of organic household waste from agriculture
and various branches of industry, turning them into precious organic fertilizers, like biohumus (biocompost,
vermicompost) is vermiculture. The production and use of biohumus is addressed to those with livestock farms,
but also to those who have vegetable, fruit, greenhouse, vegetable farms, and have access to animal manure
from other livestock farms. This paper aims to highlight the advantages of using biohumus for healthier and
more natural agricultural production.
REZUMAT
Una dintre căile de soluționare a prelucrării și transformării deșeurilor organice menajere din agricultură și
din diverse ramuri ale industriei, transformându-le în îngrășăminte organice prețioase cum este biohumusul
(biocompost, viermicompost) este vermicultura. Producerea şi folosirea biohumusului se adresează celor cu
ferme zootehnice, dar şi celor care au ferme vegetale legumicole, pomicole, sere, vitivinicole etc. şi au acces la
dejecţiile animaliere din alte ferme zootehnice. Lucrarea de față dorește să evidențieze avantajele utilizarii
biohumusului pentru productii agricole mai sănătoase si naturale.
INTRODUCTION
Vermicomposting is the process in which earthworms are used to convert organic materials (usually
waste) into humus - a material known as vermicompost (Betz, 1999).
The processes of vermiculture and vermicomposting are similar, but different. A maximum density of
earthworms is needed to produce vermicompost. If the goal is to produce earthworms, the density of
earthworms must be kept low enough for the breeding rate to be optimal (Betz, 1999; Laza et al., 2019).
Vermicompost is generally superior to conventionally produced compost (Caba et al., 2019; Olan et al.,
2020; Vlăduţ et al., 2019; Voicea et al., 2019) in several important ways, vermicompost is far superior to
compost as an inoculant in the production of compost teas.

Fig.1- Biohumus

Biohumus contains in a balanced optimal form a lot of useful components:
✓ mineral elements;
✓ enzymes that ensure the transformation of organic residues into nutrient compounds;
✓ substances that prevent the spread of pathogens;
✓ phytohormones, which improve the growth and stress resistance of plants.
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This type of organic fertilizer ( biohumus) contains 4-8 times more humus than cow dung or compost
derived from vegetable waste. Its advantages include good moisture capacity, friability, compatibility with other
types of organic fertilizers, there is no need to use significant energy inputs in production and use.
The possibility to sell surplus products will allow to recover the costs and to obtain a certain income
(Glenn,, 2009; Rink, 1992; PN 19.10.02 Contract no . 5N / 7.02.2019).
MATERIALS AND METHODS
Vermicomposting is a bit more variable, and this is due to the fact that there are several variations in how
the process is performed. In composting, mixtures of materials rich in nitrogen and carbon are made at the
beginning and then nothing is added. In vermicomposting or vermiculture operations, carbon-rich materials are
used as a bed, while nitrogen-rich materials are generally food stocks.
Although similar processes take place in the bed (including conventional composting due to the action of
microorganisms), some systems encourage the addition, during the process, of higher amounts of nitrogen
compared to carbon than in the case of conventional composting. This is because the food is gradually added to
the surface of the pile or string, and not mixed from the beginning (Gunadi B., Blount C., Clive A. E., 2002).
Since some nitrogen-rich materials (eg fresh food scraps) may have a higher water content than carbonrich bedding, weight loss during the vermicomposting process may be higher (Rink, 1992).
For the production of biohumus the following things are required: earthworms, a hospitable living
environment, usually called “bedding”, a food source, adequate moisture (greater than 50% water content by
weight), adequate aeration and protection from extreme temperatures. Bedding is any material that provides the
worms with a relatively stable habitat.
This habitat must have high absorbency because worms breathe through their skins and therefore must
have a moist environment in which to live beacause if a worm’s skin dries out, it dies. So the bedding must be
able to absorb and retain water fairly well if the worms are to thrive, the beeding must have a good loosening
potential, because if the material is too dense to begin with, or packs too tightly, then the flow of air is reduced
or eliminated.
Different materials affect the overall porosity of the bedding through a variety of factors, including the
range of particle size and shape, the texture, and the strength and rigidity of its structure. The overall effect is
referred to in this document as the material’s bulking potential, protein and nitrogen content (although the worms
do consume their bedding as it breaks down, it is very important that this be a slow process.
High proteinor nitrogen levels can result in rapid degradation and its associated with heating and creates
inhospitable, often fatal, conditions. Heating can occur safely in the food layers of the vermiculture system, but
not in the bedding (Short et all, 1999; Sudha et al, 2000).
Some materials make good beddings all by themselves, while others lack one or more of the above
characteristics and need to be used in various combinations.
The vermicomposting system used to carry out the experiment is shown in the figure (Fig.2).

Fig. 2 - Vermicomposting system

The vermicompost system Fig.2 is a wooden construction provided at the bottom with a grate and
vermicompost scraping system (compost subjected to the action of earthworms). This system consists of the
following: Bracket, Geared motor transmission, Housing, Scraper knife.
On this system is also placed the wetting system that ensures the humidity (70% humidity) of the compost
in which the earthworms move from the bottom up.
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The general technical characteristics of the vermicomposting system are the working capacity of1500
kg/h, installed power 1,5 kW, electric motor rotation frequency 1000 rot/m, sieve rotation frequency 35 rot / min,
active sieve length 2000 mm, volume 3 m3 installed power 1,1 kW.
RESULTS
In Table 1 is listed a number of materials along with their characteristics, absorption rate, loosening
potential, carbon and nitrogen concentration, in order to highlight the efficiency of each material used.
Table 1
Materials used for bedding

Material
Animal manure
Domestic waste
Silage corn
Hay - generally
Straw - generally
Paper from the municipal waste
stream
Bark hard essence
Bark soft essence
Corrugated cardboard
Shredded sawmill waste
Waste paper fibers
Paper mill waste
Sawdust
The chips from cleaning shrubs
Strong wood chips
Soft wood chips
Leaves (dry, free)
Corn strains

medium-good
good
medium-good
low
low
medium-good

Loosening
Potential
good
medium
medium
medium
medium-good
medium-good

Carbon/Nitrogen
Report
22-56
58
38-43
15-32
48-150
127-178

low
low
good
low
medium-good
good
low-medium
good
low
low
low-medium
low

good
good
medium
good
medium
medium
low-medium
low
low
low
low-medium
good

116-436
131-1280
563
170
250
54
142-750
53
451-819
212-1313
40-80
60-123

Absorption

Under ideal conditions, earthworms are able to consume in excess of their body weight each day,
although the general rule-of-thumb is ½ of their body weight per day. They will eat almost anything organic (that
is, of plant or animal origin), but they definitely prefer some foods to others.
Manures are the most commonly used worm feedstock, with dairy and beef manures generally
considered the best natural food for earfworms, with the possible exception of rabbit manure. The former, being
more often available in large quantities, is the feed most often used (Clive and Lofty, 1972; Clive, 1998).
There are a number of other parameters of importance to vermiculture and biohumus production like pH,
worms can survive in a pH range of 5 to 9 (Gaddie, R.E. and Donald E. D., 1975; Rink, Robert 1992). Most
experts feel that the worms prefer a pH of 7 or slightly higher.
In general, the pH of worm beds tends to drop over time. If the food sources are alkaline, the effect is a
moderating one, tending to neutral or slightly alkaline. If the food source or bedding is acidic (coffee grounds,
peat moss) than the pH of the beds can drop well below 7.
This can be a problem in terms of the development of pests such as mites. The pH can be adjusted.
Earthworms are very sensitive to salts, preferring salt contents less than 0.5% (Glenn, 2009). In case the
manure is from animals raised or fed off in concrete lots, it will contain excessive urine because the urine cannot
drain off into the ground. This manure should be leached before use to remove the urine. Excessive urine will
build up dangerous gases in the bedding (Glenn, 2009).
The right mixtures used to create the bed are an essential element in meeting these needs. They provide
protection in case of extreme temperatures, the required level and consistency of humidity and an adequate
supply of oxygen. Fortunately, given their critical importance in the process, good mixtures are generally easy to
find on farms.
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The most difficult criterion to satisfy adequately is usually the absorption, because most of the straw and
not even the hay are not too good at retaining moisture. This can be easily addressed by mixing manure or
mature compost from cattle or sheep with straw.
The result is somewhat similar in characteristics to mature horse manure. The process of creating bed
mixes does not have to be a burden, it can be done manually with a fork (small operations), with a bucket tractor
(larger operations), or if available, with a mystery mixer. The latter would be suitable only for large commercial
vermicomposting operations, where a high level of efficiency and constant product quality is required.
CONCLUSIONS
Biohumus contains the necessary set of macro and micro nutrients, enzymes, soil antibiotics, vitamins,
growth hormones and humic substances, it contains on average a higher concentration of nitrogen, phosphorus,
potassium, calcium and a number of beneficial microorganisms and bacteria than the ones we usually find in the
upper layers of the soil.
The application of biohumus generates multiple benefits for farmers:
✓ by applying biohumus, significant production increases are obtained because the plants easily assimilate
nutrients substances;
✓ increases the water retention in the soil (the amount of water needed for irrigation decreases by about 30%);
✓ the biohumus obtained can be used directly on the farm by distributing it on the area intended for fodder;
✓ fix soils affected by prolonged use of chemicals. by repeated application, the soil will be completely
repopulated with microorganisms beneficial to plants destroyed by chemicals over the years.
✓ the application of biohumus improves the structure of the soil, aerates the soil and makes it easy to work,
which leads to lower costs of providing fuel for agricultural machinery;
✓ it is non-toxic, does not burn plants, has no restrictions on use, can be used in any crop, greenhouse or
field, with excellent results;
✓ it is compatible with any chemical preparation;
✓ it is excellent in the prevention of diseases (Alternaryosis, Gray mold, Fusariosis, Mana, Root rot, Bacterial
burning in peas, Rhizoctoniosis, Septoriosis, Black tobacco rot, Apple rot).
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ABSTRACT
High noise levels can have a harmful effect on the human body, depending upon several factors, namely: the
noise level, its spectral components, the duration and distribution of noise exposure during a working day, the total
duration of exposure during life. The paper aims to present general information related to the influence and effects
produced by noise on the human body, as well as some theoretical considerations for calculating sound pressure
levels in enclosed spaces, using Thompson relation and Schultz equation, when analyzing the same type of sound
source.
REZUMAT
Nivelurile ridicate de zgomot pot avea efecte dăunătoare asupra corpului uman, acest lucru depinzând
de o serie de factori printre care: nivelul sonor, componentele sale spectrale, durata si distribuția sunetului in
incinta in care s-a produs expunerea la sunet pe parcursul unei zile, sau durata totală a expunerii pe timpul
vieții. Lucrarea consta în prezentarea unor noțiuni generale legate de influența și efectele zgomotului asupra
organismului uman, precum si considerații privind calculul nivelurilor de presiune acustica dintr-o încăpere,
utilizând relația Thompson si ecuația Schultz pentru același tip de sursa sonora.
INTRODUCTION
Noise is a complex of different sounds and frequencies and different intensities overlapping randomly,
being always a disruptive factor of the human body.
From a physical point of view, the noise has two essential features:
• frequency, or number of oscillations per time unit
• sound strength, force or intensity
Research has shown that continuous noise repeated at close intervals is more disturbing than short
momentary noise repeated at long periods of time. The noises in which high-frequency components
predominate are more damaging for human health than those in which low-frequency components predominate.
Noise harmful effect can lead to: organ of hearing disorders; disorders of various body organs and systems;
reducing labour productivity; reducing speech intelligibility (Beranek, 1988).
Knowing the noise spectrum produced by a sound source, or the total noise levels existing in a room is of
great importance for establishing the most appropriate means of sound insulation or soundproofing of the room.
Research studies has shown that insulating walls separating the rooms with ROCKWOOL basalt, reduces
noise and sound reflection in buildings, thus improving concentration and productivity. (www.rockwool.ro)
According to World Health Organization, noise pollution is one of the main forms of urban environmental
pollution and is responsible for many negative effects, that are harmful to the environment and the quality of life
of the population (Novrial and Hillary 2018). World Health Organization (WHO) recommends that noise levels
should not exceed 35 dB (A) daytime and 30 dB (A) nighttime (Arzu Yıldırım, 2018).
The sound pressure level is a parameter that can be measured in a room and is a result of several factors
as: the number of noise sources in the room, their location, the distance to the comfort zone, the sound
characteristics of the room, etc. Noise sources are characterized in terms of sound evaluation using the sound
power level, without taking into account the conditions of their location in the room (Munteanu, 2011; Băjenaru
et al., 2007; Băjeanaru et al., 2009; Cârdei et al., 2008a; Cârdei et al., 2008b; Postelnicu et al., 2013; Vlăduţ et
al., 2007; Vlăduţ et al., 2009).
The sound power level of a noise source is determined using acoustic pressure (p). This represents a
fluctuating pressure, due to the presence of sound overlapped on the static pressure and is expressed in
Pascals (Pa).
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Sound pressure level (Lp) is ten times the logarithm to the base 10 of the ratio between the square of the
measured sound pressure and the square of the reference sound pressure (20 μPa). Sound pressure level is
expressed in dB.
Sound pressure level averaged over the measurement surface is given by: (SR EN ISO 3744:2011).

1
L' p = 10 lg
N

N

10
i =1

0 ,1L ' pi

 , [dB]



(1)

where N is the number of measuring points;
pi L' - sound pressure level measured in the i position of the microphone
Sound pressure level averaged over the measurement surface and corrected is:

L pf = L' p − k1 − k 2

(2)

where k1 - is the correction for background noise;
k2 - the correction for the reflected sound (it applies to enclosed spaces).
The sound power level is given by:
 S  , [dB]
(3)

Lw = L pf + 10 lg
 S0 
where S is the measured surface area;
When evaluating the way acoustic energy radiates in enclosed spaces, a source can be characterized by:
acoustic intensity, acoustic power, directivity, frequency characteristics, source strength, radiation mode over
time. Some sources radiate acoustic energy evenly in all directions, while others (the most common case)
radiate most of the energy in certain directions. In the first case the source is non-directional or omnidirectional,
while in the second case the source is directional. A source becomes more directional as the wavelength of the
radiated sound is smaller in relation to its dimensions. The corresponding sound field can be characterized by a
directivity factor Dθ of the source, or by a directivity index dθ.
The directivity factor Dθ is given by the following relation: (Beranek, 1988).

(4)
where:
is the intensity of the wave at a point,
Is , is the intensity at the same point, given by an omnidirectional source, of the same power W, which

would radiate in the free field, uniformly (the point would be on a sphere of radius d),
MATERIALS AND METHODS
A source located in a room radiates acoustic energy in a direct point (direct field) or reflects the acoustic
waves on the walls of the room. When the receiver acquires acoustic energy directly from the source (direct
field), the pressure level is calculated with the following relation: (Irwin, 1979, ASHRAE HVAC 2003 Applications
Handbook).
(5)
Where:
Lp - is the level of sound pressure, [dB]
Lw - is the sound power of the source, [dB]
d - is the source-receiver distance, [m]
Dθ - is the directivity factor
When the receiver acquires energy from the repeated reflections on the enclosed space walls (diffuse
field or reverberant field), the pressure level is calculated with the relation: (Irwin, 1979, Ashrae 2003).

(6)
Where:
Lp is the sound pressure level, [dB]
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Lw is the sound power of the source, [dB]
Rl is the absorption coefficient of the room, [m2]
In an enclosed space, the receiver is located in the total field (the sound level is given by both the energy
coming directly from the source and the energy coming from the successive reflections on the walls of the
room), and the sound pressure level Lp is calculated with the relation: (Irwin, 1979; Ashrae, 2003).

(7)
Where:
Lp is the sound pressure level in a room at a distance r from the source, [dB]
Lw is the acoustic power in the frequency band of the source, [dB]
Dθ is the directivity factor of the source
d is the distance from the measuring point to the source, [m]
Rl is the absorption constant of the location, [m2]
The directivity factor Dθ depends on the positioning of the source in the room. There are four types of
sources and the values of the directivity factor could be: (Stan and Negrea 2002).
➢ Dθ=1 for source located farther from the plan: (Suspended source that is not near a wall)
➢ Dθ=2 for the source located near a perfectly reflective half-plane
➢ Dθ=4 for the source located between walls and ceilings;
➢ Dθ=8 for the source located in the vicinity of three planes.
The absorption coefficient of the room Rl is calculated with the relation: (HVAC Acoustics Fundamentals McQuay Application Guide AG 31-010)
(8)
Where:
are the room surfaces areas, [m2]
are the sound absorption coefficients for the surfaces
are the room absorption surfaces areas, [m2]
is the air absorption coefficient
V is the volume of the room, [m3]
An area with a coefficient α = 1 absorbs all the energy of sound. An area with a coefficient α = 0 fully
reflects the incident sound. The coefficient α depends on the frequency and therefore the values of α must be
known for each frequency.
The element
represents the amount of sound energy absorbed by the air.
The number of occupants located in the room affects the sound pressure level in the room. For example,
in a concert hall 75% of the sound absorption is due to the occupants.
In addition, the furniture located in the room influences the sound level due to the fact that it diffracts,
reflects or absorbs sound.
Another method for calculating the absorption coefficient of the room is the simplified method. The
average absorption coefficient is used in this method.
The absorption coefficient of the room is calculated with the relation: (Irwin, 1979).
The absorption coefficient of the room is calculated with the relation:
(9)
Where:
it is calculated with the relationship:
(10)
V is the volume of the room, [m3]
S is the total area, [m2]
α is the average absorption coefficient specific to each type of room
is the air absorption coefficient
From an acoustic point of view, the rooms are classified as follows: (Ashrae, 1987),
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•
Low absorption rooms: rooms having hard and heavy surfaces, without furniture and without any acoustic
treatment with absorbent material.
•
Medium absorption rooms: rooms that have ceilings provided with acoustic material or with carpets,
wallpaper, curtains.
•
Partially anechoic rooms: rooms with furnished ceilings with acoustic material
•
Anechoic chambers: rooms that are specially treated to absorb sound.
•
Offices and classrooms are considered rooms with medium absorption (Irwin, 1979).
In the direct field, the term
it is predominant.
The values of the average absorption coefficient depending on the type of room are presented in table 1:
Table 1
The values of the average absorption coefficient depending on the type of room
Room type
The average absorption coefficient of the room, for the frequencies [Hz]
63
125
250
500
1000
2000
4000
Anechoic
0,26
0,30
0,35
0,40
0,43
0,46
0,52
Partly anechoic
0,24
0,22
0,18
0,25
0,30
0,36
0,42
With medium absorption
0,25
0,23
0,17
0,20
0,24
0,29
0,34
With low absorption
0,25
0,23
0,15
0,15
0,17
0,20
0,23
With reduced absorption
0,26
0,24
0,12
0,10
0,09
0,11
0,13
0
0
0
0
0
0,0009
0,0029
Air absorption coefficient

RESULTS
Warnock (1998) showed that the diffuse field theory is not valid in furnished rooms and brought additions
to the formulas for calculating the sound pressure level.
The Thompson relationship has the following formula:

(11)
Where:
Dθ - is the directivity factor
α – is air absorption coefficient
d – is the distance from the source to the receiver, [m]
Rl – is room absorption constant [m2]
N – is the number of point sources into which the source can be decomposed
V – is the volume of the room, [m3]
S – is the total area of the room, [m2].
The Thomson relation has as starting point the classical equation, but with modifications based on
experimental measurements. It is recommended to be used for large spaces.
The Schultz relationship is found as follows:
(12)
Where:
d – is the distance from source to receiver, [m]
N – is the number of point sources into which the source can be decomposed
V – is the volume of the room, [m3]
ν – is the central frequency of the octave band, [Hz].

Fig. 1. Sound pressure levels in a room, calculated with the classical equation,
the Thompson relation and the Schultz equation for the same type of sound source
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The classical equation for calculating the relationship between Lp and Lw gives good results in the case
of the near field and the reverberant field. Figure 1 shows the comparison between the sound pressure levels in
a room, calculated with the classical equation, the Thompson relation and the Schultz equation for the same
type of sound source.
CONCLUSIONS
Reducing the noise level in enclosed spaces is an important issue because a high noise level can cause
serious occupational diseases to room occupants who work in these noisy environments, or to personnel who
spend long time in noisy rooms. Research studies has shown that insulating walls that are separating the rooms
with ROCKWOOL basalt, reduces noise and sound reflection in buildings, thus improving concentration and
productivity. The classical equation for calculating the relationship between Lp and Lw gives good results in the
case of the near field and the reverberant field.
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ABSTRACT
Granulated / pelletized feed is complex feed with the necessary nutrients and stimulants, being obtained
using special recipes and technologies, in the form of stable granules or pellets, accessible to fish and easily
digestible. The granules / pellets thrown in the basin must be quickly soaked with water and keep their shape for
3.5 - 4.5 hours in order to be fully utilized. The experimental model plant for the production of granulated /
pelletized feed for the polyculture system, presents in its composition the following main elements:
Subassembly press body, subassembly stand, subassembly coupling, pressing roller, coupling protection,
Electric drive motor.
REZUMAT
Furajele granulate / peletizate sunt furaje complexe cu componente nutritive și stimulatoare necesare,
fiind obținute utilizând rețete și tehnologii speciale, sub forma de granule sau pelete stabile, accesibile peștilor și
care pot fi ușor digerate. Granulele / peletele lansate în bazin trebuie să se îmbibe repede cu apă și să-și
păstreze forma timp de 3,5 – 4,5 ore pentru a fi valorificate integral. Modelulul experiemental (ME) instalație de
producere a furajelor granulate/ peletizate pentru sistemul de policultură, prezintă în componența sa
următoarele elemente principale: Subansamblu corp presă, subansamblu stativ, subansamblu cuplaj,
subansamblu role presare, protecție cuplaj, motor electric de acționare.
INTRODUCTION
Aquaculture is increasingly contributing to the world's production of food of aquatic origin, as the limits of
sustainable exploitation are now almost reached or even exceeded in the case of most wild fish stocks. In the
EU aquaculture is an important economic activity in many coastal and continental regions, (Amadi et al., 2007).
European aquaculture offers good quality products, strictly respecting environmental sustainability, animal
health and consumer protection standards. The excellent quality of aquaculture products in the EU should be an
important competitive advantage for EU aquaculture, (http://www.fao.org/fi/static-media/Meeting Documents
/COFI AQ /2013 /6epdf)
Romania is a medium-sized country (12th in Europe), with a territory of 238,391km2, of which 87%
(207,372 km2) belongs to rural areas and 13% to urban space (31,018 km2). Romania's hydrographic network is
843,710 ha, which represents more than 3.5% of the country's total area. Fishing and aquaculture, together with
fish processing and trade in fish and fish products, are activities present in all regions of the country,
(https://www.fonduri-ue.ro/files/programe/POP/PSNMA-2014-2020-versiune-oficiala-15.04.2015.pdf).
Today, Romania's fishing interest heritage, consisting of areas permanently or temporarily covered with
water, is estimated to have an area of almost 500,000 ha plus: 66,000 km of flowing waters from the area of
saddles, hills and mountains and 25,000 km2 marine waters of the Exclusive Economic Zone on the Black Sea.
The areas of water in the public domain are represented by: 300,000 ha natural lakes and puddles, 98,000 ha
reservoirs and polders, 47,000 km rivers in the area of saddles and hills, 19,000 km rivers in the mountain area,
1,075 km of the Danube River, (https://www.fonduri-ue.ro/files/programe/POP/PSNMA-2014-2020-versiuneoficiala-15.04.2015.pdf).
Romanian aquaculture can be economically sustainable and viable if the farm is profitable, the farm's
income is safe and the products are accepted by customers. In many cases, improving environmental
sustainability can lead to the optimisation of economic sustainability.
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For example, more efficient use of food and nutrients or reduced water and energy consumption are not
only beneficial to the environment, but can also reduce costs. Growing in polyculture and diversifying supply can
increase consumer confidence and hence economic sustainability. The production of freshwater fish in manmade fishponds is often regarded as the oldest farm activity in Europe, dating back to medieval times.
Fishponds were built in areas where water supplies were available and the soil was not suitable for agriculture,
(Pop, et.al., 2010). Wet soils in Central and Eastern Europe are good examples of this. Almost half of the production
of fish farms consists of cyprinids, such as common carp, silver carp, amur (cossack) and novac (blood).
The main producing countries are Russia, Poland, the Czech Republic, Germany, Ukraine and Hungary.
Fish production is carried out on farms of the type: Fishponds; Flow-through systems; Recirculation systems,
(Bregnablle, 2017). The food that is provided to fish is assimilated and used as the energy necessary for vital
activities, including the energy needed for growth.
The definition is simple, but what needs to be taken into consideration is that even in the case of fish, the
abundance, the quantity of food but also the quality is not sufficient. The relative content of the food in
carbohydrates, lipids, proteins, vitamins and trace elements is of paramount importance, (Chukwulozie et all.,
2019). The nature of the food absorbed and the conversion coefficient, meaning the conversion of the ingested
food into fish meat, may differ greatly depending on the calendar period of the year and the stage of fish rearing.
The diet must provide the fish with the nutrients necessary for growth (plastic proteins) and provide the
energy essential to physiological processes (through the intake of carbohydrates and lipids with an energetic
role, (Daoliang et al., 2020). Quality food is the one that ensures good development, reproductive facility,
prevention and treatment of diseases. Feeding can be natural or artificial, (Martin et al., 2019).
The granulation of feeding stuffs shall be carried out in order to maintain homogeneity and to keep the
nutrients and biostimulators they contain in better condition, (Mc-Donald, 1995). Handling and transport work
shall be made easier. By granulation, the volume is reduced by 20-30%, a significant amount of fodder is
evaded from the influence of pathogens, air is removed from the spaces between particles and a protective film
forms on their surface. In this way, the shelf life increases 3-4 times, (Balami et al., 2013).
The process of producing the pelets involves subjecting the material to high pressures and forcing it to
pass through the cylindrical holes of a mold. When exposed to appropriate conditions, the biomass "fuses"
forming a solid mass (Chiţoiu et al., 2014; Găgeanu et al., 2017; Matache et al., 2011; Sorică et al., 2017;
Ungureanu et al., 2016a; Ungureanu et al., 2016b; Ungureanu et al., 2018; Vlăduţ et al., 2010). This process is
called extrusion. Certain types of biomass may require additives to serve as "bindings" that keep the skins
bound. However, the actual creation of the pelets represents a small step in the process of producing the pelets.
These steps include biomass shredding, moisture control, extrusion, cooling and packaging/storage.

Fig. 1 - Flow of a technological line to manufacture pelets
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MATERIALS AND METHODS
The experiential model (ME) granulated/ pelletized feed production plant for the polyculturesystem, MP00 is presented in 3D projection in the Solid Works design program, according to fig.2.

Fig.2- Experimental model (ME) granulated/ pelletized feed production
plant for the polyculture system, MP-00

Press body subassembly (fig. 3) is a metal construction consisting of: socket body installation for the
production of granulated/ pelletized feed for the polyculture system, intermediate body, upper body, feeding
plant.

Fig.3 - Sub-assembly body press experiential model (ME) granulated/
pelletized feed production plant for polyculture system, MP-01
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Sub-assembly coupling the experiential model (ME) granulated feed production plant for the polyculture
system, MP-03 (fig 4) consists of: coupling-ax connecting part, coupling part 1, pinion tooth wheel, tie flange and
coupling part 2.

Fig.4 - Sub-assembly coupling for the experiential model (ME) granulated/pelletized
feed production plant for the polyculture system , MP-03

Sub-assembly drive shaft, MP-04 (fig.5) consists of: tapered wheel, tapered wheel support, central shaft,
feed production mold in the form of pellets/granules, feed feed outlet in the form of pellets/granules.

Fig.5 - Training shaft subassembly for the experiential model (ME) granulated feed production
plant/pelletised for the polyculture system, MP-04

Fig.6 - Sub-assembly pressing rollers for the experiential model (ME) granulated feed production
plant/ pelletised for the polyculture system, MP-05
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Sub-assembly pressing rollers, MP-05 (fig 6) is a metal construction consisting of: Ax mounting rollers and roll
pressing raw material for obtaining pellets/granules feed for the fish species growing system under polyculture regime.
RESULTS
The main technical characteristics of the experiential model (ME) granulated/ pelletized feed production
plant for the polyculture system, MP 00, are:
Food voltage
230V
Power
2800W
Top speed
1400 rpm
Production capacity
100kg/h
Weight
94 kg
Length
900 mm
Width
295 mm
Diameter holes
mold 5 mm.
The working process of the experiential model (ME) granulated feed production plant for the polyculture
system, MP 00. For the normal operation of the experimental model, the matrix must be run for
polishing/heating. This will take 7.5kg of small grain mixture, 0.4kg of fine sand and vegetable oil as much as it
absorbs. With this mixture we will work to polish the matrix of the experimental model, apoximatively 1.5 hours
until the pellets / granules form evenly, after this we can introduce our recipe that we want to work on. Upon
completion of our material we must again use raw material with soaked oil for proper cleaning of the mold.
In the current technique of feeding cyprinids it is necessary that the determination of feed rations be
correlated according to energy requirements, water temperature, fish age and carp growth rate. Additional
feeding of carp, grown in semi-intensive system is made according to the natural feed existing in the basin.
Table 1
Fish weight
(g)
< 0,5
0,5 – 2,0
2,0 – 10,0
10.0 – 20.0
20 -25
25 - 50
50 - 250
> 250

Granular
diameter (mm)
0.3 – 0.5
0.5 – 0.8
0.8 – 1.2
1.5
2,0
2,0
3,0
4,5

Feeding plan kg feed / 100 kg fish
Water temperature a C
18
20
22
24
7
11
15
18
5
6
9
11
4
5
6
7
3
4
5
5
4
4
5
6
3
4
5
5
2
3
4
4
2
2
2
3

26
20
12
8
6
7
6
5
3

28
18
11
6
5
6
5
4
3

Proportion of raw material participation in the combined feed structure for cyprinid sbreakdowns
(orientative): maize- (5-15%); wheat (20-25%); soy, soy (35-40%); forage yeast (8-10%); milk powder (10-15%);
fishmeal (15-25%); zoofort (1%). For consumption cyprinids includes the following (orientative): cereals (corn,
wheat, barley- 35-55%); soy srot (10-15%); fl-sun srot (10-20%) forage yeast (2-10%); fish meal (10-15%);
poultry waste flour (2-5%); legume or oilseed stake (20-30%); zoofort (1%).
CONCLUSIONS
In human nutrition, fish are of significant importance, providing 12-15% of all proteins consumed. Fish
meat has special sensory qualities and a high nutritional value, conferred by the high content of complete
proteins, lipids with a high degree of unsaturation, lipo and hydrosoluble vitamins and important mineral salts.
The production of pellets for feeding in aquaculture uses pelletization /granulated equipment where the
"extrusion zone" is the point at which the mass has reached the density of the pellets and begins to flow through
the mold holes. There are many physical forces that need to be treated in the granular process. The main
purpose of the roller is to apply a force on the table to densify the material and make it flow towards the mold.
The distance between the roller and the dandruff, the characteristics of the roller surface and the physical
properties of the mass determine how large this potential force would be.
The matrix confers not only the final diameter of the pellets, but also the strength of the raw material and
has a direct influence on the rate of transfer and quality of the granules / pellets.
Using these types of equipment, fish feed shall be obtained on the basis of prescriptions determined by species,
age of fish and feeding period. For carp and blood it is recommended recipes with: 43% fishmeal, soy srot 13%, 11.7%
corn, 27% wheat, 5.3% additives (vitamins, minerals, dicalcium phosphate). For the cossack and caras is
recommended 33.5% rice shell, 30% soy srot, 5% fish meal, 10% wheat bran, 20% wheat straw powder, 1.5% salt mix.
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ABSTRACT
Climate change and the need to increase global food production, will limit in the near future the
possibilities of growing widely cultivated energy plants, and consequently opportunities will be created for
Jerusalem artichoke, a technical plant which is not sensitive on soil properties, does not require special care or
special agricultural works, resists well to drought, frost and pests. The paper aims to assess Jerusalem
artichoke potential in obtaining bioethanol, approaching simplified production methods, analyse and improve the
cultivation conditions considering plants special characteristics in terms of fuel production.
REZUMAT
Schimbările climatice și necesitatea de a crește producția globală de hrană vor limita în viitorul apropiat
posibilitățile de cultivare a plantelor energetice utilizate în acest moment pe scară largă și în consecință, va crea
oportunități pentru topinambur, o plantă tehnică ce nu este sensibilă la proprietățile solului, nu necesită un
sistem special de îngrijire sau lucrări agricole complexe, rezistă bine la secetă, îngheț și dăunători.
Lucrarea își propune să analizeze potențialul tuberculilor de topinambur de a obține bioetanol, abordând
metode de procesare simplificate, de a evalua și îmbunătăți condițiile de cultivare considerând caracteristicile
deosebite ale acestei plante, în ceea ce privește producția de combustibil.
INTRODUCTION
In order to comply with the ambitious international goal for biofuel production, an initiative that will allow
reduction of fossil fuels mass usage, there have been evaluated the possibilities of switching the focus to less
conventional energy plants and processing methods, for the production of ethanol.
There is an increasing worldwide interest for the development of sustainable energy resources, as a
result to fossil fuels multiple negative effects associated to human health, global warming, acid rain, land
degradation, agriculture deterioration, or the increase in health costs. However, a major transition from
conventional to bio-based fuels is delayed for economic reasons.
At the moment, the production prices of fossil fuels are lower than those for producing high quality
ecological fuels, therefore obtaining low-cost biofuels might offer new opportunities for rural development and
offer improved environmental benefits, creating circumstances to make the shift from fossil fuels to green
energy sources. Biofuel production technologies from plant sources and bioethanol production from plant
biomass, is an area that has returned to the attention of many researchers, that seek to solve problems that
traditional bio fuels may have. Development of new energy technologies are needed to transform sugars locked
as cellulose, hemicellulose, inuline, starch and other plants with high energy production potential, into ethanol at
high yields, and advances in pretreatment technologies.
For a relatively long period of time, ethanol has been produced from crops such as corn, but this
practice is increasingly avoided, given global food security issues. Called first-generation biofuels, they produce
positive effects on the environment however, their production usually has the potential to stress food
commodities. In order to have a sustainable economic and industrial growth, it is necessary to develop a safe,
sustainable resources of energy, which at this time current technologies have failed to deliver.
Biomass-based ethanol (bioethanol) is an alcohol produced by fermentation of plant biomass,
containing starch or sugars and can be used as a liquid fuel in internal combustion engines, or in mixtures with
different hydrocarbons (Cankurtaran, 2020; Kaszas, 2020; Steegmans, 2004).
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In terms of chemical reactions in combustion engines, when adding 10% bioethanol, may effectively
replace methyl tertiary butyl ether (MTBE) as an oxygenation additive to gasoline, and thereby reduce the health
risks caused by this chemical compound. Bioethanol also replaces other chemical substances from gasoline
such as aromatic and sulphur-containing compounds, action that would lead to reducing nitrogen oxide
emissions to improve air quality. In addition to reducing the amount of smog that is formed by burning
conventional fuels, the high oxygen content from bioethanol reduce the generation of various hazardous VOC
(volatile organic compounds) and carbon monoxide from vehicle exhaust (Thatol et. al., 2014; O’Connor, 1994;
Grigore et al., 2018; Ekielski et al., 2017; Olan et al., 2018; Ungureanu et al., 2020).
Although there are several classifications of biofuels, the scientific community generally accepts the
existence of 4 major biofuel generations, depending on the substrate utilisation, technology involvement and
micro-organisms involved in the process. First-generation bioethanol is produced from food crops (sugary and
starchy crops) through fermentation, but this class has a major drawback of using food as a raw material. To
remove this limitation, second-generation biofuels have been developed from non-food crops, such as wood,
various organic waste, food crop waste and some biomass crops. From the second-generation biofuels,
cellulosic ethanol has the most developed production technology, being made especially from the cell walls (eg
cellulose and hemicellulose obtained from wheat straw). However, the production technology of secondgeneration biofuels does not allow a low-cost production of fuel, due to the very expensive transformation
processes (shredding, densifying, pulverising and handling) and transportation.
Third-generation biofuels are generally produced from algal biomass, which has a very distinctive
growth yield compared to lignocellulosic biomass (Brennan and Owende, 2010). Fourth-generation biofuels are
designed to have a double function namely capturing and storing CO2 when producing sustainable energy,
using processes such as oxy-fuel combustion (Yoon et al. 2010)
Regular food crops do not address the issue of climate change as ethanol produced from crops such as
corn, reduces emissions of carbon dioxide by 13% compared to cellulosic ethanol that has a carbon dioxide
reduction potential of 83% by (Bhagia S., 2017, Farrell et al., 2006).
Helianthus tuberosus L., known as Jerusalem artichoke, is a promising source of renewable energy (Vlăduţ
et al., 2018; Vlăduţ et al., 2019a; Vlăduţ et al., 2019b), since its tubers have high ethanol production potential due to
the amounts of non-structural sugars mainly, in the form of inulin (Bhagia S., 2017; Popescu et al., 2014; Popescu
et al., 2016), a fructan polymer, that is easy to breakdown into fructose and glucose (Bhagia S., 2017). The inulin
content in fresh tuber may vary depending on the variety of the plant, the planting conditions and the climate
around the value of 15% (Burnete et al., 2019). The sugar produced in Jerusalem artichoke is stored in the
mainly in roots and do not require fertile soil for its growth or special planting conditions, but these aspects
usually affect the productivity per hectare. The used of inulin are multiple being used in the pharmaceutical and
nutritional supplement industry due to its prebiotic effect, improving the intestinal microbe environment,
regulating blood sugar, regulating blood lipids, antioxidant, anticancer, immune regulation (Wan XH., 2020).
The intensive use of chemical fertilizers and treatments for insect and plant control, led in many areas to
soil degradation, or an increased level of salinity. Jerusalem artichoke has a higher tolerance to more difficult
growth conditions, therefore it may be considered one of the main sources of sustainable ethanol production
(Matei et al., 2018; Matei et al. 2020).
This feature is very important because non-food utilization of this biofuel crop does not compete for
arable land with grain crops cultivated for food production.
Jerusalem artichoke also serves as an important raw material in the food, chemical, and pharmaceutical
industries, produces large amounts of biomass and can be harvested three times a year. Although some
authors consider an advantage the fact that small tubers left in the soil might produce the next season crop, with
no ploughing or seeding being necessary (Thatol H., et. al., 2014) this feature might be considered a drawback
considering the very invasive characteristics of Jerusalem artichoke.
MATERIALS AND METHODS
The paper approaches the main findings related inulin yields, effect of cultivar and environment on tuber
productivity, fermentation of sugars from Jerusalem artichoke tubers, and conversion of fructose into renewable
fuels and chemicals.
Our aim was to obtain an efficient, easy to use and validated technology made to process and convert
biomass into useful liquid biofuels and bioproducts, aiming at the integral utilization of these feedstocks for the
production of value-added chemicals.`There are 3 possible methods for producing ethanol from Jerusalem
artichoke, each of the approaches having its own advantages and disadvantages: separate hydrolysis and
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fermentation (SHF), simultaneous saccharification and fermentation (SSF), and consolidated bioprocessing
(CBP) (Bhagia S.,et. al. 2017; Qiu Y., et. al. 2018, Li L., et. al. 2013, Thanonkeo P., 2015).
Our objective was to assess the Jerusalem artichoke characteristic to grow in difficult conditions by
setting up several cultures in areas with different climatic conditions, then testing a processing method involving
the technique of simultaneous saccharification and fermentation. The raw material was then subjected to a
distillation process to obtain ethanol. Two crops were established, the first within the SCDA Secuieni Institute
where have been performed all the works associated to the culture (soil treatment and cultivation involved
plowing and hoeing the soil, preparing for sowing, fertilizer administration, planting the tubers, pruning, weeding,
harvesting, chopping the vegetable mass obtained, management works in the warehouse) and one culture
within the INMA Bucharest Institute, which was grown naturally, with a small amount of agricultural
interventions. Because the growing capacity of the Jerusalem artichoke in difficult conditions and in less fertile
soils was tested, the culture was not irrigated, the humidity being regulated only by rain. The land was plowed in
autumn, mixing the tubers in the soil. No fertilizers or herbicides were applied to the soil, the growth being
natural. As a result, the tubers grew smaller and productivity per hectare decreased.
The culture within INMA Bucharest benefited only from the soil preparation before cultivation, cultivation and
harvesting.
Analyzing the data obtained after harvesting, the productivity per hectare coming from the experimental
plantation in which the treatments were minimal, were 43% lower than those that benefited from all the works
and treatments. Jerusalem artichoke tubers that benefited from the whole cycle of treatments varied in an
average size of 10 cm in length and 6 cm in width, while in the case of Jerusalem artichoke with minimal works
the average was 5 cm in length and 4 cm in width. In the second case, many tubers could not be harvested
mechanically due to their very small size, thus reducing productivity.
The small tubers remaining in the soil could be considered as planting material for the next year, but this
would be unfortunate if another crop is to be established for the next year. This also validate the plant's
invasiveness potential, especially in the case of improperly cultivated or abandoned crops.
Although productivity per hectare was lower, it has been found performing Brix analysis that the alcoholic
potential of both large and small tubers did not differ significantly on the performed tests (Fig.1).

Fig. 1 - Refractometric analysis to determine the Brix index and refractive index for different sizes of tubers

A disadvantage, however, was observed in the primary washing stage, when cleaning small tubers
was much more difficult compared to washing large tubers. The washing process was performed using pressure
cleaning equipment, the tubers being positioned in plastic crates, while the drying process included
arrangement in drying trays (Fig 2.).

Fig. 2 - The process of washing Jerusalem artichokes tubers using pressure washing equipment and tubers drying
on trays

Evaluation of Jerusalem artichoke moisture involved weighing the mass of tubers, drying them in the
oven for 12 hours at a temperature of 45 degrees and then weighing the dry mass (Fig 3).
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Fig. 3 - The process of determining the moisture of Jerusalem artichoke (double weighing and drying in the oven)

The samples on which the analyzes were performed were taken in February 2020, from tubers freshly
extracted from the soil. Two types of plant sub-varieties were analyzed, developed by SCDA Secuieni, both
types being planted both within INMA Bucharest and SCDA Secuieni.
For different batches of Jerusalem artichoke crops, the main characteristics were studied for the theoretical
evaluation of the amount of alcohol that could be produced, the results being highlighted in Table 1. In this table,
the average values obtained for several measurements are illustrated, for both optimal operating conditions for
the Jerusalem artichoke crop and for basic operations crop.
Table 1
Comparative evaluation of the alcoholic potential for Jerusalem artichoke grown under different conditions, being
subject to different agricultural works
Optimal operating conditions for the Jerusalem artichoke crop
Jerusalem artichoke Batch 1
(Rares variety)

Operating conditions limited to basic operations for Jerusalem artichoke crop

Jerusalem artichoke Batch 2
(Rares variety)

Jerusalem artichoke Batch 3
(Rares variety)

Jerusalem artichoke Batch 4
(Rares variety)

Probe

P1

P2

P3

Probe

P1

P2

P3

Probe

P1

P2

P3

Probe

P1

P2

P3

Tuber size

small

medium

big

Tuber size

small

medium

big

Tuber size

small

medium

big

Tuber size

small

medium

big

Brix [°Bx]
nD

23.2
1.3692

24.0
1.3705

22.3
1.677

Brix [°Bx]
nD

26.30
1.3725

25.00
1.3721

23.00
1.3690

Brix [°Bx]
nD

21.4
1.3666

20.0
1.3639

22.5
1.3680

Brix [°Bx]
nD

25
1.3721

26.5
1.3750

23.5
1.3698

PA [%]

12.92

13.4

12.38

PA [%]

14.78

14

12.8

PA [%]

11.84

11

12.5

PA [%]

14

14.9

13.1

U [%]

76.85%

75.31%

76.01%

U [%]

74.35%

72.61%

72.71%

U [%]

75.37

76.59

76.34

U [%]

72,34%

74.44%

73.87%

SU [%]

23.15

24.69

23.99

SU [%]

25.65

27.39

27.29

SU [%]

24.63

23.41

23.66

SU [%]

27.66

25.56

26.13

There have been preleased 3 probes from 2 different batches for each kind of culture, analyzed Rareș
variety developed by SCDA Secuieni. It can be seen that except the large difference in productivity of 43% for
the crop that had minimal works, the theoretical potential of the amount of ethanol produced does not differ
much for the 4 lots. Samples were analyzed on different sizes of tubers (small, large and medium), and the
studied characteristics were the Brix index (Brix, °Bx), the refractive index (nD), the alcoholic potential (PA,%),
the humidity (U,%), the dry matter, (SU,%). In order to validate the obtained results, the aim was to obtain
alcohol from Jerusalem artichoke, using fermentation and distillation processes.There have been used an
inoculum consisting of Saccharomyces cerevisiae, prepared as a mixture of 50 grams of Saccharomyces
cerevisiae, 5 kg of sugar and 15 kg of chopped Jerusalem artichoke. The inoculum was kept for 12 hours at a
constant temperature of 20 degrees.
In the first stage, the material was prepared for fermentation, by chopping the tubers using an
equipment produced by INMA, then put in a barrel, where the inoculum was added (Fig 4). Because Jerusalem
artichokes, unlike fruits, do not have enough juice, water was added.

Fig. 4 - Grinding and preparing the inoculum for Jerusalem artichoke tubers

After two weeks of fermentation, at a temperature of 25 degrees, the macerated product was distilled,
obtaining ethanol. In order to concentrate the obtained alcohol, a second distillation was performed, in order to
better evaluate the amount of pure ethanol that can be used as fuel (Fig 5). After repeated distillation, 90% vol
alcohol was obtained, in the proportion of 8.6 litters per 100 kg of macerate.
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Fig. 5 - Double distillation of the macerate to obtain alcohol

Because what resulted from fermentation has a high potential to produce natural fertilizers, after
fermentation the raw material was moved to the INMA composting platform, where it has been mixed with other
plant residues, and watered to support the degradation process (Fig. 6).

Fig. 6 - Waste composting operations resulting from the processing of plants in order to obtain bioethanol

CONCLUSIONS
The present paper analysed the potential of producing Jerusalem artichoke alcohol applying different
methods of cultivating the land, considering the unpretentious characteristics of this plant. One objective was
to see if by reducing the costs of annual agricultural works, it is possible to obtain increased quantities of
tubers and implicitly of bioethanol. Another aim was to analyse the Jerusalem artichoke processing from the
harvesting phase to the distillation phase.
We have used a simplified processing method which is suitable for medium and large quantities, and
not complex methods suitable only in the laboratory. The inoculation has been made only with
Saccharomyces cerevisiae, Inulinase was not introduced at this stage of the project to improve the process.
However, it is desired in the near future to compare current results with a new production process involving
inoculation with exo-Inulinase (Aspergillus niger).
The results showed that in the case of drier years the quantity of tubers produced on land without optimal
field processing can decrease by over 40%. Although the percentage may vary, depending on climatic
conditions, it is deduced that soil type and rainfall can be important factors in obtaining fuel from Jerusalem
artichoke for non-irrigated crops.
However, from a qualitative point of view, the cultures did not show major differences regarding the
potential for alcohol production, the Brix measurements showing similar values for both types of culture.
Except for the need for water Jerusalem artichoke, proved to be a plant that is not sensitive on soil properties,
does not require special care or special agricultural works, resists well to frost and pests.
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ABSTRACT
Procesele industriale automatizate se caracterizează prin prezența mașinilor și dispozitivelor cu
funcționare automată care adesea alcătuiesc instalații foarte complexe. La baza acestor procese automatizate,
sau mijloace de automatizare de ultimă generație, se află în mare măsură tehnici automate de reglare și control.
O caracteristică importantă a sistemelor de control și control automat este faptul că în ele are loc modificarea cu
un anumit scop a anumitor cantități (semnale) însoțite de o prelucrare a informațiilor. Deoarece tehnicile de
control și control automat sunt în mare măsură independente de echipamentele cu care sunt fabricate, aceste
câmpuri trebuie să fie subordonate științei sistemelor, motiv pentru care în cele ce urmează vor fi prezentate
considerații de bază în teoria sistemelor automate.
REZUMAT
Automated industrial processes are characterized by the presence of machines and devices with
automatic operation that often make up very complex installations. At the heart of these automated processes,
or state-of-the-art automation means, are largely automated adjustment and control techniques. An important
feature of the automatic control and control systems is that certain quantities (signals) accompanied by the
processing of information occur in them for a certain purpose. Since the techniques of automatic control and
control are largely independent of the equipment with which they are manufactured, these fields must be
subordinated to the science of systems, which is why basic considerations in the theory of automatic systems
will be presented below.
INTRODUCTION
Processing operations are largely dependent on the shape of the processed part and the shape and type
of the semi-manufacturer. Thus, for volume parts of irregular shapes, which are obtained from prismatic,
cylindrical or moulded semi-manufactures, the most commonly used processing process is milling. For
revolution parts, obtained from cylindrical semi-manufactured, the most widely used processing process is
turning, and for flat parts, obtained from semi-manufactured thin sheet type, a group of processes, called
generic profiling, can be referred to. Thinsheet semi-manufactures are much smaller in thickness than the other
two dimensions (length and width), and their processing is usually done in the plane defined by the two main
dimensions, length (X) and width (Y), XOY plane (Weigert, 2019). Technological movements on the Z-axis are
usually positioning movements, carried out outside of processing operations. The group of profiling operations
includes:
- Laser flow;
- Oxyacetylene flame flow (oxy-gas);
- Plasma beam flow;
- Water jet discharge;
- Electroerosion with filiform electrode;
- Stamping on numerically controlled stamping machines.
The acronym LASER is constructed from the terms Light Amplification by Stimulated Emission of
Radiation and the first applications of lasers have been reported since the 1950s.
The cutting technology of flat parts using the laser beam has already been used for a relatively long
period of time, which practically coincides with the period of occurrence of lasers, but the large-scale
introduction of numerically controlled technological equipment has led to a widespread industrial spread of the
process since the last three decades of the last century.
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In recent years there has also been a sharp development of three-dimensional cutting equipment, which
extends the technological possibilities of the process (Huehnlein, K. 2010).
Laser flow (Fig.1) is a separation process by which metal and non-metallic materials of different
thicknesses can be cut. The basic component for this purpose is a laser beam that is guided, shaped and
concentrated. When the laser touches the rough piece, the material heats up to such a high temperature that it
begins to melt or evaporate.
The entire power of the laser is concentrated in a single point, which most often has a diameter of less
than half a millimeter. If a greater amount of heat is applied to this point than that which can be eliminated by
thermal conductivity, the laser beam pierces the material entirely – the cutting process has begun. In the case of
other processes, massive instruments with enormous force work on the board, but the laser beam performs its
task without contact. This avoids wear and tear of the instrument, as well as deformations or damage to the
roughpiece.

Fig. 1 Laser flow (Breaz, 2012)

All materials used in industrial processing – from steel, aluminium, stainless steel and stained sheet to
non-metallic materials such as plastic, glass, wood or ceramics – can be lasered safely and at a high quality.
With this tool can be cut backgammon of very different thicknesses, from 0.5 to over 30 millimeters. This
extremely wide spectrum of materials makes the laser the best cutting tool for many other types of metal and
non-metallic materials (Choudhury, 2010).
The concentrated laser beam heats the material only locally, with the rest of the rough piece subjected to
minimal or no thermal stress. Thus, the cutting slot is slightly wider than the beam, and the complex,
watermarked contours remain smooth and without baves after cutting. In most cases, a laborious process of
further processing is no longer required.
Thanks to its flexibility, the cutting process is frequently used in small batches, in the case of a multitude
of variants and in the construction of prototypes.
Ultrashort pulses vaporize almost any type of material so fast that no thermal influence can be detected.
This results in high-quality cutting edges without melting. For this reason, the laser is ideal for the manufacture
of metal products, watermarked, such as stents in the field of medical technique. The ultrashort pulse laser cuts
reinforced glass through chemical processes for the screen industry (Petunin,2019).

MATERIALS AND METHODS
Laser flow is achieved by melting/evaporation of the material, using a focused laser beam as a heat
source (Fig. 2.1).
Coaxial laser beam is inserted a assistive gas for the formation of the energy jet. Lof the laser flow base
is the interaction between the focused laser beam and the rough piece (Fig.2.2).
In order for this process to be carried out safely and accurately, numerous components and auxiliary
means are used at the level and around the laser beam, which will be explained in the following graphic
representation (Breaz, 2012).
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Fig.2.1 Focused laser beam (Chen, 2011)

Fig. 2.2 Interactionțbetween focused laser beam and rough piece (Chen, 2011)

1. Optical focus system: a set of lenses and mirrors focuses the laser beam at the processing site
2. Laser beam: The laser beam comes into contact with the rough piece and heats it until it melts or
evaporates.
3. Cutting gas: with the help of the cutting gas, the resulting melt is blown from the cutting point. The gas
drains from the coaxial nozzle with the laser beam.
4. Cutting canes: In the case of laser cutting, the cutting edge is provided with a specific pattern of canels. In
the case of a low cutting speed, these grooves are approximately parallel to the laser beam.
5. Melting: The laser beam – concentrated laser light – is guided along the contour and melts the material
locally.
6. Front of the cutting: at the level of the rough part, the cutting slot has a diameter slightly larger than the
focused laser beam.
7. Nozzle: the laser beam and cutting gas come into contact with the rough piece via the cutting nozzle.
8. Cutting direction: by moving the cutting head or rough part in a certain direction, the cutting slot is formed
(Li, Xinghua, 2019).
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Another important aspect are parameters influencing the laser cutting process, namely:
- The position of the outbreak and its diameter - position of the foci influences the density of the
power and the shape of the cutting slot at the level of the rough piece. The diameter of the foci
determines the width of the slot and also the shape of the cutting slot.
- Nozzle diameter - Choosing the correct nozzle is decisive for the quality of the parts. Both the
shape of the gas jet and the amount of gas are determined by the diameter of the nozzle.
- Cutting speed - The cutting speed is determined by the cutting operation in question and the
material to be processed. In general, the more laser power is available, the faster it can flow. In
addition, the cutting speed decreases in relation to the increase in the thickness of the material. If
the speed is too high or too low for the material in question, this leads to irregularities in the surface
and the formation of baves.
- Debit ings and cutting pressures - Depending on the cutting process, different process gases are
used to be applied with different pressures at the cutting point. Argon and nitrogen, for example,
have the advantage of not reacting with molten metal in the cutting slot. At the same time, they
shield the cutting surface against the environment.
- Laser power - To exceed the processing threshold, i.e. the point at which the material begins to
melt, a certain amount of energy is required at the surface level. This is defined by: surface energy
= power density x exposure time on the part.
- Working regime – Continuous wave or pulse regime – through the working regime can switch
between applying laser energy to the rough part continuously or with interruptions.
- Degree of polarization - Almost all CO2 lasers produce linearpolarized laser light. In the case of
contour cutting, the result of cutting is affected by the direction of cutting: if the light oscillates
parallel to the direction of the cutting, the edge is smooth. If the light oscillates perpendicular to the
direction of cutting, a bave is formed. Therefore, linear polarized laser light is often replaced by
circular polarized laser light. The degree of polarisation indicates the extent to which the required
circular polarization has been achieved and is very important for the quality of the flow. In the case
of solid-medium lasers, polarization should not be changed; the results of the charges achieved with
them are independent of the direction (Wei, Xuan, 2019).
Laser processing is characterized by a productivity of 10...20 times higher than the oxyacetylene or
mechanical cutting process. Advantages of the laser cutting process may also be listed:
- high technological advance speeds during the cutting operation of the semi-manufacturer;
- low technological losses due to the low value of the diameter of the laser beam (with values
between 0.2...0.5 mm);
- the accuracy of the parts processed is superior to those obtained by similar processes (oxy-gas and
plasma flow);
- reduced thermally influenced area and thus better roughness of the processed surfaces;
- the possibility of processing parts with complex shapes;
- wide range of processable materials.
Disadvantages] of using a laser cutting system include:
- machine-tool technology equipment with numerical control for laser cutting has relatively high
acquisition costs (compared to technological equipment for other profiling operations, or even
compared to cutting machine tools);
- there is a thickness limit of materials that can be cut (between 10-15 mm);
- some materials (Al alloys and Cu alloys) may reflect the laser beam, which may negatively influence
the performance of the cutting process (Riveiro, 2012).
The technological equipment used for laser cutting, at present, is mostly made in the numerically
controlled version. In this case, the numeric control shall ensure that the relative movements between the sheettype semi-manufactured and the work unit supporting the laser beam control. In addition, the CNC equipment
also ensures that the technological parameters of the process are maintained within the established limits. The
structural scheme of a numerically controlled laser cutting machine is shown in (Fig.3).
The machine in (Fig. 3) is intended to cut parts of (semi-manufactured sheet metal into the plane. Thus,
the moving elements of the machine perform movements controlled by the numerical control equipment on 3
translation axes, X, Y and Z. This type of machine is the most used and representative for laser cutting
processing.
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Fig. 3 Structural scheme in principle of a 3-axis numerically
controlled laser cutting machine (X, Y, Z) (Petunin, Alexander 2019)

RESULTS
Based on what is presented, some future results can be summarised, which will be presented below.
Laser cutting technology for sheet metal semi-manufactures has long been a mature technology used on an
industrial scale. The structure of numerically controlled laser cutting machines is also relatively typed, divided
mainly into two types: plane cutting machines, which have three numerically controlled axes, and spatial cutting
machines, which have five numerically controlled axes. However, future research in this article is focused on the
plan cutting machines, due to their much greater degree of spread.
In the future, we aim to implement a vibration control monitoring system by placing uniaxial and triaxilai
accelerometers on the equipment-bearing elements (batium, sleigh, portcle) with the role of increasing the
operator's security and achieving predictive maintenance of the equipment through vibration analysis, lubrication
fluid analysis, thermography, spectometry.
An experimental validation of theoretical solutions to improve the precision of processed parts on
numerically controlled cutting machines will also be pursued. This involves the processing of parts with various
values of the adjustment parameters of the motion control systems, followed by dimensional measurements to
enable the accuracy of the processed parts to be assessed. It will be monitored if the set of adjustment
parameters, determined on the basis of simulation studies, leads to an improvement in the accuracy of the
machine.
CONCLUSIONS
In the field of cutting metal and non-metallic materials, laser, as a universal tool, is often the first option.
The laser beam cuts almost any contour quickly and flexibly - no matter how watermarked and complex the
shape and however thin the materials are. Different cutting gases and cutting pressures influence the
processing process and the outcome. At the same time, a numerically controlled cutting machine offers a wide
variety of applications, e.g. cutting carbon and stainlesssteel materials with a high degree of reflectivity, can be
processed at a high quality.
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ABSTRACT
The objective of this paper was to evaluate the production of high-quality bioethanol using as raw material
a mixture consisting of Sorghum Saccharatum juice and degraded apples fruits, which are unfit for food
consumption. The research study has assessed all technological processing stages, in order to solve the most
common encountered problems in obtaining competitive biofuels, namely the high price of producing ethanol and
the unfair competition on the soil resource between plants with energy potential and plants intended for food
production.
REZUMAT
Obiectivul lucrării este de a evalua obținerea de bioetanol de calitate superioara utilizând ca materie bruta
un amestec de suc de Sorg zaharat si mere degradate, fructe care sunt improprii consumului alimentar. Studiul de
cercetare a evaluat toate etapele tehnologice de procesare, pentru a rezolva cele mai importante probleme in
obținerea de biocombustibili si anume prețul ridicat de producție al etanolului si competiția pe resursele de sol
dintre plantele ce au potențial energetic si plantele utilizate in alimentație.
INTRODUCTION
Industrial-scale cultivation of non-food energy crops for biofuels production have been considered as a
positive step for preventing energy shortages and decreasing greenhouse gas emissions (Qin et al., 2011;
Sanscartier et al., 2014; Belc et al., 2019), however the use of crops for the production of biofuels to the detriment
of food is generating now increasingly more concerns. Furthermore, the cost of obtaining alcohol from these
frequently used crops is still higher than that cost of synthesising petroleum fuels (Biriş et al., 2006; Marin et al.,
2018; Vlăduţ et al., 2018a; Vlăduţ et al., 2018b; Vlăduţ et al., 2019; Voicea et al., 2018; Voicea et al., 2019).
The characteristics of this plant, including disease resistance, wide adaptability, and very good biological
productivity confer to sorghum a better energy balance, as compared to other competing crops (Yu et al., 2008),
especially due to the new developments in processing technologies that allow transformation of both soluble
sugars and structural carbon compounds (cellulose and hemicellulose) in energy (Covaliu et al., 2017; Gürkan et
al., 2016; Ungureanu et al., 2020; Voicea et al., 2016).
This paper evaluates the potential of using sweet sorghum as an alcoholic fermentation material in
combination with apple fruit waste obtained from an orchard of fruit trees. The sweet sorghum juice is rich in
fermentative sugar and is a favorable alcoholic fermentation material (Barcelosa et. al. 2016), therefore it can be a
good alternative crop for ethanol production especially since it is not as a demanding culture as conventional
biofuel crops.
The sugar content is commonly expressed using brix degree, however could be significant variations in
the evaluation of the real potential of alcohol production (Lazăr et al., 2019). Therefore we set out to validate the
results through the fermentation and distillation processes. By studying the relationships between different sugars
is beneficial to the enhancement of alcohol production rate. Barcelos C.A., et al. (2016) studied the enzymatic
hydrolysis of sorghum grains bringing process optimizations. They have subjected sweet sorghum bagasse to
acid treatment for hemicellulose removal and hydrolysis, and used Scheffersomyces stipitis strain to evaluate the
fermentability of the hemicellulosic hydrolysate, procedure that improves the amount of alcohol produced from
plants.
Nuanpeng S., et. al (2018) have produced ethanol from sweet sorghum juice using the thermotolerant
Saccharomyces cerevisiae strain DBKKUY-53 immobilized in an alginate-loofah matrix (ALM), determining
optimum conditions for ethanol production by ALM-immobilized cells.
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The reason sweet sorghum is such a promising feedstock for ethanol production is because it can be
grown under very difficult conditions, being much efficient to stress than traditional crops, and has large biomass
production potential (Ekefre D.E., 2017; Ji G, 2017 and Chandran AK, 2016).
Studies have shown that the plant is resistant to drought, and can be adapted to most of the temperate
and tropical climates as an annual or short perennial crop (Khalil et al., 2015; Mahapatra et al., 2011).
Bellmer et al., (2010) obtained productions of sweet sorghum ranging from 32 to 112 Mg ha−1 of fresh
biomass and from 15 to 25 Mg ha-1 dry biomass, depending on cultivar, climate, location and production practices.
The sorghum plant grows from 120 cm to 400 cm, consisting of about 19% leaf matter, 37% juice, 8% seed head
and 36% bagasse. Sánchez and Cardona, (2008) compared the production cost of obtaining alcohol from
sorghum compared to the other 2 most common plants. If the cost of sweet sorghum have been found to be
between $200-300 per m3, compared to sugarcane $ 260 per m3 and $ 450 per m3 for lignocellulosic ethanol.
Sorghum is well adapted to water deficits, salinity, and alkalinity, recording large amounts of sugars produced
even when in fields with a saline soil, even if it received 50–75% of the irrigation water (Dalla Marta et al., 2014;
Regassa and Wortmann, 2014). Sweet sorghum juice contains 12% to 20% sugars, the main component sugars
being of sucrose, glucose, and fructose (Khalil et al., 2015)
MATERIALS AND METHODS
In the near future, it is anticipated that all the raw material used to manufacture biofuels will be waste
materials, including waste biomass represented by lignocellulosic feedstock, and once technology advances the
main raw material is expected to be carbon dioxide, and even water vapors (Biernat K., 2018) which can be
converted into clean energy with a low impact on the environment. This is the reason why our experimentation
used as raw material a mixture of sorghum and apple wastes, which can no longer be introduced into the food
chain due to massive degradation.
The sorghum plant have been harvested using specific threshing equipment, then was washed and left
for 10 minutes to remove the water excess.
Using INMA Bucharest designed equipment for stems processing, the sorghum juice have been extracted
by applying a pressing force to the plants (Fig. 1). The extraction equipment has an increased efficiency,
managing to extract over 300-500 kg of raw material in one hour, depending on the plants that are being
processed.

Fig. 1. Processing the Sorghum Saccharatum, to extract the juice that has high sugar content, using the extraction
equipment designed by INMA Bucharest

Over the obtained sorghum juice, apple were brought from the orchard, going through a process of
chopping with a shredder.

Fig. 3 - Preparing apples to be integrated into the shredding process
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Both apples and sorghum passed through an extraction process, and the juice was analyzed in the
physico-chemical analysis laboratory, to determine the alcoholic potential Fig 2.

Fig. 2. Sampling and performing physico-chemical analyzes (fiber analysis, density analysis, Brix index
and refractive index for different sizes of tubers
Table 1 shows in tabular form the values of the Brix index for sorghum juice extract and apple juice
extract. Can be observed that the Brix index of sorghum are half the expected values, because it was harvested
too early. Apples showed a normal level of sugar content, considering the state of advanced degradation.
Table 1
Measurement of Brix index values for sorghum juice extract and apple juice extract
Brix index
Sorghum
Apple juice
Probe 1
6.4
12.1
Probe 2
7.2
11.7
Probe 3
6.4
12.3
Probe 4
6.7
12.4
Probe 5
7.1
11.5
Probe 6
6.7
11.3
Probe 7
5.9
11.5
Probe 8
6.4
12.4
Probe 9
6.7
12.5
Probe 10
7.1
12.4

The time variation of the sugar content in sorghum is a problem that has been studied. In order to harvest
the plant as close as possible to the maximum potential, a monthly analysis of the sugar content was performed.
Our analysis conducted in 2018 showed the period August - October being considered relevant for assessment,
as can be seen in the following table below (Table 2). Have been analyzed 5 relevant points from the whole
surface of the crop, taking samples of both large and small plants.
Table 2
Time dependence analysis of the amount of sugars in sweet sorghum
Sampling
date

Sampling
spot
Sampling point 1
Sampling point 2

04.07.2018

Sampling point 3
Sampling point 4
Sampling point 5

18.07.2018

Sampling point 1
Sampling point 2

Plant
type
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
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Brix
[ºB]
4,2
4,0
4,5
4,1
3,7
3,3
4,0
3,9
4,2
3,8
6,0
5,8
6,4

Refraction
index
1,3391
1,3387
1,3395
1,3390
1,3383
1,3378
1,3387
1,3386
1,3391
1,3385
1,3418
1,3415
1,3424
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Sampling
date

Sampling
spot

Sampling point 3
Sampling point 4
Sampling point 5
Sampling point 1
Sampling point 2
01.08.2018

Sampling point 3
Sampling point 4
Sampling point 5
Sampling point 1
Sampling point 2

21.08.2018

Sampling point 3
Sampling point 4
Sampling point 5
Sampling point 1
Sampling point 2

28.08.2018

Sampling point 3
Sampling point 4
Sampling point 5
Sampling point 1

18.09.2018
Sampling point 2
Sampling point 1
10.10.2018
Sampling point 2

Plant
type
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem
Sorghum with small stem
Sorghum with large stem

Brix
[ºB]
6,0
4,1
3,4
6,1
5,9
4,4
4,0
7,0
6,5
7,9
6,6
4,9
3,9
6,8
6,1
5,0
4,3
15,3
17,3
11,0
11,2
7,9
6,7
14,3
10,3
10,4
12,0
20,7
17,7
11,5
11,6
7,0
8,8
18,8
18,0
13,8
15,2
18,2
17,1
15,3
15,7
16,6
16,9
16,0
16,7

Refraction
index
1,3418
1,3390
1,3380
1,3420
1,3415
1,3393
1,3387
1,3432
1,3425
1,3446
1,3426
1,3400
1,3386
1,3430
1,3420
1,3404
1,3393
1,3561
1,3593
1,3493
1,3498
1,3445
1,3428
1,3544
1,3483
1,3484
1,3510
1,3650
1,3600
1,3500
1,3504
1,3432
1,3460
1,3690
1,3605
1,3539
1,3590
1,3608
1,3590
1,3561
1,3567
1,3583
1,3587
1,5720
1,3585

Can be deduced from the table that for the samples made in 2018, the optimal harvesting period was
August 21 - 28. However, this period also depends on the climatic conditions, because in the same period of 2019
the amount of sugars in sorghum was half the value in 2018. Given the fact that there is a short period in which
the amount of sugar is maximum, then Brix values are starting to decrease again, ethanol processors must pay
special attention to the harvest period.
The results were validated by producing alcohol from the mixture of apple wastes and sorghum.
The fermentation mixture was made in 200 l barrels, where a quantity of 54.5 kg of chopped apples and
71 liters of sorghum juice were added. In addition, an inoculum of Saccharomyces cerevisiae, mixed with 5 kg of
sugar were mixed to help and speed up the process. The fermentation lasted 14 days, when the sugars were
converted into alcohol.
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Fig. 4 - Fermentation and preparing the inoculum for the maceration mixture

In order to concentrate the obtained alcohol, a second distillation was performed (fig 5). After repeated
distillation, 90% vol alcohol was obtained, in the proportion of 15.4 liters per 100 kg of macerate.

Fig. 5 - Double distillation of the macerate to obtain alcohol

CONCLUSIONS
The paper aimed to analyze various recipes for the production of biofuels from a mixture made of fruit
wastes and an easy to grow and less demanding technical plant, namely Sorghum Saccharatum. The objective
was to analyze what problems can occur in obtaining high yields and what is the real potential of such a mixture.
It has been shown that it is quite difficult to estimate the optimal harvesting period of sorghum, because
its maximum potential for sugar content is obtained in a short period of time, being influenced by ambient
temperature, the amount of water and soil properties.
Apple waste has shown promising potential in bioethanol production, only if harvested in a timely manner.
We are convinced that production of alcohol from crops wastes, fruit wastes, leaf, or wood waste will be the future
in terms of fuel production, gradually replacing the use of fossil fuels. Therefore, our research will continue to
optimize ethanol production processes, using unconventional plants and methods, especially wastes.
ACKNOWLEDGEMENT
This work was supported by a grant of the Romanian Ministery of Research and Innovation CCDI UEFISCDI, “Complex system of integral capitalization of agricultural species with energy and food potential”,
project number PN-III-P1-1.2-PCCDI-2017-0566, Contract no. 9PCCDI/2018, within PNCDI III and through a
grant on Programme 1 – Development of the national research development system, subprogramme 1.2 –
Institutional performance – Projects for financing excellence in RDI, contract no. 16PFE.
REFERENCES
[1]
Barcelos C.A.,Maedaa R. N., Santa Anna L.M. M., PereiraJr N., (2016) Sweet sorghum as a whole-crop
feedstock for ethanol production, Biomass and Bioenergy, 94, pp. 46-56;
[2]
Belc N., Mustăţea G., Apostol L., Iorga S., Vlăduţ V., Moşoiu C. (2019), Cereal supply chain waste in the
context of circular economy, 8th International Conference on Thermal Equipment, Renewable Energy and
Rural Development (TE-RE-RD 2019), E3S Web of Conferences 112, 03031, Târgovişte – Romania;
[3]
Bellmer, D.D., Huhnke, R.L., Whiteley, R., Godsey, C., (2010), The untapped potential of sweet sorghum
as a bioenergy feedstock. Biofuels, 1 (4), 563–573;
[4]
Biernat K., (2018), Introductory Chapter: Prospective Biofuels, Biofuels - State of Development
[5]
Biriş S., Vlăduţ V., Bungescu S., Ilea R. (2006), Software for parametrical design of kneading tank from
the alcohol industry, INMATEH III - 2006, pp. 143148, Bucharest / Romania;
[6]
Chandran AK, Yoo YH, Cao P, Sharma R, Sharma M, Dardick C, Ronald PC, Jung KH. (2016), Updated Rice
Kinase Database RKD 2.0: enabling transcriptome and functional analysis of rice kinase genes, RICE 9(1):40;
[7]
Cole, M.R., Eggleston, G., Petrie, E., Uchimiya, M., Dalley, C., (2017), Cultivar and maturity effects on the
quality attributes and ethanol potential of sweet sorghum. Biomass Bioenerg. 96, pp. 183–192.

507

INTERNATIONAL SYMPOSIUM

[8]

[9]
[10]

[11]
[12]
[13]
[14]

[15]
[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Covaliu C., Zăbavă B., Toma L., Ilie F., Vlăduţ V., Matache M., Moga C.I. (2017), Nanotechnology applied
in wastewater treatment field, 6th International Conference On Thermal Equipment, Renewable Energy
And Rural Development, TE-RE-RD’ 2017, pp. 193-196, Moeciu/Prahova;
Dalla Marta, A., Mancini, M., Orlando, F., Natali, F., Capecchi, L., and Orlandini, S. (2014), Sweet sorghum for
bioethanol production: crop responses to different water stress levels. Biomass Bioenerg. 64, 211–219;
Ekefre D.E., Mahapatra A.K., Latimore Jr. M., Bellmer D.D., Jena U., Whitehead G.J., Williams Ar.L.,
(2017), Evaluation of three cultivars of sweet sorghum as feedstocks for ethanol production in the
Southeast United States, Heliyon. 3(12), pp. 1-18;
Gürkan G.A.K., Demirel B., Selvi K.Ç., Kabaş Ö., Vlăduţ V. (2016), Evaluation of waste biomass from oat
cultivation for energy, ACTA TECHNICA CORVINIENSIS, Tome 9, Fasc. 3, pp. 163-166;
Ji G, Zhang Q, Du R, Lv P, Ma X, Fan S, Li S, Hou S, Han Y, Liu G. (2017), Construction of a highdensity genetic map using specific-locus amplified fragments in sorghum. BMC Genom. 18(1):51;
Khalil, S.R.A., Abdelhafez, A.A., Amer, E.A.M., (2015). Evaluation of bioethanol production from juice and
bagasse of some sweet sorghum varieties. Ann. Agric. Sci. 60 (2), 317–324;
Lazăr A-M., Burnete A-G., Catană M., Catană L., Stamatie G., Teodorescu R.I., Belc N., Vlăduț V. (2019),
Enrichment of pasta with functional ingredients obtained from vegetable waste and by-products, in order to increase
the nutritional and antioxidant potential, ISB-INMA TEH’ 2019 International Symposium, pp. 806-816, Bucharest;
Mahapatra, A.K., Latimore Jr, M., Bellmer, D., Singh, B.P., 2011. Utilization of sweet sorghum for ethanol
production - A review Paper No 1111567. ASABE, St. Joseph, MI;
Marin E., Vlăduț V., Găgeanu I., Voicea I., Olan M., Ungureanu N., Biriş S., Epure M. (2018),
Technologies and equipment used for obtaining of alcohol from technical plants, International Symposium
ISB-INMA TEH’ 2018, pp. 971-980, Bucharest / Romania;
Nuanpeng S., Thanonkeo S., Klanrit P., Thanonkeo P.,(2018) Ethanol production from sweet sorghum by
Saccharomyces cerevisiae DBKKUY-53 immobilized on alginate-loofah matrices, Brazilian Journal of
Microbiology, 49 (1), pp. 140-150;
Regassa, T. H., and Wortmann, C. S. (2014). Sweet sorghum as a bioenergy crop: literature review.
Biomass Bioenerg. 64, 348–355. doi: 10.1016/j.biombioe.2014.03.052;
Qin, Z., Zhuang, Q., Zhu, X., Cai, X., and Zhang, X. (2011). Carbon consequences and agricultural
implications of growing biofuel crops on marginal agricultural lands in China. Environ. Sci. Technol. 45,
pp. 10765–10772. doi: 10.1021/es2024934;
Sanscartier, D., Deen, B., Dias, G., Maclean, H., Dadfar, H., Mcdonald, I., et al. (2014). Implications of
land class and environmental factors on life cycle GHG emissions of Miscanthus as a bioenergy
feedstock. GCB Bioenerg. 6, pp. 401–413. doi: 10.1111/gcbb.12062;
Ungureanu N., Vlăduţ V., Biris, S.St. (2020), Capitalization of wastewater-grown algae in bioethanol
production, 19th International Scientific Conference Engineering for Rural Development, vol. 19, pp. 18591864, Jelgava, LATVIA;
Vlăduț V., Marin E., Voicea I., Apostol L., Găgeanu I., Olan M., Cujbescu D., Pruteanu A., Matei Gh.
Ungureanu N., Oprescu R., Dincă M., Zăbavă B., Catană M. (2018a), Technologies and equipment used
for obtaining byproducts and waste resulting from the capitalization of energy crops, International
Symposium ISB-INMA TEH’ 2018, pp. 1055-1062, Bucharest;
Vlăduț V., Voicea I., Belc N., Apostol L., Găgeanu I., Cujbescu D., Matei Gh., Ungureanu N. Persu C.,
Olan M., Żelaziński T., Ekielski A., Deak G., Catană L. (2018b), Technology and equipment used for
obtaining of substitutes and wastes resulting from the capitalization of energy crops, International
Symposium ISB-INMA TEH’ 2018, pp. 955-960, Bucharest;
Vlăduţ V., Voicea I., Grigore I., Vlăduţoiu L., Dumitru D., Apostol L., Matei Gh., Popa D., Isticioaia S.,
Ungureanu N., Biriş S.Şt., Paraschiv G., Epure M., Dumitru C. (2019), Considerations concerning the
valorization of the juice obtained from sugar sorghum stalk from alcohol, ANNALS OF THE UNIVERSITY
OF CRAIOVA – Agriculture, Montanology, Cadastre Series, pp. 340-347, Craiova, România;
Voicea I., Neagoe M., Găgeanu I., Persu C., Cujbescu D., Iuga D., Vlăduţ V., Trotuș E., Isticioaia S.,
Ungureanu N., Dincă M., Arsenoia V. (2018), Constructive solutions for distillation installations for
obtaining alcohol, International Symposium ISB-INMA TEH’ 2018, pp. 621-628, Bucharest;
Voicea I., Cujbescu D., Niţu (Roşu M.) , Persu C. , Matache M., Vlăduţ V., Dincă M., Moiceanu G.,
Ungureanu N., Toma L., Oprescu M.R. (2016), - Integrated waste management, International Symposium
ISB-INMA TEH’ 2016, pag. 413-424, Bucharest;
Voicea I., Gageanu I., Vlăduț V., Trotuș E., Isticioaia S, Arsanoia V. (2019), Installation for obtaining raw
alcohol by using plants with energetic / food potential, RESEARCH PEOPLE AND ACTUAL TASKS ON
MULTIDISCIPLINARY SCIENCES, pp. 163-167, Lozenec – Bulgaria;
Weng, J. K., Li, X., Bonawitz, N. D., and Chapple, C. (2008). Emerging strategies of lignin engineering
and degradation for cellulosic biofuel production. Curr. Opin. Biotechnol. 19, 166–172.
508

INTERNATIONAL SYMPOSIUM

RESEARCH ON THE CURRENT STATE OF TECHNICAL EQUIPMENT FOR THE
EVACUATION OF SEEDS FROM BUNKERS
/
CERCETĂRI PRIVIND STADIUL ACTUAL AL ECHIPAMENTELOR TEHNICE PENTRU
EVACUAREA SEMINȚELOR DIN BUNCĂRE
Ph.D. Stud. Eng. Petre A.A.*), Eng. Vanghele N.A., Eng. Mihalache B.D., Ph.D. Stud. Eng. Grigore A.I.,
Eng. Matache A., Ph.D. Stud. Eng. Dumitru D.N., Eng. Stanciu M.M., Eng.Grigore I. , Ph.D.Eng. Nenciu F.
*)
INMA Bucharest
Tel: 0212693259, E-mail: ancapetre28@gmail.com

Keywords: bunker, seeds, agriculture, mass flow
ABSTRACT
This summary presents some of the existing literature on seed flow in bunkers, including flow rates, how
to obtain and use the granular material, their properties and the design of the bunkers. The internal friction angle
of a granular material, the friction angle of the wall between the granular material and the hopper are the most
important factors in determining the optimal flow highlighted by a granular flow in the form of a funnel. The
shape of the hopper will also be highlighted, having a major impact on the transition point between the mass
and the flow of the funnel for a certain material.
REZUMAT
Această sinteză prezentă o parte din literatura de specialitate existentă privind fluxul semințelor în
buncăre, inclusiv regimurile de curgere, modul de obținere și utilizare a materialului granular, proprietățile
acestora și design-ul buncărelor. Unghiul intern de frecare al un material granular, unghiul de frecare a peretelui
între materialul granular și buncăr sunt cei mai importanți factori în determinarea fluxului optim evidențiat printr-o
curgere granulară sub formă de pâlnie. Se va scoate în evidență forma buncărului de asemenea, având un
impact major asupra punctului de tranziție dintre masa și debitul pâlniei pentru un anumit material.
INTRODUCTION
Bunkers are containers in which materials spilled in very large quantities are stored. Depending on the
ratio of the main dimensions of the container, they are differentiated as follows: bunkers, silos and loading
funnels. If the height of the container is of the same order as its transverse dimensions, it shall be called the
bunker; if the height is much greater than the dimensions of the cross-section, the container shall be called a
silo. If, on the contrary, the height of the container is less than the dimensions of its cross-section, the container
no longer having the role of storing the product, but the role of passing it from the receiver to one of the working
organs of the installation or to another container, it shall be called a loading funnel. (Costin I., 1988; Fernández
M., 2017)
Granular materials stored in a silo shall be subjected to compression and shearing during its filling and
emptying. The compartment of solid granular material stored under compression and shear is thus vital to
provide an additional perspective on the phenomena occurring in the silo enclosure.
Recent scientific research presents an exhaustive and comprehensive analysis of granular solid materials and
silo research, and focuses on the main topics that are directly related to the work discussed. (Hartl J., 2008)
The diversity of aspects related to the flow of seeds caused by the multitude of working processes to
which they are subjected can be framed in the general conceivable way of the flow of solid materials in the
granular state. The granular material can be defined as a material consisting of multiple solid particles of
different sizes. This is the most common form of raw material in the industry worldwide. (Căsăndroiu T.1994;
Meilă C., 2011)
Quantitatively, it is estimated that at least 75 % of the raw material and 50 % of the industry's products
are handled as granular material (Nedermann R. M.,1992). Although they have a simple appearance, granular
materials present a wide range of behaviors that are still far from understood and explored. This form of material
is considered by some experts to be the fourth state of the raw material, (Leuenberger H, 2002) because it can
behave: as a solid (suffers deformations under loads), as a liquid (flows and is turnable) , as a gas (has
compressibility and consists of unrelated particles) (Guiellermo R.S, 2001). Another way of describing these
materials from the point of view of flow is to associate them with the concept of 'fragile matter' (Cates M.E,
1998).
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In this paper are addressed the typical problems that occur at bunkers and silos and is presented the
design of them and related equipment in order to avoid these problems. The most important point is the
determination of the slope of the bunker necessary to prevent stagnant areas, and the dimensions of the escape
to avoid flow obstructions, such as stable springs. These quantities shall be calculated on the basis of the flow
properties of the solid in the bulk in question. Flow properties are, for example, compression resistance and
internal friction, and they must be measured with appropriate shear testers (Schulze D., 2016).
MATERIALS AND METHODS
A comprehensive study of the behavior of the flow of solid granular materials into silos was conducted
by Jehike in 1960. Jehike introduced the new flow pattern by dividing it into two different types: mass flow and
funnel flow. These terms are still commonly used nowadays. A silo is characterized by the flow of mass, when
all the materials inside are moving during unloading. Funnel flow is defined as a flow pattern, where some of
these materials inside the silo remain stationary during unloading. (Jehike A.W., 1964).

Fig.1 - Flow chart for conical hopper after Jenike (Jenike A.W., 1964 )

Bunkers are widely used and balance the natural fluctuations in production and the demand for storage of
bulk solids. They are used in countless types of industries, namely chemical agriculture, mining and food
processing. With the increase in demand in these industries, silos have steadily increased to 100,000 tonnes.
Building such massive structures, however, brings many challenges for design engineers.
In the stream of the funnel was later discovered the flow of the pipe and the mixed flow of Rotter (Rotter,
2001), as shown in Figure 2.

Fig.2 - Flow pattern in silos (Rotter, 2001)

The basic geometric shapes investigated by Jenike are funnel-conical, feather-shaped and
asymmetrical in Figure 3. These asymmetric shapes have several significant disadvantages and do not offer
advantages given the unloading compartment of the seed material or the best use of the space compared to the
equivalent of symmetrical bunkers. To neglect the influence of the front walls, it is assumed for the wedgeshaped funnel that the length of the rectangular socket L, be at least three times its width, b (L>3b).
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Fig. 3 - Main geometric shapes after Jenike (Schulze D., 2016)
a. conical; b. feather-shaped; c. asymmetrical wedge- shaped ; d.asymmetric conical.

The process of seed flow, its qualitative and quantitative performance are very important and useful in
the diversity of activities in agriculture and the food industry. In both agriculture and food industry activities, the
processes in which the gravimetric flow of granular materials occurs, such as for storage of seeds for transport,
for dosing, for sowing. The gravitational flow of seeds is probably most common when handling and storing
them , the movement of materials in, and in, storage bunkers being a concern of operators in the milling
industry; loading or unloading of seeds from elevators, trucks, wagons, ships, seed drying equipment shall be
done gravitationally (Wang Y. J., 1995, Brăcăcescu C.,2010).
In the first experiments it was discovered that the pressures often increased when the silo was emptied.
The increase was often not a fixed value,but the pressures tended to rise sharply and decrease with time.
(Ketchum, M.S., 1919). Increases ranged from probably 10 to 30% as stable values, while very short-term local
increases were observed at probably 2 or 3 times the Janssen value. Because the concept used was that the
Janssen theory gave the first measure of the effects of the silo, it was natural that there would be a "pressure" at
each level, so that this single pressure could be measured using a single pressure cell. Thus, great pressures
were beginning to appear as high symmetrical pressures at every point where they were observed. (Janssen,
H.A., 1985).
Figure 4 presents several problems that may occur during the operation of a silo. If the opening of the
outlet is too small, a stable arc may form above and the flow stops (Fig. 4.a). If the particles are not much
smaller than the opening, the reason for the formation of the arc is the blocking of particles. In contrast, very fine
particle size materials can form cohesive arches as a result of the compressive resistance caused by the
strengthening of interparticle adhesive forces (Schulze D., 2016).

Fig.4 - Possible problems during silos operation (Maraveas C., 2020)
(a) arching; (b) the flow of the funnel with the distribution of the stagnation time and the deterioration of the quality of the product; c).
ratholing; (d) excessive flow of material; (e) segregation; (f) uneven discharge of the screw feeder causing the eccentric flow of the funnel;
(g) buckling caused by eccentric flow; h) vibrations (noise)
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The main design problems of a bunker are of two types, either the material is not discharged adequately from
the opening of the outlet mouth or the material separates during the flow:
✓ The blockage of the exhaust pipe occurs when the core of the discharge of the flow of material on the
stalled sides of the bunker remains stable and does not allow the seeds to flow through the outlet;
✓ The flow rate is too slow, occurs when the material does not come out of the bunker fast enough
✓ Arching – the material is overloaded so that the particles form cohesive bridges, thus stopping the flow
completely.
✓ Incomplete emptying occurs when empty spaces in the container may prevent the material from being
completely discharged from the compartment.
✓ Segregation. Particles of different size and density tend to separate due to vibrations or a percolation action
of smaller particles moving through empty space among larger particles (Bridgwater J., 1983).
RESULTS
Determining where the transition of materials between the mass flow and the funnel takes place is of great
importance to the bunker designer. Because of this it is difficult to obtain concise and explicit equations describing
granular flow, and the use of empirical models is used. In some cases, small-scale test bunkers may be constructed
and tested, provided they have geometric similarity and are dynamic and kinematic. In other cases, such as
modelling of feeders, vibrations or other moving parts, or when using anisotripic granular materials, large-scale
bunkers must be constructed (Sandlin M.J., 2013).
Initiating the gravitational discharge of granular solids from a storage silo is one of the riskiest operations
because it is associated with powerful dynamic effects: rapid pressure pulsations and the transition from active to
passive stress state. Dynamic load pulse can be observed in all types of compartments with high mass flow, with a
fill height greater than the diameter of the compartment. Pulsating tasks can lead to structural fatigue or even failure
when the natural frequencies of silo filling and its structure are aroused by flow impulses. (Roberts, A.W., 2012.)

Fig.5- Symmetric bunker diagram

Fig.6 - Symmetrical opening bunker with size W x L
(G.G. Chase, 2010)

Example: δw=22◦=δ=50◦= θ=30.5◦=ff=1.19 (fig.5)
For symmetrical slot discharge funnels, the opening size is determined from:
(1)
; L>3W

(2)

These are the minimum dimensions for the opening slots to ensure the mass flow. In the next section,
some correlations are given to estimate the flow rate of solids by opening. Larger openings can be used for a
higher flow and still maintain mass flow. In practical design the angle ρ is reduced by a margin of safety (Mr.
Rhodes, 1990).
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Fig. 7 - Conical bunker diagram

Fig. 8 - Conical bunker with size D and semiincluded angle (Holdich R., 2002)

Example : δw=22◦=δ=50◦= θ=20.5◦=ff=1.29 (fig.7)
(3)
(4)
Stress from the bunker exit may fall below the CAS if the opening is too low. Therefore, the opening size
of the output must ensure that the stress applied exceeds the CRITICAL Applied Stress (CAS). Correlations on
the size of the output with CAS are provided. Where ρ is in degrees, from the diagrams in figures 7 or 8. Typical
values for H are about 2.4 (George G. Chase).
CONCLUSIONS
The ratio between the various dimensions of the bucket, funnel and outlet determines the way of
gravitational flow of the granular material in the bunker. Depending on the condition of the surface in contact
with the granular material positioned inside the bunker, there are certain forms of bunkers that determine certain
modes of flow.
Knowledge of the principles of seed flow is not sufficient in such problems, because the system of
granular material, either static or moving, deviates significantly from the basic principles due to the blockage
produced inside the bunker.
It is obvious that the subject is of great avengre and requires much more detailed treatment on many
issues than is possible in this paper.
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ABSTRACT
Modern agriculture involves many mechanization operations for soil works, crop farming, animal
husbandry, product procedure, transport, etc. Their main goal is to make the physical effort of man more
efficient and to reduce the physical effort. To achieve these objectives, several energy sources are used which,
unmanaged with responsibility, can produce important phenomena of pollution both to the environment and
organisms.
REZUMAT
Agricultura modernă presupune multe operații mecanizate pentru lucrările solului, întreținerea culturilor,
creşterea animalelor, procesarea produselor, transport, etc. Scopul principal al acestora este eficientizarea
lucrărilor şi diminuarea efortului fizic al omului. Pentru atingerea acestor obiective se folosesc mai multe surse
de energie care, negestionate cu responsabilitate , pot produce importante fenomene de poluare atât mediului
cât și organismelor.
INTRODUCTION
Interactions between humans and the environment are widely studied as multiple activities that influence
the natural ecosystem. The environment is a unitary whole of biotics (living organisms and microorganisms) and
abiotics- hydrosphere, lithosphere and atmosphere (Manisalidis I. et al 2019).
Pollution in general can be defined as “the totality of processes through which matter or energy is
introduced into the environment, directly or indirectly with harmful or harmful effects that alter ecosystems,
diminish biological resources and endanger human health (Dițoiu and Holban, 2005). In terms of air pollution,
emissions from road transport are often more harmful than those from other sources, as these emissions occur
at ground level and tend to occur in cities, close to people. That is why it is so important for Europe to redouble
its efforts to reduce emissions from transport, energy and agriculture and to invest in making them greener and
more sustainable.
The sources of air pollution are varied and can be anthropogenic or natural:
burning fossil fuels in electricity production, transportation, industry and households;
industrial processes and the use of solvents, for example in the chemical and extractive industries;
agriculture;
waste treatment;
volcanic eruptions, airborne dust, sea salt dispersion and emissions of volatile organic compounds from
plants are examples of natural emission sources.
Soil pollution is any action that alters the normal functioning of the soil. As soil is a much more complex system
than water and air, pollution affects its properties, and consequently its fertility. In addition, pollutants can pass
from soil to plants, water, or air, and combating them is a difficult process (Niţu et al., 2012; Vlăduţ et al., 2010).
Soil pollution (Danciu et al., 2009) is caused by:
dust and harmful gases from the atmosphere, dissolved by rain and returned to the ground;
infiltration waters that impregnate the soil with pollutants and entrain them in depth;
polluted rivers that infest irrigated and flooded areas;
improperly stored industrial or household waste;
pesticides and chemical fertilizers used in agriculture.
Water pollution is the change in its biological, physical and chemical qualities that can be produced
directly or indirectly, naturally or anthropically.
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The sources of natural pollution (Vanghele et al., 2019) are:
soluble mineral salts (washing of rocks by surface or groundwater);
solid particles (soil erosion - alluvium);
decomposing organic substances (decomposition of submerged / emerged aquatic vegetation;
particles of substances that enter the water as a result: geological phenomena (volcanic eruptions,
earthquakes), meteorological phenomena (hurricanes, floods, dust storms), complex phenomena (landslides).
The main sources of anthropogenic water pollution:
communal wastewater (domestic water);
industrial wastewater: from chemical and steel plants, factories, etc .;
agricultural wastewater: from the agro-zootechnical, irrigation, rainwater and groundwater sectors drained
from agricultural lands;
unorganized sources of pollution: household waste from unchanged localities, garbage dumps from the
major riverbed, accidental leaks of oil products from wells, transport pipelines.
The main water pollutants are:
waste consuming oxygen - fermentable SO: household and industrial waste;
infectious agents - bacteria, viruses and other microorganisms;
plant nutrients - nitrogen and phosphorus salts (reach the natural waters by washing agricultural land by
rainwater or irrigation);
synthetic organic substances: pesticides;
mineral substances - from washes in the chemical, mining, oil, steel industry;
sediments from erosion;
radioactive substances - from the extractive industry or the nuclear energy industry;
high temperatures - from cooling waters from thermal power plants or nuclear power plants.
From the point of view of the action of pollutants in the atmosphere on the environment and organisms
can be: with direct effect and indirect effect. Pollutants that have direct effects - are characterized by rapid changes in
morbidity and mortality of organisms (carbon monoxide, sulfur dioxide nitrogen oxides, hydrogen sulfide, heavy
metals). Pollutants that have indirect effects - are characterized by indirect influence on the mobility and mortality of
organisms - the greenhouse effect, the destruction of the ozone layer, acid rain (Gavrilescu, 2007).
The most important source of CO in general air pollution (60%) is produced by vehicle exhaust. It has
been estimated that 80% of the amount of CO is produced in the first 2 minutes of engine operation and
represents 11% of the total exhaust gas. However, at present, vehicles pollute 8-10 times less than those that
existed in circulation 30 years ago, given the fact that concerns have been intensified regarding the reduction of
pollution caused by motor vehicles and the combustion process has been optimized by using anti-pollution
devices (Vătămanu, 2011).
Exhaust gases. As pollutants, consisting of a very large number (hundreds) of substances, in the first
place are the exhaust gases. The volume, nature, and concentration of the pollutants emitted depend on the
type of vehicle, the nature of the fuel, and the technical conditions of operation.
Exhaust composition:
a) CO– carbon monoxide;
b) CHx-hydrocarbons;
c) SO₂- sulfur dioxide;
d) NOx- nitrogen oxides;
e) volatile organic compounds (benzene);
f) fungi, asbestos.
Acid rain is a type of air pollution, formed when sulfur oxides and nitrogen oxides combine with water
vapor in the atmosphere, resulting in sulfuric acids and nitric acids, which can be transported long distances
from the place of origin, and which can precipitate. in the form of rain.
Acid rain is currently an important topic of controversy due to its action over large areas and the
possibility of spreading to other areas than the initial formation. Its harmful interactions include: erosion of
structures, destruction of agricultural crops and forest plantations, threat of terrestrial and aquatic animal
species, because few species can withstand such conditions, so in general the destruction of ecosystems.
Intensification of the greenhouse effect. The most important carbon dioxide in the carbon cycle is
harmless and brings carbon to photosynthesis.
CO2, in the form of water vapor, lets short waves of solar radiation into the atmosphere and absorbs
long waves of Earth's radiation, which causes a reheating of the air, the greenhouse effect. Global increases in
oil and coal consumption since the 1940s have led to substantial increases in carbon dioxide. The greenhouse
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effect resulting from this increase in CO2, which allows solar energy to enter the atmosphere but reduces the reemission of infrared rays from the Earth, can influence the warming trend of the atmosphere, and can affect the
global climate. The environmental consequences of rapid industrialization have led to countless incidents in
which land, air and water resources sites have been contaminated with toxic materials and other pollutants,
threatening people and ecosystems with serious health risks. The wider and more intensive use of materials
and energy has created cumulative pressures on the quality of local, regional and global ecosystems (Spiegel
and Maystre, 2013).
Pollution affects all parts of the planet. It affects our health through the food we eat, the water we drink
and the air we breathe. Approximately 19 million premature deaths are estimated to occur annually as a result
of how we use natural resources and impact the environment to support global production and consumption
(Ramaswami et al, 2016).
Even in the most remote areas of polar ice caps, deep abyssal ocean and high mountains, pollutants
such as heavy metals and persistent organic pollutants can be found in plants and animals (Jamieson, A.J., et
al. 2017). Almost 90% of freshwater resources consumed globally are used to produce plant and animal
commodities. Water-scarce countries can balance their water needs by importing food from other countries
(O’Bannon et al, 2014).
The paper aims to highlight agricultural pollutants, the main aspects of agricultural pollution but also the
main benefits of organic farming. In the organization of modern agriculture, a very important role is played by
landscaping works and, in particular, water management. But dams and irrigation canals change not only the
hydrological regime in the area, but also local ecological systems, by changing soil factors. Both positive effects
(territorial expansion of cultivated areas and increased productivity) and negative (salt pollution: salification,
salting) can occur. Irrigation played a very important role in the development of the great ancient civilizations.
Today, more than 500 million ha are irrigated, 50 times more than in 1800.
Due to the disposal of industrial and agricultural waste in local bodies of water crops are exposed to
small amounts of mercury, arsenic, lead and cadmium dissolved in it. The process of agricultural pollution
becomes more difficult to combat when such water poisons animals and causes crop failure.
(https://www.conserve-energy-future.com/causes-and-effects-of-agricultural-pollution.php).
Lately, agriculture has developed significantly, but without repercussions on the environment and the
health of organisms.

Fig.1 Pollution sources
(https://ars.els-cdn.com/content/image/3-s2.0-B9780128147191000264-u26-01-9780128147191.jpg)

Organic farming aims to achieve a balance between the biological, physical and chemical nutrients of
the soil helped by improving the organic carbon content. Measuring, planning for change and taking control of
these three aspects provides a more complete picture of soil fertility and a greater degree of control over the
growing environment. (http://www.yladlivingsoils.com.au/ABoutUs/biologicalagriculture.html)
The main aspects of environmental pollution caused by agricultural activities can be summarized in:
• The use of chemical fertilizers (especially nitrogen) in too high doses and at times not related to consumption
in different stages of development of cultivated plants.
Of the total amount of fertilizers applied on an agricultural area, a maximum of 50% is found in the
vegetable mass; the rest remains in the ground or is entrained in groundwater and surface water.
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• Application of chemicals (pesticides), in order to control diseases, insects, rodents, nematodes and weeds in
agricultural crops and apple orchards, by poorly trained people. Modern pesticides are mostly synthetic organic
substances. With all the important advantages of using pesticides in agriculture (increasing production, reducing
labor, etc.) their widespread use in large and repeated doses causes a number of changes in ecosystems.
• Disposal of wastewater, untreated or incompletely treated, from industrial, pig and poultry farming complexes,
surface water and the drainage network. To these is added the infiltration of deep wastewater, during the
storage period in ponds, battles and basins, affecting the quality of groundwater used as a source of drinking
water in many rural localities. Irrigation of agricultural crops with recycled wastewater is also associated with
several non-biological risk factors; perhaps the most significant being heavy metal contamination. In this
context, various studies have shown the accumulation of heavy metals such as cadmium (Cd), nickel, chromium
(Cr), lead and other elements in soil and plants in wastewater irrigation (Gupta S. et al 2010).
• The use on agricultural land, for dual purposes, of irrigation and fertilization, wastewater and sludge from
animal husbandry, containing harmful salts and pathogens contaminating the soil, plants, animals and humans.
• The administration on agricultural lands adjacent to the zootechnical complexes of exaggerated manure norms
(over 100 t / ha), at intervals of 2-3 years, which far exceed the needs of the plants and determine the
accumulation of nitrates in the fodder, as well as the leaching of nitrates in the waters. ground.
• Aggravation of soil erosion on sloping lands, as a result of practicing an inadequate agricultural system,
respectively: poor organization of the territory, execution of soil works from hill to valley, crop rotations with a
high share of weeds, absence of organic fertilization.
• Degradation of the physical condition of the soils (structure, porosity, permeability, resistance to plowing) due
to the decrease of the organic matter content and the exaggerated traffic on the field with agricultural
equipment, to an inadequate soil moisture.
• The uncontrolled storage of manure and the lack of manure collection basins from animals belonging to many
private households have as negative effects their runoff into running water, as well as nitrate infestation of
groundwater.
• Pollution with petroleum products: Among the energy sources used to carry out mechanized operations, the
most important is oil products (mainly diesel and gasoline). To these are added mineral oils, of the same origin,
used for the maintenance (lubrication) of different mechanisms. All these products, used improperly, can cause
serious pollution of the environment and organisms. It is recommended that oil tanks be located on the surface,
in a place accessible to feeding machines, located away from water sources and especially from water drains
buried in the ground or positioned on the surface. It is not recommended to bury the tanks if there is a risk of
leaks that could pollute the groundwater or if the soil has properties that promote corrosion. Special fire
prevention measures must be taken at the location of the tank.
The technical condition of the equipment, in particular the engines, pipes and fittings, must be checked
regularly to minimize fuel leaks. Technical interventions on the fuel system in the field, such as the replacement
of the fuel filter or a hose, etc., are operations during which fuel leaks may occur on the ground. Steps must be
taken to limit these losses. In Romania, the worst way of pollution with diesel that reaches the ground is caused
by the technical system of eliminating air from the fuel supply system of tractor engines.
If light petroleum products, such as diesel or fuel oil, have penetrated below the soil surface layer but
have been retained in the subsoil or groundwater, drilling can be performed to drain these products, which are
then pumped out. The drilling must not go deeper than the layer in which the products are retained. Do not use
water or detergent to wash these products and also do not set fire to the soil surface.
Organic fertilizers are not applied on soil contaminated with petroleum products, as they increase the
oxygen requirement of microorganisms, affecting cultivated plants.
• Noise pollution: Noise is a disorderly overlap of several sounds. It is produced from natural sources, but
especially anthropogenic: people, devices, equipment, means of transport. Noise or sound pollution causes
fatigue, stress, decreased or lost hearing, low efficiency, mental instability, broken windows, cracking of buildings,
etc. Diesel engines are the most polluting. In the case of electric tractors, the noise is reduced to extinction.
Emissions from agriculture and transport. The agricultural sector will have to make a sustained effort to
meet the ammonia reduction commitments set out in the new legislation on reducing national emissions of
certain air pollutants (NECs) which came into force at the end of 2016. Ammonia emission reduction measures ,
including low-tech investments and changes in agricultural practices, are mainly destined for large industrial
corporations, which are responsible for 80% of ammonia emissions.
EU Member States must draw up National Air Pollution Control Programs setting out measures to
reduce emissions of five major air pollutants - fine particulate matter (PM2.5), sulfur dioxide, nitrogen oxides,
volatile organic compounds non-methane and ammonia - to achieve the agreed targets for 2020 and 2030.
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EU legislation limits emissions to four main pollutants in the atmosphere from 2010. These are: nitrogen
oxides (NOx), non-methane volatile organic compounds (NMVOCs), sulfur dioxide (SO2) and ammonia (NH3)
and, from 2020, , and fine powders (PM2.5).
A separate report on updated data from the European Union's annual report on the 1990-2016
emissions inventory under the UNECE Convention on Long-range Transboundary Air Pollution shows that for
the third consecutive year, ammonia emissions have increased - by 0 , 4% in 2016. Most NH3 emissions come
from the agricultural sector in Europe. Emissions increased in the 15 EU Member States, with the largest
increases in Italy, the United Kingdom and Ireland.
In general, the road transport sector contributes the most to total nitrogen dioxide emissions in the EU,
while fuels from the commercial, institutional or household sectors account for the largest contribution to total
emissions, especially in some European countries. Of east. Encouraging recycling, improving public transport
and switching to less polluting fuels are some of the main measures that EU Member States use to reduce their
emissions and impact. While air quality in Europe is slowly improving, high concentrations of air pollution
continue to have significant effects on European health. Particles, nitrogen dioxide and ground-level ozone are
the pollutants that cause the greatest harm to health.
Member States must implement and report on measures to improve air quality in areas where EU
standards are exceeded. Suspended dust (PM), nitrogen dioxide (NO2) and tropospheric ozone (O3) affect
human health the most, especially those living in urban areas. Air pollution also has a negative impact on
ecosystems, as it degrades soils, forests, lakes and rivers and reduces agricultural production. Past and present
policies and technological advances have led to a slow but steady progress towards reducing these negative
effects. Updated estimates from the report show that in 2015, PM2.5 concentrations caused approximately
422,000 premature deaths in 41 European countries, of which about 391,000 were in the 28 EU Member States.
Suspended particles: For PM 2.5 (particles with a diameter of 2.5 microns or less), the percentage of
the urban population in the EU-28 exposed to PM2.5 was 6% in 2016, down from 7% in previous. However,
about 74% of the EU's urban population has been exposed to concentrations that exceed the strictest values in
WHO guidelines. In 2015, exposure to PM2.5 was the cause of the premature death of an estimated 422,000
people in 41 countries. Nitrogen dioxide: The annual limit value for NO2 continues to be greatly exceeded
throughout Europe. In 2016, 7% of the urban population in the EU-28 lived in areas with concentrations above
the EU annual limit and in WHO guidelines, a decrease from 9% in 2015. In 2015, NO2 exposure was the cause
of the premature death of an estimated 79,000 people in 41 European countries. Tropospheric ozone:
Approximately 12% of the urban population in the EU-28 was exposed to O3 levels above the EU target value in
2016, which is a considerable decrease compared to 2015 (30%). However, the percentage continues to be
higher than the 7% recorded in 2014. Approximately 98% of people have been exposed to levels that exceed
the stricter values in WHO guidelines. In 2015, ozone exposure was the cause of the premature death of an
estimated 17,700 people in 41 European countries. A briefing published EEA’s health risk assessments of air
pollutionen provides a detailed presentation of the EEA method for calculating annual estimates of air health
and quality, which quantifies the impact of air pollution on public health ( A published briefing, the EEA's health
risk assessments of air pollution).
On 21 December 1991, the Council of the European Communities issued the Nitrates Directive. It is a
document that has, in recent years, had a profound and extremely positive impact on the way agriculture is
practiced in Europe. The Directive is based on the premise that nitrates of agricultural origin are the main cause
of pollution from diffuse sources and affect Community waters. As water pollution in one Member State may
affect the waters of other States, it has been decided that joint and coherent action is needed at Community
level. Thus, the stated objective of the Directive was to reduce water pollution caused or induced by nitrates
from agricultural sources and to prevent any new pollution of this type. The excess presence of nitrates from
agricultural activities is a reality not at all easy to remedy, both in the whole of the European Union, but
especially in Eastern Europe.
Nitrate pollution, produced by agriculture, costs almost 316 billion euros (£ 28 billion) a year, according
to a report by the Center for Ecology and Hydrology in Scotland. The study shows that nitrate pollution costs
every European between 150 and 740 euros per year, which is double the income obtained by using fertilizers
in agriculture, announced the Center for Ecology and Hydrology.
Air pollution from agricultural, industrial and traffic activities in urban areas reduces life expectancy by a
few months in Central Europe, the report said. "Almost half of the world's population depends on synthetic,
nitrogen-based fertilizer used in food production, but measures are needed to reduce the impact of pollution.
Solutions are more efficient use of fertilizers, but also for people to eat less meat. "We can reduce pollution, but
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we need to implement these solutions in an integrated Europe," said Mark Sutton of the Center for Ecology and
Hydrology (https://en.qwe.wiki/wiki/ Centre_for_Ecology_%26_Hydrology).
Following the experience of the last 20 years, a set of measures has been developed relating, for
example, to periods when fertilization is prohibited or to the minimum storage capacity for manure, as well as
rules for controlling the spread of nutrients near water or on a slope, in order to reduce the risk of contamination.
The Nitrates Directive is closely linked to other EU policies on water, air, climate change and
agriculture, and its implementation brings benefits in all these areas. The new Groundwater Directive (2006)
confirms that the maximum threshold value for nitrate concentrations is 50 mg / l. In terms of air and soil quality,
manure and organic waste from agriculture cause, among other things, ammonia emissions that affect human
health and the environment through the role they play in the process of soil acidification, water eutrophication.
and soil pollution, along with other pollutants (sulfur dioxide, nitrogen oxides, volatile organic compounds). The
full implementation of the Nitrates Directive is expected to contribute to reducing ammonia emissions by 14%
from 2020 levels by 2020, as measures that limit, for example, the amount of fertilizer applied have a positive
impact on both on the loss of nutrients in the water, as well as on the emissions of ammonia into the
atmosphere. Climate change is not overlooked. All activities related to animal husbandry and fertilizer application
release nitrogen oxide and methane, greenhouse gases with a global warming potential of 310 and 21 times
higher than the carbon dioxide concentration, respectively. If fully implemented, the Nitrates Directive could
reduce nitrogen oxide emissions by 6% by 2020, compared to 2000 levels, and help combat climate change.
Some of the main measures that EU Member States use to reduce emissions and their impact are:
encouraging recycling, improving public transport and switching to less polluting fuels. (Romania's National
Strategy for Sustainable Development 2030 https: // www. juridice.ro/618235/strategia-nationala-pentrudezvoltarea-durabila-a-romaniei-2030.html).
MATERIALS AND METHODS
Actions to prevent agricultural pollution aim to establish optimal doses of mineral and organic fertilizers,
reduce pollution by administering selective and low-residue pesticides and reduce the volumes of wastewater
resulting from industrial livestock complexes. Given the agricultural raw materials in human and animal nutrition,
the aim is to prevent pollution by using optimal food processing and storage technologies.
Heavy petroleum products (higher density mineral oils) remain on the soil surface in case of spreading.
They must be allowed to solidify, then scraped taking care to remove them with as little soil as possible. The
resulting material must be stored in places authorized for such waste and subjected to bioamending treatments.
The next step in soil remediation is to create favorable conditions for the residual residues left in the soil to be
decomposed by microorganisms, ie a pH above 7, a suitable temperature and an adequate content of water,
oxygen and nutrients. Decomposition is favored by surface tillage and mineral fertilization with nitrogen and
phosphorus, measures that provide microorganisms with more oxygen and nutrients. Organic fertilizers are not
applied on soil contaminated with petroleum products, as they increase the oxygen requirement of
microorganisms, affecting cultivated plants. The complete recovery of lands polluted with petroleum products
can take 2 years in the case of those with coarse texture and up to 5 years in the case of those with fine texture,
depending on the type of soil and the method of remediation used. To reduce noise, cars use attenuators and
filters to exhaust. They convert chemical energy into caloric energy.
Among the procedures used to reduce noise can be mentioned:
the use of soundproofing screens, interposed between the noise source and human personnel;
individual protection of the hearing aid with earphones;
improving the technical characteristics of the equipment that pollutes very intensely with noise;
the use of carcasses for machines and equipment during operation;
the correct choice of the equipment foundation, not omitting the noise reduction criterion;
use, where possible, of elastic suspensions (metal springs, rubber, fiberglass, felt, plastics, cork, asbestos);
changes in the structure and architecture of the halls;
the use of soundproofing materials for the walls of the rooms;
staff rotation, etc
Building materials reduce noise dozens of times. Thus, the wooden boards attenuate 30-47 times, the
glass wool 42-88 times, the carpets 7-41 times, the doors 20-25 times, the double windows 30 times, the
concrete masonry 48 times, the masonry of brick 40 times etc. Combating water pollution. The state of water
pollution can be controlled and reduced. Two types of processes are used for this purpose. The first group of
processes is characterized by a preventive management method: and includes all methods aimed at limiting the
discharge of residues into water.
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The second group of processes includes the different methods of wastewater treatment. Wastewater
must be subjected to treatments to remove its load of pollutants up to a limit. The treatment includes a
succession of physical and chemical, biological and physico-chemical processes necessary for the removal of
different categories of pollutants. For the destruction of pathogens, the disinfection operation by treatment with
chlorine or nitrogen is also included. Combating soil pollution. The fight against soil pollution must follow a series
of recommendations, namely:
-ensuring rational irrigation on surfaces with moisture deficit, so as not to lead to their wilting or saturation;
-application of agrotechnical measures in accordance with the aspect of the land relief, insofar as the
respective works prevent the development of accelerated erosion;
-use of fertilizers in close relation with the needs of the plants and with the characteristics of the soil profile;
-use of plant varieties with a high productivity, which can compensate the additional agrotechnical measures;
-the use of pesticides for the destruction of weeds and insects must be made the conditions recommended
by specialists: this requires a certain quantitative caution, so as not to exceed certain thresholds.

Fig. 2 Development of organically cultivated area in Europe from 1985 to 2017
(Reganold, JP and Wachter JM 2016)

Combating air pollution. Most effective methods of combating air pollution are to reduce, collect, capture
or retain pollutants before entering the atmosphere. From an environmental perspective, reducing emissions by
increasing energy efficiency and conservation methods, such as burning a smaller amount of fuel, selective
collection and storage of waste, rational use of chemicals used in agriculture. In recent years, organic farming
has seen a continuous increase in cultivated areas as can be seen in Figure 2 and this rise changes from year
to year (Reganold J.P. and Wachter J.M. 2016). Organic farming aims to achieve a balance between the
physical, chemical and biological nutrients of the soil helped by improving the organic carbon content.
Measuring, planning for change and taking control of these three aspects provides a more complete picture of
soil fertility and a greater degree of control. on the growing environment. (Willer H. And Lernoud J., 2018).
The benefits of organic farming are the following:
Analyzes the entire agronomic, environmental picture, in relation to balance and profitability;
Restores the soil to a balanced living system, improving the structure and fertility of the soil in a way that
is at least toxic, dramatically reduces or even eliminates chemical dependence, while increasing yields, quality,
soil fertility and profitability and farms become a more sustainable and safer workplace for employees with low
chemical consumption, restores the mineral and microbial balance in the soil and increases the carbon level of
the soil and Increases soil water retention capacity;
Reduces the need to depend on high-quality fertilizers, chemicals, pesticides, insecticides and
fungicides, reduces the level of diseases, insects, pests and soil erosion. Weeds and insect pests become
resistant to chemicals. Larger weeds - stronger chemicals and reduces the leakage of nitrogen and phosphorus
in our waterways;
Helps to produce nutrient-dense food for animals and human, helps reduce human health problems that
have been linked to conventional agriculture and leave our soil in a healthy balanced state for future generations
(Teasdale J. R. et al, 2007).
CONCLUSIONS
Pollution of water, soil and food was an inevitable consequence, with disastrous consequences for the
health of the population. For this reason, it is necessary to promote technological systems that have positive
effects not only on the level and quality of crops, but also on the environment. This is because, in any
agroecosystem, the landscape has changed in relation to the natural one. In most cases, the ecological balance
has deteriorated and biodiversity has declined in proportion to the degree of intensification of agricultural
technologies.
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These phenomena can be remedied by promoting organic farming systems, whose main objective is
the restoration and sustainable use of natural and economic resources of agroecosystems.
In this regard, it is necessary to address measures to help achieve the goal, namely the more efficient
use of renewable and non-renewable resources, encouraging recycling, efficient waste management, pollution
avoidance and the circular economy that brings to market the idea that reuse of finished products is the most
effective tactics to protect the environment but also society. Awareness of the importance of the environment,
reuse, reconditioning, repair and recycling of existing materials and products, is essential for restoring the
ecosystem.
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ABSTRACT
Digital agriculture is an representation of the “digital earth” concept proposed in the 1990s and is an
expansion of the idea of “precision farming” which emphasize on agricultural procedures. A digital agricultural
system is a database that includes not only various kinds of data relevant to agriculture, ranging from soil
conditions to market evaluation, but also optimal decision functions that help make best decisions in a series of
agricultural production and marketing processes
REZUMAT
Agricultura digitală este reprezentare a ideei de ”pământ digital” propus în anii ’90 și prezintă o
extindere a conceptului de ” agricultură precisă”, care pune accent pe procedurile agricole. Un sistem agricol
digital este o bază de date care include nu numai diferite tipuri de date relevante pentru agricultură, de la
condițiile solului până la evaluarea pieței, dar și funcții optime de decizie care ajută la luarea celor mai bune
măsuri intr-o serie de procese de producție si comercializare agricola.
INTRODUCTION:
Digitalization represents the socio-technical process of applying digital innovations, a trend that has
become more and more present in recent years. Digitization includes phenomena and technologies such as
large databases, the Internet of Things (IoT), augmented reality, robotics, sensors, 3D printing, system
integration, artificial intelligence, machine learning, among others (E.Alm et al., 2010).
Digitalization is expected to radically transform everyday life, and production processes in agriculture,
food supply systems and bioenergy see the first changes in this regard. (Di Silvestre et al., 2018)
Plant production varies from year to year, being significantly influenced by fluctuations in climatic
conditions and especially by the occurrence of extreme weather events. Climate variability affects all sectors of
the economy, but agriculture remains the most vulnerable, and the impact on it is more pronounced today, as
climate change and variability are becoming more pronounced. (Bournigal JM., 2016)
A digital agricultural system is a database that includes not only various types of information relevant to
agriculture, ranging from soil conditions, weather conditions to market assessment, but also optimal functions
that help make the best decisions in a series of production and marketing processes. Such a system is an
important tool for managing agricultural risks, which can help assess the risks of climate change, develop an
income protection plan for producers and generate a soil management plan. (Samuel Shena, 2010)
For example, instead of applying the same amount of fertilizer to an entire agricultural field or feeding a
large population of animals with equal amounts of feed, precision agriculture helps to measure specific needs
and adapt strategies for feeding, fertilizing, pest control. or harvesting accordingly. Precision farming means
mainly consist of a combination of new technologies with sensors, satellite navigation, positioning technology
and the use of databases to influence farm decision-making. The aim is to save costs, reduce the impact on the
environment and produce more food
The paper presents a brief summary of new technologies agriculture.
MATERIALS AND METHODS:
Data gathering is the core of a digital agriculture. The goal of these recordings and analyzes is to
understand the behavior of crops or animals and, ultimately, to optimize their interaction with the environment.
Various devices and technologies are used to record these data: Soil moisture probes, pH sensors,
drones for vegetation indices (Fig. 1), temperature sensors or various optical sensors, etc. (Véronique Bellon
Maurel, et al., 2017).
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Fig.1 – NDVI image (vegetation index)
( https://i.pinimg.com/originals/a9/48/3e/a9483e5711243fffa5bdd5b96170c52d.jpg)

Agricultural machines with RTK (real-time kinematic) systems (Fig.2) are equipped with GPS (global
positioning system) and sensors. The farmer constantly receives new information in real time via the on-board
computer. Based on these data, farmers can identify, plan and implement measures adapted to individual
conditions. Such measures include planting depths, optimal sowing and partial surface treatment.
As the tractor travels in the field, the information in the digital fertilizer register is transmitted to a
computer-assisted fertilizer distributor (https://www.biooekonomie-bw.de/en/articles/news/precision-farmingclimbing-aboard-the-digital-high-tech-tractor).

Fig.2 – RTK system
(https://api.intechopen.com/media/chapter/39780/media/image16.png)

The basic principles of satellite and aircraft remote sensing are similar to visual observations. Energy in
the form of light waves travels from the sun to the earth. Waves of light travel similarly on the surface of a lake.
The distance from the tip of one wave to the tip of the other is called the wavelength. The energy resulting from
sunlight is called the electromagnetic spectrum. (Bauer, M.E. 1985)
The wavelengths used in most agricultural remote sensing applications cover only a small region of the
electromagnetic spectrum. Wavelengths are measured in micrometers (µm) or nanometers (nm). An µm is
about .00003937 inches and 1 µm equals 1,000 nm.
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The visible region of the electromagnetic spectrum is from about 400 nm to about 700 nm. The green
color associated with the vigor of the plant has a wavelength approaching 500 nm (figure. 3). (Kyllo, K. P, 2003)

Fig. 3 – The visible region of the spectrum varies from about 400 to 700 nm
(https://www.ag.ndsu.edu/publications/crops/agricultural-remote-sensing-basics/figure-1.png)

RESULTS
A system equipped with GPS (global positioning system) RTK (real-time kinematic) technology has
been used for the precise application of herbicides along crop rows, without reducing the effectiveness of in-line
chemical control treatment, while providing savings of approximately 50% of the herbicide. The savings of
applied chemicals have not only reduced production costs, but also reduced the environmental impact caused
by the chemical. Moreover, the use of this system has led to a reduction in the manpower required to control
weeds on average to 15.3 hours per hectare for conventional treatment and from 13.2 hours. (Manuel PerezRuiz et al, 2012)

Fig.4 - Cultivator equipped with RTK-GPS system
( https://www.ingenia.org.uk/getattachment/Ingenia/Issue-64/Precision-farming/godwin.pdf)

To effectively control weeds, intelligent systems perform: control guidance devices (mechanical or
thermal),detection and identification of weeds, their removal and possible mapping them. Their identification is
based on colors, dimensions and space (A.T.Muscalu, et al, 2020)
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Fig. 5 – Tractor equipped with weed control system
( https://www.ingenia.org.uk/getattachment/Ingenia/Issue-64/Precision-farming/godwin.pdf)

The rotation of the disc is controlled as it crosses the field to align / synchronize the section of crop
plants (detected by optical recognition) represented by the green bottles, thus avoiding crop damage, while the
weeds are cut.
.

Fig. 6 – Weed control system
( https://www.ingenia.org.uk/getattachment/Ingenia/Issue-64/Precision-farming/godwin.pdf)

Fig. 7 – Before and after images
( https://www.ingenia.org.uk/getattachment/Ingenia/Issue-64/Precision-farming/godwin.pdf)
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By scanning a crop using visible light and near-infrared light, drone-attached cameras can identify
plants that reflect different amounts of green light and NIR (near-infrared) light. This information can produce
multispectral images that track plant changes and indicate their health (Adam Wisniewski, 2018)
CONCLUSIONS
Thanks to the new technologies on the market lately, agricultural engineers can play an important part
in feeding people more efficiently and with less damage to the environment. Improving accuracy and efficiency
in agricultural operations has already helped increase crop yields and reduce labor inputs.
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ABSTRACT
Once sown or planted, vegetable crops, especially bell peppers, cucumbers, beans, eggplant, lettuce,
tomatoes and cabbage, can be infested with monocotyledonous weeds. The nutritional quality of vegetables, as
the main source of food, is essential for a balanced diet in human nutrition and is directly proportional to the
methods of care used. The paper presents the current concerns of researchers from INMA Bucharest and
ICDPP Bucharest in weed control through complex methods of sustainable management of agroecosystems, in
terms of promoting organic vegetable growing. The paper presents the current concerns of researchers from
INMA Bucharest and ICDPP Bucharest in weed control through complex methods of sustainable management
of agroecosystems, in terms of promoting organic vegetable growing.
REZUMAT
După ce au fost semănate sau plantate, culturile de legume, în special cele de ardei gras, castraveți,
fasole, vinete, salată, tomate și varză, pot fi infestate cu buruieni monocotiledonate. Calitatea nutritivă a
legumelor, ca sursă principală de hrană, fiind esențiale pentru o dietă echilibrată în alimentația omului, este
direct proporțională cu metodele de ingrijire folosite. Lucrarea prezintă preocupările actuale ale cercetătorilor din
cadrul INMA București și ICDPP București în combaterea buruienilor prin metode complexe de gestionare
durabilă a agroecosistemelor, în condițiile promovării unei legumiculturi ecologice.
INTRODUCTION
Competing with the crop for resources including space, light, moisture, nutrients and carbon dioxide,
weeds reduce yield, quality, economic viability and also can act as alternative hosts for pests or diseases,
(Bajwa, 2015).
Not all weeds compete equally with the crop, so farmers need to know that they have a better way to
solve the problem, through better management of them to satisfy the needs and constraints of environments
and agricultural systems, instead of choosing an approach simple method like combate through chemical
products. (MacLaren, 2020).
Management of weed , which varies according to weed and crop species, requires a new approach to
understanding their interaction with agricultural crops, so that new management systems can be adapted in a
specific to the region way and to highly variable conditions of the farms, (Alignier, 2020).
According to new shared visions of the ecological European sector on organic production, which is a
global system of agricultural management and food production, by 2030, more than half of Europe's arable land
is to be managed according to ecological principles. In this context, it is proposed that thermal control
technologies be known and used by farmers and also that their agronomic, economic, technical and
environmental aspects be more and better integrated into plant protection (Muscalu, 2016).
Weed control in organic vegetable crops can be achieved by adopting an integrated non-chemical
management strategy (Muscalu, 2020).
Until the present, researchers from various institutions have mainly addressed mechanical and thermal
applications (spot-flaming, electric heating, electromagnetic irradiation and steam / hot water application) on
non-chemical weed control methods (Bauer, 2020).
One method of destroying weeds is flame weeding, whereby a propane torch produces a flame that is
aimed at the targeted weeds. The flame can reach a temperature of up to 2500°F - much hotter than is needed
to denature vegetable proteins. At 212°F, the water in the plant boils, expands and breaks down the cell walls.
As the moisture drains from the plant, it dries out and eventually dies (Harry, 2005). Non-chemical weed
management can also be achieved through another method of control (hot water control) which is an efficient,
reliable, ecological and economical alternative, increasingly applied and studied in the field (Muscalu, 2017).
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Some research is aimed at using an instalation for control weeds based on a microwave oven, with microwave
radiation causing dielectric heating of the water in the plant tissues which in the end destroys the plant. The
method may exceed the limits of other thermal methods, such as the risk of fire with flames or the heavy cargo
required if using the combat with hot water method (Sartorato, 2006).
Currently INMA Bucharest in collaboration with ICDPP Bucharest is carrying out a research contract
entitled "Integrated management system of agroecosystem resistance to pests in order to promote sustainable
agriculture in climate change" project "Integrated Management System (SIM) environmental protection of
phytosanitary risks through complex methods of sustainable management of agroecosystems ”, which led to the
design of a weed blasting equipment (Marin, 2019).
MATERIALS AND METHODS
The equipment for blasting weeds (fig. 1) used in the experimental research is of the type carried on
the three-point suspended mechanism of a 33,55 kW tractor on wheels. To provide good stability while working,
the equipment is equipped with two support wheels with tire with air chamber.
The pressure is generated and regulated by a compressed air compressor, mounted on the equipment.
The operator shall regulate the air pressure and the flow of abrasive material distributed through a blasting
device on the control panel in the tractor cabin. The material is directed to two nozzles, each nozzle being
directed on one side of the row of plants on a width of 70 to 100 mm. The granules reach the top of each nozzle
by being driven by the air jet under a pressure of about 8 bar and are directed at high speeds to the small
weeds near the bases of the crop plants. The compressor is equipped with a Honda GX160 heat engine for use
in those places where it is necessary to use compressed air but there is no power source. The compressor
pump operates at low speeds ensuring the equipment increased reliability, and the heat engine is equipped with
self-adjusting acceleration, controlled by a pneumatic valve, which leads to a considerable reduction in fuel.

Fig.1 - The equipment for blasting weeds

The experimental researches in laboratory conditions, which were carried out in 2019 to determine the
qualitative indices of the equipment for blasting weeds, were performed with two types of abrasive granules:
soybean flour (fig. 2) and sand for sandblasting with granulation 0, 4-0.8 mm (Fig. 3).

Fig. 2 - Soy flour

Fig. 3 - Sand for sandblasting

Following the findings of previous research, it has been recommended that dosing be based on the size
of the blasting nozzle. Under these conditions, Figure 4 shows Venturi nozzles, which were physically executed
with three different sizes of the outlet diameter of the sandblasting material, so that can create an extended
blasting jet footprint and an increased speed of abrasive of up to 100% can be achieved at a given pressure, to
evenly distribute the pressure and the organic air-material mixture, which will be used in blasting weed.
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Fig. 4. - Venturi nozzles

The nozzles, which were made by 3D printing, are characterized by the flow geometry that produces a
compact fascicle, controlled by the parabolic distribution of the sandblasting jet and insensitive to pressure
fluctuations..
The SOLIDWORKS® Flow Simulation module was used to perform the operation simulation in laboratory
conditions, which is an intuitive Dynamics Fluid Dynamics (CFD) solution incorporated in SOLIDWORKS 3D
CAD.
For the physical realization of the nozzles was used the 3D printer type UP BOX (fig. 5) dedicated to the
use in the office environment with which parts of exceptional quality were obtained. The heated platform and
closed enclosure provided a minimization of the risk of deformation of the nozzles.

Fig. 5. - Physical realization of the nozzles by 3D printing with the UP BOX printer

The nozzles were mounted on an industrial sandblasting gun (fig. 6) with which the technical sandblasting
equipment was equipped for dosing depending on the size of the output diameter of the weed sandblasting material.

Fig. 6. - Installing the nozzles with the three sizes of the output diameter on the sandblasting gun

RESULTS
To determine the qualitative work indicators, three records were made for each sample, the averages of
these values being presented in Table 1.
Table 1
Type of blasting material
Soy flour
Blasted sand

Indicii calitativi de lucru
The amount of material per linear meter, g/ml
6,7
11,8

Quantity of material per hectare, Kg / ha
134
236

The recordings were made for an average aggregate tractor speed of 0,44 m/s and a distance between
rows of tomatoes of 700 mm.
CONCLUSIONS
During laboratory tests, the following were observed:
- in the compressed air tank of the compressor the appearance of condensation, which resulted from repeated
cycles of compression-expansion of the air, due to its natural humidity. In these circumstances,
recommendations are made for redesigning the pressure vessel type blasting equipment using a centrifugal
separator that retains a significant amount of condensate from the compressed air.
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-

there were no significant differences between the types of granulation in terms of application efficiency.
It is recommended to continue experimental research in the field to determine the growth and yield of
vegetable crops in the conditions of weed control by the method of "blasting" in response to various abrasive
grains and application rules. The research is useful for farmers who practice certified organic farming because
"abrasive" weeding is a non-chemical, zero processing method to control weeds immediately after emergence.
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ABSTRACT
Biosolids are organic solids obtained by digestion and stabilization of raw sewage sludge and contain
organic matter and nutrients.The low content of nutrients in biosolids means that for production of highperformance organo-mineral fertilizers it is necessary to introduce in their manufacturing formula, in addition to
biosolids, fertilizers and mineral compounds.The thermo-mechanical processing by reactive extrusion proposed
in this paper takes place in a reactor extruder with two corotating screws that ensures, through a very good
mixing at the molecular level, the development of chemical reactions between components and, through all this,
a structure physical and chemical homogeneous of the granules.
REZUMAT
Biosolidele sunt solide organice obținute prin digestia și stabilizarea nămolurilor brute de canalizare și
conțin materie organică și nutrienți. Conţinutul redus de nutrienţi în biosolide face ca pentru realizarea de
îngrăşăminte organo-minerale performante să fie necesară introducerea în reţeta de fabricaţie a acestora, pe
langă biosolide, a unor ingrăşăminte şi compuşi minerali. Procesarea termo-mecanică prin extrudare reactivă
propusă in lucrare are loc intr-un extruder reactor cu doi melci corotativi care asigură, printr-o foarte bună
amestecare la nivel molecular, dezvoltarea de reacții chimice între componente şi, prin toate acestea, o
structură omogenă fizică și chimică a granulelor.
INTRODUCTION
European policy on sustainable development through the circular economy, which focuses on
optimizing the use of resources and energy, places great emphasis on reuse, recycling and recovery of wastes
(Smol M. et al, 2019).
Large amounts of generated wastes are a continuous source of important components. Sewage sludge
is a slurry residual material which is an unavoidable by-product of wastewater treatment plants and contains
compounds of agricultural value (organic matter, nutrients: nitrogen and phosphorus, potassium, sulfur,
magnesium and in small quantities calcium) (Popa et al., 2019).
The raw sewage sludge contains also contaminants such as heavy metals, organic compounds and
pathogens and must be further treated to an acceptable standard for its beneficial subsequent use for their
nutrient, energy or other values (Collivignarelli et al., 2019).
Biosolids used in agriculture are organic solids obtained by digestion and stabilization of sludges
resulting from wastewater treatment in order to reduce concentrations of pathogens and toxic chemicals below
established levels where they can be used as fertilizers without harming the health of plants, soil and
groundwater, and thereby, the health of consumers of agricultural or animal products (Kominko et al., 2018,
Kumar V. et al., 2017). The main biological stabilization process for the agricultural use of sewage sludge as
biosolid is composting (Bożym and Siemiątkowski , 2018).
Due to the global population growth, urbanization and industrialization, wastewater volume and, as a
result, the amount of raw sewage sludge and biosolids increase continuously. On the other hand, the population
growth will increase the demand for agricultural and food production.
The degree of satisfaction of this demand is mainly dependent on the amount of fertilizer used by
farmers on agricultural land. In these circumstances, the use of biosolids as fertilizer seems to be a very good
option. Approximately 50% of the solid fraction of biosolid is organic matter and it has a significant positive
effect on the physical, chemical and biological properties of agricultural soil. (Kominko et al., 2017).
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The low content of nutrients in biosolids means that for production of high-performance organo-mineral
fertilizers it is necessary to introduce in their manufacturing formula, in addition to biosolids, mineral compounds
(Kominko et al, 2019, Lu et al.,2012, Pöykiö et al., 2019). The use of organo-mineral fertilisers in agriculture
increase in large part due to some advantages over single applications of mineral fertilisers or organic additives
(Nagy et al,2018). The combination of organic and mineral fertilizers improves the interaction between minerals
and plants by reducing the mineral absorption of phosphorus, increasing the availability of plant phosphorus,
increasing the biological activity of the soil and activating the root activity of young plants (Pare et al., 2010).
According to European Union regulations, organomineral fertilizer is defined as fertilizer obtained by mixing,
chemical reaction, granulation or dissolution in water of inorganic fertilizers having a declared content of one or
more primary nutrients with organic fertilizers. or soil improver (Kominko et al., 2017) .
Among the different physical forms of presentation of organo-mineral fertilizers, the most suitable is the
granular one. Granular organo-mineral fertilizers have a low content of water and other volatile substances,
require less storage space, pollute the environment less by eliminating the possibility of dust formation, allow
mechanization of application on the soil and thus the spreading accuracy (Deeks et al., 2013).
In order to obtain quality organo-mineral fertilizers, using biosolids and mineral fertilizer compounds as
raw materials, it is very important that the nutrients are maintained in the organic matrix (Kominko et al., 2017).
Reactive extrusion is a technique that has a high potential in the production of chemically modified bioderived materials (Milotskyi et al., 2019).
The thermo-mechanical processing by reactive extrusion proposed in this paper takes place in a reactor
extruder with two corotating screws that ensures, through a very good mixing at the molecular level, the
development of chemical reactions between components and, through all this, a structure physical and chemical
homogeneous of the granules.
MATERIALS AND METHODS
In the formulas used in the experiments were used some components that have only a fertilizer role
and others that, in addition to the fertilizer role, are absolutely necessary to ensure the matrix that makes
possible the processing by reactive extrusion.
The component that provides organic matter and partially macro and micronutrients is the biosolid
resulting from composting of sludge from wastewater. The biosolid used in the formula was purchased from
SEdC Mioveni and had the quality indicators presented in table 1.
Table 1
Biosolid quality indicators (Test report, 2018)
Determined
No.
Quality Indicators
U. M.
values
1
Dry matter
%
67.86
2
Volatile substance
%
35.34
3
pH measured at 20,6 0C
pH units
7.09
4
Nitrogen
% D.M
1.52
5
Organic carbon
% D.M
21.5
6
P2O5
% D.M.
1.38
7
K2O
% D.M
0.675
8
CaO
% D.M
0.35
9
Cadmium
mg/kg D.M
1.04
10
Chromium
mg/kg D.M
44.8
11
Copper
mg/kg D.M
74.3
12
Nickel
mg/kg D.M
26.5
Given that the organic matter content is approximately twice the organic carbon content, results an
organic matter content in the biosolid of approx. 43%, which is very important for the regeneration of soils,
especially those poor in organic matter due to their initial structure or due to application of large amounts of
mineral fertilizers.
The biosolid also has a Corganic / N = 14 ratio, which recommends it to be used as an amendment or as an
organo-mineral fertilizer obtained by adding macro- and micronutrients.
The components added to increase the macronutrient content were monoammonium phosphate
(MAP), as a source of phosphorus and nitrogen (12% N, 61% P), urea as a source of nitrogen (46% N) and
potassium nitrate as source of potassium and nitrogen (13.7% N and 38.4% K).
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Urea maintains long-term a neutral pH in the soil and contributes to the release of biosolid`s humic and
fulvic acids and potassium nitrate is commonly used as a fertilizer in intensive horticulture.
Orthophosphoric acid is a colorless liquid of 85% concentration, in water and is the fully oxidized and
hydrated form under which phosphorus is utilized as an essential nutrient element for normal plant growth and
development. All components were commercially purchased.
The microelements - cobalt, zinc, copper, iron and manganese were introduced in the formula in the form
of sulfates, because they are completely water soluble. Zinc sulfate activate several enzymatic systems of
plants, copper sulfate is the source of copper and plays a role in plant metabolism and chlorophyll formation,
iron sulfate has a role in the synthesis of chlorophyll, carbohydrates and nitrogen assimilation, manganese
sulfate is important in nitrogen metabolism, CO2 assimilation and photosynthesis process, and cobalt sulfate is
essential for nitrogen fixation. All the microelements were commercially purchased.
The components introduced in the formula to ensure the matrix that will make possible processing by
reactive extrusion have been starch, protein hydrolyzate and molasses.
The comercial corn starch was obtained from SC Roquette SA Calafat and have a moisture content of
12.01% and a density of 0.561 g / cm3. Protein hydrolyzate was obtained at Cluj Napoca Branch of INMA
Bucureşti from a mixture of potassium hydroxide, wool waste and water and contains 10-13% of proteins,
polypeptides and amino acids. Molasses from sugar beet was obtained from Sugar factory Tereos România
S.A. Luduş and contain 1.1% nitrogen, 3.5% potassium.
The composition of the manufacturing formulas used are shown in table 2.
Table 2
Composition of manufacturing variant
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Percentages, %

Used substance
Dry biosolid, 20% humiditaty
Monoammoniumphosphate (MAP)
Potassium nitrate
Urea
Orthophosphoric acid
Starch
Protein hydrolyzate, 11 % solution
Molasses from sugar beet
Manganese sulfate
Zinc sulfate
Copper sulfate
Iron sulfate
Manganese sulfate
Cobalt sulfate

Formula I

Formula II

30.00
24.50
22.20
5.30
0.00
7.98
4.00
2.23
3.30
0.08
0.05
0.11
0.22
0.03

30.00
25.00
23.00
6.20
0.21
7.50
4.00
0.00
3.56
0.09
0.06
0.11
0.24
0.03

The technological scheme used for experiments is shown in fig. 1. Given the composition of the formulas
and the existing equipment, it was necessary to group the components into two mixture types , namely, a solid
mixture and a liquid mixture.
The solid mixture consists of dry biosolid and two powdery components: monoammonium phosphate and
starch. This mixture is dosed and inserted into the extruder funnel using a two-screw feeder, with a feed rate of
4,5 kg / h.
The liquid mixture resulted from the dissolution in the hydrolyzed protein of the components urea,
potassium nitrate and sulphates (zinc sulphate, copper sulphate, iron sulphate, manganese sulphate and cobalt
sulphate). Molasses and orthophosphoric acid were also added to the liquid mixture. This mixture was also
dosed and introduced into the extruder feed funnel, using a dosing pump with a flow rate of 0.5 kg / h.
The equipment used in the experiments was an corotating twin screw extruder, shown in fig. 2, which,
depending on the composition of the processed material, can achieve a productivity between 0.5 and 15 kg / h,
at a screws rotation speed, continuously adjustable, of max. 400 rpm and a power of max. 5.2 kW.
The screws diameter is 25 mm and the ratio between their total length and diameter is 30. Each screw
consists of removable elements with different profiles that can be positioned lengthwise depending on the
behavior of the processed material.
The configuration of the screws used during the experiments for the reactive extrusion of the biosolid
with the addition of nutrients is shown in fig.3. The temperatures used in all the 6 zones, along the length of the
extruder, starting from the supply zone to the die were 30/35/60/90 / 100/100 0C.
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Fig. 1 – Technological scheme of production
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3
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Fig. 3 – Extruder screw configuration

4
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(conveying); 3-small pitch elements (pressure))

a)

Fig. 2 – Equipment used for experiments

b)

Fig. 4 - Granules of nutrient-enriched
biosolids

1 – extruder ZK 25x30; 2 – twin screw feeder;
3 – cooling-heating system; 4 – peristaltic pump
,

a) - Formula I; b) - Formula 2
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RESULTS
The final granulation was done on a hammer mill. The obtained granules were dried in an oven to a
humidity below 5%.
Characteristics of the fertilizer granules obtained, fig. 4, are presented in Table 3.
Table 3
Values of Organic matter, Corganic/N, Nitrogen, Phosphorus, Potassium and pH
for the two formulas
Characteristics
Organic matter
Corganic/N
Nitrogen, N
Phosphorus, P
Potassium, K
pH
Granule structure:
Moisture content
Color

U.M
% s.u.
%
%
%
pH units
%

Value
Formula I
Formula II
43
43
14
14
8.38
8.56
6.68
6,82
8.38
8.69
5.6
5.4
homogeneous
homogeneous
3.2
3.6
dark brown
dark brown

From analysis of the results presented in Table 3 we found that, under the conditions of keeping constant
the biosolid content, so organic matter, there is no concordance between the variation of the content of
compounds containing macronutrients in the composition of the two formulas and the variation of macronutrient
content in the final product, obtained by reactive extrusion Thus, although in formula II the amount of MAP
introduced was higher by 2% and the urea content was higher by 17%, both nitrogen and phosphorus increased
by only 2% in the final product. Instead, the percentage increase in the potassium content in the final product
was the same, 3.7%, with the percentage increase in potassium nitrate in formula II compared to formula I.
CONCLUSIONS
The low content of nutrients in biosolids means that for production of high-performance organo-mineral
fertilizers it is necessary to introduce in their manufacturing formula, in addition to biosolids, fertilizers and
mineral compounds.
The thermo-mechanical processing by reactive extrusion takes place in a reactor extruder with two
corotating screws that ensures, through a very good mixing at the molecular level, the development of chemical
reactions between components and, through all this, a structure physical and chemical homogeneous of the
granules.
The complexity of the phenomena, including the chemical reactions that take place between the
components along their path in the extruder due to the fluid state at high temperature and intense mixing,
especially in the pressure zone, make that variation of nutrient intake in the formula components to influence
differently the variation percentage of them in the final product.
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ABSTRACT
The basic natural resource of the agricultural system is soil, being at the same time more complex than
water and air, is the essential support of life. Over 90% of human and animal feed is produced in or on the ground.
One of the basic components of the soil is water loaded with solubilized substances. Being a porous, hydrofilal body,
the soil is able to retain a certain amount of water, the life of the plants being conditioned by the water in the soil, its
humidity state. Several methods are presented in the paper to try to make the most efficient use of water.
REZUMAT
Resursa naturală de bază a sistemului agricol este solul, fiind în același timp mai complexă decât apa și
aerul, reprezintă suportul esențial al vieții. Peste 90% din hrana oamenilor și animalelor este produsă în sau pe
sol. Unul din componenții de bază ai solului este apa încărcată cu substanțe solubilizate. Fiind un corp poros,
hidrofil, solul este capabil să rețină o anumită cantitate de apă, viața plantelor fiind condiționată de apa din sol,
de starea de umiditate a acestuia. În lucrare sunt prezentate câteva metode prin care se încearcă utilizarea cât
mai eficientă a apei.
INTRODUCTION
Soil is the surface layer of the earth's crust and consists of mineral particles, water, air, organic matter
and living organisms. It is vital for human activity being a system that performs many vital functions such as:
food/biomass production; source of biodiversity habitats; species and genes; storage and transformation of
many substances; source of raw materials; geological and archeological heritage; coal basin; serves as a
platform/physical environment for humans and human activities (Abdelraouf et all., 2014; Biriş et al., 2008; Biriş
and Vlăduţ, 2011; Croitoru et al., 2016; Croitoru et al., 2017; Matache et al., 2015; Ungureanu et al., 2015;
Ungureanu et al, 2018; Vlăduţ D.I. et al., 2018; Vlăduţ et al., 2009; Vlăduţ et al., 2017; Vlăduţoiu et al., 2017). For
growth and development plants need the existence of appropriate vegetation conditions that refer to the
presence of air, light, water, heat and nutrients, (Janne et all, 2020). These conditions have been called
vegetation factors because of their decisive role in achieving the level and qualities of agricultural production.
When all these factors are ensured at the optimum values necessary for plant development, the maximum harvest is
obtained. In the production process this desire is difficult to achieve and there is often a factor in smaller quantity,
especially water and nutrients. Water has been identified as one of the rare resources that can severely restrict
and even compromise agricultural production and productivity, unless carefully managed and preserved.
The living conditions on the planet are also met by the constant circuit of water in nature, fig. 1. This
circuit also participates in the stabilisation of the energy (heat) stored in steam. Water evaporates from the
oceans being stored in clouds that can travel very long distances towards the middle of the continents. The rain
that falls from them provides precipitation for the soil. Some of this moisture is absorbed by the soil, some is
used by plants, some evaporates and the rest ends up in rivers and streams that flow back into the ocean from
where the entire circuit resumes by evaporation (Oprescu et al., 2018; Oprescu et al., 2019a; Oprescu et al., 2019b).
The capacity of the earth is limited and the demand for natural resources from society is increasing.
Climate change, soil, water and air pollution, erosion and desertification phenomena, reduction of wetland area
and tropical forest systems, disappearance or threat of the existence of a number of plant and animal species,
rapid reduction of non-renewable natural resources began to negatively influence socio-economic development
and human quality of life in vast regions of the planet (Gheorghe, 2017; Ungureanu et al., 2017; Ungureanu et
al., 2018; Bularda et al., 2020; Croitoru et al, 2015). The use of waste water in agriculture makes the freshwater
supply for individual households higher. By properly treating waste water they can become an effective
alternative to covering the water needs of the agricultural sector.
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The condition of the use of waste water for irrigation requires the implementation of high-performance
water tartar technologies in order to eliminate health toxic factors (heavy metals, viruses, bacteria, microorganisms) and to comply with existing environmental protection legislation (Oprescu et al., 2019).

Fig. 1 - Water circuit in nature (Abdelraouf R., et all., 2014)

The lack of precipitation in July and August accompanied by high temperatures, relatively low air humidity
and warm and dry winds, make this period, in the absence of irrigation, the most difficult in the growing period of
plants. Water from precipitation is distributed in the soil and atmosphere as a percentage, according to Fig. 2.

Fig.2 - How water is distributed from precipitation (Biolan I., et all., 2016)

In recent times there has been a significant increase in the number of inhabitants of the planet, which
inevitably led to an increase in the amount of food needed for consumption. The need for food as much as
possible also implies the need for adequate clean fresh water to produce our food. The increase in demand for
water needed to carry out human activities on the one hand, accompanied by the production of climate change,
on the other, has caused many regions to face difficulties in finding sufficient freshwater resources needed to
meet their own needs. Growing food further, without depleting nature's clean water resources, forces us to
increase the efficiency of water use in agriculture,
The water needed for plant development comes from the rains that fall on the cultivated land. Due to the
fact that the rains do not fall continuously, it is necessary that the water from them is captured somewhere, from
which it can be used. The place of capture is soil, land, and because of this plant development, agriculture and
therefore human life is more prosperous the better the land is. The amounts of rainwater vary from region to
region but also from year to year in the same region. We have regions where it rains very little, so agriculture
without irrigation is not possible, (mandatory irrigation) and regions where it rains but not enough so that
agriculture can be done by supplementing rainwater with irrigation water (supplementary irrigation), thus
managing to achieve better productions. We have the most profitable situation of areas where it rains enough
for optimal plant development and irrigation is not necessary but also areas where the rains fall in abundance,
the soil being too wet can not be worked, so ordinary plants do not grow and agriculture can only be done if the
additional amount of water is removed through drainage and drainage works, (Head V., 2010).
Another important factor influencing the use of water from precipitation is the form of relief. In the case of
sloping land rainwater drains to the surface of the soil, thus not being used by plants and at the same time
causing soil degradation by erosion, an extremely serious process found on a third of the agricultural area of the
country and at the bottom accumulating too much water, causing the plants to flood, (Head V., 2010).
Keeping a quantity of water in the soil can be achieved by: stopping losses; reducing erosion; organic fertilization;
weed control; mechanical work to increase soil porosity by favouring better storage of water from precipitation; making
plant protection curtains; mulching of soil- maintaining a layer of plant debris on the soil surface (Gerard, 1984).
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MATERIALS AND METHODS
Among the soil works that positively influence the retention of as much water as necessary during dry
periods, and in wetter regions to ensure a good drainage of water to higher depths, is leveling. This work is
carried out with levelers built in various functional models, the levelers using the laser technique being among
the most effective, Fig. 3, given the type of irrigation system used (leveled ground for sprinkler systems and a
uniform slope for the furrow irrigation systems). Studies have shown that land unevenness and poor farm design
can lead to the loss of 20-25% of irrigation water during watering. Therefore, laser leveling can make the use of
water more efficient when watering, (Haytham M. et all., 2017).

Fig. 3 - Ground leveling using laser levelling (Haytham M. et all.,2017)

Mulch is actually a layer of material applied to the surface of a soil area to maintain moisture, regulate
soil temperature and improve its fertility and health. The main purpose of mulching is to keep water in the soil.
Water vapors coming out of the soil stop in the mulch layer, where they condense and return to the soil. On the
other hand, the effect is also the opposite: in the case of too much water, it is prevented from reaching the soil,
as a result of puddles on the surface and washes nitrogen from fertilisers, generating, among other effects,
water pollution. Dark mulch prevents light from entering weeds and forces their elongation and depletion.
Sometimes they are used only to make the area more pleasant to view (around trees, on paths, on flower beds
in the garden, etc.). Soil mulching actually mimics what happens in nature (leaves in the forest); the layer of
leaves that accumulate forms a protective blanket that limits the development of weeds.

a
b
Fig.4 a) - Mulch applied to soil between decorative plants to prevent weed growth b) Soil mulching with organic
materials, (Haytham M. et all., 2017)

The mulching materials must be, on the one hand, cheap and available in sufficient quantities, and, on
the other hand, in appearance, be light, dry or semi-wet: straw, straw, straw, broken fan, leaves, sawdust, talas,
tree bark, peat, forest litter, compost or semi-fermented garbage, etc. Mulching is not an operation that targets
and replaces crop fattening, but it can also have a fattening side effect, especially with nitrogen. Mulching is
equivalent to precomposting, which is why the materials, which are collected after mulching, are kept for next
year or passed directly to composting, (Janne et all., 2020).
The effects of mulching are: reducing the amount of water needed for irrigation, prevents soil erosion,
stops weed growth, maintains an optimal temperature (summer cools in winter heats) regulates soil acidity,
stimulates the activity of microorganisms... for efficient mulching, semi-wet organic materials may be used, a
first layer of about five centimeters covering with another five centimeters of dry mulch.
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Lately, there has been increasing talk in our country of the extreme nature of climate events, with major
negative effects on productive-financial results in agriculture. In order to achieve sustainable agricultural
performance, agricultural research and innovation programmes are incomplete without the irrigation and forest
agro-protection curtains chapters. The Food and Agriculture Organisation (FAO) considers that forest curtains
for the protection of agricultural land denote the degree of development of a country's agriculture. Forest
curtains play an important role in protecting agricultural crops from drought, erosion and landslides. According to
studies carried out in various countries around the world, the effect of forest curtains leads to an average
harvest increase of 15%. In Romania, in moderate drought conditions, 43% more autumn wheat was obtained in
Baragan, with 61% corn cobs and 28% sunflowers. These results represent the effect of the influence exerted
by the curtains on the significant reduction of wind speed in the protected field. Under irrigation conditions,
forest curtains increase productive perspiration by 13% and harvest by up to 30% compared to irrigated fields,
but not protected with curtains. It also reduces water consumption by 17% per ton of vegetable mass produced,
which means a reduction in the irrigation standard, thus lower costs. In addition, the side effects associated with
sprinkler irrigation – poverty and dredging – reduce wind speed leading to improved irrigation quality are
avoided, Janne S., et all, (2020).

Fig.5 a, b Protective curtains (Janne S., et all., 2020)

Forest curtains play an important role in achieving this protection, it is recommended that they be
carried out in 4-5 rows, up to 30 m wide, alternating high-waisted, middle-sized trees and shrubs. As regards the
beneficial effects on agricultural crops, in addition to the production increase of 10-20%, direct production of
wood, nectar, fruit, increased game herds, species valuable for the biodiversity of agro-silvichabitat habitats is
added. The improvement of the microclimate, the reduction of diffuse pollution due to agricultural activities, the
exploitation of nitrites and nitrates in leachate by trees, the significant reduction of noise and chemical pollution
produced by motor vehicles, the increase of the biodiversity of agricultural habitats and the category of hunting
stock, forest curtains providing shelter for numerous species of flora and fauna.
On sloping land a part of the water flowing towards the base of the slope produces the phenomenon of
soil erosion. In order to prevent and combat it, the following measures are necessary: soil work and sowing of
predatory crops to be carried out on the level curves, Fig. 5;execution of agricultural work for the conservation of
water in the soil (sowing in strips, direct sowing, mulching works); the use of green fertilisers and well-fermented
garbage (compost);; sowing in strips on levelcurves; making special asolaments with protective plants.
Lands with high slopes present high risk of leakage, by concentration, in the case of heavy rainfall, so it
is preferable to plant on the contour and divide the field into plots by using tree or shrub barriers, Fig. 6, (Laural
M. et.all., 2017).

Fig. 6 - How to perform work on slopes (level curves) (Janne S., et all., 2020)
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Fig. 7 - Parceled land with tree barriers (Laural et.all., 2017)

Among the mechanical works used to combat water stagnation or uncontrolled leakage is soil
modelling. Soil surface modelling work shall be carried out to facilitate the directing of water along the plant row
or its uniform storage.The machine that processes water tanks using a profiled drum.

Fig.8. a) - Overview of the machine b) The machine during the work. c) Mini-tanks created (Liang et all., 2020)

The machine is used both for fodder plant crops and for grain crops. The tests found better efficiency in
the use of the machine in the case of land processing at an depth of 20 cm compared to the depth of 15 cm and
at a speed of movement of the machine between 0, 7-1 m/s.In the case of the grain crop the highest
productions were made when the land was processed at the depth of 20 cm and the speed of movement of the
machines was between 1-1,2 m/s,. (Liang et all., 2020). The compartmentation of furrows for the more efficient
use of water and the reduction of the erosion phenomenon is an older concern of farmers but has experienced
widespread use with the evolution of herbicide technologies and mechanical equipment needed for subdivision.
Studies have shown that the sinking of the furrow is effective in reducing leakage and increasing crop yields and
that the slope location has a significant effect on yields.
For the execution of the interrupted furrows the machine consists of the rarities for the construction of
furrows and rotors with pallets for their modeling and interruption by the formation of dams (dops). The number
of workstations shall be determined according to the sowing scheme and the interval between the processes
(processing may be carried out on each interval or at two intervals depending on the soil structure).

Fig. 9 - Compartmented brazes made with DMBC5-0 equipment (Oprescu et al, 2019)

In the execution of continuous or interrupted furrows, the aim is to obtain an increased section of the
furrow necessary for the accumulation and transport of as much water as possible.
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RESULTS
Interrupted watering brazes are required on land showing bumps or slopes causing water to drain and
accumulate in microdepressions, land that has been arranged for sprinkler irrigation, using fixed or mobile
installations, (Oprescu et al., 2019). The distribution of water on the land where watering furrows have been
made for predatory plant crops is carried out with low pressure LEPA systems.
Equipment for the construction of levees ranges from rotors and lopes to complex hydraulic aggregates
with mechanically triggered rotors. At that time the equipment commonly used was of the type of push which
has one, two or three pallets that move when loaded with soil, thus depositing the soil and forming a small
barrier. Most elements move due to soil accumulation pressure at the front of the pallet and work well in loose,
soft, sandy or clay soils.

Fig. 10. Briggs Tied Ridger equipment and the profile of the channels created by it
(Ravindra Y. et all. 2017)

The distance between the levees formed between the rows depends on the conditions of the terrain and
the speed of movement of the tractor, frequently obtaining distances of 1-2m. The work of the dyme shaded
format between the rows is not performed independently, it is performed in combination with other works such
as sowing or crop maintenance, making the costs of this work not significant.
Briggs Tied Ridger equipment was developed to prevent rain and irrigation water from flowing from crops
grown on sloping ground, thus giving a dramatic reduction in surface erosion, reduced loss of fertilizer and a
reduction in water requirements. The machine incorporates snow wheels specially designed to form and press
dams of uniform size and distances, which will be effective even on light ground. It is heavily ballasted and runs
on a deep wheel in each row.
A hydraulically operated freewheel shall be fitted on both rows; this overrides the trigger mechanism and
permts the palette to rotate freely during operation. The rear distance of the wheels can be adjusted simply by
opening the sub-frames and slipping them along the main frame. To produce a good quality dam, it is important
that the recommended speed of 3 km/h is not exceeded.
The ridge will erode throughout the year and the rate of erosion will vary depending on the quality of the
dam achieved primarily and the type of soil. If the dam remains intact throughout the season, it will be
necessary to consider the use of knives to eradicate the ridge either in front of the harvester or on a previous
operation, (Ravindra Y. et all. 2017).
CONCLUSIONS
By applying correct agricultural policies and practices, efficient water consumption can be achieved in
agriculture, thus higher water resources available for other uses. In order to achieve these objectives, the
following aspects will be taken into account:
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Irrigation as efficient as possible, which must be carried out with as little water consumption as possible, the
efficient consumption of water being achieved both by the efficiency of water transport (the proportion of
captured water that is distributed on agricultural land) and the efficiency of the application of irrigation on
agricultural land (the ratio between the amount of water used by a crop and the amount of water distributed
to that crop to be as high as possible);
Changing the mode of action which requires that in addition to the use of modified irrigation techniques,
water savings and lower costs can be achieved through training and knowledge exchange programmes that
educate farmers on more efficient water use practices. Notifying farmers of when and how to distribute
water in crops based on daily estimates of conditions affecting crops can increase water efficiency by up to
10%. Reducing pesticide use and changing crop rotation creates important potential to improve water use.
-The use of waste water in agriculture makes the freshwater supply for individual households higher. By
properly treating waste water they can become an effective alternative to covering the water needs of the
agricultural sector. The condition of the use of waste water for irrigation requires the implementation of highperformance water tartar technologies in order to eliminate health toxic factors (heavy metals, viruses,
bacteria, micro-organisms) and to comply with existing environmental protection legislation;
Improving the soil structure by using organic fertilizers and creating grassy soles that act together to form
humus. The use of organic fertilizers increases the soil's water storage capacity by up to 20%, and the
humus retains 6 times more water, thus prolonging the period of onset of drought by up to 15 days carrying
out mechanical work for a more efficient use of water from precipitation, the main aim of farmers being to try
to make the soil an organism willing to store as much of the water from precipitation as possible. This goal
can be achieved by carrying out rational work to achieve the best possible soil afforestation with increased
permeability and improved porosity.
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ABSTRACT
Blueberries have proven to have antioxidant properties superior to other similar fruits, due to the high
content of bioactive compounds, having a positive effect in reducing the risk of developing a number of
diseases. Anthocyanins and other phenolic compounds found in blueberries can protect organisms against
oxidative stress induced by free radicals and exhibit a wide range of health-promoting effects. This paper
presents a series of fizico-chemical analyzes that can be done to determine the quality of juices after
processing, in order to evaluate the antioxidant character of these fruits.
REZUMAT
Afinele au demonstrat proprietăți antioxidante superioare altor soiuri de fructe similare, în special
datorită conținutului mare de compuși bioactivi, având un efect pozitiv în reducerea riscului de a dezvolta o serie
de boli. Antocianinele și alți compuși fenolici identificați în afine pot proteja organismele împotriva stresului
oxidativ indus de radicalii liberi și prezintă o gamă largă de efecte care susțin sănătatea umană.În această
lucrare se prezintă o serie de analize fizico-chimice, realizate pentru a determina calitatea sucurilor în urma
procesării, pentru a determina caracterul antioxidant al acestor fructe.
INTRODUCERE
Blueberry (Vaccinium sp.), a fruit crop belonging to family Ericaceae, that have as main components
phenolic acids (caffeic, chlorogenic, ferulic, p-coumaric, and cinnamic acids) and flavonoids (anthocyanidins)
have been credited to confer many beneficial properties for human healthy (Patel S, 2014). Many studies have
shown healing effects of this plant in the area of cardiovascular disease, obesity, diabetes, retinal injury, heart,
liver, stomach and kidney inflammation, tumors, microbial infection, cognitive decline and bone loss.
Sanchez L.C.A., (2014) researched the effects of fruits and their properties in relation to their
antioxidant activity. They are recognized worldwide as an excellent source of bioactive phenolic compounds,
including flavonoids, phenolic acids and tannins, which can work both individually and synergistically (Wu et al.,
2010). However, the biochemical role of dietary antioxidant bioactive substances, from blueberry fruits are not
fully understood, and the identification of these substances and their association with some improvements in
health are a new trend in research (Nicoletti M.A. et. al., 2015).
Recent research in the field has shown that specific biological occurrence of some correlations might
have a positive effect on reducing the risk of developing degenerative diseases, such as diabetes mellitus,
cancer, coronary heart disease, hypertension, hypercholesterolemia, and obesity.
You, Q., (2011) and Huang, W., (2012) found in the fruits of blueberries the following substances ,
phenolic acids, flavonoids, anthocyanins, procyanidins, proanthocyanidins, polyphenols, tannins, antioxidant
vitamins such as vitamin C, chlorogenic acid, quercetin, kaempferol, mirecitina, catechin, epicatechin,
chlorogenic acid, p - coumaric acid, and hydroxycinnamic.
MATERIALS AND METHODS
Nicoletti, A.M., et. all, (2015) classified phenolic compounds into two major groups: non-flavonoids and
flavonoids The different classes of flavonoids include flavanones, flavones, flavanols, isoflavones, anthocyanins,
and flavans that differ from each other with respect to the degree of oxidation around the heterocyclic ring
oxygen, while non flavonoids consist of two groups: those derived from hydroxybenzoic acid, and derivatives of
hydroxycinnamic acid.
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The color of blueberries of purple blue is caused by anthocyanidins, substances that are controlled by
three basic pigments: pelargonidin (red), cyanidin (red) and delphinidin (violet). The effect of these compounds
is not only that of a color but also has a role of antioxidant, with a high potential to be used in the
pharmaceutical industry. These pigments vary in the number of hydroxyl groups, the degree of methylation of
these groups, the amount and position of the molecules of sugars, and aliphatic or aromatic acids (Szajdek, A,
2008).
The amount of active substance contained in the fruit is not fixed, it varies depending on some
parameters such as type of crop, soil composition, climate characteristics, genetics of the fruit harvest season,
the maturation phase, sun exposure, and the post-harvest. The growing conditions of the plant are extremely
important in the variation of anthocyanin, Castañeda-Ovando, A (2009) finding dependencies according to the
following parameters pH, oxygen, light, heat, and the extraction method.
There are several studies that quantified anthocyanins and the phenolic acids from blueberry juice. A
study that evaluated 42 plantations of blueberries, comparing the quantities of these substances among the total
anthocyanins in certain blueberries types, the largest amount was that of delphinidin of 56.6%, followed by
malvidin with 30.6%, petunidin 7.9%, cyanidin with 4, 2%, and peonidin being 0.6% (Veberic, R., 2015).
An attractive fruit color could be a sensory characteristic of fruit products, and also is well correlated
with the nutritional quality.
Anthocyanin content is also an important indicator of nutritional value. However, anthocyanins are
known to be unstable substances and are easily degraded (Laokuldilok, T. et all, 2017), while storage may
further degrade anthocyanins and may affect antioxidant capacities in juice (Zhang L., 2019).
J. Lee, et al., 2002 has analyzed frozen blueberries (Vaccinium corymbosum L. cv. Rubel) by
processing the fruits and making concentrates using two treatments (heat and SO₂). Considering a pressing
efficiency of 74-83%, have been recovered in the extract 13-23% anthocyanins and 36 -39% of the
polyphenolics, while the rest of the quantities were found in the presscakes. The flavonoids showed a great loss
in the process of thawing, crushing, and depectinization.
Heating is shown to inhibit native enzyme activity, for example research studies on the addition of sulfur
dioxide (SO₂) has been effective in inhibiting the activity of PPO, while Bakker et all, 1998 found that the levels
of anthocyanin increases in the extraction when increasing the SO₂ amount. Song H.N. et al., 2018 also
researched the impact of various factors on color stability of fresh blueberry juice during storage to investigate
the effects of various factors, concluding that blueberry juice color can be protected at lower extraction
temperatures under 60°C with selective addition of glucose, galactose, or citric acid.
For a long-term storage, it is recommended to use a light-protected container and a deep freezer at
−75°C. Haward L.R. et al., 2016 investigated methods needed to stabilize the health-promoting anthocyanins in
blueberry and other anthocyanin rich berry juices. He has concluded that acidification coupled with refrigerated
storage are effective treatments to retain health promoting anthocyanins.
Velchez Z., et al., 2012 researched the blueberry juice production and determination of optimal
temperatures for pasteurization, in order to obtain a product with preserved high antioxidant capacity. He noted
that the antioxidant potential of foods and beverages from blueberries depend on the processing conditions and
storage. He found that the best technique can be achieved, applying temperature of 85 °C for 9 minutes, with a
thermal stress of 3692.7, the harmful effect on the antioxidant capacity can be significantly reduced.
The activity of polyphenolic substances and their potential beneficial role in human health were also
studied in detail by numerous authors such as Del Rio et al., (2010) Jager and Saaby, (2011) or Spencer,
(2010).The effects of processing and storage methods on the micronutrient and phytochemical content of
berries must be taken into account in the processing of fruits when assessing the potential health benefits and
quality of products obtained from their processing. Significant losses of flavonols, vitamin C and other
antioxidants can occur during the manufacture of berry juices, although cold pressing methods may be less
destructive than those involving steam extraction (Duthie G.G., 2005).
The antioxidant capacity of the fruits can be determined using many ways and by different methods
such as DPPH radical scavenging activity, Hydroxyl radical scavenging activity (OH; HOSC), Oxygen radical
absorbance capacity (ORAC), Free radical capture (ABTS), Nitric oxide-scavenging activity (NO) (Popa E.L.,
2016). The DPPH radical scavenging activity method, researched to analyze blueberries by Azofeifa et al.,
2015; Da Fonseca Machado et al., 2014; Wu et al., 2010, involve dissolving samples in deionized water to
obtain various concentrations, then mixed in different concentrations in ethanol. After centrifugation and keeping
it in the dark for 30 min at room temperature, then the absorbance is measured at 517 nm.
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The Ferric reducing antioxidant power (FRAP) is based on the reduction of the ferric (Fe³+) TPTZ (2,4,6tripyridyl-S-triazine) complex to its ferrous form (Fe2+), then analyzing the absorbance at 595 nm using a UV/Vis
spectrophotometer. Hydroxyl radical scavenging activity (OH;HOSC) is using a solution of FeSO₄, together with
H₂O₂, salicylic acid and the tested sample in different concentrations are mixed well and incubated together at
37°C for 1 h. The assessment method is easily adaptative for different concentrations and wavelengths (Chen et
al., 2015). Oxygen radical absorbance capacity method or ORAC uses a technique that envisages the dilution
with a phosphate buffer having pH 7.4, and mixing the probe with Trolox standard at different concentration.
After adding of fluoresce in sodium salt, the compound is agitated for ten seconds and passes an incubation of
25 minutes at 37°C. The fluorescence intensity is measured at excitation of 485 nm and emission of 538 nm,
and the values is expressed as mean μMol Trolox equivalent (TE) per g of dry weight (Azofeifa et al., 2015).
Free radical capture uses a solution of ABTS in in potassium sulphate dilutes in ethanol until the
absorbance at 734 nm was 0.70 ± 0.02, it is being refrigerated in the dark. The tested sample is mixed with the
realized solution and it is incubated at 30°C for 25 minutes. Then the absorbance was read and compared to
that of Trolox (Sanchez et al., 2014). Nitric oxide-scavenging activity (NO) uses a technique that implies
generation of sodium nitroprusside, then adding some Griess reagent and reading the absorbance of standard
solutions of sodium nitrite (Azofeifa et al. 2015).
CONCLUSIONS
Food safety and quality management are very important factors in food processing. After ensuring the
food safety, fruit processors must provide additional qualitative standards to food, in such matter so as to satisfy
the costumers requirements for both organoleptic and nutrition values.
Fresh fruit and vegetable juices represent a healthy food supply, that have proved to be an essential
component for a healthy diet, being able to decrease the risk of contacting a large number of diseases.
Processing fruits and vegetables, however, might have a negative effect on some of the essential elements.
Blueberry juices are among the most popular food products with very good antioxidant effects, which can
be prepared from fresh blueberries. Blueberry fruits are harvested in a short period of the year June–August,
and is required preservation by freezing or processing to juice. Many studies have drowned the conclusion that
traditional processing technologies can negatively affect bioactive and antioxidant properties of blueberry
products.
The present article reviewed a series of valuable research studies, that identified main substances having
an antioxidant effect and the most common methods of analysis antioxidation levels. There have been
described in brief which are the most used methods to evaluate the antioxidant capacity of the blueberry’s fruits,
determinations that are of real interest in evaluating berry treatment processes.
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ABSTRACT
Until the present, regarding the improvement of soil characteristics used in vegetable growing, research
has been aimed at improving soil fertility and increasing agricultural production, by conducting studies of some
types of microorganisms for plant nutrition. Development of microbial inoculants in order to cover the
deficiencies that may occur in the available nutrients, without taking into account the danger that the irrational
use of fertilizers has on the remanence and percolation of the pollutant in the soil layer. The paper presents the
current concerns of researchers from INMA Bucharest and ICDPP Bucharest in developing an experimental
model of combined equipment for biological soil treatment by applying of microbial bioinoculants (liquid
formulations) in furrows or by incorporation into the soil to a depth of 5… 10 cm of microbial bioinoculants
(granular forms).
REZUMAT
Până în prezent, referitor la îmbunătățirea caracteristicelor solurilor utilizate în legumicultură, cercetările
au fost orientate spre îmbunătătirea fertilității solului și creșterii producției agricole, prin efectuarea unor studii
ale unor tipuri de microorganisme pentru nutriția plantelor, dezvoltarea unor inoculanți microbieni în vederea
acoperirii carențelor ce pot aparea la nivelul nutrienților disponibili, fără a fi luat în considerare pericolul pe care
utilizarea irațională a îngrășămintelor îl are asupra remanenței și percolării substanței poluante în stratul de sol.
Lucrarea prezintă preocupările actuale ale cercetătorilor din cadrul INMA București și ICDPP București în
realizarea unui model experimental de echipament combinat pentru tatarea biologică a solului prin aplicarea pe
brazdă a unor bioinoculanti microbieni (formulari lichide) sau prin încorporarea în sol la adâncimea de 5…10 cm
a unor bioinoculanți microbieni (formulari granulate).
INTRODUCTION
Sustainable management of soil resources involves ecological balance, improving soil functions and
biodiversity and is based on the concept of "use, improve, restore" or "leave agricultural land in a better shape
than we received", (Puiu, 1980).
The intensification of the physical degradation of the soils was determined by the use of inappropriate
anthropogenic activities, mainly by the excessive use of heavy agricultural machinery, which remains the main
method of increasing agricultural production, but which can also cause degradation by anthropogenic
compaction, (Li, 2017).
Most research performed so far has concluded that soil structure and soil microbial activity are strongly
negatively correlated with both soil respiration and enzymatic activity, indicating a decrease in microbial activity
relative to decreased structural quality, (Antille, 2015). Soil destructure, determined by excessive tillage can be
improved by adopting traffic-controlled agriculture (CTF) as a technically and economically viable option to
improve productivity and resource efficiency in arable crop systems (Antille, 2019).
Recent studies and research have shown that beneficial microorganisms can be used for biological
control of plant pathogens and to stimulate plant growth, (Abdel Latef, 2020). Various bacterial biopreparations
are available on the market, many of them based on selected stalk of Bacillus species, (Molina, 2003).
ICDPP Bucharest selected stem of Bacillus amyloliquefaciens, B. licheniformis and B. subtilis to be useful
in plant protection and formulated them as bioproducts for seed and soil treatment. Entomopathogenic fungi
such as Beauveria bassiana, B. brongniartii, Isaria farinosa, Metarhizium anisopliae and Verticillium lecanii are
known to be effective for biological pest control, (Sicuia, 2014).
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Microbiological studies, which were performed by ICDPP Bucharest to characterize beneficial bacteria,
showed that they have the ability to produce lytic enzyme involved in inhibiting plant pathogen and enzymes of
interest (protease, lipase, amylase) to stimulate growth, (Sicuia, 2015). Rhizobacterial stems that promote plant
growth (Bacillus pumilus), (Bacillus subtilis) and (Curtobacterium flaccumfaciens) were tested individually and in
combinations for biological control against multiple pathogens of cucumber vegetable culture grown in
greenhouse conditions, and the results showed a general tendency in all experiments towards greater
suppression and increased consistency against multiple pathogens, (Raupach, 1998).
Currently, results have been obtained from experimental research aimed at developing methods to test
the stability of entomopathogenic mycoinsecticides: the method of assessing the stability of viability of fungal
formulations, as well as methods of assessing the stability of virulence of fungal formulations, by biotesting,
under conditions laboratory and field, on Leptinotarsa decemlineata. A method of obtaining Beauveria bassiana
oily formulations was also developed, (Dinu, 2018).
Also, currently INMA Bucharest in collaboration with ICDPP Bucharest is carrying out a research contract
entitled "Integrated management system of agroecosystem resistance to pests in order to promote sustainable
agriculture in climate change" project "Integrated Management System (SIM) of phytosanitary risks through
complex methods of sustainable management of agroecosystems ”, which led to the design of a combined
equipment for biological soil treatment.
MATERIALS AND METHODS
The combined equipment for biological soil treatment (fig. 1) used in the experimental research is of
the type carried on the three-point suspended mechanism of a 45 HP tractor on wheels and can apply microbial
bioinoculants (liquid formulations) on the furrow or can bury in soil to a depth of 5… 10 cm microbial
bioinoculants (granular forms).

Fig.1 - The combined equipment for biological soil treatment

Experimental research in laboratory conditions was carried out in 2019 to determine the qualitative
indices of combined equipment for biological soil treatment, in the first phase by applying experimental fungal
bioinoculants (granular formulations) and in the second phase by applying fungal bioinoculants experimental
(liquid formulations).
In the first phase, the gearmotor of 12V DC mounted on the equipment through the rotational motion it
moved out of the box into the alveoli of distributors with vertical disc a quantity of granulated bioinoculant and
incorporated it in the soil through the flexible tubes and the patina coulters. The flow tests (fig. 2) were
performed in five repetitions at a speed of 30 rpm for 30 s.
Each test was performed simultaneously on the three distributing organs of the equipment. The average
of five samples from each test was calculated to obtain an average flow value, after that the deviation from the
sample average was calculated. The condition of acceptability was if the deviation from the average of the
samples is less than 10%.
In the second phase, the liquid bioinoculant in the tank passes through a filter and is taken up by the 12 V
DC electropump, which sends it with pressure to the spray nozzle located on a support behind the equipment
and above the ground.Some of the liquid discharged by the electric pump returns to the tank, passing through a
manual flow regulator. The support on which the nozzle is placed can slide vertically, so that the height
adjustment of the liquid bioinoculant spray could be achieved.
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Fig. 2 – Performing experimental research to determine the flow rate when applying experimental fungal
bioinoculants (granular formula)

The pump flow rate (Fig. 3) was determined by the volumetric method. The liquid discharged from the
pump was captured for 1 minute in a vessel and measured with a graduated cylinder.
Measurements were made at working pressures 0; 2.5, 3, 3.5 and 4 bar, and during the tests the liquid
access valve to the application nozzle was opened.

Fig. 3 – Performing experimental research to determine the flow rate for the application of experimental fungal
bioinoculants (liquid formula)

RESULTS
In order to determine the qualitative work indices, three records were made for each sample, the
averages of these values being presented in Table 1.
Table 1
Flow of experimental fungal bioinoculants (granular formula)
Distribuitor nr.
1
2
Measured average values [g]
211
212
Deviation in relation with the average samples, %
5,2
5,7
The total quantity collected from the three distributors in 30 s, g
634,8
Distribution norm per hectare, kg/ha
151,19

3
211,8
5,2

These values presented in table 1 satisfy the functional requirements of the equipment for applied
experimental fungal bioinoculant (granular formula) because the maximum application norm is 150 kg / ha.
To determine the liquid flow of the 12 V DC electropump when applying experimental fungal bioinoculants
(liquid formulations), five recordings were made for 1 minute for each working pressure, and the averages of
these values are shown in Table 2.
Table 2
Supply voltage [V DC]
12

Flow of experimental fungal bioinoculants (liquid formula)
Pressure [bar]
0,5
2,5
Measured average values [l/min]
7,06
5,58
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4,42

3,5
3,58

4
2,46
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These values presented in Table 2 satisfy the functional requirements of the equipment for the application
of experimental fungal bioinoculant (liquid formulations).
CONCLUSIONS
Following the experimental researches, it was found that the equipment achieves norms of distribution
of bioinoculants of granular formula type and flows for the application of bioinoculants of liquid formula type in
accordance with the agorotechnical requirements imposed for the work for biological soil treatment.
It is recommended to continue experimental research in the field to determine the growth and yield of
vegetable crops under the conditions of application of biological soil treatment, in response to different types of
bioinoculants and application rules.
The experimental research obtained, presents new information on the qualitative working indices of the
combined equipment for biological soil treatment, is an important starting point for the development of strategies
for managing soil deficiencies in organic vegetables, for the correct application of organic products.
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ABSTRACT
The benefits of biofuels compared to traditional fuels include greater energy security, lower environmental
impact, financial savings and socio-economic issues related to the rural sector. The concept of sustainable
development embodies the idea of interconnectivity and balance between economic, social and environmental
concerns. The use of renewable energy is an efficient way to ensure a cleaner energy supply. Romania has the
capacity to produce energy from a multitude of sources, biomass being one of the most abundant and easy to
use. Lignocellulosic waste represents an important biomass source that can be easily transformed in solid
biofuls, thus eliminating losses and contributing to environmental protectios. The paper presents a solution for
lignocellulosic waste recovery, by transforming it into tablets using a specially designed equipment.
REZUMAT
Beneficiile biocombustibililor comparativ cu combustibilii tradiționali vizează o mai mare securitate
energetică, impact asupra mediului mai mic, economii financiare şi aspecte socioeconomice legate de sectorul
rural. Conceptul de dezvoltare durabilă întruchipează ideea de inter-conectivitate şi echilibru între preocupările
economice, sociale şi de mediu. Utilizarea energiei regenerabile reprezintă un mod eficient în asigurarea unei
aprovizionării cu energie mai curată. România are capacitatea de a produce energie din o multitudine de surse,
biomasa fiind una din cele mai abundente şi uşor de utilizat. Deşeurile lignocelulozice reprezintă o sursă
importantă de biomasă ce poate fi transformată în biocombustibili solizi, astfel eliminând pierderile şi contribuind
la protecţia mediului. Lucrarea prezintă o soluţie pentru valorificarea deşeurilor lignocelulozice prin
transformarea acestora în tablete utilizând un echipament conceput special.
INTRODUCTION
In all European countries, various lignocellulosic biomass have started to be used to produce renewable
energy (Danciu et al, 2010; Ungureanu et al., 2016b; Vlăduţ et al., 2012; Voicea et al., 2014a). Of these, we can
mention: agricultural residues (straw, straw containing manure) or fractions of solid municipal waste available in
large quantities, but little of this potential is currently used. Not all wastes have an adequate content for their
treatment using available techniques for transforming lignocellulosic biomass into renewable energy such as
anaerobic digestion, ethanol production or heat recovery (European Commission – EUR 21350 – Biomass, 2005).
The most important categories of lignocellulosic materials are:
•
wood and wood waste;
•
stems of non-woody plants (annual or perennial); this includes agricultural cellulosic waste such as:
cereal straw and stems from different crops as well as those from the processing of technical plants
(textile plants, tobacco stems), spontaneously growing plant stems;
•
fractions from municipal waste such as paper waste [td]. Lignocellulosic agricultural waste is a resource with
high global availability and low price, resulting from the harvesting of cereals and some technical plants
(quantities that can be collected depending on the type of crop: wheat straw: 1.4-2.5 t / ha; corn stalks: 4-6.5
t / ha; sunflower stems 1.9-5.0 t / ha; rapeseed stems 1.7-3.5 t / ha, (Marcu A., 2008).
Wood waste from the paper and woodworking industry is usually clean and can be used as fuel for
various biomass-based energy systems. Forest waste includes unusable waste, dry trees, trees that do not
meet commercial standards and other trees that cannot be traded and must be cut down to clear the forest.
Some species of energy plants are also part of the woody biomass category, such as fast-growing trees. The
harvesting period of such plants varies between 3 and 10 years depending on the tree species.
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Agricultural biomass is appreciably more abundant than woody biomass. Within it, the most commonly
used types for energy purposes are: straw; corn stalks and cobs; grapevine canes; flax and hemp stalks;
agricultural plants; sunflower and soybeans; biomass from fruits and seeds (Ungureanu et al., 2016a).
Straws have good energy characteristics, so they are acceptable for use in energy purposes. For example,
corn can generate more than three times as much waste as all forms of wood waste. Sometimes large amounts of
chlorine, especially in coastal areas grown with corn, can lead to corrosion of heat recovery plants (Ungureanu et
al., 2018; Vlăduţ et al., 2011; Voicea et al., 2014b).
The paper presents a solution for the recovery of lignocellulosic waste, as an important part biomass,
using a specially designed tableting equipment.
MATERIALS AND METHODS
Table 1 shows the energy potential by types of agricultural biomass available in Romania
(https://ec.europa.eu/transparency/regdoc/rep/1/2019/RO/COM-2019-175-F1-RO-MAIN-PART-1.PDF).
Table 1
Energy potential by types of agricultural biomass
Available energy potential
Biomass type
TJ
toe*
Straws
30841
736580
Corn – stalks + cobs
177870
4248150
Sunflower – stalks, head, husks
55346
1321830
Flax and hemp stalks
92
2190
Grapevine canes
2688
64190
Total
266835
6372940
*tonne of oil equivalent

The main types of biomass conversion processes can be classified into four groups (Romania's 20182030 energy strategy, 2018):
- physical (grinding, separation, drying, briquetting, pelletizing, etc.);
- biological-biochemical (fermentation: anaerobic, aerobic, alcoholic);
- thermal (combustion, pyrolysis, gasification, hydrogenation);
- chemical (they initially use biological and biochemical processes which are then supplemented with chemical
syntheses; for example, the synthesis of biodiesel).
Biofuels can be obtained in various forms, and they are beneficial for the environment, because they add
much less harmful emissions into the atmosphere (they also contain oxygen in their chemical structure with
beneficial effects for combustion and flue gas emissions). and uses various agricultural wastes as a resource.
Renewable energy technologies have the great advantage of using inexhaustible, low-polluting resources
with an insignificant contribution to climate change. In addition, their use reduces dependence on conventional
resources that will be depleted in the not too distant future. Used in the thermal energy system, biomass-type
substances must meet the requirements of thermochemical conversion technologies (combustion or
gasification), food and flow maintenance, in conditions of optimal energy efficiency with minimal impact on the
environment. Biomass through its components (agricultural, forestry) varies in type, shape and presentation and
does not does not meet the requirements of energy efficient installations. Thus, additional processing is required
to improve the thermo-physical characteristics such as:
• increase of calorific value;
• increasing the specific mass;
• achieving optimal transport and supply dimensions.
In order to increase the density of solid fuels in biomass and to allow the automation of the combustion
process, biomass is usally transformed into pellets, briquettes or tablets.

a
b
c
Fig. 1 – Examples of solid biofuels from biomass [13, 14]; a – pellets; b – briquettes; c - tablets
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The specific characteristics of combustion products, briquettes, wood pellets are comparable in relation to
thermal performance (calorific value), the differences in volume, density and final moisture being influenced by
dimensional factors, moisture on pressing and compaction requirements of these combustible products (Table 2).
Table 2
Calorific performance of briquettes, pellets compared to wood
Biomass products
Calorific value [kcal/kg]
Calorific ratio compared to wood [%]
Masive wood
4500 ÷ 5000
100
Wood tablets and briquettes
4000 ÷ 5000
100
Wood pellets
4000 ÷ 4800
96
Resinous bark
4500 ÷ 5250
105
Straw tablets and briquettes
4500 ÷ 4750
95
Reed tablets and briquettes
4300 ÷ 4500
90

Mechanical, thermal and agglomeration processing of biomass, bringing it to the optimum particle size
and moisture density, in solid combustion products – tablets, briquettes, pellets - has multiple advantages:
the products obtained have superior energy properties, compared to biomass;
tablets, briquettes and pellets produce, through combustion, reduced pollutant emissions and ash in smaller
quantities, with a weight of 1 ÷ 2% of the amount of composite material subjected to combustion;
widens the field of use, for private households, communal, urban and administrative thermal power plants;
requires storage spaces under the storage requirements of natural biomass product (firewood, remains and
sawdust from wood manufacturing);
reduces the transport fleet, handling of the energy process;
optimizes the combustion process;
increases the calorific value of biomass.
The processing of biomass, which appeared to be necessary for energy, economic, ecological and social
requirements, transforms products with low value and use into new products with high energy value.
RESULTS
Biomass tableting consists in subjecting biomass materials to high pressures in a closed die for a shirt
period of time and then evacuating it by opening the closed end of the die.
The design of the tableting equipment for the recovery of lignocellulosic waste from horticulture involved
the design of a system that would allow the recovery of lignocellulosic waste resulting mainly from orachards
and viticulture, namely tree branches, vines resulting from spring pruning and falling leaves at the end of the
vegetation period, thus transforming a series of waste into raw materials and finally obtaining a value-added
product, which has no negative effects on the environment, and can be considered a "green" product.

Fig. 2 – Operating diagram of the experimental model of lignocellulosic waste tableting equipment
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The process can be controlled by using a programmable logic controller (PLC), through which the
working parameters of the compression process can be programmed to obtain biomass tablets. The process
of tableting biomass involves subjecting the crushed biomass to high pressures inside a mold and forcing it to
significantly reduce its volume. To compress the biomass inside the mold, a pressing cylinder, driven by a
hydraulic unit, is used. Emptying the mold of the resulting compressed product (tablet) is done by means of a
second cylinder - emptying - which is connected by the locking plate (closing) of the mold and, by a pull-push
movement, opens and closes the mold, at the same time evacuating the resulting tablet in a tableting cycle.
The functional scheme of the experimental model of lignocellulosic waste tableting equipment - TDL is
presented in figure 2.
The experimental model of lignocellulosic waste tableting equipment – TDL (figure 3), is composed of
compaction die 1, compaction assembly 2 with hydraulic compaction cylinder that presses the biomass, forcing
it to reduce its volume, feed hopper 3 with auger 4 that feeds the die what material, the die closing plate 5, the
hydraulic cylinder 6 for emptying by actuating the plate in the closed-open position, the hydraulic group 7 which
feeds and actuates the 2 cylinders, the hydraulic distributors 8, proximity sensors 9, 10 and 11 which allow
monitoring displacement of the cylinders during the compaction process, automation box 12.

Fig. 3 – Experimental model of lignocellulosic waste tableting equipment

During operation, the feed hopper is loaded with the grinded biomass material in the dry state and the
process starts automatically. The auger takes material from the hopper and feeds the die. The compaction
piston descends inside the die and presses the material.
When the set parameters are reached, the piston of the compaction cylinder stops advancing, retracts to
a set position, and the emptying cylinder acting on the counter plate pulls the latter until the die reaches the
open position, at which point the piston descends again, removing the tablet from the mold.
When the tablet falls out of the die, the piston of the compaction cylinder is completely withdrawn from the
die, and the emptying cylinder, by actuating the counterplate, pushes it into the closed position of the die, also
performing the complete evacuation of the tablet.
CONCLUSIONS
Lignocellulosic biomass is considered one of the most promising resources for the future of bioenergy
production. Lignocelluloses, such as timber resulting from maintenance pruning of orchards, have been
identified as major sources of biofuels and other value-added products.
Tablets are an affordable way to compress biomass, the equipment has a much simpler construction than
pelletizers or briquetting machines, maintenance of this equipment is not expensive and has the advantage that
the process results in solid biofuels that can be used in the same type of applications as in the case of pellets
and lighters.
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ABSTRACT

Gears are machine parts that occupy an essential place in the operation of various mechanical
constructions. The execution of the gears at a high quality level and at a low cost, puts in front of the specialist
multiple problems. From the design stage onwards, the specialist must take certain measures to achieve a high
reliability of the designed gears. Starting from the correct choice of materials, the designer must adopt
constructive solutions of the gears that can be made in the most economical conditions. The cost of
manufacturing gears decreases significantly when combining the operations of generating teeth and changing
the properties of the surface layer of the teeth. One of these new methods of manufacturing the gears of the
precessional gear, in which the formation of the profile of the teeth is not done by cutting, is to obtain the teeth
by plastic deformation by rolling
REZUMAT
Pinioanele sunt componente prelucrate ce ocupa un loc esential in procesul de operare al diferitelor
constructii mecanice. Constructia pinioanelor la un nivel ridicat de calitate dar si la un cost rezonabil, pune in
fata specialistiilor o multitudine de probleme. De la etapa de proiectare , specialistul trebuie sa adopte cateva
masuri pentru obtinerea unei fiabilitati ridicate a angrenajelor proiectate. Plecand de la alegerea corecta a
materialelor, proiectantul trebuie sa adopte solutii constructive de pinoane care pot fi executate in cel mai
economic mod cu putinta. Costul de productie a pinioanelor scade semnificativ cand combinam operatii de
generare a dintilor cu schimarea proprietatilor stratului de suprafata al acestora. Una din aceste metode de
prelucrare a pinioanelor in care profilul de formare al dintilor nu este facut prin taiere ci este obtinut prin
deformare plastica de roluire.
INTRODUCTION
The gear material is chosen according to the conditions in which the gear works. From this point of
view, it is necessary to know well the forces that require the gear, the peripheral speed, the character of the
demands (constant or with shocks), the operating conditions without noise, the environmental conditions, etc.
For the processing of gears, very different materials are used, such as: steels, cast iron, bronzes, brass,
plastics, etc.
Depending on requests, it is recommended:
for gears with low loads and peripheral speeds, between 0.5 and 2 m / s, it is recommended to use nonferrous alloys based on zinc or copper, thermoplastic materials and ferrous alloys: steel and cast iron;
for gears with loads and average peripheral speeds, between 2 and 8 m / s, non-alloy or low-alloy semi-hard
steels are recommended, as well as cast iron. These wheels are found in large gearboxes, in some lifting
and transporting machines, in agricultural machines, mining combines, etc.
for heavy-duty gears with high peripheral speeds, between 8 and 16 m/s, with high loads on the tooth, with
shocks in operation, alloy and non-alloy steels are recommended. In cases of particularly high stresses, it is
recommended to use high alloy steels, cementation, Cr-Ni, Cr-Ni-Mn, Cr-Ni-W, etc.
These wheels are found in gearboxes from machine tools, ships, vehicles, airplanes, turbines, etc.
Table 1 shows the recommended steel brands for gears. In order to replace the expensive and deficient
materials, metallic powders of cheaper materials are used, the semi-finished products being obtained through
powder metallurgy.
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Powders of pure metals, chemical compounds of metals or metal mixtures are used, which by pressing
and sintering ensure the formation of workpiece products for gears (Bostan I, 2019; Bostan I, 2018; Bostan I,
2016; Grămescu T., et all, 2000; Grămescu T., et all, 1993).
Table (1)
Materials used in the construction of gears and their mechanical properties
Recommendations for use
The kind of material
Mark
General purpose steels
for construction
Alloy steels for heat treatment,
intended for machine building
Cast steel in pieces

OL 50
OL 60
OL 70
20 MoNi 35
21 TiMnCr 12
TiMnCr 12
OT 40-3
OT 50-3
OT 60-3

Very low load gears at low peripheral speeds.
Very low load gears at moderate peripheral speeds
Heavy-duty gears at high peripheral
speeds and shock loads
Large gears, very little required

Argumentation for choosing the dimensions of the workpiece product
The profile of the teeth of the central wheels of the precessional gear is variable depending on the values
of the angle of the bevel axoid δ, the taper angle of the rollers β, the nutation angle θ, the number of teeth of the
gears Z1 and the number of rollers of the satellite Z2, and the correlation between them. Depending on these
parameters, the height of the teeth will be different, which will influence the height of the workpiece product that
will be subjected to plastic deformation (Irani M., et al, 2014; Malcoci I. et al, 2019; Trifan N., 2014; Trifan N.,
2016).
The correct choice of the dimensions of the semi-finished product is one of the main problems, the
solution of which depends on the reduction of material and energy consumption, as well as the quality of the
wheels obtained by plastic deformation. Referring to the manufacture of conical wheels with convex-concave
profile of the teeth by knurling, the height of the tooth of the workpiece product is determined by the condition of
equal volume of metal moving from the gaps between the teeth to their tip during plastic deformation by rolling
(figure 1).

Fig. 1 - Schematic for determining the height of the gear
hg = ht+ hcon

(1)

were hcоn is the constructive height of the gear, [mm];ht - tooth height in normal section, [mm]; hg - gear
height, [mm].
If the workpiece product has been previously deformed and has no porosity, being further subjected to
cold deformation, by the accumulation of dislocations, vacancies and microcracks, its volume increases. If the
semi-finished product of the gear has been previously deformed hot and another hot deformation follows, the
variation of its volume is negligible. In this case it can be said that the volume of the workpiece product in the
deformation process remains constant.
In this case it can be said that the volume of the workpiece product in the deformation process remains
constant.
Thus, based on the constancy of the volume, for the annular cylindrical workpiece product the volume of
material can be written:
(2)
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were: hhw is height of the workpiece product subjected to plastic deformation, [mm];
Rout - the outer conical radius of the workpiece, [mm];
Rins - inside conical radius of the workpiece, [mm].
It is necessary to specify that according to relation (3) the volume of material necessary to form Z teeth of
the gear from the precession gear is determined (figure 2 (a)).
The volume of material for forming a gear tooth from the precessional gear (figure 2 (b)) will be
determined from the relation:
(3)

where: bw is the width of the tooth, [mm];
Sout – the area of the outer surface of the tooth, [mm2];
Sins – the area of the inside surface of the tooth, [mm2].

a)
b)
Fig. 2 - Observance of the law of constant volume at plastic deformation
of the teeth in the precessional gear by plastic deformation:
a) initial workpiece product; b) plastic deformed gear

Based on the computer model of the plastic deformation device of the gears, the working strokes (vertical
feedrate of the table), the speed of the main shaft of the machine tool were analyzed to ensure the deformation
speed prescribed by the specialized literature.
The increase of the tooth height depending on the vertical advance of the plastic deformation node, in
which the plastic deformation rollers are fixed, was determined according to the relation:
(4)
where: spc is the advance of the plastic deformation node to a precession cycle, mm;
δ - the angle of the conical axoid, [º];
β - angle of conicity of the rollers, [º];
θ - the angle of nutation, [º].
Choosing the optimal profile of the teeth
Certain kinematic structures of precessional planetary transmissions at the correct choice of the basic
geometric parameters of the gear can operate efficiently in multiplication mode- figure 3 (Bostan I., 2019;
Bostan I., 2019; Ciobanu R., 2014).
Kinematically, the precessional gear represents a Hooke joint. This imposes some conditions on the
generation of non-standard profile teeth of the central wheel. From the kinematic analysis performed, some
conditions regarding the optimal design of the precessional multipliers are highlighted.
They can be divided into two distinct groups:
- conditions related to the reasoned choice of the tooth profile;
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- conditions related to the reasoned choice of the structural scheme of the multiplier and of the type of the
connection mechanism (coupling).
The choice of the optimal profile of the teeth in the precessional gear of the multiplier must comply with
the following conditions:
• maximum resistance condition - the ability to transmit maximum loads in small dimensions;
• the condition of avoiding self-locking;
• the efficiency condition in terms of minimizing energy losses in the gear;
• the condition of observing the uniformity of the rotational movement of the driven element const. by
compensating for the schema error.

Fig. 3 - K-H-V type kinematic structure
with two central wheels

Fig. 4 - Curves of the trajectory of the movement
of the "tooth-roller" contact point

The maximum resistance condition is based on self-excluding aspects. The tooth must be as massive as
possible to be able to transmit large loads, but at the same time, to have a minimum height and extended profile
to ensure a maximum engagement angle, which creates optimal conditions for the transformation of the
rotational movement of the the precession moving element of the satellite in multiplication mode.
In this case, the designer must ensure the optimization of the choice of the profile of the teeth in order to
consider to the maximum the two conditions that self-exclude.
The angle of nutation angle  (inclination of the crank H) must be as large as possible to ensure a higher
load-bearing capacity (a torque applied to the larger conductive element Thi) and, at the same time, as small as
possible to ensure minimum height and extended profile of the teeth.
Since the precessional gear is a Hooke joint, which generates the so-called schematic error, this error
must be compensated. In the case of the articulated connection of the satellite with the housing, the trajectory of
the movement of the contact point E “tooth-roller” should represent a straight line (line I, figure 4). In reality, due
to the existence of the scheme error, the trajectory of the movement of the contact point represents a closed
octoidal curve (curve 2, figure 4).
In the case of the articulated connection of the satellite with the driving element, the trajectory of the
contact point represents a curve, on which the octoidal curve of the scheme error is superimposed (curve 3,
figure 4). This speaks to the need to change the profile of the center wheel teeth at the stage of their generation
to compensate for this schematic error.
Obtaining the optimal operating parameters of the precessional multipliers in addition to the basic
parameters of the precessional gear is also influenced by another group of conditions related to the reasoned
choice of the structural scheme of the multiplier and the type of connection mechanism (coupling)
Based on the resistance calculations performed of the chosen tooth profile, using the computerized
principle of creating the toothed solid based on the parametric equations describing the tooth profile [6, 7, 8], the
profiles of the teeth of the central wheels were obtained (figure 5 (a, b )) and generated the toothed crown of the
wheel and subsequently created the 3D model of the gear (figure 6).
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a)
b)
Fig. 5 - Profiles of central wheel teeth with number of teeth:
a) z1=15, z2=16; b) z1=17, z2=16

Fig. 6 - Computerised model of the sun gear

Fig. 7 - 3D model of the multiplier
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Design of the experimental prototype of the precessional planetary multiplier K – H – V with the
transmission ratio i =-16
When designing any transmission, the designer must ensure to the maximum the satisfaction of the everincreasing requirements regarding the bearing capacity, compactness, mass and dimensions, low production
cost, etc. and, in particular, with respect to the kinematic characteristics, structural compatibility with other
aggregates of the machine, etc. Precessional planetary transmissions correspond to these ever-increasing
requirements of manufacturers and consumers of reducers and multipliers due to the constructive-kinematic
peculiarities presented in the previous chapters.
Based on the kinematic structure (figure 3), the 3D model of the processional planetary multiplier
presented in general view (figure 7), and in assembly perspective (figure 8) was elaborated. The 3D model of
the processional multiplier in the developed state is informative both in terms of structure and assembly process
(succession of assembly phases).

Fig. 8 - 3D model of the multiplier in assembly perspective

Research of the mechanical efficiency of the precessional multiplier
Experimental research has the primary role of validating theoretical results. The basic energy parameters
of a multiplier are the mechanical efficiency, which determines the power losses in the kinematic torques of the
multiplier and the starting moment, which in some cases establishes the functionality of the working machine.
For example, in the case of the wind turbine, the starting moment of the multiplier determines the
operation of the wind turbine at low wind speeds (Bostan I., 2019; Bostan I., 2019; Bostan I., et al, 2019;
Ciobanu R., 2014).
The test method comprises the whole complex of operations on the multiplier, in order to assess its
efficiency in operation. The tests are performed under normal environmental conditions. For the test of the
precessional transmission with reducer and multiplier operation, the open flow test stand of the power flow from
the Mechanical Transmission Testing Laboratory of the “Basics of Machine Design” department was used
(figure 9, 10).
The mechanical efficiency of the multiplier is determined according to the formula:

=

T2
,
T1  i
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where T1-the torque on the output shaft of the multiplier, [Nm];
T2 - torque on the multiplier input shaft, [Nm];
i - the transmission ratio of the multiplier.
The values of the torques on the input and output shafts of the multiplier T1 and T2 are determined
according to the indications of the indicators of the dynamometers 5, 8 using the pricing graphs). The measuring
devices of the stand ensure the measurement of the torques T1 and T2 with the corresponding accuracy 0,5 ÷
1%.
The stability of the T1 and T2 torques at each of their values was investigated within 1-2 hours of
uninterrupted tests.

Fig. 9 - Scheme of the experimental stand for the test of the precessional multiplier:
1 - Rigid stand; 2 - DC electric motor with a power of 8.0 kW; 3, 4 - support;
5 - force dynamometer with indicator; 6 - the precessional reducer; 7 - electromagnetic brake with metal
powders; 8 - force dynamometer with indicator; 9,10 - compensating couplings with elastic elements; 11 speed measuring transducer

Fig. 10 - Experimental stand for testing the precessional multiplier

The research of the mechanical efficiency depending on the load and the number of revolutions took
place from a methodical point of view similar to the case of operation of the transmission in reducer mode, with
the modification of the load regime imposed by the stand possibilities: 2 Tn; 0.4 Tn; 0.6 Tn) and 3 speed
regimes which represent the speed accepted at the reducer load divided by the transmission ratio.
To ensure the same kinematic regimes, the multiplier was tested at 40min-1 speeds; 50min-1; 60min-1.
The gearbox was charged gradually, the load being increased from 0.2 of the nominal torque value to 0.6 Tn, as
allowed by the electric motor. Based on the obtained results, the graphs of the mechanical efficiency were
constructed depending on the torque for the speeds n = 40min-1; n = 50min-1; n = 60min-1 (Figure 11).
Because the graphs for reducer operation show that from the load of 0.6 Tn the efficiency of the reducer
stabilizes, the graphs of the efficiency of the multiplier were continued until the moment of loading 1.0 Tn by
similarity. The comparative analysis of the yield graphs in reducer and multiplier mode shows that at low values
of the charging moment the multiplier efficiency is much lower than the reducer efficiency.
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Fig. 11 - Mechanical efficiency depending on the torque in reducer and multiplier mode

This is explained by the fact that in multiplier mode the starting moment is higher than in reducer mode,
measurable with the charging moment at low loads. Then the initial total charging moment is equal to the sum of
the charging moment and the starting moment (Bostan I., et al, 2019; Ciobanu R., 2014).

CONCLUSIONS
Based on the optimized conceptual schemes of the precessional gear and the connection mechanisms,
the structure of the precessional multiplier K – H – V with two central wheels was developed with a connection
mechanism in the form of coupling with teeth or tapered rollers, which ensures high load capacity and total
compensation. of the axial force generated in the precessional gear.
It has been established that the mechanical efficiency of the multiplier is determined by the power losses
in the tooth-roller gear, in the coupling and the bearings. To reduce the power loss in the coupling, the coupling
with tapered rollers has been proposed, in which the sliding friction is replaced by rolling friction.
Experimental research of the precessional multiplier has shown that the mechanical efficiency of the
multiplier is relatively high about 85%, but at low loads the yield is low, explained by the fact that at low values
the load is commensurable with the starting moment, which in multipliers is higher.
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ABSTRACT
Efficiency of medicinal and aromatic plants is significantly influenced by the quality of the vegetal material,
having a particularly importance the optimal harvesting time, the plant components being processed and the
harvested method.The paper presents a comparative analysis of 3 alternatives for estimating the revenue and
expenditure budget for a Hyssop conventionally established crop (Hyssopus officinalis L., Fam. Lamiaceae).The
scenarios are differentiated by the way of accomplishing the harvesting work: manually, using a technical
system for harvesting medicinal and aromatic plants, handled by 2 workers, or using a multifunctional
equipment for harvesting medicinal and aromatic plants.
REZUMAT
Eficiența plantelor medicinale și aromatice este influențată de calitatea materialului vegetal procesat, o
importanta deosebita avand perioada de recoltare, partea utilă colectată și metoda de recoltare. Lucrarea
prezintă analiza comparative a 3 variante de estimare a bugetului de venituri și cheltuieli pentru o cultură de
Isop (Hyssopus officinalis L., Fam. Lamiaceae) realizată în mod conventional. Scenariile se diferențiază prin
modul realizare a lucrării de recoltat, astfel: manual, cu ajutorul sistemului tehnic de recoltat plante medicinale și
aromatice, manevrat de 2 lucrători si cu ajutorul echipamentului multifuncțional de recoltat plante medicinale și
aromatice.
INTRODUCTION
Medicinal and aromatic plants established in cultures ensure stable annual yields, with greater control
over the quality of the plant material than the spontaneous crops, due to improved populations / varieties. Other
advantages consist in establishing the crop location in favourable areas regarding soil and climatic conditions
and the advantage of using appropriate techniques and technologies. Furthermore, these crops can satisfy the
need of renewable sources for industrial products (pharmaceuticals, cosmetics, dyes, biocides, etc.), and can
also protect the biodiversity (Grigore A. and all. 2016, Lubbe and Verpoorte 2011, Niemiec W. and Trzepieciński
T. 2018).
Harvesting is one of the most important operations in the technology of cultivation of medicinal and
aromatic plants. The used methods are differentiated depending on the part of the plant that is considered
useful. Regardless the way in which the operation is performed, manually or mechanized, the objective is to
obtain a quality plant material, whose content of active principles is as little negatively affected as possible
(Muntean L.S 2010, Pajic et all. 2016, Veselinov and all.2014).
Hyssop (Hyssopus officinalis L.) has been known as a medicinal plant since ancient times. It is native
from the Mediterranean and Caspian Sea regions, being widespread and growing naturally in southern Europe,
northern Africa, Central Asia, North America. It is cultivated and used in many countries, due to its medicinal,
culinary properties and high nectar production potential. It is a perennial plant, with a pleasant smell, which
grows like a shrub, the bush reaching heights of 0.6-0.7m, which is harvested during the flowering period. In our
country, a Hyssop crop can be exploited for 8-10 years, harvesting twice a year the aerial parts (stem, leaves
and flowers). The volatile oil obtained from Hyssop contains a long list of chemical compounds, which enable
the plant to possess antiseptic, healing expectorant action, etc., (Borrelli F and all.2019, Judžentienė A., 2016,
Drutu C.A and all.2014, Fathiazad F. and Hamedeyazdan S. 2011).
The technological financial estimate is the basic element used for carrying out the annual production
plan, the budget of revenues and expenditures, as well as the elaboration of the operational working plans
within the agricultural holdings.
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It may be used for the programming, preparation and organising the production in economic conditions,
making possible to determine the needed means and manpower, as well as the needed production costs.
After the elaboration of the technological estimate of a medicinal and aromatic plants culture, the
budget of incomes and expenses for that crop is drawn up, performing the cost-benefit analysis, in order to
evaluate the economic efficiency (Duda S and all. 2015, Mašán V. and Kopta T.2016).
The paper presents comparatively, the estimated revenues and expenditure budgets, corresponding to
each of the 3 variants considered for a Hyssop crop (Hyssopus officinalis L., Fam. Lamiaceae).
MATERIALS AND METHODS
The working options for estimating the budget of incomes and expenses for a Hyssop crop, cultivated in a
conventional system, starting after the first year following the establishment, were considered as follows:
- Option 1 (V1) - the work to be harvested is done in a classic way, by manual collection;
- Option 2 (V2) - the harvesting work is done using technical system for harvesting medicinal and
aromatic plants, handled by 2 workers (equipment symbolized SRPM);
- Option 3 (V3) - the harvesting is performed using multifunctional equipment for harvesting medicinal and
aromatic plants, towed by a tractor (equipment symbolized EMR).
The equipment for harvesting medicinal and aromatic plants symbolized SRPM and EMR were designed and
will be made within INMA (fig.1 and fig.2). They are intended for the use in small farms.

Fig.1 Technical system for harvesting medicinal and aromatic plants SRPM

Fig 2 Multifunctional equipment for harvesting medicinal and aromatic plants EMR

The main indicators analysed for the evaluation of the economic efficiency for each considered option are
related to:
- The main expenses in the estimated framework for each considered option;
- Estimated costs of harvesting Hyssop (lei / ha);
- Estimated contribution of working hours (hours / ha);
- Estimated profit or loss per production unit (lei / ha).
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RESULTS
The evaluation of the economic efficiency for the three options was performed by comparative analysis of
the main indicators.
For option V1, the mechanized works were estimated at a total value of 286.6 lei / ha, the manual works
at 2107 lei / ha, and the consumption of materials at 2825.5 lei / ha. Most of the expenditures focus on
materials, with a share of 54% of their total value, while expenditures related to manual works had a share of
40%, while mechanized works had a share of only 6% (fig.3).
In case of option V2 the mechanized works were estimated at a total value of 293.9 lei / ha, the manual
works at 1958.5 lei / ha, and the consumption of materials was 2825.5 lei / ha. By using the SRPM equipment,
the structure of the main expenses suffers significant changes, so that the manual works have a share of 38%
of the total expenses, and those with materials continue to have the highest share of 56% (fig.3).
For V3 option, the mechanized works were estimated at a total value of 513.6 lei / ha, while the manual
works at 1346.5 lei / ha, and the consumption of materials at 2825.5 lei / ha. By using EMR equipment, the
structure of the main expenses undergoes significant changes, so that manual works have a share of 29% from
the total expenses, and those with mechanized works have a share of 11% (fig.3).

V1

V2

V3

Fig. 3. Main expenses percentages recorded following the elaboration of the estimated framework for the
Hyssop culture

Harvesting costs have a significant share from the total main estimated costs. Figure 4 highlights the
comparative evaluation of the estimated expenses, for the three options.

Fig.4 Comparative analysis of estimated Hyssop harvesting costs (lei/ha)

For option V1, total expenses summed up the value of 5219.1 lei / ha, while the cost of harvesting was
estimated to the value of 760.5 lei, representing a percentage of 14.6% of the total cost.
For V2 option total expenses summed up the value of 5078 lei / ha, the cost of harvesting using the
SRPM equipment being estimated to the value of 619.4 lei, representing 12.2% from the total costs.
For option V3, total expenses summed up the value of 4685.6 lei / ha, the cost of harvesting using the
EMR equipment being estimated to the value of 280.9 lei representing 6% from the total costs.
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Figure 5 shows the comparative evaluation of the labour contribution expressed in hours / ha. Analysing
the working effort for the cultivation of hyssop, harvested by the classical method (V1), the total working hours
have been estimated to 116 hours / ha, while in case of SRPM equipment (V2) have been estimated to 104
hours / ha. In the case where EMR equipment (V3) have been used, the total labour contribution was estimated
at 86.6 hours / ha, being approximately 34% lower than classic harvesting (fig. 5).

Fig.5 Comparative analysis of the labour effort for the three evaluated options (hours/ha)

Figure 6 shows the comparative analysis of the estimations on profit or loss per unit of production,
expressed in lei / ha. For V1 option, (classic manual harvesting), a profit of 1787.8 lei / ha is estimated, while for
the harvesting with SRPM equipment (V2), the profit per production unit should be 2353.9 lei /ha, with about
30% higher. For V3 option, when ERM equipment is used, a profit of 2854.5 lei / ha was estimated,
approximately 20% higher than V2 (SRPM equipment).

Fig.6 Comparative analysis envisaging profit or loss per unit of production for the three cases (lei/ha)

CONCLUSIONS
Expenses on the harvesting medicinal and aromatic plants have a significant share from the total
production costs, due to the very high cost generated by physical labour. Most of the work done for
harvesting is difficult, consuming significant time and resources.
Performing the present evaluation study, the economic advantages of Hyssop harvesting with SRPM
and EMR equipment were estimated, compared to the usual (classical) harvesting techniques, calculating
production costs, incomes and expenditure budget, labour input, etc.
According to the estimations made in the study, can be deduced that the share of manual labour costs
tends to decrease as SRPM and EMR harvesting equipment is used, so that the share of mechanized costs
increases its percentages in total costs.
Furthermore, the harvesting total expenses tend to decrease. Therefore, the “classic” harvest method
is having an evaluated value of the works of 760 lei / ha, the method using SRPM equipment was evaluated
to 620 lei / ha, while for the hyssop harvest with EMR equipment, was evaluated to 280 lei / ha.
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Hyssop harvesting costs significantly influence production costs (according to the 3 considered
options), and by using harvesting equipment, costs tend to decrease.
- V1 - the method when the harvesting is performed in the most used classical method, which involves most
manual working, the total production expenses were estimated at 5219 lei / ha;
- V2 - the method when harvesting is done with SRPM, the total production expenses being estimated to
5078 lei / ha;
- V3 - the method when harvesting is done with EMR, production expenses were estimated at 4685.6 lei / ha.
Regarding the total number of working hours, a decrease in workload was estimated, due to the higher
harvesting efficiency of the equipment, compared to standard procedures that involve more manual labour.
By decreasing the production costs, was possible to evaluate an increase in the profit, the most
profitable option being the one in which the EMR multifunctional equipment for harvesting medicinal and
aromatic plants have been used, estimating to obtain a profit of 2854 lei / ha.
For Romania, the cultivation of medicinal and aromatic plants represents a viable alternative for the
diversification of income sources, for small and medium farms. For these purposes, the use of mechanical
equipment intended to optimize the harvesting work should be considered.
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ABSTRACT
There are now more and more international concerns about the conservation and integrated
management of agricultural areas affected by global warming and drought, and the practice of conservative
agriculture can lead to sustainable, productive, profitable and at the same time capable of ensuring the
conservation of natural resources. The paper presents the results of the research obtained from the
improvement of the working organs and gearbox for the regulation of the rules per hectare of a technical
equipment for sowing directly grain, which involves placing the seed directly into the stubble of the previous
crop, without carrying out any previous work of tilling the soil, except for the simultaneous opening of a very
narrow strip (fanta) , only a few cm, to allow the seed to be placed in the soil. The specification of the qualitative
and energy indices obtained in the testing of the technical equipment for sowing grain directly, helps farmers
who practice agriculture no-till, considered the most conservative system of soil work, as it is most close to the
state of natural settlement of the soil, under the perennial plants.
REZUMAT
În prezent există din ce în ce mai multe preocupări la nivel internațional privind conservarea și
managementul integrat al zonelor agricole afectate de încălzirea globală și secetă, iar practicarea agriculturii
conservative poate conduce la o dezvoltare durabilă, productivă, profitabilă și în același timp capabilă să
asigure conservarea resurselor naturale. În lucrare sunt prezentate rezultatele cercetărilor obținute în urma
perfecţionării organelor de lucru și a cutiei de viteze pentru reglarea normelor la hectar ai unui echipament
tehnic de semănat direct cereale păioase, care presupune introducerea seminţei direct în miriştea culturii
premergătoare, fără efectuarea nici unei lucrări anterioare de afânare a solului, cu excepţia deschiderii
concomitent cu semănatul a unei benzi foarte înguste (fantă), de numai câţiva cm, pentru a permite
introducerea seminţelor în sol. Precizarea indicilor calitativi de lucu și energetici obținuți în cadrul testării
echipamentului tehnic de semănat direct cereale păioase, îi ajută pe fermierii care practică agricultura no-till,
considerată cel mai conservativ sistem de lucrare a solului, întrucât se apropie în cea mai mare măsură de
starea de aşezare naturală a solului, de sub plantele perene.
INTRODUCTION
In several developed countries, such as the United States of America, Germany, the United Kingdom,
France and others, following lengthy research, new soil work systems have been developed, based on the
finding that, due to the excessive mechanisation of agricultural works that are carried out by the application of
conventional technologies, the soil is tased, its structure is damaged, it dusts, it loses fertility , the water supply
is decreasing, and in the case of sloping land the erosion process is accentuated (Orzech, 2020).
On the other hand, the large number of works applied in conventional technologies is carried out with
high energy consumption, which, in the context of the crisis of raw materials and energy faced by the whole
world, raises increasingly difficult problems in the face of agriculture (Buliński, 2007; Wesołowski, 2011).
Given that farmers' financial resources are not very high and the number of staff employed in agriculture
is constantly decreasing, and there is a trend in the world to group and increase farm sizes, there are various
socio-economic and institutional factors influencing the adoption of a soil conservation technology (Tiwari,
2008), including the reduction in the number of machinery and labour, factors that require an effective political
mechanism to stimulate the adoption of these agricultural environmental practices (Fontes, 2020).
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Soil conservation processing practices range from zero processing (no tillage) to reduced processing
(minimum tillage), which can be vertical with paraplow, scarifier chisel, other machinery (vegetable scrap
coating 15...30%), with balls (ridge-tillage), in strips (strip-till, till zones), with mulch (mulch-tillage, vegetable
scrap coating >15...30%) until covering with a protective coating (cover crops, catch crops) (Busari, 2015).
Direct sowing minimizes soil processing by only finding it on a narrow strip into which the seeds are
inserted, which must nevertheless find the best conditions for germination and development (Duma Copcea,
2018).
The use of this technology influences the apparent density (volume weight) of the soil, its porosity, the
activity of microorganisms and biochemical processes, as well as the water stability of soil aggregates
(Mateescu, 2003).
INMA Bucharest has developed a technical equipment for sowing grain directly, so designed to be able
to work on land not ready for sowing by ploughing and several operations to prepare the germination bed
(Gângu et al., 2004).

Fig. 1. - Equipment for direct sowing (no-tillage) of straw cereals (Mateescu, 2009)

MATERIALS AND METHODS
The technical equipment for direct sowing (no-tillage) grain was used in experimental research following
the improvement of the working organs of the type riflated discs (fig. 2), which were mounted on the equipment
in the form of batteries arranged opposite at an angle to the horizontal and distance between them, provided
with the helical compression springs to achieve a uniformity of pressure pressure , thus ensuring uniformity of
soil processing.

Fig. 2. - Working organs riflated discs type

At the same time, the equipment was improved by using, for the ease of adjustment of the rules per
hectare, a pulse gearbox (fig. 3), which also allowed the reduction of mass and improvement of the design. The
pulse gearbox consists of two cam-balancing mechanisms equipped with unisens couplings, which train the
dosing apparatus in an intermittent rotational motion and which, theoretically, allows for the achievement of an
increased number of transmission ratios, with a smaller number of components.
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To increase the range of the sowing rules, the pulse gearbox is equipped with a reducer, which is
mounted outside the housing, consisting of two pairs of gears, mounted coaxially.
By coupling these toothed wheels in two different positions, one step slowly is obtained and in the other,
the rapid step, so as to ensure a widening of the range of transmission reports, fully covering the necessary for
the achievement of the rules per hectare of any crop of grain.

Fig. 3. – Pulse gearbox

Experimental research for the determination of qualitative indices under laboratory conditions has been
carried out after all the necessary adjustments have been made for the proper operation of the distribution
apparatus, corresponding to the type of seed used, medium-sized grain and regular form (wheat) and light and
flat grain (barley). The main physical and mechanical characteristics of the seeds used are shown in Table 1.
Table 1
Crop
Wheat
Barley

Physico-mechanical characteristics of the seeds used
Degree of purity, %
The mass of 1000 seeds, g
99,2
39,46
98
36,5

Volumetric mass, g/cm3
1,4
1,3

The adjustment of the position of the mobile bottoms of the distribution devices was made by means of a
template (blade) with a thickness of 1 mm, which was inserted between the tip of the distributor's spurs and the
mobile bottom at each distributor, when the control lever of the movable bottoms was in the first notch. The
seed flow adjustment was made by positioning the sands in the centre position and positioning the gear lever
corresponding to the established seed flow. The samples were carried out by activating the distributor tree and
the agitator shaft, collecting the seeds distributed by each distributor and weighing them to the nearest 1,0
grams. Each test was performed in three rehearsals.
Based on the data obtained from the measurements were calculated qualitative working indices of the
technical equipment for sowing directly (no-tillage) grain. Energy indices (actual working speed in km/h, wheel
skating, hourly fuel consumption, power consumed) were determined with technical equipment in the tractor
aggregate of 48.47 kW (65 hp) U650M, the formulas for calculating indices being taken from the literature
(Manea, 2015).
RESULTS
The average values of the qualitative indices are shown in Table 2.
Table 2
The average values of the qualitative indices
U.M. Medium values
The name of the indice
wheat barley
The amount of seed distributed per hectare Kg/ha 244,2
172,2
Uneven distribution on the working width
%
2,96
4,89
Instability of the sowing norm
%
0,7
0,75
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The average values of the energy indices are presented in table 3.
Table 3
The average values of the energy indices
U.M. Speed step
The name of the indice
I-R
II-R
Working speed
Km/h 3,8
6,2
Skating wheels
%
6,5
8,5
Hourly fuel consumption Kg/h
6,1
6,9
Power consumed
kW
33
34

CONCLUSIONS
Under functional aspect, the technical equipment for direct sowing (no-tillage) grain has produced
qualitative working indices that satisfy the requirements imposed for sowing pea grain, illustrated by the low
level of unevenness of the distribution of seeds on the working width, which complies with agrotechnical
requirements below 3%.
Experimental research has allowed technical validation of the solutions addressed in the design of the
working organs and gearbox for the regulation of the rules per hectare.
The experimental results allow the development of useful recommendations for farmers who implement
in operation this technology of direct sowing (no-tillage) of grain crops.
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ABSTRACT
Maize (Zea mays L.) is considered one of the most valuable cultivated plants due to its high production
capacity, in the context in which the harvest obtained has various uses in human nutrition, in the livestock sector
and as a raw material in industry (https://www.agro.basf.ro/ro/stiri/fermier-in-romania/cultura-porumb-rotatiesemanat-ingrijire-tratamente-recoltare.html). The objective was to perform an analysis of the elements of
productivity and production of corn under the influence of different technological conditions. In the study, two
plots cultivated with the same maize hybrid (CERA 440) were analyzed under different conditions of cultivation
technologies, the differences being represented by the precursor plant, soil works, nitrogen dose and watering
norm. Thus, the elements of productivity and production within the two plots were determined on the basis of the
cultivation technology specific to each.
REZUMAT
Porumbul (Zea mays L.) este considerată una dintre cele mai valoroase plante cultivate datorită
capacității ridicate de producție, în contextul în care recolta obținută prezintă diverse întrebuințări în alimentația
omului, în sectorul zootehnic și ca materie primă în industrie (Ion and Bășa; 2013). Obiectivul urmărit a fost
efectuatarea unei analize a elementelor productivităţii și a producției la porumb sub influenţa a diferite condiții
tehnologice. În cadrul studiului efectuat au fost analizate două parcele cultivate cu același hibrid de porumb
(CERA 440) în condiții diferite de tehnologii de cultivare, diferențele fiind reprezentate de planta premergătoare,
lucrările solului, doza de azot și norma de udare. Astfel, au fost determinate elementele productivității și
producția în cadrul celor două parcele pe fondul tehnologiei de cultivare specifică fiecăreia.

INTRODUCTION
Corn is a unisexual monoecious plant, it has separate reproductive organs but arranged on the same
plant, the stem bearing both male and female inflorescences. The male inflorescence is represented by panic,
and the female by cobs (spadix) (https://ro.wikipedia.org/wiki/Porumb). Corn is a protruding plant. Protandria is
a phenomenon specific to this plant, which is characterized by the initial differentiation of the male inflorescence,
and at about 5-7 days the stigmas of female flowers will appear (Freeling, Michael, Walbot, Virginia; 1994).
Maize crop productions are high, but they often oscillate in fairly wide intervals, from 7-8 t / ha, reaching
over 17 t / ha. It can be seen that there are differences of about 10 t / ha, which is mainly influenced by
cultivation technologies whose effects, in turn, affect the elements of productivity (Toader and Roman; 2014).
The grains are rich primarily in carbohydrates (about 70%), but also have a high content of protein and fat
(about 10% and 4%, respectively). Corn is used in human nutrition in various forms such as flakes, corn, boiled
corn, etc., and in animal feed is used in the form of concentrates, as well as directly, as grains, silage or dried
plants (cocenes) (http://www.horticultura-bucuresti.ro/images/pdf/Fitotehnie.pdf).
In order to obtain an increased production, both in terms of quantity and quality, it is necessary to draw up
a plan on cultivation technology. It involves the establishment of all agricultural works and their execution times
during the growing season. The stages and periods are established according to a multitude of factors, but the
most important are represented by the preceding plant, the climatic conditions and the possible extreme
situations that we may encounter (Lăzăroiu; 2008).
The maize crop on the two plots was studied from sowing, during the vegetation period until the time of
harvest.
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The first determination was related to the density, respectively to the number of plants per hectare. A
series of measurements were performed in the field, the uniformity and development of the plants were
monitored, all the technological works that were undertaken within the studied plots were noted, the vegetation
phases from the execution of each work, the consumption of materials, time and fuel on which involved that
intervention.
Prior to harvesting, two samples were extracted from the two plots represented by 20 corn plantes for the
analysis of their particularities, respectively of the productivity elements. These determinations were performed
in the laboratory and involved the following:
• Length of the cob (cm);
• Number of rows of berries on cobs;
• Number of grains / row;
• Number of grains / cobs;
• Mass of the cob (g);
• Mass of grains on cobs (g);
• Yield in grains (%);
• MMB (g).
MATERIALS AND METHODS
The observations and monitoring of the works performed for the crop plant under study began with
sowing, at which time the average value of the density was established, being 60.000 plants / ha. Sowing took
place on April 10, at an air temperature of 27.6 0C and a temperature of 16.9 0C recorded at ground level.
The sowing scheme was a traditional one, respectively 70 cm between rows and 24 cm between plants
per row. The sowing depth was 5-8 cm.
The herbicide was applied immediately after sowing, the first application, and the second at about 3
weeks. The product Merlin Duo (isoxaflutole 37.5g/l and terbuthylazine 375g/l) was used at a dose of 2.5l/ha in
300 l water for the first application and 2l/ha in 240 l water for what two.
The two-numbered hoeing were executed at the optimal times and at the same time the established
nitrogen doses were administered.

Fig. 1 - The cultivation of corn after the two plows, on 28-05-2018

The phytosanitary treatments applied consisted in the use of the insecticide Calypso 480 SC
11(tacloprid 480g / l), in a dose of 90 ml / ha in 300 l of water. (Fig.2).
Irrigation was carried out with the help of the Iritec irrigation system to obtain an increased production.
In addition to this motivation, crop irrigation is an indispensable work due to the lack of rainfall over a very long
period. (Fig. 3).
The study carried out on corn cobs had as objective the evaluation of the productivity elements
obtained in different technological methods applied to the culture.
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The samples were taken from the field the day before harvest. From the two plots, 20 samples (cobs)
were extracted, which were subsequently removed, and then stored for a period of 3 months. The samples
were stored in a cellar along with other agricultural products.
After the moisture of the cobs was reduced after storage, the analyzes of the productivity elements
were carried out in laboratory conditions, using specialized equipment to determine the most accurate values.
The samples were numbered and arranged so as to avoid confusion of the data (Fig. 4). I found the
number of rows of grains by counting the rows surrounding the hammer.

Fig. 2 - Calypso 480 SC (tacloprid 480g/l)

Fig. 3 - Irrigation system

The length of the cobs was measured with a ruler of 30 cm because the values exceed in most samples
the length of 20 cm. The number of grains per row was determined by counting the grains of a randomly
selected row, after which the grains on the opposite row were counted. Then the values obtained were
averaged to obtain the average number of grains per row.
The number of berries per cob was calculated by multiplying the value obtained by the number of rows
of berries and the number of berries per row (ex: Plot; 1 sample 1 - number of rows of berries x number of
berries / row = number of berries per cob: 16 x 48= 768).

Fig. 4 - The samples of cobs analyzed

The mass of the cobs was determined by weighing the samples at the technical balance (Fig. 5),
ensuring for each cob that the country was taken, so that the balance always starts from the value 0,00.
The mass of the grains on with the each cob was determined after the cleaning of the grains on each
sample, and their value was found by weighing help of the technical balance. (Fig. 6).
The yield in grains was calculated with the simple mathematical rule of three, being necessary the
values obtained for the mass of the cob and the mass of the grains on the cob. This rule was applied according
to the following reasoning: if the mass of the cob represents 100%, then the mass of the grains on the cob
represents „x”(Roman, Ion, Epure; 2006).
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Translated into mathematical formula we get the following relation (1):
Mass of cob...100%
301g.....100%
↔
→ X= 100*251,66/ 301;
X= 83,61%
Mass grains / cob....X%
251,66g....X%

Fig. 5 - Weighing sample19 from the plot 1

(1)

Fig. 6 - The grains of the samples
and their weighing - sample 19 plot 1

The moisture was determined with the help of the humidometer, following certain steps to obtain a
value as accurate as possible (Fig. 7). The first step involves taking a grain sample using the hole with the
humidometer on the lid. The sample is then placed evenly in the grain compartment. The humidometer cover is
screwed in by crushing the corn kernels until it reaches the end of the stroke. Next, turn on the device, select
the culture for which we are making the determination, and wait a few seconds for the value to be indicated.
After stopping the humidometer, the cover is unscrewed, the sample is removed, the cover is wiped with a
brush while the place where the grains were placed is cleaned with a brush so as not to affect the moisture
value of the following samples analyzed.

Fig. 7 - Determination of moisture sample 19 plot 1

The MMB was calculated according to the same rule as in the case of grain yield, but the values used
were extracted from the columns representing the number of grains on the cobs and the mass of the grains on
the cobs. The reasoning used was as follows: if the number of grains on the cob, X, has mass, Y g, then 1000
grains will have mass, Z g.
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Thus, the simple rule of three was applied (2):
number of grains on the cob..... mass of grains cobs (g)
1000 grains ..... X g
(2)
768.....251,66 g
1000.....X g;
X= 251,66*1000/768; X= 327,68 g
The average of the samples was calculated by summing all the values obtained for each element of
productivity, then the result obtained was divided by the number of samples, respectively 20.
The maximum value was obtained by comparing all the values within each productivity element, being
chosen the highest value. The same procedure was used to find the minimum value with the difference that
after the comparisons the lowest value was chosen.
To find out the coefficient of variation, it was necessary to initially calculate the standard deviation (S)
based on the formula (3):
S=

(3)

where: x= sample;
n= number of sample.
The coefficient of variation (CV) was calculated using this value according to the formula (4):
(4)
where: S= standard deviation;
= average evidence.
The study performed on the samples represented by 20 maize cobs, which were extracted from each
analyzed plot cultivated with pro-maize provided information on the elements of productivity, whose
development was influenced by the differences encountered in the cultivation technologies adopted.
Based on the results obtained, the average of the samples, the maximum value, the minimum value
and the coefficient of variation were determined..
The sample mean was calculated by applying the arithmetic mean (5):
(5)
where: x= sample;
n= number of sample.
This determination helps to compare the results obtained for the elements of productivity and to find out
the coefficient of variation (Roman, Tabără, Morar; 2011).
The maximum value and the minimum value indicate the highest or lowest sample, respectively, of the
samples in each productivity element. The highest and lowest value helps to form an interval of variation that
can be compared later with that of the homologous plot.
RESULTS
In the first plot, which we know was irrigated and fertilized in smaller proportions with 54 m³ water and
30 kg nitrogen active substance, a slightly lower production was obtained compared to the second plot. Even if
higher averages were obtained for the length of the cobs (22.45 cm compared to 20.63 cm), the number of
grains / row (44.45 compared to 40.55), the number of grains / cobs (657.45 compared to 641), grain yield
(87.56% compared to 86.46%) and moisture (12% compared to 11.42%), the rest of the productivity elements
counterbalanced the value of the final production, due to low averages compared to the plot the second in
terms of the number of grains (253.7g compared to 260.20g), the weight of the cobs (240.60g compared to
260.28g), the mass of the grains per cob (210.66g compared to 244.47g) and the MMB (315.18 g compared to
355.30 g).
Following the elements of productivity such as the length of the cobs and the number of grains, we find
in the first plot sample 18 which has a cob length of 25.6 cm and a high number of grains respectively 960,
which we can conclude is the cob with the most developed elements of productivity, but with small deficiencies
in MMB (342.28 g) and grain yield (87.48%).
Based on this sample belonging to plot 1, from the surface of which a production was obtained by about
0.5 tons lower than the homologous plot, it is demonstrated that the uniformity regarding the elements of
productivity was very low.
581

INTERNATIONAL SYMPOSIUM

This is also reinforced by the fact that at the opposite pole the maximum values regarding the length of
the cob and the number of grains are represented by sample 14 with a value of length reduced by 6 cm and
with a production of only 518 grains, so a difference of 442 grains.
In general, regarding the shape of the cobs, the number of rows of grains indicates a cylindrical-conical
shape with a larger diameter in the case of the samples from the second plot, because the average obtained for
the number of rows is 15.9 compared to 14.75 which represents the average obtained in the first sample.
Table 1
Determining the elements of productivity - sample 1
Length
cob-cm

Number
of rows
grains

Number
grains/row

Number
of grains
cob

Mass
of cobg

Mass of
grains/
cob-g

Yield
in
grains

MMB-g

1.

23.5

16

48

768

287.61

251.66

87.50

327.68

2.

23.5

14

46

644

265.49

234.02

88.15

363.39

3.

19

16

46

736

234.34

202.62

86.46

275.30

4.

21

14

38

532

224.63

198.00

88.14

372.18

5.

24

16

51

816

326.04

288.02

88.34

352.97

6.

23

14

45

630

235.54

202.73

86.07

321.79

7.

21.2

14

43

602

196.99

173.52

88.09

288.24

8.

22.8

14

40

560

195.26

173.05

88.63

309.02

9.

21.2

16

44

704

225.81

197.92

87.65

281.14

22.2

14

41

574

205.8

182.04

88.45

317.14

11.

20

16

38

608

185.85

163.99

88.24

269.72

12.

24.2

14

46

644

203.58

175.34

86.13

272.27

13.

24

14

46

644

231.25

199.98

86.48

310.53

14.

19.6

14

37

518

173.3

154.55

89.18

298.36

15.

23.1

14

46

644

255.6

222.70

87.13

345.81

16.

22.9

14

47

658

215.54

185.75

86.18

282.29

17.

20.5

12

44

528

206.63

180.00

87.11

340.91

18.
19.
20.
AVERAGE
Pmax
Pmin
CV (%)

25.6
24.2
23.5
22.45
25.6
19
7.93

20
14
15
14.75
20
12
10.97

48
46
49
44.45
51
37
8.68

960
644
735
657.45
960
518
16.32

375.62
265.95
301.22
240.60
375.62
173.3
21.18

328.59
234.00
264.67
210.66
328.59
154.55
21.23

87.48
87.99
87.87
87.56
89.18
86.07
1.04

342.28
363.35
360.10
319.72
372.18
269.72
10.70

Nr. crt.

10.

Number
plants/ha

60000

60000

Another very interesting correlation is established between the number of grains of a cob and their
mass. Even if in the first soil we have an average of 657.45 grains per cob, and in the second 641 grains per
cob, the value indicates their mass and reverses the productivity with average values of 210.66 g for the 657.45
grains on cobs and 224.94 g for the 641 grains on cobs.
The conclusion from this correlation is that the cobs in the second plot have a higher grain production in
terms of size and mass, as evidenced by the difference of 14.28 g between the average values of grain mass..
According to the observations made on the two cultivations during the vegetation period, in the second
plot the emergence of the plants was slightly delayed, and the vigor and uniformity presented deficiencies. This
led to a change in cultivation technology, with the decision to increase certain works within the culture of
irregularities.
Thus, nitrogen fertilization increased and the duration of irrigation was increased by one hour. From the
desire to restore equality with the first plot, we reached the situation of achieving a slightly increased
production.
The length of the cobs varies in both plots. In the first plot, the maximum value of the samples is 25.6
cm, and at the opposite pole only 19 cm. The average of the samples is located in the middle of the variation
interval registering 22.45 cm. In the second plot, the interval in which the values vary is slightly lower, having a
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maximum value of 23 cm and a minimum value of 18 cm. As in the first plot, the average is in the middle of the
maximum and minimum values, namely 20.63 cm.
The number of rows of grains in the case of both plots varies in a range represented by the minimum
value of 12 rows and the maximum value of 20 rows. The average of the samples is 14.75 in the first cultivar,
and in the second 15.9 (from here one can notice a first plus that contributed to a higher production within the
second plot).
The number of grains per row in the case of both soils cultivated with corn has a maximum value of 51
and 47 and a minimum value of 37 and 34, respectively. The average obtained is 44.45 grains / row for the first
sample, and for the second 40, 55 grains / row.
Table 2

Nr. crt.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
AVERAGE
Pmax
Pmin
CV (%)

Number
plants/ha

60000

60000

Length
cobcm
20
23
21.50
20.50
21.50
23
18.50
19.00
20.50
21.50
20
21.50
21.50
20.50
20
22.50
18.50
22
18
19
18.26
23
18
7.28

Determining the elements of productivity - sample 2
Number
Number
Mass of
Number
Mass of
of rows
of grains
grains/
grains/row
cob-g
grains
cob
cob-g
16
38
608
249.68
213.24
14
42
588
309.66
265.34
12
44
528
202.98
171.56
20
45
900
322.15
274.47
16
43
688
264.09
231.77
14
43
602
244.68
214.73
16
35
560
222.04
193.06
16
38
608
265.57
234.61
16
34
544
270
227.92
12
47
564
242.14
211.53
20
38
760
275.48
241.00
16
40
640
221.90
193.00
14
45
630
262.91
227.41
16
44
704
248.81
218.02
18
38
684
287.85
249.76
16
44
704
284.46
245.49
16
34
544
260.49
221.09
12
43
516
243.43
208.85
20
40
800
235.51
211.40
18
36
648
291.79
244.46
15.9
40.55
641
260.28
224.94
20
47
900
322.15
274.47
12
34
516
202.98
171.56
15.52
9.81
15.38
11.46
11.04

Yield
in
grains
85.41
85.69
84.52
85.20
87.76
87.76
86.95
88.34
84.41
87.36
87.48
86.98
86.50
87.63
86.77
86.30
84.87
85.79
89.76
83.78
86.46
89.76
83.78
1.74

MMB-g
350.72
451.26
324.92
304.97
336.88
356.69
344.75
385.87
418.97
375.05
317.11
301.56
360.97
309.69
365.15
348.71
406.42
404.75
264.25
377.25
355.30
451.26
264.25
12.74

The number of grains on the cob varies in a fairly large range, with a minimum value of 518 grains and
a maximum value of 960 grains in the first plot, with an average sample of 657.45 grains, while in the second
plot the minimum value is 516 grains, and the maximum 900 grains, with an average of 641 grains.
The mass of the cobs in the case of the first plot varies from 375.62 g as maximum value to 173.3 g as
minimum value, the average being 240.60 g. The variation from the second plot is smaller, having a maximum
value of 322.15 g and a minimum value of 202.98 g, and the average being 260.28 g.
The yield in grains for the analyzed cobs registered an average of 87.56% in the first plot, while the
samples from the second plot obtained an average value of this element of productivity of 86.46%.
MMB is the last element of productivity to be analyzed. The samples from the first plot registered an
average value of 319.72 g, and for the samples from the second plot an average value of 355.30 g was
obtained. Although the emergence and the first phases of vegetation of the plants from the second plot were
slightly deficient, the culture technology applied following the observations had a favorable impact.
Even if it is not an element of productivity, the moisture of corn grains recorded values in the optimum
with a small deviation in the first plot (sample 8-14.7%). Ignoring this, the variation in moisture was very small.
The values obtained from the analyzed cobs are specific to the maize crop, so the average of the samples from
the first plot is 12.12%, and the average of the samples from the second plot is 11.41%. These moisture values
demonstrate that the harvest was carried out at an optimal time, which led to a high quality grain production.
In the first plot, the values of the coefficient of variation indicate a remarkable difference between the
productivity elements represented by the number of grains / cobs (16.32%), the mass of the cobs (21.18%) and
the mass of the grains on the cobs (21.23%).
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We also find low values of the coefficient of variation within the grain yield (1.04%), moisture (6.38%),
the length of the cobs (7.93%) and the number of grains per row (8.68% ). In the middle area we have the
number of rows of grains (10.97%) and the MMB (10.70%).
For the second plot, the coefficient of variation shows low values for grain yield (1.74%), moisture
(3.25%), cob length (7.28%) and number of grains per row (9.81%) . The highest values, ie the most variable
data are found for the mass of grains / cobs (11.04%), the mass of cobs (11.46%), MMB (12.74%), the number
of grains / cobs (15.38 %) and the number of rows of grains (15.52%).
Based on these observations, it can be noted that in the case of both plots, the consistent values of the
coefficient of variation are recorded for the yield in grains (1.04% - 1.74%), the length of the cob (7.93-7.28%),
number of grains / cobs (16.32% -15.38%) and the number of grains per row (8.68% - 9.81%), so these
elements of productivity have the highest stability. The most contrasting values are represented by the samples
whose elements of productivity vary in very high limits such as: the mass of the cobs (21.18% - 11.46%) and
the mass of the grains / cobs (21.23% - 11.04%), which indicates a variation of values within very wide limits.
Table 3
Values of the coefficient of variation
Elements of productivity Plot 1 Plot 2
Length cobs (cm)
7,93
7,28
Number of rowsgrains
10,97
15,52
Number grains/ row
8,68
9,81
Number of grainscob
16,32
15,38
Mass cobs (g)
21,18
11,46
Mass grains / cobs (g)
21,23
11,04
Yieldin grains (%)
1,04
1,74
Moisture (%)
6,38
3,25
MMB (g)
10,70
12,74

Fig. 8 - Graphical representation of the coefficient of variation within the two plots

The production of each plot can be estimated by multiplying the average mass of the grains by the
number of cobs / 0.5 ha, this being equal to the number of plants / 0.5 ha (0.5 ha - because each plot has a size
of 5,000 m2).
(8)
P= grain mass * cob mass/ ha
Pplot 1= 210,66*60000/2;
Pplot 2=224,94*60000/2;
Pplot 1=6319800 g= 6,3 t.
Pplot 2=6748200 g= 6,7 t.
Thus, for the first plot a production of 6.3 t was calculated, and for the second 6.7 t / ha. These
calculations are performed based on the values of the productivity elements, when the grains registered a
moisture of approx. 11-12%. The production at moisture of 14% is calculated according to the following formula:
(9)
P14%= P*(100-Uaverage/100-USTAS)
P14% plot1= 6,3*(100-12,12/100-14);
P14% plot 1=6,7*(100-11,42/100-14);
P14% plot 1= 6,3*1,02;
P14% plot 1= 6,7*1,03;
P14% plot 1= 6,4 t.
P14% plot 1= 6,9 t.
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Following the calculations, a difference of 500 kg of grain production is observed, which was favorable
for the second plot. Thus, the variation of the productivity elements for the CERA 440 maize hybrid is
demonstrated under the effect of the technological works applied differently for the two studied plots
(http://www.rasfoiesc.com/business/agricultura/PRODUCTIVITATEA-SI-CALCULUL-BI19.php;).
CONCLUSIONS
In the study, determinations were made regarding the development of the CERA 440 maize hybrid under
the influence of different cultivation technologies. During the monitoring of the maize crops located on the two
analyzed plots, a lag of the emergence was noticed, this being slightly delayed (approx. 2-4 days), the plants
being uneven and less vigorous in the case of plot II. Based on these noticeable differences between the two
plots, it was decided to apply a larger amount of nitrogen with the first mechanical plow for the plot II.
Although, by applying a higher dose of nitrogen on the second plot, the maize plants developed properly,
still small differences could be observed between the two maize crops, the first plot having taller and more
harmoniously developed plants. As a result, it was decided that out of the total of 7 hours of irrigation, plot II
would benefit from 4 hours of watering, while plot I would only benefit from 3 hours of watering. When
harvested, it was shown that the changes brought to the technological plan gave surprising results, obtaining an
increase in the production of 500 kg of grains on the second plot compared to the first. The application of the
addition of nitrogen fertilizers and irrigation water in the case of plot II favored the stability and uniformity of
production regarding the length of the cobs, the mass of the cobs, the mass of the grains / cobs and the
humidity of the grains.
A considerable gap, but also very interesting is established by the variation of the mass of the cobs and
the mass of the grains / cobs, there being a difference of about 10% between the two plots. Although the same
hybrid was used, differently applied technologies greatly influenced the development of maize plants. As such, it
is concluded that it is necessary to establish a cultivation technology that can be adapted to the condition of the
crop plants observed in different phases of vegetation. Equally important is the ability and speed of adaptation
by making the most appropriate decisions when we face unexpected or unwanted situations that can lead to
production losses or even compromise it.
Regarding the very high degree of variation of the two elements of productivity, namely the mass of cobs
and the mass of grains / cobs that was registered between the two plots, we can conclude that nitrogen and
irrigation have a very important role, influencing plant development and determining large and uniform
productions. The CERA 440 hybrid showed a development of plants and productivity elements corresponding to
the cultivation technology. In general, it can be appreciated that the hybrid responds very well to the application
of additional nitrogen and water by irrigation.
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ABSTRACT
The development of electric vehicles reported a strong expansion lately, however, electric farm tractors
operating in off-road environment are not yet considered interesting for the large equipment manufacturers, due
to their high-power operation needs and the small capacity that energy storage systems may offer. One
interesting research direction is assessing the opportunity of charging batteries directly in the field, using
photovoltaic sources, located close to the land to be processed. The present paper examines the ground area
requirements for the installation of a photovoltaic station, designed to charge a prototype tractor model,
produced by INMA Bucharest.
REZUMAT
Dezvoltarea vehiculelor electrice se află într-o puternică expansiune în ultima perioadă, cu toate acestea,
tractoarele agricole electrice care funcționează off-road nu sunt considerate încă interesante pentru producătorii
mari de echipamente, din cauza necesităților ridicate de consum de energie și a capacității reduse generate de
sistemele de stocare a energiei. O direcție interesantă de cercetare se bazează pe încărcarea acumulatorilor
direct în câmp, din surse fotovoltaice, situate aproape de terenul care urmează să fie procesat. Prezenta lucrare
dorește să analizeze suprafețele utile necesare pentru a fi acoperite de panouri fotovoltaice in funcție de
puterea consumata, testele fiind efectuate pe un model de tractor agricol prototip, produs de INMA București.
INTRODUCTION
Agriculture tractors are usually diesel-powered, contributing to fossil energy consumption, global
warming, air pollution and in many cases to soil and groundwater pollution, caused by fuel leakages (Xue Ji.,
2013, Zhang X., 2011).
Recent technological development aimed on increasing performances of electrochemical energy storage
systems and the new advances of electric motors have created new opportunities for electrical equipment
manufacturers in terms of autonomy, performance and stability over time.
This has allowed car manufacturers to assume major challenges regarding the development of electric or hybrid
vehicles, successfully replacing engines that use fossil fuels, while maintaining high levels of performance.
A segment that has not yet managed to reach high levels of performance, allowing to switch from diesel
to electrical operation is the industrial field of heavy-duty vehicles, especially those used for agriculture (Mocera
F., and Soma A., 2020).
One of the most important problems encountered by electric tractors is that they cannot have the energy
density close to a diesel model, that is required to do long, hard work in the field. Performing activities that need
high power such as plowing or transporting heavy trailers would drain power much faster from the battery pack
(Choi, S.C. et. al, 2014, Finesso R., 2014, Vaidya A.S., 2019). Refueling batteries is easily done in the case of
agricultural machinery that operates around the farm, but in the case of an agricultural tractor working in the
field, returning to the farm is not a viable option.
Diesel equipment can operate continuously for many hours and time periods could be extended even
more if will provide a fuel tank in the vicinity of the working area, while battery life is dictated by total loads. In
case of heavy loads, the disadvantage of recharging at short intervals, may turn this option into an
uneconomical choice.
In order to address to this important electric vehicle limitation, new technology is needed which will allow
the batteries to be charged during the operation of the vehicle, or to recharge near the area to be tilled. Some
models are equipped with replaceable battery pack, which can be easily sent on charging and replaced with a
new fully charged pack.
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This option of quick exchanging the battery pack minimizes the time required to park the tractor for
recharging the batteries, but it also raises negative issues regarding battery management, and increase the cost
of having a spare battery pack.
However, when evaluating high energy consuming equipment as agricultural tractors, must consider
several other aspects, including the impact on the environment, reducing global fossil fuel consumption as well
as CO2 emissions reduction.
While on grid field chargers may provide with the electricity required to manage an agricultural electrical
vehicle, many studies agree that the installation of autonomous photovoltaic systems capable of charging
batteries should be considered in order to further facilitate the use of renewable energy and to minimize CO2
emissions (McFadzean B., 2017; Adegbohun Fe., 2019, Dai Q., 2019, Nenciu F., 2014). This option would be
very useful in cases where the electricity network is at a far distance from the plots that are being processed or
when the electrical network does not allow overloaded local electricity grids, giving additional flexibility.
There has been little research on local power systems used to recharge batteries used on agricultural
tractors, that is why the present article aims to discuss the main problems posed by the large-scale operation of
electric tractors, and to objectively evaluate the main ways of feeding electric tractors.
We will first explore how off grid photovoltaic systems can contribute to the charging of electric vehicles
according to different geographical positioning, given the maximum potential depending on the location on the
globe, the relief forms and the seasonal variations.
Additional benefits could, for instance, be less and additional grid flexibility. Our previous research studies
(Matache et. all, 2020), highlighted that in the case of specific tillage that require high operating powers, the
electric tractor performing time must be improved in order to be able to process a larger number of hectares.
The method of installing photovoltaic panels directly on the roof of the machine can show some
improvement, but has a relative low impact due to the small installation area. Therefore, our objective was to
identify and calculate the characteristics of an autonomous photovoltaic system, providing the electric powered
supply directly in the field, without the need for changing the batteries.
MATERIALS AND METHODS
Our goal was to determine the area in square meters to be covered by panels to ensure the needed
electricity consumption. In order to achieve our goal, the first phase was to determine the power requirements of
the electric tractor for various agricultural works, afterwards had to estimate the charging potential of the
photovoltaic panels and then calculate the insolation potential depending on the climatic conditions of the area.
In order to calculate the power needed for the plowing process, we have tested an experimental model
of agricultural electric tractor, designed by INMA Bucharest (fig. 1). The 28,8 Kw electric tractor was equipped
with a 17.28 kWh Li-Io battery pack and an ORION battery management system (BMS) that allowed recording
the instantaneous power consumption during works. The tractor was equipped with a mechanical transmission
of 8 forward gears / reverse shift, having a speed range between 1.71 km/h - 26 km/h and a nominal rotational
speed of the electric motor of 2350 s-1.

Fig. 1.- INMA Bucharest electric tractor prototype

An agricultural electric tractor performs intense and complex tasks during its lifetime, being challenging
to quantify all the activities and the solutions designed to perform its specific purpose.
In evaluating electric tractors we had to split the total power output among different potential loads, such
as wheel loads, hydraulic tools, mechanical tools, power take off, etc., activities that are also dependent on the
agricultural processes that are carried out (ploughing, cultivation, sowing, roller packing, harrowing). In figure 2,
one can observe the power needed for the operation of an agricultural tractor, depending on the main soil tillage
performed, under external conditions close to optimal from which we can draw the conclusion that the most
intense activity is represented by plowing (Tong F., 2015). Although there are many variables that could change
the absolute power levels, it is observed that the percentage do not suffer significant changes.
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Fig. 2. Electric tractor power needed for the main soil works,
depending on the main soil tillage performed

RESULTS
The activities performed by the electric tractor were continuously monitored using a QuantumX 1615
amplifier data acquisition system to test the draft force, while a 10 kN hydraulic cylinder have been managed to
measure in INMA Bucharest laboratory the strain gauges for the draft force.
Have been then calculated the drawbar power Pd and the electric power input Pe for the electric motor using
the equations 1, 2, followed by the determination of power delivery efficiency of the system during plowing
(PDE) equation 3. The drawbar power Pd (W), have been calculated as the as the product between mean draft
force Fd (W) and actual working speed 𝑣𝑎 (m/s).
Pd=Fd𝑣𝑎, [W]

(1)

Electric power input has been calculated as product between battery voltage U, (W) and battery current
I, (A), as follows:
Pe=UI , [W]
(2)
PDE = Pd/PE

(3)

The plowing process was performed at 3 depths (0.1 m; 0.15 m and 0.2 m), the results of the activity of
the electric tractor during the plowing process are being presented in Table 1
Table 1
INMA Prototype electric tractor testing

Measurement
no.

Working
depth a,
m

Actual
working
speed va,
m/s

Mean
draft
force Fd,
N

Drawbar
power
Pd, W

Electric
power
input
Pe, Kw

Power
delivery
efficiency
PDE

Tractor
autonomy,
h

Ploughing
productivity,
ha/h

Total
ploughed
surface,
ha

1
2
3
4
5
6
7
8
9

0.1
0.15
0.2
0.1
0.15
0.2
0.1
0.15
0.2

0.50545
0.48895
0.4719
0.9988
0.9526
0.8954
1.4032
1.3392
1.2608

3822
5728
7527
3884
5801
7644
3926
5844
7789

1932
2801
3552
3879
5526
7013
5509
7826
9571

3
5
7
8
10
13
11
14
19

0.55930
0.60964
0.48300
0.48858
0.56958
0.55647
0.47958
0.54217
0.49988

5.00
3.76
2.35
2.18
1.78
1.37
1.50
1.20
0.90

0.09
0.09
0.08
0.18
0.17
0.17
0.25
0.24
0.22

0.46
0.33
0.20
0.39
0.31
0.23
0.38
0.29
0.20

Unlike electric road vehicles, that are usually charged using local grid, off-road electric equipment needs
more flexibility by adopting dedicated solar PV charging systems located closer to the working area.
In evaluating the feasibility of implementing a photovoltaic power supply system for powering off-road
electric tractors, models have to be created to determine the relations of the electricity balance, financial
consequences, CO2 emissions reductions, or grid interactions.
In countries that have increased irradiations levels all year long, the solar photovoltaic charged electric
vehicles can be operated more effectively than in countries with a high variability of irradiation over the year.

588

INTERNATIONAL SYMPOSIUM

The potential to produce electricity using energy generated by the Sun is complex and depends on
variable factors.
An important aspect to be considered is the region characteristics when calculating the production
capacity, taking into account the month in the year, when the specific agricultural activity takes place.
The measurement of average daily solar radiation that can be converted into energy is called Solar
insolation and express the average daily kilowatt hours received per square meter in a day.
Insolation intensity levels on the globe have been measured, so that the annual estimations can be
made by modeling the average data from the last 10 years, and then validate the future estimations using a
pyranometer and a photovoltaic panel. Corrections are needed, given the discrepancies generated by climate
change, shading areas or various other losses.

Fig 3. Insolation average levels in Bucharest using last 10 years estimations,
in KWh/m2 per day, values that were validated using a pyranometer and a photovoltaic panel

Figure 3 shows that the months in which the activity of agricultural works is maximum coincides with the
period in which the insolation in Romania is at high average levels. The chart also offers the possibility for the
management to change the planning of some activities, which can be done in a longer margin of time, so as to
benefit from the maximum potential generated by the panels.
By interpolating the monitored values of drawbar power Pd, and Electric power input Pe, we can
determine a dependency relationship between the two (Figure 4). This might be an important variable to
determine electrical power, when knowing the drawbar power.

Figure 4. The determined electrical power

In order to estimate the energy required to perform various works with electric tractor prototype, we
have used equation 4. The needed energy E (Kwh) represents the number of hours in which the tractor
consumes that electric power. The energy generated in output of a photovoltaic system is dependent by a solar
panel area (A, m²), a solar panel yield (r, %), annual average irradiation on tilted panels (H, kWh/m2.y), and
performance ratio (PR, %). The performance ratio is a coefficient for losses that can occur such as: inverter
losses, temperature losses, DC cables losses, AC cables losses, shadings losses, losses at weak radiation,
losses due to dust, snow, etc.
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E = A * r * H * PR , [Wh]

( 4)

The energy required for the operation of an electric tractor varies greatly depending on the activity to be
performed, some activities such as plowing requiring high power to operate, while some other activities such as
spraying crops are not so demanding on energy requirements. The sizing of the photovoltaic power supply
system must be made according to the activities to be performed with the electric tractor.
Considering that annual irradiation is dependent on the month of the year, with values between 496
kWh/m²_year and 2245 kWh/m²_year, a solar panel yield of 15%, a performance ratio of 0.73 and the total
losses of 15 % with the site, technology, temperature, dust, etc., the photovoltaic panels areas variation
depending on the produced energy can be seen in figure 5. Have been considered losses caused by
temperature, above average (10%) because it is assumed that the power plant will be positioned close to the
agricultural land where temperatures are very high.

Fig. 5. - The variation of the photovoltaic panels areas depending on the average produced energy

However, the graph might not be relevant enough, considering that the insolation is dependent on the
seasons and the month of the year.
Therefore, have been calculated the variation of the areas needed to be covered by photovoltaic
panels, depending on each month of the year and the annual average irradiation, (figure 6), which can be very
important in the design of photovoltaic installations for powering electric tractors working off-road.

Fig. 6. - Variation of the total area needed to be covered by photovoltaic panels, depending on each month of the
year and the annual average irradiation

CONCLUSIONS
In order to calculate the power needed of an electric tractor designed for off-road works we have been
testing an experimental prototype, designed by INMA Bucharest, in different working conditions. The potential of
photovoltaic energy production in Romania was then analyzed using both statistical data and corrections by
monitoring with a pyranometer. The results were then used for analysis the variation of the total area needed to
be covered by photovoltaic panels, depending on each month of the year and the annual average irradiation,
useful element in evaluating the usefulness of installing an autonomous photovoltaic system, for powering
tractors with off-road use.
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ABSTRACT
The article presents a comparative analysis regarding the use of volatile oil extraction equipment, using
the water vapor distillation method. For this purpose, two technical installations have been used: EUV-500 and
EUV-1000, and the results were oriented towards highlighting the performances of these extraction installations,
when in the processing two medicinal plants: lavender and mint. These experiments highlighted the increased
utility and the benefits of using the installations for small and medium-sized farms.
REZUMAT
Acest articol prezintă o serie de rezultate comparative obținute prin metoda de distilare cu vapori de apă
a uleiurilor volatile. În acest scop, au fost folosite două echipamente: EUV-500 și EUV-1000, rezultatele
constând în evidențierea performanțelor acestor instalații utilizate la prelucrarea a două plante medicinale:
lavanda și menta. Ca urmare a experimentelor, au fost evidențiate eficiența și beneficiile utilizării acestor
echipamente atat pentru fermele mici cât și a celor mijlocii.
INTRODUCTION
Scientific studies have shown that plants produce a variety of essential oils, these compounds having the
purpose of emitting strong chemical signals. These complex oils are enabling plants to control and regulate their
environment by attracting pollinating insects, repelling insects and pests, inhibiting seed germination, allowing
communication between plants, or even producing certain chemical signals that alert the presence of nearby
herbivores.
The concentration in plants is generally low, around 1-2%, or even less. Among the plant families that
produce large quantities of essential oils we can list: Labiateae - thyme, lavender (Figure 1), mint, basil-,
Ateracea - chamomile, Myrtaceae-eucalyptus, myrtle , Lauraceae – laurel (http://beauty.oja.ro/tag/lavanda).
Among the plants whose chemical composition can generate the highest amounts of volatile oils and
floral water, lavender is the most important.

Fig. 1. Lavender culture (https://www.google.com/search?q=lavanda&rlz=1C1GCEA_enRO)

Lavender is a plant with moderate drought resistance during the summer, so drip irrigation is
recommended. From the point of view of water needs, lavender can be grown in optimal conditions in areas with
average annual rainfall between 500-1000 mm / year (Hiroko and Yui, 2018). The easiest method of
propagating lavender is through cuttings, which are harvested in April-May, or from woody cuttings, which are
harvested mainly in June-August (Grigore et al, 2015). The productivity per hectare is better for the crops
established from rooted cuttings, than for the crops made from seeds. To help the plant make roots, lavender
growers recommend removing flowers and floral buds.
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Another important factor for multiplication is the humidity, which should be maintained at about 70-80%.
Lavender irrigation is generally done once a day, with a small amount of water, while in the first phase after
planting the irrigation is recommended to be done only by water spraying. The lavender plants will bloom
starting from the second year of life.Another method for propagating lavender is through seeds, but this process
is considered more difficult, given that the seeds germinate hard, at temperatures of around 20-22°C. Lavender
can be planted in both autumn and spring, but farmers recommend setting up a crop in September or October,
in order to allow the development of seedlings over the winter, when the root is best fixed in the ground. Even if
planting can be done mechanically, most lavender growers choose to handle this activity manually, especially if
they receive the help of day laborers. Thus, one hectare can be cultivated by four workers in about 10 days
(https://www.stiriagricole.ro/stiri/idei-de-afaceri).
Lavender floral water is a 100% natural and organic product, being recognized for ensuring good
hydration and toning the sensitive skin. The product is used more and more frequently in the kitchen, especially
in the preparation of drinks or desserts, due to the special aroma it gives. Lavender water has been used since
ancient times to refresh and preserve fabrics - especially since the smell drives away moth butterflies. Today,
lavender hydrolat is a good solution to deodorize water from various household equipment, such as the iron, in
order to give it a natural scent of “nature”. (https://agrointel.ro/30798/ cum-se-obtine-apa-de-lavanda-pret/).
Mint (Mentha piperita) (Figure 2) is one of the oldest known medicinal plants. The "Papyrus Ebers"
mentions that mint was used 1550 years before our era in Egypt. In Europe it was first cultivated in England
(1760), where the first quantities of volatile oil were obtained (Solulaco and Kollo, 1938).

Fig. 2. Mentha piperita
(http://plantemedicinale.crestere-melci menta-cultivarea-prelucrarea-si-utilizarea-mentei.ro/27/)

Sometimes, for scientific purposes, mint is propagated by aerial stolons, by rooting stem cuttings or even
leaves. Unlike many other plants and essential oils, the benefits of Mentha piperita and mint oil have been
studied and confirmed by the scientific community. Mint oil contains many minerals and nutrients, including iron,
manganese, magnesium, calcium, folic acid, potassium and copper. It also contains omega-3 fatty acids,
vitamin A and C (http://plantemedicinale.crestere-melci menta-cultivarea-prelucrarea-si-utilizarea-mentei.ro/27/).
Mint can be harvested when the leaves reach 5-6 cm and an inflorescence of 50%, when the essential oil is in
optimal quantity. The ideal time for harvesting is 10-14 in the morning in sunny weather, without dew, wind or
fog (https://dietamediteraneana.wordpress.com/tag/ recoltarea-mentei/).
Mint is an herbaceous plant that grows in crops. It is also called the “garden mint”, or “good mint”. For
medicinal purposes, mint leaves and the aerial part are used entirely. When crushed, the plant gives off a
characteristic aromatic odour, with a pungent, refreshing taste. Mint leaves contain a large amount of volatile
oils, polyphenolic substances, tannins, flavonoids and bitter principles. The volatile oil from mint is composed of
menthol, chin, Menthofuran, carvacrol, thymol. Due to its content in volatile oils, it is widely used not only as a
medicine, but also as a flavouring in the cosmetics and food industry (https://www.csid.ro/plante-medicinalefitoterapice-si-gemoterapice/menta-mentha-piperita-11471486/).
MATERIALS AND METHODS
To protect the integrity of the delicate chemical profile of the essential oil, all distillation methods require
special attention to time, temperature and pressure parameters. Each of the aromatic compounds that make up
an essential oil has a different sensitivity to heat. Some molecules will remain completely unaffected at high
temperatures, while others are very delicate and can be destroyed if the temperature rises too much. Careful
control of distillation conditions is vital for the success of essential oil production. Distillation is a process that
involves separating a substance into its component parts, based on their boiling points and their volatility
variations (Munir et al, 2014). This means that when exposed to high temperatures, the constituents in a liquid
mixture will change to a gaseous state.
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Each constituent boils at a different temperature, so, depending on the programmed temperature ramps,
some constituents will be found in the gaseous state, while others will remain in the liquid state (Cantor et al,
2018). If the temperature is carefully controlled, this process allows the isolation of different constituents from
each other. It is important to know that distillation involves only a physical separation of the compounds, without
any chemical reaction, thus protecting the complex chemical matrices of the essential oil.
(https://www.doterra.com/RO/ro_RO/essential-oil-production-distillation-methods).Distillation made in direct
steam is an industrial method used especially for large plantations, but it can be just as useful for smaller
producers of aromatic plants, in small-scaled or medium crop sizes. This method has a high yield and also a
high control of the distillation process. All processes and parameters can be precisely controlled, resulting in an
essential oil with most of the desired components intact. It should be noted that raising the temperature or
pressure too much will negatively affect the quality of the oil obtained (https://fabricademov.ro/distilarea/). The
direct steam distillation plant (EUV) (Figure 3) is composed of four main elements: the steam generator, the
distillation vessel, the condenser and the separation vessel (Florentine vessel).

Fig. 3. -Technological scheme of EUV distillation equipment

✓
✓
✓
✓
✓
✓
✓

List of EUV installation components:
Metal stabilization holders, for distillation vessels and condenser (cooling vessel);
Steam generator, equipped with pressure regulator;
500l or 1000l distillation vessels, equipped with steam inlet / outlet nozzles, drain valve and plant sieve;
Distillation vessel cover equipped with: 0.5 bar safety valves, pressure and temperature manometer;
Condenser (coil cooling vessel);
Essence separator (Florentine vase);
Vaporcord Alim DN food grade hose, or stainless-steel pipe.

RESULTS
The tests were performed on plants harvested from two crops with lavender and mint. Following the tests
that were made with freshly harvested plants, for two different quantities, the following results were obtained. In
the 500l distillation vessel, 70 kg freshly harvested lavender have been inserted, obtaining 0.25 l of oil, while
when using the 1000 l container with 130 kg freshly harvested lavender inserted, a quantity of 0.45 l of essential
oil was produced (table 1). When distilling mint, the results are similar, except for the amount of obtained oil,
which is higher because mint has a higher content of volatile oil (Table 2). The amount of oil that can be
obtained from distillation is largely influenced by the quality of the plants subjected to distillation.
Table 1
Lavender
Raw material
Fresh lavender
500 l vessel
Fresh lavender
1000 l vessel

Quantity
(kg)
Air
70

20

130

24

Cooling
water
21
26

Temperature °C
Steam
Interior
Generator Entrance
vessel
output
vessel

Enter the
cooling
vessel

Dura
Floral Essential
tion
water (l)
oil (l)
(min)

120

112

102

86

57

17.5

0.25

120

112

102

87

116

31

0.45

In order to prove the effectiveness of the EUV equipment, tests were performed for three days, with
each installation variation separately. The amount of material for distillation was set at 130 kg for each sample
when using the 1000l vessel, and 70 kg for the 500l vessel. Therefore, on the first day, three tests were
performed with EUV-1000 having as raw material the lavender. The duration of a test was about 115-118 min.,
after which another 25-30 min. was the time to cool the equipment, emptying the material, cleaning the vessel
and refilling it with the raw material for the next test.
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Table 2
Mint
Raw material

Quantity
(kg)

Air

Fresh mint 500l vessel
Fresh mint 1000l vessel

70
130

21
25

Temperature °C
Steam
Cooling
Interior
Generator Entrance
water
vessel
output
vessel
21
120
112
102
26
120
112
102

Essen
Enter the Duration Floral
tial oil
(min) water (l)
cooling
(l)
vessel
87
55
16.5
0.45
87
116
31.5
0.74

The next day, using the EUV-1000 installation, three experiences were made with the same quantities,
but with mint as raw material. On the third day, three samples of lavender and mint were also processed with
EUV-500. The tables show the averages of all experiences. All tests were performed at a steam inlet pressure,
in the distillation vessel of 0.2 bar.
CONCLUSIONS
From the distillation process of the two plants, the following conclusions emerged: the amount of
obtained oil depends largely on the quality of the plants subjected to distillation, the distillation time,
regardless of the amount of plants found in the vessel is approximately equal, using the EUV-1000
installation, almost a double quantity of plants can be distilled at one batch, compared to EUV-500
installation, while the distillation time is also double. The longer distillation time in the EUV-1000 installation
generates a process efficiency, because during this period a new amount of raw material can be harvested to
supply the equipment and regardless of the capacity of the distillation vessel, (500l or 1000l) the EUV
installation has proven its efficiency for small and medium producers of lavender, mint and other plants with
high essential oils production potential.
ACKNOWLEDGEMENT
This work was supported by a grant of the Romanian Education and Research Ministry, through Sectorial
Plan, contract no. 1PS/2019 and through Programme 1 – Development of the national research-development system,
subprogramme 1.2 – Institutional performance – Projects for financing excellence in RDI, contract no. 16PFE.
REFERENCES
[1]
Grigore I., Sorica C., Vladut V., Matache M., Cujbescu D., Sorica E., (2015), Superior capitalization of
lavender by obtaining volatile oils applying the steam distillation method, Proceedings of the International
Symposium ISB-INMA TEH’, “Agricultural and Mechanical Engineering”, Bucharest, pp. 141 – 146;
[2]
Solulaco T, Kollo C, (1938), Military sanitary magazine, No 8;
[3]
Hiroko Kasai and Yui Kubota, (2018), Analyses of Volatile Components of Lavender (Lavandula
angustifolia HIDCOTE and Lavandula x intermedia GROSSO) as Influenced by Cultivar Type, Part, and
Growth Season, Faculty of Pharmaceutical Sciences, Hoshi University; 2-4-41 Ebara, Shinagawa-ku,
Tokyo 142-8501, Japan Yakugaku Zasshi 138, p.p. 1569-1577;
[4]
Cantor M., Vlas N., Szekely Z., Jucan D., Zaharia A., (2018), The influence of distillation time and the
flowering phenophase on quantity and quality of the essential oil of Lavandula angustifolia cv.
'Codreanca', Romanian Biotechnological Letters, Vol. 23, p.p.14146-14152;
[5]
Munir A., Hensel O., Scheffler W., Hoedt. H., Amjad W., Ghafoor A., (2014), Design, development and
experimental results of a solar distillery for the essential oils extraction from medicinal and aromatic
plants, Solar Energy, Volume: 108, DOI: 10.1016/j.solener.2014.07.028, p.p. 548-559;
[6]
Popescu C., Pruteanu. A., Cujbescu D., Grigore I., Matache M., Voicea I., Vlăduţ V., Marin E., Popescu
C. (2015), Physical-chemical and microbiological characterization of lavender water obtained as
secondary product from lavender (lavandula angustifolia L) essential oil, International Symposium ISBINMA TEH’ 2015, ppa 335-342, Bucharest / Romania;
[7]
http://beauty.oja.ro/tag/lavanda;
[8]
https://www.stiriagricole.ro/stiri/idei-de-afaceri;
[9]
https://www.google.com/search?q=lavanda&rlz=1C1GCEA_en;
[10] https://agrointel.ro/30798/cum-se-obtine-apa-de-lavanda-pret/);
[11] http://plantemedicinale.crestere-melci menta-cultivarea-prelucrarea-si-utilizarea-mentei.ro/27/;
[12] https://dietamediteraneana.wordpress.com/tag/recoltarea-mentei/);
[13] https://www.csid.ro/plante-medicinale-fitoterapice-si-gemoterapice/menta-mentha-piperita-11471486/;
[14] https://www.doterra.com/RO/ro_RO/essential-oil-production-distillation-methods;
[15] https://fabricademov.ro/distilarea/.
595

INTERNATIONAL SYMPOSIUM

CONSIDERATIONS ON THE PROCESS OF CONDITIONING FRUITS AND VEGETABLES
/
CONSIDERATII PRIVIND PROCESUL DE CONDITIONARE A FRUCTELOR SI
LEGUMELOR
PhD.Stud.Eng.Grigore A. I.*), Eng.Grigore I., PhD.Stud.Eng.Vladutoiu L., PhD.Sorică C.,
PhD.Stud.Eng.Cristea M., PhD.Stud.Eng.Petre A.A , PhD.Stud.Eng.Milian G., PhD.Stud.Eng.Sorică E.,
PhD.Stud.Eng Dumitru I., Ph.D.Eng. Nenciu F.
*)
INMA Bucharest / Romania;
Tel: 0734319749; E-mail: igrigore44@gmail.com

Keywords: vegetables, fruits, the process of conditioning, nutritional factors, vitamins

ABSTRACT
Pentru desfasurarea normala a activitatii zilnice si mentinerea starii de sanatate, organismul are nevoie
de o anumita cantitate de energie si de factori nutritivi completi (proteine, glucide, lipide, vitamine, saruri
minerale, apa). Acestia sunt obtinuti din alimente, fructe si legume, ocupand un loc de seama ca sursa naturala
de glucide, saruri minerale alcalinizante, vitamine si apa. Conditionarea fructelor si legumelor reprezinta
totalitatea operatiunilor prin care produsele sunt aduse in starea de a satisface cerintele normelor interne si
internationale de comercializare. In acest articol sunt prezentate importanta fructelor si legumelor in alimentatia
umana, dar si argumente privind importanta procesului de conditionare a fructelor si legumelor, in vederea
pastrarii cat mai indelungate in stare proaspata a fructelor si legumelor. Sunt descrise operatiunile incluse in
acest proces si rolul lor.
REZUMAT
For the normal development of daily activity and maintaining health, the body needs a certain amount of
energy and complete nutritional factors (proteins, carbohydrates, lipids, vitamins, minerals, water). They are
obtained from food, fruits and vegetables, occupying a prominent place as a natural source of carbohydrates,
alkalizing mineral salts, vitamins and water. The conditioning of fruits and vegetables represents the totality of
the operations through which the products are brought in the state to satisfy the requirements of the domestic
and international commercial norms. This article presents the importance of fruits and vegetables in human
nutrition, but also arguments regarding the importance of the process of conditioning fruits and vegetables, in
order to keep fruits and vegetables fresh as long as possible. The operations included in this process and their
role are described.

INTRODUCTION
Vegetable farming is one of the most ancient occupations of the Romanian people, and the most used
vegetables in the preparation of daily food. Vegetable farming is a science that deals with the study of botanical
and biological features of vegetable species, their relationships with environmental factors, technological
features in order to achieve the productive potential of the variety or hybrid, obtaining high quality and high
yields.
For the normal development of daily activity and maintaining health, the body needs a certain amount of
energy and complete nutritional factors (proteins, carbohydrates, lipids, vitamins, minerals, water). They are
obtained from food, fruits and vegetables occupying a prominent place as a natural source of carbohydrates,
alkalizing mineral salts, vitamins and water.
Fruits and vegetables have a complex chemical composition, containing the main groups of organic
substances (carbohydrates, sugars, fatty acids, fats, proteins, tanoids, flavors, vitamins, etc.) and minerals (with
compounds of K, Ca, Mg, Na , Fe, Mn, Al, P, S, Zn, etc.) which are important in human nutrition. Due to this
complex content, fresh fruits and vegetables have a high nutritional value, which is why they are irreplaceable in
the rational diet of people.
From a nutritional point of view, analyzing the Food Pyramid, it can be seen that vegetables and fruits
must occupy the second place in the daily consumption of food.
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Figure 1.- Food Pyramid USDA (United States Department of Agriculture) (http://www.fao.org)

The evolution of the average consumption in Romania, per capita, of fruits and vegetables in the period
2003-2008 is shown in table 1 and figure 1.2. It is observed that the average consumption of potatoes increased
by 4.3%, the average consumption of vegetables in the same period decreased in an insignificant proportion
and the consumption of fruits increased by 5.5% until 2008 (Hoza Ghe., 2008).
Table 1
Average annual consumption per capita of fruits and vegetables, in Romania, during 2003-2008
Products

Um

Potatoes
kg
Vegetables and vegetables products (equivalent to
kg
fresh vegetables), legumes and melons
Fruits and fruits products (equivalent to fresh fruits)

2003

2004

2005

2006

2007

2008

95,4

97,9

98

97,4

96,1

99,5

177,7

183,3

162,6

181,7

164,1

176

59,6

77,4

75,9

83,2

67,8

62,9

Fig. 2. - Average per capita consumption of fruits and vegetables in Romania during the period
2003-2008 (kg),(The statistical yearbook of romania,https://insse.ro/cms/ro/)

The analysis carried out in the last six years on the consumption preferences of the population highlights an
increase in the share of fruits and vegetables in the daily diet of the population. And yet, total consumption of fruits
and vegetables remains below the recommendations of nutritionists with all the benefits that such consumption has
on health, being an important source of vitamins, minerals, trace elements and a factor in preventing obesity by
reducing the energy intake of food. Also, active substances used in the preparation of medicines are extracted from
vegetables and fruits.( Bălaşa M., 1973)
By region, the area cultivated with vegetables varies depending on the natural conditions and the
consumption needs of the population. For example, the potato is cultivated mainly in the submontane depressions
in counties like Brașov, Covasna, as shown in figure 1.3.
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Figura 1.3. The structure of the surface cultivated with vegetables by regions in Romania.
(The statistical yearbook of romania,https://insse.ro/cms/ro/)
Worldwide, Romania occupied in 2007 a percentage of 0.34% of the cultivated area with vegetables in the world
according to FAO statistics. The production of such large quantities of vegetables and fruits reveals their importance, an
importance that gives them a place in the national economy, so in 2008 the area cultivated with vegetables was 2,268,300 ha,
which represents 1.12% of Romania's area ( Balaj D., 1997)

MATERIALS AND METHODS
General technological flow of conditioning.
Conditioning involves a set of operations aimed at bringing the products to the characteristics provided by
standards, specific to a certain direction of capitalization. By conditioning, a unique and homogeneous quality is
achieved for the batches of products destined for delivery. Sometimes some additional operations are performed,
provided in the specifications, requested by external beneficiaries, or imposed by the quality legislation of the
country of destination of the goods. (Borcean L. et al., 2005)
The conditioning of fruits and vegetables consists mainly of pre-sorting, sorting, but there are other
operations such as washing, brushing, polishing, waxing, treatment to destroy the epiphytic microflora, emptying
and packaging-storage. Depending on the specifics of fruits and vegetables, but also on their destination, the
conditioning is done at the place of production, in special centers or in warehouses;
The degree of perishability requires some products to minimize packaging operations and perform them in
the shortest possible time.( Căsăndroiu T.,1998)
Technological phases of conditioning:
a.The preliminary technological phases are: quantitative and qualitative reception, unloading and handling, possibly
short-term storage in case of too large batches of goods.
b.The qualitative and quantitative reception allows an exact record of the products under the report of the
management and of the establishment of the destination of each lot.
c.The unloading must be well organized, as fast as possible and adaptable to all situations that may arise.
Fruits and vegetables intended for immediate consumption or export are conditioned immediately after
harvest, and for those intended for storage only a preliminary cleaning (pre-sorting) is done, the conditioning being
done at the time of delivery. As a technological process, conditioning involves a series of fruit preparation
operations, for storage or immediate consumption, namely pre-refrigeration, sorting, brushing or washing,
packaging and pre-packaging. The number of conditioning operations included in the different technological flows,
as well as the complexity of each operation varies depending on several factors. Of these, the most important are:
the quality and destination of the fruits, the existing equipment, etc., but in all technological flows the sorting and
packaging of the fruits represent the main operations. (Căsăndroiu T. et al., 2009)
RESULTS
Sorting aims to eliminate from the harvested fruits, those fruits that do not meet certain accepted standard
criteria such as: health, mechanical injuries caused at harvest, mechanical and biological damage caused during
growth and development by spraying, the action of atmospheric agents ( wind, hail, burns due to spraying, etc.),
attacks by microorganisms and insects, deviations from the specific forms of the variety, the degree of maturity
expressed by color and the luster corresponding to the purpose for which they were harvested. (Donca Ghe.,
(2014).
The importance and role of pre-sorting and sorting operations in the fruit and vegetable conditioning
assembly. Sorting consists in separating crushed vegetables or fruits, with a different degree of maturation than the
average of the product or of very different (extreme) sizes.
598

INTERNATIONAL SYMPOSIUM

It is made by hand, at the table, for a small quantity of products, or with different installations, provided with
strips that allow the elimination of the inappropriate ones. It is placed on a single layer to be easily observed. It is
executed in specially arranged spaces (sorting halls) (Popa L. et al., 2014)
The sorting has the role of separating vegetables and fruits by size and color, degree of health, shape,
integrity according to the rules in force for each category of vegetables and fruits.
Sorting vegetables and fruits is necessary to present the products as evenly as possible in size, healthy, without
traces of disease or pests, attractive to consumers. Sorting is performed in vegetable plantations or in orchards, or
in sorting halls. Some species require special operations performed with sorting:
- Waxing apples;
- Cleaning the down from peach fruits;
- Washing apples;
- Polishing peach fruits.
Placing vegetables and fruits on homogeneous units of size is done manually, especially in the field, and
mechanized in vegetable greenhouses.
The purpose of this operation consists in classifying the crop according to standard criteria, namely:
phytosanitary condition, mechanical and biological damage, deviations of forms from those specific to the variety,
the degree of maturation expressed by color and appropriate gloss. Sorting is done partially or totally, during and
after harvesting. When performed simultaneously or immediately after harvest, it is called presort.
The procedures used are manual, mechanized and mixed, but mostly manual. Manual processes are usually
used at the place of production and are general and selective:
-The general sorting consists in examining each copy separately.
-Selective sorting consists in eliminating the negative copies or choosing the positive ones and passing them in the
corresponding packages. In general, the fraction that has the minimum proportion is chosen.
Sorting is based on the differentiation of categories within the same variety by: diameter, individual weight,
number of pieces per kg or per unit of packaging, etc.
It is considered that the best sorting facilities are those in which the percentage of damaged products does
not exceed 8%. The sorting installations used can be: GREFA, CALIBREX, RODA, LUDER, TREURNIET,
MAGNUSSON, IMG, MOBA and many other brands (Căsăndroiu T., (1998)
CONCLUSIONS
In order to obtain good and quality products and to reduce the probability of contamination of the crop that
can endanger fruit safety, it is advisable to schedule the activities and anticipate the needed harvest inputs to
organize the personnel to work efficiently and without delays.
During the harvest:
Keep organized the harvest place because it contributes to hygiene, efficiency, and speed of all
activities.
Harvest in the appropriate state of maturity for each product and use the best detaching method for
the species (pull, cut, twist, etc.). Take a sample of the harvested product with the desirable maturity
degree, size, and colour and use it as reference for the field supervisors or harvesting team leaders.
Give clear instructions before starting the work, checking that the workers have understood them.
Avoid working at hours of high temperature, when dew is still on crop, after a rain or with high
environmental humidity.
Under no circumstances leave on the field harvest residues, fallen fruits and culls because these will
rot and contaminate the place increasing the inoculum level. They must be collected and destroyed
appropriately (burnt, buried, etc.).
Harvested product must be:
Placed carefully in the harvest or definitive container and it should not be thrown, hit, pressed or
rubbed.
Transported quickly to the packing place,
Hauled in such a way as to avoid bruising and damage. Level and maintain clean farm internal
roads, reduce tire pressure and make drivers aware of the importance of driving carefully and at low
speed.
Load and unload to and from any containers with special care, instructing and controlling the
harvesters and other handling personnel about the importance of handling. - If it is not packed
immediately, maintain product in the shade, under an open shed or adequately covered from
weather.
599

INTERNATIONAL SYMPOSIUM

Prevent dehydration, particularly during the hottest part of the day. Some measures to take would be
to place shading nets, water sprays, cover them with wet sackcloth and to reduce the time between
harvest and transport to the shed.
The vegetable and fruit processing industry has a special specificity due to the raw materials it uses vegetable products with a high risk of perishability and the seasonal nature of its activity. Thus, the main objective of
this industry is to provide the population with safe products, either in semi-processed or processed form,
characterized by a high nutritional value.
There are, for example, certain raw materials that can be excellently consumed fresh but which due to the
preservation processes used (temperatures, high pressures or certain manipulations) are no longer appropriate (eg
certain types of tomatoes are unsuitable for obtaining tomato paste or fruit exotic-mango, pineapple - are much
tastier and more nutritious if eaten fresh).
In the activity of capitalization of fruit production, conditioning is an important link that aims both to maintain the initial
qualities of fruits and vegetables, and to increase their commercial value.
If the Romanian producer wants to capitalize on its production in common markets of the European Union, it
must take into account that certain responsibilities are imposed on us, including compliance with specific rules on
the sale of fresh fruits and vegetables. Products marketed in these markets must meet certain conditions regarding:
minimum quality requirements (whole, healthy, disease-free, odor-free and / or foreign-tasting, etc.), minimum
maturity characteristics, tolerance (± 10% of the number or weight of the products ), marking the origin.
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ABSTRACT
Vermicompost is made by a type of composting in which certain species of earthworms are used to
improve the conversion process of organic waste and to produce a better final product. Earthworms feed on
organic waste and produce a granular form (cocoons), which is known as vermicompost. This paper presents
the main types of equipment known for the production of vermicompost made by well-known companies in this
field but also the studies and projects made by the authors of this article for the design and execution of
complete equipment that includes all technological stages and installation components.
REZUMAT
Vermicompostul este realizat printr-un tip de compostare în care anumite specii de viermi de pământ
sunt folositi pentru a îmbunătăți procesul de conversie a deșeurilor organice și pentru a produce un produs final
mai bun. Viermii de pământ se hrănesc cu deșeurile organice și si produc o formă granulară (coconi), care este
cunoscută sub numele de vermicompost. Prezenta lucrare prezinta principalele tipuri de echipamente
cunoscute pentru productia de vermicompost realizate de firme consacrate in acest domeniu dar si studiile si
proiectele realizate de autorii prezentului articol pentru proiectarea si execuția unui echipament complet ce
cuprinde toate etapele tehnologice si componentele instalatiei necesare in acest scop.
INTRODUCTION
Vermicomposting is the process of producing compost by utilizing earthworms to turn the organic waste
into high-quality compost that consists mainly of worm cast in addition to decayed organic matter (Ismail 2005;
Devi and Prakash 2015). The increase in living standards around the world has created a growing demand for
such organic produce, or cultivation using only natural pesticides and fertilizers, which are perceived to be
healthier for consumers and environment friendly (Kaplan, 2016).
Vermicompost, an organic fertilizer rich in NPK (nitrogen (N), phosphorus (P) and potassium (K),
micronutrients and beneficial soil microbes (nitrogen fixing and phosphate solubilizing bacteria and
actinomycetes), is a sustainable alternative to chemical fertilizers, which is an excellent growth promoter and
protector for crop plants (Sinha et al, 2011; Chauhan and Singh, 2015).
Research on vermicomposting will provide farmers with an environment-friendly fertilizer and assist in
promoting the agriculture sector towards a greener future. The use of such technology will help in cost
management in agriculture which is increased in the recent years and has added to the burden of farmers in
terms of chemical fertilizers and chemical pesticides. Consequently, the cost of production has increased many
folds. Use of organic source of fertilizers like vermicompost could be an effective solution to the problem where
it could substitute the chemical inputs in crop productivity and reduce the economic cost and on the other hand
may also lead to organic produce which fetches higher price in the market (Yvonne et al, 2019).
Organic waste and animal manure contain valuable plant nutrients and organic compounds that can
restore degraded soils and ensure sustainable long-term agricultural activity (Diacono and Montemurro, 2010).
Properly treating the organic waste fraction reduces the environmental impact by avoiding greenhouse gas
emissions from landfills (Hoornweg and Bhada-Tata, 2012) and decreasing/avoiding the need for chemical
fertiliser (Pimentel et al., 2005; Caba et al., 2019; Laza et al., 2019; Vlăduţ et al., 2019; Voicea et al., 2019). By
vermicomposting the organic waste, both these issues could be tackled.
During the vermicomposting process the organic waste is converted into two valuable products: organic
fertiliser (Arancon et al., 2004) and worm biomass, which can be used as a protein source in animal feed
(Mitchell, 1997). In this way, animal feed is produced directly from waste.
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The most commonly used earthworm species in vermicomposting are Eisenia feotida and E.
andrei (Dominguez and Edwards, 2010) it has been clearly demonstrated that earthworms have well-defined
limits of tolerance to certain parameters, such as moisture and temperature, which can seriously affect their
rates of growth, development, and cocoon production. Dominguez and Edwards (2004) found that the optimum
temperature for E. fetida growth ranged between 15 and 20°C.
MATERIALS AND METHODS
For the realization of the paper was used in the critical analysis of knowledge - reading sheets of articles
from the literature (consultation of international scientific databases), observations directly in the field on similar
solutions, after which the data collected were analyzed and processed by preparing prospective and
technological studies.
RESULTS
Following the elaboration of prospective and technological studies within INMA Bucharest, an
experimental model was designed experimental model (ME) biohumus production plant (vermicompost) which
consists of the following:

Fig. 1. Vermicompost production plant

1. Cylindrical sieve SC-0, is a component part of the IPB biohumus (vermicompost) production plant and is used
for sorting the compost resulting in the decomposition of organic matter from various sources - animal manure,
crop residues, residues of to the meat industry and the wine industry, waste.
2. The inclined conveyor with TIB-0 belt, is a component part of the installation and supplies the cylindrical sieve
with compost.
3. The belt conveyor is similar to TIB except that it is higher than it.
4. The SV-0 vermicompost system is a wooden construction provided at the bottom with a grate and
vermicompost scraping system (compost subjected to the action of earthworms).
5. Wetting system that ensures the humidity (70% humidity) of the compost in which the earthworms move from
the bottom up.
6. Electrical panel.
IPB biohumus (vermicompost) production plant, is designed for faster and better quality biohumus
production. The installation will allow operation in variable temperature and humidity conditions, both in summer
and winter.
The production and use of biohumus is addressed to those with livestock farms, but also to those who
have vegetable farms, orchards, greenhouses, wineries, etc. and have access to animal manure from other
livestock farms.
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For an optimal operation of this installation (fig 2), the following aspects must be taken into account the
humidity of the compost is a very important factor, the compost must be able to retain enough moisture for
microorganisms and bacteria to have a favorable environment in which to live and multiplies (about 50%).

top view

side view
rear view
Fig.2 - Different views of the vermicompost production plant

Compost aeration is passive or forced and has many different functions during the composting process,
such as providing oxygen to keep microorganisms alive, removing carbon dioxide, reducing water to allow the
material to dry, and controlling the temperature to prevent values higher than 70 ° C - 80 ° C. The compost also
can be placed in small piles on a tarp in the sun.
The optimal loosening for the appropriate composting activity is represented by the degree of total
porosity of 48-60%, of which capillary porosity of 30-36% and non-capillary (aeration) porosity of 18-24%. At this
level, the compost contains 1/3 air and 2/3 water. The apparent density of the compost under these conditions is
between 1.0 and 1.4 g / cm3.
Compost temperature. The temperature of the external environment influences the decomposition
process. The decomposition rate is also determined by the ratio between carbon and nitrogen.
The activity of microorganisms increases with increasing temperature, the activity of microorganisms
becomes intense at temperatures between 35 - 45 0C, but decreases drastically if it exceeds these values 70 80 ° C. The types of vermicomposting depend upon the amount of production and composting structures. Smallscale vermicomposting is done to meet personal requirements and farmers/gardeners can harvest up to 10 tons
of vermicompost annually.
Finished vermicompost have a rich, earthy smell if properly processed by worms in the right conditions.
CONCLUSIONS
The studies performed allowed the technical validation of the solutions approached in the d esign of the
experimental model of the biohumus production plant (vermicompost);
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The installation will allow operation in variable temperature and humidity conditions, both in summer
and winter;
The production and use of biohumus is addressed to those with livestock farms, but also to those who
have vegetable farms, orchards, greenhouses, vineyards, etc. and have access to animal manure from other
livestock farms.
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ABSTRACT
Conservation tillage defines extremely varied processes, from direct sowing in untilled soil to deep
loosening without turning the furrow. Between these two extremes there are various variants, which highlights
the specific nature of the process applied at a given time, in a certain area, in accordance with the local
specificity and availability of agricultural machinery. The paper presents research made by INMA Bucharest on
the design of a technology for soil tillage, which uses an advanced method for management, in terms of
collecting data from the place of agricultural culture establishment through intelligent sensors for indoor/outdoor
temperature, indoor/outdoor humidity, barometric pressure, wind speed and direction, dew point, precipitation,
which helps the farmer make instant decisions in real time, saving time and labour.
REZUMAT
Lucrările conservative ale solului definesc procedee extrem de variate, de la semănat direct în sol
neprelucrat până la afânarea adâncă fără întoarcerea brazdei. Între aceste două extreme se regăsesc diverse
variante, ceea ce evidenţiază caracterul specific al procedeului aplicat la un moment dat, într-o anumită zonă, în
acord cu specificul local și disponibilitatea mașinilor agricole. În cadrul lucrării sunt prezentate cercetări ale
INMA București privind conceperea unei tehnologii pentru lucrarea solului, care să utilizeze o metodă avansată
pentru management, în ceea ce privește colectarea unor date de la fața locului de înființare a culturii agricole
prin intermediul unor senzori inteligenți de temperatura interioară /exterioară, umiditate interior/exterior, presiune
barometrică, viteza și direcția vântului, punct de rouă, precipitații, care ajută în timp real fermierul să ia decizii
decizii instant, economisindu-se timp și forță de muncă.
INTRODUCTION
Conservation agriculture uses natural ecological processes to preserve moisture, increase fertility and
improve soil structure (Guș, 2003; Croitoru et al., 2017; Vlăduţ et al., 2017; Vlăduţoiu et al., 2017). Soil conservation
works define extremely varied processes, which are those shown in Figure 1.
Vertical tillage using paraplow, chisel scarifier, other equipment.
Agronomic studies show that there are positive effects if the soil has
a cover with plant debris between 15...30%, (Askari, 2019).
Ridge-tillage. Plant debris between the ridges ensures the reduction
of water losses by evaporation (Jiang, 2018).
Soil
tillage
conservation
technologies

Minimum
tillage

Strip-till, zone till. The establishment of crops is done by reducing
time by about 20% and costs by 30%, (Claassen, 2018).

Mulch-tillage. More than 30% of the soil surface is left covered with
residues after planting, (Pöhlitz et al. 2018).
Cover crops, catch crops. The benefits will vary depending on the
field conditions and chosen cover crops (Baraibar, 2018).

Fig. 1. Soil tillage conservation technologies
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Figure 2 presents some research concerns on the use of
technologies.
GPS guidance system
The guidance system is feasible for agricultural operations
(Oksanen, 2013); Kinematic global navigation satellite
systems (RTK GNSS) can be used, (Valente, 2020)

SMART elements in soil tillage conservation
- contributes to the efficiency of
agricultural operations, in particular the
administration of fertilizers, pesticides;
- ensures the smooth running of the
technological process in unfavourable
or low visibility conditions;
- ensures saving of fuel, time, labour in
carrying out agricultural works;
- contributes to increasing the working
capacity of operators.

RTK GNSS
(www.swisstopo.admin.ch)

Agricultural vehicle and fuel consumption monitoring
The FARMTRACK agricultural vehicle and fuel
consumption monitoring system offers the possibility of
simultaneous monitoring of all machinery and transport
vehicles in your fleet. The route of each vehicle is displayed
individually with a different colour to be easily differentiated.
(Ciupag, 2016)

(http://www.vantage-ro.com/produkt/monitorizare-masini-si-combustibil/)
Intelligent solution for agriculture that monitors, analyses,
compares, decides and acts in order to optimize resources
Soil information is needed to monitor the environment,
address current concerns about food, water and energy
security, land degradation and climate change. (Viscarra
Rossel, 2017).
Syswin Solutions has designed and developed SysAgria for
real-time monitoring and control of air and soil parameters
that provides vital information for proper plant development,
cost forecasting, increased agricultural production and
reduced costs.

(https://www.syswinsolutions.com/wp-content/uploads/2018/03/brosurasysagria-web.pdf)

- Real-time GPS monitoring of vehicle
location;
- Web-based and easily accessible
interface;
- Generating reports on works
performed over periods of time;
- Accessible 24/7;
- Web interface for Android and iOS;
- Fuel level monitoring;
- Monitoring the quality of works.

- provides comprehensive real-time
information on the environment and
development conditions at different
phenological stages of crops;
- monitors the vital parameters of the
soil, air and light and identifies models
with predictive value through a series
of intelligent algorithms that analyse
the data obtained and correlate them
with a history relevant to the related
crop;
- allows warnings and predictions
about the occurrence of diseases and
pests (intersecting various parameters
of interest in the air and soil), making
the connection between certain
scenarios and the need to apply
treatments, fertilizers and irrigation;
makes
recommendations
on
treatments, fertilizers and irrigation;
- allows the estimation of production
and possible losses.

Fig. 2. Components of innovative solutions for soil tillage conservation technologies
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MATERIALS AND METHODS
For this paper, we used in the critical analysis of knowledge - reading sheets of articles from the literature
(consultation of international scientific databases) and observations directly in the field, after which the collected
data were analysed and processed by preparing prospective and technological studies.
RESULTS
Following the elaboration of prospective and technological studies within INMA Bucharest, an
experimental model of innovative system for soil tillage conservation work was designed for the SMART farm
(fig. 3), which consists of the following:
1. A portable wireless weather station for measuring weather data, recording in the field on a data
acquisition system and transmitting them via the Internet on a computer at the farm office;
2. A manual guidance system to avoid overlaps and replace the landmark, consisting of RXA-30
antenna, RealView Camera and Pro 570GS matrix console;
3. Technical equipment to work the arable substrate adapted to the conservation technology.
The innovative system for soil tillage conservation intended for the SMART farm, which is developed in
our own new design, will use an advanced method for agricultural management to allow real-time decisions by
the farmer on the use of technical equipment adapted to soil tillage conservation technology.

Fig. 3. Innovative system for soil tillage conservation intended for the SMART farm

Figure 4 shows the schematic diagram of the innovative system for soil tillage conservation intended for
the SMART farm.

RXA-30
antenna

RealView
camera

Pro 570GS
matrix
console

Operator

FARMER

Desktop
computer

Wi-Fi
weather station

Technical equipment to work the arable substrate
adapted to the conservation technology

Fig. 4. Schematic diagram of the innovative system for soil tillage conservation intended for the SMART farm

The wireless weather station collects and stores data on the spot via sensors, and the farmer receives
real-time information on a computer at the farm, allowing him to make instant decisions saving time and labour
necessary for field checks. Using the remote data exchange (field-office) the farmer informs the operator
(mechanizer) when to prepare the technical equipment to apply soil tillage conservation technology. During
work, to avoid overlaps and replace the landmark, the Operator will use a MATRIX® 570GS manual guidance
system, which consists of a console, a 26 dB RXA-30 antenna and a RealView night vision camera.
The wireless weather station provides all the weather data (indoor/outdoor temperature, indoor/outdoor
humidity, barometric pressure, wind speed and direction, dew point, precipitation), which are transmitted
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wirelessly to a console (control panel). The main features of the console are: Operating temperature: 0° ~
+60°C; LCD display dimensions: 151 mm x 86 mm.
The weather station has WeatherLink software for: tracking and recording weather on a personal
computer in the office, storing data at the frequency set by the user on a data logger and exporting graphs,
daily, weekly and annually. With the help of the "plug-and-play" application, you can: post data directly on the
Internet and view data directly on your Android or iPhone using a free application.
CONCLUSIONS
- the studies carried out allowed the technical validation of the solutions approached in the design of the
experimental model of innovative system for soil tillage conservation;
- the obtained results allow the physical realization of the innovative system for soil tillage conservation intended
for the SMART farm and the elaboration of useful recommendations for the farmers who implement in
exploitation this soil tillage technology.
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ABSTRACT
Recent studies have increasingly argued for the benefits of using natural fibre textiles, one of which is
fibre derived from industrial hemp (Cannabis sativa L.). The paper covers international and national concerns
regarding the cultivation of industrial hemp, the practical technologies used for harvesting hemp seeds and
stems, and the design for an innovative technical system for harvesting hemp stems with the following
characteristic components: stem cutting machine, system for binding sheaves, loading system, unloading
system.
REZUMAT
Studii recente au prezentat tot mai argumentat avantajele utilizării materialelor textile din fibre naturale,
una dintre aceste fiind fibra derivată din cânepa industrială (Cannabis sativa L.). În lucrare s-au menționat
preocupările internaționale şi naționale privind cultivarea cânepei industriale, tehnologiile practicate pentru
recoltarea cânepei pentru semințe şi tulpini, şi proiectul pentru un sistem tehnic inovativ pentru recoltarea
tulpinilor de cânepă cu următoarele componente caracteristice: aparat de taiere tulpini, sistem de legare în
snopi, sistem de încărcare, sistem de descărcare.
INTRODUCTION
Hemp cultivation in Romania was a traditional practice, hemp being one of the oldest plants grown in our
country. Romania was also known as the main European producer of linen and hemp yarns, fibers and fabrics,
competing with Russia, Ukraine, Poland or Germany (Tabără, 2009; Oprescu et al., 2018; Sîrbu et al., 2019).
Unfortunately, although the technical plant sector (hemp, flax and cotton), is of particular importance not
only for the agricultural economy but also for what sustainable organic farming means in the last 30 years,
according to statistical information published by NIS (Romanian Statistical Yearbook 2010 and 2015) areas
cultivated with textile plants (flax and hemp for fiber) have decreased dramatically.
In recent years, hemp has re-entered the attention of growers, encouraged by legislation and the
economic benefits that can be obtained, so that, according to NIS (Romanian Statistical Yearbook, 2019), the
area cultivated with hemp for fiber has increased by some variations from approx. 400 ha in 2014, to 1400 ha in
2018.
Industrial hemp production has remained legal in most parts of the world and in the private sector the
sector has been free to invest in research and production processing facilities. Industrial grade hemp can be
produced without the psychoactive properties of marijuana. Industrial hemp contains THC below the legal norm
of 0.2% and therefore has no psychoactive effect. The valuable cannabidiol CBD is extracted from the leaves
and the upper part of the flowers, which contain very useful substances, such as cannabinoids and terpenes
(Calzolari et al, 2017; Popa eta al., 2019; Popa et al., 2020).
Hemp (Cannabis Sativa -Industrial, or Technical Hemp) is the most widely used technical plant of all
technical plants in the industry, because nothing is thrown away from this plant. Hemp is part of the group of
textile plants of great value for human and industrial use. Hemp production for industrial purposes continues to
grow worldwide and is currently used for many applications in construction (emerging material in the green
construction sector, according to Pérez-Sáez et al, 2020) including house insulation, paper making, animal
bedding, fabrics, rope making and also as a biofuel (Allegret et al, 2013; Mihalache et al, 2019).
In Romania there are favorable growing conditions for hemp on most of its territory. Currently, farmers
from the counties of Timiș, Călărași, Constanța and Botoșani cultivate hemp and together with research stations
such as S.C.D.A. Lovrin and S.C.D.A. Szeklers capitalize on hemp seeds, especially hemp. At present, in
Romania, the seeds are mainly used for obtaining oil, the textile industry being almost abolished after 1990, not
yet being involved in the use of hemp.
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Farmers also organized in the National Association of Industrial Hemp Producers (ANPCI).
Agronomically, hemp can be easily grown worldwide and can have a competitive advantage depending
more on local processing capacity. Although hemp has certain superior qualities for fiber and oil consumption,
processing remains relatively expensive compared to other alternatives.
Hemp has a real chance of relaunch in the coming years. Some authors (Schumacher et al, 2020)
suggest that industrial hemp fiber is economically viable and has the potential to be a more environmentally
friendly alternative material than cotton in the textile industry. It is important to study carefully in Romania the
market factors and the consumption tendencies of natural products, including fiber.
Fiber hemp is harvested at technical maturity by pruning male and female plants with cutters that meet
the requirements of the fiber stem harvesting process (Zaica et al, 2019). The fibers obtained from cultivated
hemp plants are 5 to 55 cm long.
The main dioecious and monoecious hemp varieties obtained (for fibers and seeds) from S.C.D.A. Lovrin
and S.C.A. Secuieni and cultivated in Romania are: Lovrin 110, Silvina, Armanca, Secuieni 1, Irene, Denise,
Zenit, Diana, Dacia-Secuieni, Secuieni-Jubileu and Ratza.
MATERIALS AND METHODS
Hemp cultivation technology involves several technological stages: crop placement, crop rotation,
fertilization, soil work, sowing, crop care work, harvesting.
Cultivation technologies may differ depending on the variety and purpose of hemp cultivation: for seeds or
stems, and agrotechnical requirements for hemp cultivation refer to soil, climate, light, water, crop rotation,
location.
From hemp are used the fibers obtained from the stems, the oil extracted from the seeds, the cakes and
the lignified parts.
The following harvesting technologies are distinguished:
-harvesting hemp at maturity for seeds, (fig.1);
-harvesting the stem for fibers and the inflorescence for extracting various oils (fig. 2).

Fig.1.- Hemp harvesting technologies for seeds
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Fig. 2 - Hemp harvesting technologies for stems

To eliminate the need for manual cutting of stems, recent technologies have adapted cultivation or
harvesting techniques so that hemp stems fit modern lines of crushing fibers (melis) that process stems up to 1
m long).
In the case of young hemp, it is dehydrated (defoliation) when it reaches heights of 1 ... 1.4 m, then it is
harvested with furrows placed in order on the ground.
Defoliation can be done before cutting the plants, by using chemicals or, after the plants have been cut,
mechanically, by shaking and hitting. Chemical defoliation may have a negative effect, manifested by the partial
degradation of a quantity of treated fibers or may have ecological implications, if the substances applied are
considered pollutants.
An alternative strategy is to harvest the crop in full bloom (stem lengths exceed 2 m). To carry out this
work, equipment was manufactured that cuts the stems into two or three pieces about 1 m long, which are then
placed on the ground in furrows.
Hemp fibers have valuable characteristics, such as: strength (tensile, torsional, friction, rot), extensibility
(elastic and plastic), spinning capacity, longer than sisal, jute, cotton fibers, which make them usable in a
number of fields: in the textile industry, in the manufacturing industry, in the automotive industry.
Following the analysis of hemp harvesting technologies for stems and the currently used technical
equipment, a harvesting method integrated in the technology of figure 3 is proposed, applied with a new
innovative technical system for harvesting stems.
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Fig.3. - Hemp harvesting technology for stems

RESULTS
The technical system was designed using modern and precise methods using the specialized modules of
SolidWorks and AutoCAD programs. The result of the design activity is shown in Figure 4.
The main technical features of the innovative technical system for harvesting hemp stalks are:
power required to operate the cutting-binding device: 10 HP / 7.5kW;
working width of the cutting machine, 1400 mm;
overall dimensions:
length: approx. 4130 mm
width: approx. 2660 mm
height with high cutting device: approx. 1500 mm.;
tilt angle of the loading system, max.30 0.;
tilt angle of the unloading system, max. 5 0.;
loading conveyor drive: hydraulic;
Actuation of the binding cutting device: hydraulic;
drive of the unloading conveyor: mechanical;
transit light, min. 280 mm;
spacing, 1500 mm.
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Fig.4. Project-Innovative technical system for harvesting hemp stems, symbolized SRC
1- Frame; 2 - Wheel; 3 - Beam; 4 - Support leg; 5 - Charging system; 6 - Unloading system; 7 - Cutting-tying system; 8 - Rear shutter; 9 Mechanical transmission; 10 - Defenders; 11 - Hydraulic installation; 12 - Monitoring system

In the operation of the innovative technical system for harvesting hemp stalks SRC the following main
stages are distinguished: coupling to the tractor, travel to the harvesting site, harvesting hemp stalks, monitoring
the work process. The tractor in the unit must be fitted with a suitable coupling device, a braking system, a
hydraulic system and a working electrical system.
On the work plot, the system head is indexed to the working position so that the mower is positioned
sideways - right at the outer limit of the tractor wheel. For the commissioning of the system, the following
activities are performed:
Connect the cardan transmission of the technical system to the power take-off of the tractor, PPT with
540 rot / min at the nominal speed of the tractor:
- maneuver the hydraulic distributor lever to operate the cylinder - hydraulically and position the cuttingtying device at the desired cutting height;
- the levers of the hydraulic distributor that controls the operation of the hydraulic motors are operated and
the cutting-tying device and the sheaf loading system are put into operation;
- depending on the characteristics of the culture and the working rhythm of the cutting-binding system, the
fluid flow on the circuit of the hydraulic motor for driving the loading system will be adjusted from the
throttle / regulator, to correlate its operation with the working regime of the cutting- binding device.
The cutting device, the loading system and the unloading system will work simultaneously:
- the unloading of hemp sheaves will be done with a conveyor operated from the tractor's power take-off by
cardan transmissions and a planetary gearbox.
The innovative technical system is equipped with a system for monitoring the work process and warning
the operator in case of equipment malfunctions. Monitoring installation, it consists of a micro PLC with the role
of central unit and display, a 12/24 Vdc voltage converter and 4 sensors located in the key points of the
innovative technical system.
CONCLUSIONS
▪ Hemp, a technically known and used plant since antiquity, has returned to the attention of specialists,
farmers and processors due to the many advantages obtained by processing and capitalizing on stems,
inflorescences and seeds.
▪ Specialized or adapted technical equipment is used to harvest hemp for fiber or seeds.
▪ Through the specific design activity, an innovative technical equipment was made for harvesting hemp
stalks, tying them in bundles and placing them in the furrows to complete the dehydration.
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The innovative technical system for harvesting hemp stalks will work in the aggregate with an agricultural
tractor of min. 45 hp and will consist mainly of the following assemblies: cutting device, bundling system,
loading system, unloading system, installation for monitoring the work process and warning the operator in
case of equipment malfunctions.
Hemp fiber cultivation, in addition to the benefits presented, is a potential for the relaunch of crafts and
habits that can play a key role in rural development strategy.
▪
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ABSTRACT
The corn seed processing plant is part of the strategy of implementing a new technology, for the
realization in the country, of some installations, destined to the competitive milling industry, with high
performances, compared to those internationally obtained. A special place is occupied by the construction of
these milling facilities, which are based on modern technologies for processing grain seeds. The realization of
this installation is part of the European integration strategy, having a great importance by the fact that it ensures
the protection of the environment and life, according to the Romanian and European standards. They are
characterized by an advanced technological conception, being a complex installation, with high efficiency and
efficient economic performance indices. Based on this strategy, it is necessary to create installations based on
modern technologies to increase economic efficiency, to counterbalance the offers of imported equipment for
the milling industry.
REZUMAT
Instalaţia de procesare a seminţelor de porumb, se înscrie în strategia de implementare a unei noi
tehnologii, de realizare în ţară, a unor instalaţii, destinate industriei morăritului competitive, cu performanţe
ridicate, comparativ cu cele obţinute pe plan internaţional. Un loc aparte îl ocupă realizarea acestor instalaţii de
morărit, ce au la bază tehnologii moderne de procesare a seminţelor de cereale. Realizarea acestei instalaţii, se
înscrie în strategia de integrare europeană, având o mare importanţă prin faptul că asigură protecţia mediului şi
a vieţii, conform standardelor româneşti şi europene. Acestea se caracterizează printr-o concepţie tehnologică
avansată, fiind o instalaţie complexă, cu randament ridicat şi indici de funcţionare economici performanţi.
Având la bază această strategie, este necesară realizarea instalaţiilor bazate pe tehnologii moderne de creştere
a eficienţei economice, care să contrabalanseze ofertele utilajelor din import, destinate industriei morăritului.
INTRODUCTION
The main trend in the design and execution of this plant, for the food and milling industry, is to find ways
and means to improve the extraction of flour from wheat seeds and cornmeal from corn seeds, all depending on
the technology used.Based on this strategy, it is necessary to implement modern technologies to obtain the best
quality corn fractions, implicitly an increase in economic efficiency to counterbalance the numerous offers of
imported machinery for the milling industry, whose price is very high. , the specialists from INMA, studied and
made a diverse range of machinery and equipment specific to the refurbishment process of the milling industry.
Particular attention was paid to the processing facilities of cereal seed intended for public consumption,
especially those of wheat and corn, with the aim of obtaining as many distinct and high-quality fractions as
possible.The installation is part of an action to promote the most modern technologies in the milling industry.
The corn grinding plant, IMP 22 is a complex plant, which is part of the specific facilities for processing
corn seeds, within the milling industry.
By executing this installation, a new technology of corn seed grinding technology is developed at a high
technological level, the design and realization of a corn seed processing plant, with specific material and energy
consumption lower than the existing installations and with expenses low maintenance and operation.
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MATERIALS AND METHODS
In essence, the corn grinding plant, IMP 22, (fig.1) aims to obtain both semolina, superior corn and other
types of corn, germs and bran. It is used in corn seed processing and can be used in all areas of the country.The
machines that serve the corn seed grinding installation are complex machines, most of them being equipped with
vibration generators in order to obtain the desired amplitude of oscillations.The corn grinding plant, IMP 22, consists
of a set of machines grouped into sections in which separate operations are carried out (cleaning, degerming,
grinding, sorting, sieving) as well as interphase transport equipment, all electrically operated and coordinated from
an electrical panel of power and control. The assembly of equipment together with the related interconnection piping
are mounted on a removable metal frame that also ensures the resistance structure of the installation. The entire
corn grinding plant requires from the beneficiary the execution of a light, elastic construction for protection against
weathering and safety of the machines. You can also use the old buildings remodeled according to a project
prepared by specialists in the field. All the equipment in the IMP 22 maize mill includes modern achievements in the
construction of installation in the milling industry.

Fig.1 - Corn grinding plant - IMP 22

The main components of the Maize Grinding Plant, IMP 22:
1. Receiving hopper
14. Flat sieve SP612
2. Double metal elevator Eld M100-00
15. MDG500 semolina machine
3. Vacuum cleaner separator SA1.5
16. Sack mouth tables
4. TES helical conveyors
17. Fan-aspirator
5. 4x3tons silo cells
18. Cyclone battery
6. ER locks 17.8
19. FPC circular pressure filter
7. Stone separator SP-00
20. Air intake
8. Buffer hopper
21. Gravitational transport
9. Corn degerminator DP-00
22. Suction system
10. Cyclones
23. Pneumatic transport installation
11. Cascade separator SCV 630
24. Metal frame
12. Densimetric mass MD1.3M
25. Power and control panel
13. Universal double roller VDU825
26. Compressor unit
The receiving hopper is a construction of laminates assembled by welding and serves to receive and
temporarily store corn seeds before being introduced into the technological flow.
The double metal elevator is a metal construction made of sheet metal and profiled laminates that is
used for the vertical transport of corn seeds. Within the installation, two double elevators are used: an
elevator for taking corn seeds from the reception hopper that feeds the vacuum separator, the cleaned
product being sent with the same elevator, the stone separator is fed. (Bunduchi G. and authors 2018). The
other elevator supplies the humidifier on the rest hopper and the degerminator I. The installation consists of
the following main parts:
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- the drive head consists of a removable metal housing inside which is mounted the drive drum supported
on a shaft supported on two bearing bearings;
- the foot of the elevator represents a removable metal housing, in which is mounted the lower drum whose
shaft rests on two bearings with bearings. The lower drum is of a special construction, grid type, in order to
avoid the injury of the seeds that could possibly be caught and crushed between the bucket belt and a drum
belt;
- the drive group consists of an electric motor, a speed reducer and an elastic coupling;
- sections - tubes with rectangular section made of sheet metal, at the ends being provided with corner
flanges necessary for joining them;
- the section with viewfinder is similar to a section with the difference that on the outer side wall it is provided
with a glass window for observing the operation of the bucket strip;
- the door section is a section of special construction with the same dimensions as the simple section being
made of two parts: a fixed part and a removable part - the door that allows access to the bucket strip;
- the bucket belt represents the main assembly of the elevator that ensures the vertical transport of the
products;
The product is fed to the lift leg, is picked up by the bucket belt and transported to the height of the lift
head from where it is discharged to supply the machine downstream.
The vacuum separator is an enclosed equipment that serves to separate foreign bodies from corn seeds.
(Bunduchi G. et al, 2019).
The main components of the machine are: sieves frame, sieve subassembly I, sieve subassembly II,
sieves lock subassembly, exhaust chute, magnetic separator and drive system.
The separation of foreign bodies by size is done by sieving the corn seeds, for which purpose they pass
by sliding through the feed cover on the sieving surfaces inclined at a certain angle, and the separation from
light bodies is done with the help of reverse air currents than of maize seeds, which thus entrain the light
particles and deposit them in settling chambers inside the machine. The ferrous impurities in the corn seed
mass are separated and retained by the magnetic separator mounted before leaving the machine. As the
machine is connected to the suction network of the mill, dust and light impurities are sucked in and sent for
settling in the cyclone battery.
The helical conveyor is a machine with which the horizontal interphase transport of the products inside the
installation is ensured. Single and double helical conveyors are used in the installation to transport different types of
finished products to the sack tables where they will be wrapped. Silo cells (bunkers) are metal constructions that
ensure the vertical storage of corn seeds before their entry into the technological flow of processing, provided at the
base with outlets, their capacity being closely correlated with the processing capacity of the mill in 24h. The locks
are cased cast constructions, which are located in the pneumatic transport and suction networks, having the role of
dosing the product and pneumatically isolating the section before the machine from the one after the machine. The
stone separator is a machine that ensures, based on the specific weight difference, the removal of stones from the
mass of corn seeds. The buffer hopper is a welded sheet metal construction and is used for the temporary storage
of corn seeds that have been cleaned in the stone separator.
The corn degerminator is an equipment used to separate the germ from the corn seeds and consists
mainly of two rotors and stators. The working principle is based on the action of a rotor with blades that acts
inside an overlapping cylindrical sheath (stator). The machine is driven by an electric motor.
Cyclones Φ270, are welded metal constructions and serve to separate by sedimentation the sediments
that make up the aspirated mixture. The cascade separator is an equipment used to separate the postpay (corn
flour) from the croups mixed with the embryos, before feeding the densimetric sorters. The cleaning is done by
passing an ascending air current that passes through the product in its free fall, through a series of successive
steps on some deflectors with determined inclination (Bunduchi G. and authors, 2017).
The densimetric mass is an equipment that performs the separation of mixtures of products of the same
kind in several fractions, having as separation principle the specific gravity difference that exists between the
components of the mixture entered separately. In our case the main products that separate are: cracks and
germs.
The universal double roller is the basic equipment in a mill, it is the one that crushes the corn seeds in
different fractions, depending on the place it occupies in the technological flow. In the IMP 22 installation, two
VDU 825 rollers with horizontally mounted rollers with high specific load are used (Bunduchi G. and the authors,
2019)/. It is made in a modern design, consisting of two identical parts from a constructive point of view, placed
symmetrically to a vertical plane.
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Each part is fed and operated independently, so that it is possible to fulfill different technological roles,
depending on the position occupied by the machine in the flow of the grinding plant. At the roller with high
specific load, the arrangement of the rollers in horizontal plane, leads to the increase of the specific load of the
roller, both due to the optimization of the filling coefficient of the space between the rollers, and due to the
realization of a fine dust absorption system. rollers, which also allows high speeds for smooth rollers.
The main component parts of the universal double roller are:
- the frame is a welded sheet metal construction of different thicknesses and laminated profiles. At the top it is
provided with a ring for mounting the feed funnel. On the sides it has openings where the access and access doors
are mounted. Between the upper door and the frame there is a free space necessary for the natural circulation of
air. At the bottom, the frame has on each side a funnel for evacuating the ground product. On the front walls are
made bosses and recesses for mounting the other subassemblies.
-the feeding funnel consists of a polymethacrylate cylinder fixed between two rings; the cylinder has a partition wall
that allows the independent supply, with different products, of the two pairs of rollers. The feeding funnel is provided
with product level signaling devices;
-the mechanism for supply system I and II realizes the regulation of the product flow by means of an adjustment
valve (bar) according to the existing quantity in the supply funnel;
- the supply system I and II consists of two supply cylinders (the driving cylinder and the driven cylinder) and their
drive group. The drive feed cylinder receives the motion from a cylinder-worm gear motor and transmits it to the
driven cylinder via a gear transmission;
- their speed ratio varies depending on the position of the roller in the technological flow;
- rollers are the active organs of the roller. They consist of a cylindrical body made of cast iron alloy in a shell
and two pressed steel spindles. Depending on the position of the machine in the technological flow, the surface
of the cylindrical body flows back in different shapes and inclinations;
The rollers are arranged horizontally, two on each side of the roller, one of them being fixed and the other
mobile:
- the right and left fixed bearing are fixed on the roller frame and have the role of supporting the fixed rollers
by means of oscillating radial ball bearings.
- the right and left movable bearing have the role of supporting the movable rollers using the same type of
bearing as the fixed bearing.
- the roller gear housing is made of two half-housings fixed to each other by screws, inside which the group of
gears is mounted for driving the rollers. The equipment with sprockets and gears of the roller is made according
to the ratio of speeds between rollers, corresponding to the technological requirements of the installation flow;
- the roller cleaning device I serves to clean the rolled rollers, removing the material glued on their surface.
- the roller cleaning device II ensures the cleaning of the smooth rollers. In this case, the brush is replaced
with a leather or textolite knife blade;
- the fine roller adjustment device is a fine-step screw mechanism through which the precision adjustment of
the distance between the rollers is achieved;
- the pneumatic control system consists of a pair of pneumatic cast iron cylinders, solenoid valves, as well as a
series of auxiliary elements, all connected to a compressor group.
The pneumatic installation ensures the approach and distance of the mobile rollers from the fixed ones,
depending on the product level in the feeding funnel;
- the electrical control and signaling installation comprises the roller control and signaling equipment, equipment
which is included in the dashboards located on the roller frame. The electric motors are operated from the electrical
power and control panel of the installation;
- the upper and lower guard are metallic, demountable constructions, which have the role of protection of the
moving organs, ensuring at the same time the complete casing of the roller;
- the upper and lower door allow access to the mechanism for adjusting the power supply, respectively to the
roller cleaning devices.
The flat screen is a complex machine, specific to the milling industry, being one of the basic machines in the
technological flows of the milling installations. (Falko O., 2014).
It is used for the separation by granulation, by sieving, of the mixture of products resulting from the grinding
operations. In essence, the flat screen is screened and aims to obtain both high quality corn and other types of
granulation of intermediate products. The main component of the flat screen is the metal frame on which are placed
the groups of frames (passages) evenly distributed on either side of the central mechanism with eccentric, fixing
with the help of horizontal and vertical tie rods. The central mechanism is driven by an electric motor by means of
the upper transmission (with belts) and the intermediate shaft.
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The whole assembly is suspended at four points by means of flexible rods. Each passage has a supply
mouth and several outlets according to the technological scheme used. A passage is made up of 12 screening
frames, 2 passing frames and one supply frame, respectively evacuation. The double machine for cleaning the
grits, is a machine that performs the operation of cleaning and sorting the grits, intermediate products resulting
from the grinding of corn seeds with rollers that were then subjected to sorting by sieving with flat sieves. Sack
mouth tables are welded metal constructions that serve to capture the product in bags. The vacuum cleaner is a
standard construction and is used to vacuum light impurities and dust from machines. The cyclone battery is a
welded metal construction composed of: air exhaust chamber, four separation cyclones (cyclone group) and a
settling hopper provided at the bottom with an outlet. These cyclone batteries by their specific construction
separate the entrained air particles from the mass of corn seeds conveyed inside the installation. Together with
the suction fan, they form the suction network of the IMP 22 system.
The circular pressure filter is an equipment that ensures the cleaning of the air brought by the fan from
the technological machines that are part of the installation. The air intake is a sheet metal construction in the
form of a funnel and serves to regulate the air flow required for the suction network, to which the component
machines of the mill are connected.
Gravitational transport ensures the movement of the product from a higher to a lower level, under the
action of gravitational forces.The suction system consists of: suction fans, cyclone battery, separation cyclones
and suction piping that ensure the distribution of air to all points in the installation subject to ventilation.
Ventilation in the corn grinding plant, IMP22 aims to cool the ground products, cool the equipment and maintain
the optimal working climate by vacuuming impurities. The pneumatic transport installation ensures the
movement of the ground products in the technological circuits of the installation with the help of the air current.
The pneumatic transport consists of a bus that collects the transport lines served by a high pressure fan, Q =
2800 m3 / h, ΔH = 540 mm H2O, P = 7.5 kW and a circular pressure filter to filter the used air as a transport
agent.
The cyclones are provided at the bottom with sealing and discharge locks of the retained products.
The proper functioning of the pneumatic transport installation is conditioned by several factors, namely:
- maintaining constant pressure in the installation;
- maintaining a constant air flow for each transmission line;
- maintaining a constant mixing ratio between the air as a transport agent and the transported product;
- permanent evacuation of the product from cyclones.
The metal frame is a metal construction consisting of several removable elements (poles, frames,
supports, platforms) assembled together by screws and nuts, constituting a rigid construction after assembly.
The metal frame is provided with protective railings and access stairs on the platform on which the equipment is
placed in accordance with the labor protection rules in force. The electrical power and control panel is a
component part of the electrical control and automation installation, inside which are the electrical equipment
that make up the power, control and protection circuits for the motors, which perform the electrical operation of
the equipment. The compressor unit is the machine that ensures the air pressure necessary for the proper
operation of the double universal rollers VDU 825 and the suction filter within the IMP 22 installation.The corn
grinding plant consists of several sections, each of which has a certain role in carrying out the activity of the
plant, as presented below.The technological flow of dry cleaning. The cleaning section consists of equipment
with the help of which technological operations are performed to extract the different types of impurities existing
in the corn seed mass. In the dry cleaning, the impurities must be extracted in such a proportion that they do not
harm the technological process of grinding and sifting, nor the quality of the finished products, due to a chemical
composition modified by the non-extracted impurities. From the receiving hopper, the maize seeds are taken
vertically through a double bucket elevator and inserted into the vacuum separator. The separated product of
impurities that is found at the exit of the vacuum separator is taken over by the helical conveyor and introduced
in the four silo cells, cells necessary for the constitution of the corn seed reserve that will be introduced in the
technological flow of processing. The product dosed by means of the locks at the base of the cells is transported
by means of the second double elevator with cups and introduced in the stone separator, and from here the
cleaned product will be temporarily stored in the buffer hopper, from where it will be taken for degermination and
grinding. (Brǎcacescu C. et al, 2014) The suction is centralized, the section being connected to the suction
network of the installation, a network composed of: fans, cyclone battery and suction piping. None of the
existing equipment can be bypassed by corn seeds on their way to degermination.
Technological flow of degermination. By degermination of corn is meant the detachment of the
embryo (germ) from the corn grain with the help of equipment specific to this operation.
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Each existing machine in the technological scheme of the degermination section performs an
operation that contributes to the production of germs as a finished product and the breaking of corn as a raw
material for corn. The displacement of the germs from the corn grains is done with the help of a double
degerminator, then the cracks mixed with the corn germs being taken over by the densimetric tables. These
machines specific to degermination maize mills separate the mixture of products into several fractions,
having as a principle of separation the specific gravity difference that exists between the components of the
mixture entered separately.The densimetric table is a machine specific to degermination corn milling plants,
having as a principle of separation the specific weight difference that exists between the components of the
mixture entered separately, resulting in cracks and germs. A small part of the maize crack enters the germ
zone and separates with them. Each of the separated products is routed according to the technological
scheme. (Ivancu B. et al,2014)
The technological flow of grinding. The mill is the section where the technological operations of
transforming corn seeds into finished products are carried out. This is where grinding, sorting, sifting and
most internal processing of intermediate products take place. By grinding is meant the operation of crushing
and grinding corn seeds into particles of different sizes, with the ultimate goal of obtaining corn, germs and
bran. The grinding operation is based on the mechanical action of the grinding rollers on the corn seeds.
(Istrate N. Ana-Maria et al, 2011)
Grinding in the IMP 22 installation is carried out with the double universal rollers VDU825, and the
sieving with the flat sieve SP612 and the MDG 46x24 grinding machine. The quality of the equipment as well
as the conception of the technological flow ensure the realization of various products, of quality, according to
the exigencies of the beneficiaries.The maize crumbs obtained in the degermination section, sorted on the
flat sieve and on the densimetric sorters are directed to grinding in the grinding mills I and II existing in the
technological scheme of the installation. The grinding is aimed at obtaining cornmeal with the desired
particles, removing the remnants of the coating, recovering the germs that remained undetected in the
degermination process.
The technical characteristics of the rollers and the control of the grinding regime must lead to the
obtaining of a maximum quantity of corn and minimum quantities of flour. In order to achieve the above, it is
necessary to observe the following:
- the number of passes through the mills should not exceed 4 because the risk of obtaining too much flour is
increased;
- the number of rifles should be between 4 / cm at the first shot and not more than 8 / cm at the fourth shot;
- the inclination of the rifles should be between 10 and 12%;
- the sum of the angles α + β to be between 90˚ and 100˚;
- the position of the rifles to be edge to edge.
Sieving means separation with a sieve. From a mixture of ground products, fractions composed of
particles with a granulation between certain dimensional limits.The sieving takes place due to the parallel plane
movement of the sieving surface. When putting the sieve into operation and feeding it with a mixture of ground
product, several fractions will be separated by size. The fraction that passes through the mesh of the sieve is
called a sieve. The product, which cannot pass through the mesh, but slides on the surface of the sieve until it
leaves it, is called refuse. Sorting within the IMP 22 installation is done on the SP612 flat screen. The fractions
resulting from the sieving are made up of products that will undergo new processing and finished products.
Products that support new processing are the first refuse that goes to grinding and the grits that are
directed to the grinding machines. The fractions of products that correspond as granulation to the norms unite
and form assortments of extra corn (semolina) and superior corn. The extraction of corn that is usually obtained
from degerminated corn is 75-80%. The proportion of sorts of finished products is: 15% extra corn (semolina),
40% top corn, 30% feed corn, 10% bran and 5% germ.
Table 1
Name of the
passage
Grist I
Grist II
Grist III
Grist IV

Technological characteristics of rollers for degerminated maize
Nr. rifles
Rifles
Rifle angles Speed of the fast
Speeds
on 10 mm
inclination %
α β˚
rollervx m/s
report k
5
6
20/50
7,85
1:2,58
6
8
25/55
7,85
1:2,58
7
10
30/60
6,35
1:2,58
8
12
35/65
6,35
1:2,58
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RESULTS
The maize seed processing plant is part of the group of highly complex plants. In our country there are
few corn seed processing plants that work according to new technologies, most of them with imported
machinery.
The novelty at the Corn Seed Processing Plant consists in:
-the use of a technological flow based on a new technology of corn seed processing in accordance with the new
requirements in the field;
-the introduction in the technological flow only of the latest generation equipment;
-use of mixed transport in the mill: mechanical transport in dry cleaning and pneumatic transport in sorting;
-at the request of the market, a corn seed processing plant will be designed, the flow of which will take place
horizontally;
-provision with its own suction system to prevent dust emanations.
The corn grinding plant has been designed to ensure a capacity of 22 t / 24 h. The plant has been designed
with a mechanical and organic air suction system from all the equipment that generates such a thing, namely:
suction from the vacuum separator SA 1, 5, suction from the stone separator SP.00, double grease separator MD
46X24-0, densiometric tables MD 1,3 and cascade separators. Excess air mixed with corn dust, discharged by
cyclones from the pneumatic transport is filtered into the FPC circular pressure filter. The installation was designed
with protective railings, access stairs and service. All machines with moving elements are equipped with specific
guards. All electric motors are under IP54 protection. An emergency stop button is provided for each machine. Each
machine and electrical control panel are equipped with an earth screw. The electrical installation is designed so that
the machines upstream dependent on those downstream are in an interlocked system. The environmental
conditions are observed, for this purpose the installation is provided with the required number of cyclone batteries
and suction filters. The conditions of labor protection and PSI are in accordance with the legislation in force both at
national level and in the European Union. When establishing the technical-constructive solutions, the realization
of a new grinding installation was taken into account, being characterized by an advanced technological
conception, being a complex installation with high efficiency and economic operation indices. The technological
diagram of the mill is thus designed to make possible the realization of a wide range of products, able to satisfy
the most demanding requirements of the beneficiaries.

Fig.3 Pneumatic transport

Fig.4 Flat sives SP 612

Fig.5 Universal double roller VDU 825

The maize grinding plant has been designed to provide a capacity of 22 t / 24 h. The performance is
comparable to that of similar plants on the foreign market. The environmental conditions are observed, for this
purpose the installation is provided with the required number of cyclone batteries and suction or pressure filters.
Technology-dependent machines operate in an interlocked system.
Main technical and functional characteristics
Dimensional features:
➢ length (with suction filter and service scale)
mm
14.000
➢ width
mm
8.000
➢ height
mm
7.000
Technical and functional characteristics:
❖ Working capacity
t/24 h
22
❖ Installed power
kW
131
❖ Degree of extraction
%
90
❖ The fractions obtained:
gray corn
%
11-15
superior corn,
%
55-59
common corn,
%
15-17
bran
%
10
germs
%
3-5
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❖
❖
❖
❖

mains voltage,
Frequency of electric current,
Protection of the electrical installation
Working conditions

V
220/380V
Hz
50
IP54
hand-interlocked

Fig.2 - Grinding diagram of the corn grinding plant - IMP 22

Notes
1. Receiving hopper
14. Flat sieve SP612, 2. Double metal elevator Eld M100-00
15. MDG500 semolina
machine, 3. Vacuum cleaner separator SAO
16. Sack mouth tables, 4. TES helical conveyors
17. Fanaspirator, 5. 4x3tons silo cells
18. Cyclone battery, 6. ER locks 17.8
19. FPC circular
pressure filter, 7. Stone separator SP-00
20. Air intake, 8. Buffer hopper
21. Gravitational
transport, 9. Corn degerminator DP-00
22. Suction system, 10. Cyclones
23. Pneumatic
transport installation, 11. Cascade separator SCV 630
24. Metal frame, 12. Densimetric mass MD1.3M
25.
Power and control panel, 13. Universal double roller VDU825
26. Compressor unit

Ergonomic features.The expected stability of the adjustments made on the control flaps of the equipment in
the installation will lead to an increased degree of ergonomics. When designing, the requirements of SR EN 614-1:
1997 (Safety of machines. Ergonomic design principles) for the operator in orthostatic position have been taken into
account. Also, the automated control of the coupling of the universal double roller rollers as well as the optical
signaling through the optical level sensors of the filling of the feeding funnels as well as the automated controls of
the dashboards allow an easy adjustment and an optimal control of the grinding process by the operator. The
electrical control and automation system allow manual start-up and shutdown in a well-established order,
interlocking, individual manual start-up, optical and acoustic signaling in the event of a fault as well as switch-off in
the event of a fault.
CONCLUSIONS
The IMP22 corn grinding plant is a complex plant, which can be divided into the following sections:
reception (reception bunker), preparation or cleaning section, degerminator section, grinding section or the
actual mill which includes the sorting of finished products (semolina, extra corn, common corn, bran and corn
germ) which will be packed. The grinding plant was equipped with machines with a high degree of technicality,
their performances being similar to those of similar installations on the foreign market.The basic objective of this
theme was the elaboration of a new technology of corn seed processing, the design and realization of a corn
installation characterized by: easily assimilable constructive solutions, easy assembly and disassembly of the
equipment from the technological flow; specific consumption of materials and energy, reduced; easy
maintenance and operation; high operational safety; pleasant design; export facilities.The installation has a high
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degree of technicality, having a safe and efficient operation. During the tests and trials and during the general check
on the condition of the equipment in the maize grinding plant, IMP 22, it was found that they kept their specific
settings and working parameters. The results of the tests performed, to which it was subjected, confirmed the
opportunity of the chosen constructive solutions, conditions that allowed the execution of a particularly efficient
installation with performances at the level of the most recent achievements worldwide, ensuring the reduction of
specific energy, maintenance and operation per ton of processed product.
Following the results obtained at the tests, with the CORN MACHINE INSTALLATION - IMP 22, it was
found that the main thematic requirements were observed, namely: modern constructive conception; modern
constructive solutions that lead to technical - functional performances; the correctness of the electrical
connections necessary to operate the installation; technological and qualitative indices according to the
requirements of the execution documentation; simplicity of technological adjustments, stability over time;
reducing specific energy consumption, maintenance and easy operation; increasing the availability of export
offers; the installation was equipped with component equipment that is currently running at SC IMA SA Iaşi and
has a high degree of technicality; the performances are similar to those of similar installations on the foreign
market; low cost price compared to the prices charged by milling companies abroad. the environmental
conditions were observed, the installation being designed to be executed, with its own suction installation of
mineral and organic dust;the conditions of labor protection were observed, namely: all electric motors are
protected by a minimum of IP 54;work platforms at height are provided with guardrails against falls. the climbing
stairs on the main platform and the service one at the head of the elevators are equipped with side railings on
both sides, for holding and supporting the service personnel of the Corn Grinding Installation, IMP 22.
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ABSTRACT
In this paper will be presented new and innovative industrial design principles of frizzed berries
separation equipment which can be also used for seeds capitalization in food by-products at industry level,
using PAM’s - innovative fluidic power actuation systems, that can assure all working parameters required by
agro-engineering food processing technologies, like: the contamination risks, separation grade and also the
most important, the structural integrity of the raw materials processed by decreasing the degree of injury of
perishable and fragile fruits that can be provided from cryogenisation and rapid freezing technical lines..
REZUMAT
În această lucrare va fi prezentat un principiul de proiectare industrială nou și inovativ a echipamentelor
de separare a fructelor congelate care poate fi de asemenea utilizat pentru valorificarea semințelor din
subproduse alimentare la nivel industrial, utilizând PAM- sisteme de actionare fluidice inovative, care pot să
asigure toti parametrii de lucru necesari de tehnologiile de procesare alimentară din agroinginerie, precum:
riscul de contaminare, gradul de separare și de asemenea cel mai important integritatea structurală a materiei
prime prin scăderea gradului de vătămare a fructelor perisabile care sunt alimentate de liniile tehnologice de
criogenare și de răcire rapidă.
INTRODUCTION
In Romanian, the farms lately submitted requirements for technical equipment dedicated to niche areas,
such as the use of berries processing from spontaneous flora or intensive plantations and mark seeds from fruit
processing lines. This necessity is justified, because at international level, the most high-value economic activity
in the fruit growing sector is the capitalization of high value natural products like berries and also the fresh/dray
mark from: sea buckthorn fruits (Hippophae rhamnoides), shock (Sambucus nigra), rosehip (Rosa canina L.)
and others.(Bonilla V et al 2017;Winther k et al 2016;Sharma DP)
In our research activity, were identified several technical equipment’s that are used for fresh/fessed
berries separation (equipment’s used in accordance with berries surface mechanical properties) and seed
capitalization potential from fruit processing by-products lines. The common point of the two operations is that
once the processing mode has been established (cleaned, dried or frozen) it must be maintained, but the
working times are different and the costs are increasing.
In most prestigious UE food companies (Hranemann and Sanddorn Storchennest GmbH Company Germany, Forst Schneebecke Company- Poland, Ernst Triquardt - Finland) and on Asia continent (Beyond and
Guangdong - China), the freezing or drying technologic processing lines dedicated from high nutritional berries
pre-processing lines are not visible and only few technologic information’s can be accessed.(Milea D. et al
2019;Visan A.L. et al 2019;Visan A.L. 2019).But to capitalize the berries mark, especially the seeds from
fresh/dried by-products it is obtain the most valuable product from the fruits, respectively seed oil. Usually the
technologic process involves multi operational tasks that are alternated with fast freezing tunnels or chambers,
so the separation equipment’s can work in continuous process or batches.
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From our research the most used separation equipment is endowed with vibratory plane sieves are:
ALLGAIER Process Tehnology - SUA; Florapower GmbH & Co. KG - Germania; Anyang Best Complete
Machinery Engineering Co., Ltd - China; ONMAK MAKINA- Turkey, Lavrin – Ukraine.
All this equipment’s are designed to work with certain raw materials, either with berries, either with mark,
and the operating process is manually adjusted with classical mechanism (nut screw drives, crank mechanisms,
eccentric shafts, etc.) (Visan A.L. 2016)
The technical disadvantages identified so far, over the existing models are:
- The rotary sieve equipment’s, are successfully used only for suite and washed mark (high humidity content),
for the other mark types at the outlet can have small vegetal impurities and is required to implement an
aerodynamic separation process;
- The rotary sieve equipment’s have large gauge, are provided with fixed capacity feed bunker and their
acquisition price is very high from abroad suppliers;
- The plane vibratory sieves are endowed with aerodynamic tunnel, but for the wet mark the sieves oscillations
are very high (because adhesion forces are greater), for this reason the noise are high and mechanical wear of
the sliding elements;
- The raw material sliding angle are usually manually adjusted using classical mechanism, and for this reason
the human experience is very important factor, hard to correlate and adjust for an unexperienced operator;
- Usually this equipment’s have high power consumption, due the fact that it is necessary to more than one
pass, to obtain at the evacuation free impurities seeds;
- The plain vibratory sieve equipment’s have small gauge, are usually design to cereal selection in wellventilated halls, low humidity working environment and during operation the operators must wear antiphonic
headphones.
The technical problem that can be solved using here in presented design principle, lead to a separation
innovative equipment for frizzed berries and mark seeds powered by compliant fluidic actuators - PAM’s, to be
implemented in the capitalization food by-products technologic lines, in accordance with circular and green
economy concepts.
The agro-engineering mechanisms developed to be used in the frozen berries processing technologies
are few, and also represent a challenge from the driven point of view, to be successfully integrated into the
newest and most advanced technologies used at the moment in the world in fruit processing. The newest trend
nowadays is to separate the high-value seeds berries by-products, like sea blackthorn, shock, rosehip, to
capitalize them because, have a high nutritional value, recognized by prestigious international researchers in
the field of nutrition. New design methods used to develop innovative separation types of equipment will be
described using laboratory research results on PAM’s and their mathematical model that had conducted to
design an innovative mechanisms powered by compliant fluidic actuators, known in the scientific technical
literature as PAM’s that can be actuated by fluids resistant to low temperatures, technical solution that is subject
of a national and EPO patent application.

MATERIALS AND METHODS
In this paragraph is presented an innovative separation types of equipment, subject to OSIM patent
application registered 1466/10.10.2019, on which is implemented an innovative actuation system, powered by
industrial contraction PAM’s designed and produced by FESTO company, the most prestigious and innovative
fluid automatons systems producer and promoter. (www.festo.com/rep/en-corp/assets/pdf/info501en)
Due to high sieve vibrations the necessity to lower mechanical wear between coupling elements and
noise discomfort is required to implement the pneumatic spring element, and due to technical necessity to
adjust and maintain the sieve inclination sieve angle (working parameter that is influenced by: berries fiction
forces with sieve surface and its mass - Fig.1, mark properties and seed dimensions) it is adequate to
implement the actuator working principle. (Voicu Gh. 1995)
Design principle of separating innovative equipment is based on the PAM’s compliance characteristics
(that combines the single-acting actuator working principle with a pneumatic spring) and their ability to be
operated by both compressible fluids (compressed air, sterile gas, etc.) and liquids. Taking in to consideration
the fact that this equipment is working with food products the ideal actuation fluid is compressible fluids and for
this point of view PAM’s have hermetically sealed design (separation between operating medium and
atmosphere; ideal for dusty and dirty environments; robust design, zero leakage) and therefore considerably
lighter (30 %), more compact (25 %) and durable actuator. (www.festo.com/rep/en-corp/assets/pdf/info501en)
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Another concept was applied a frozen/hot air installation sow, the separation process to avoid frozen
berries deterioration must be provided an optimal temperature and to avoid the creation of the dew point of the
material which usually is “conserved at 4÷6 0C, in order to retard growth of microorganisms”.
Sow the processing line must operate at “temperature below freezing (1÷2 °C) if processed within 30
days, but also the fruits can be frozen to -18 °C for long term storage (1 year) without further loss of
ingredients”.
The hot air installation is usually used for fresh or dehydrated fruits, but also for dried mark because the
hot air can increase the ability to separate the light impurities that are raised by it and also dried.
An adjusting flow feed bunker was design in order to adapt the raw material flow in accordance with
separating sieve capacity, also the bunker capacity can be increased on vertical direction, principle that is
subject of OSIM patent application A01014/15.12.2016.

Fig. 1. Structural physical dimensions of Romanian sea buckthorn berries

RESULTS
Using laboratory research results on PAM’s and their mathematical models (Belforte G. et al 2014;
Bonila V et al 2017) had conducted to design an innovative mechanism powered by compliant fluidic actuators,
known in the scientific technical literature as PAM’s that can be actuated by fluids resistant to low/high
temperatures.
The equipment is made form 4 main principal components, see Fig.2:
• First component I - is the metallic structure is made from aluminum profiles 56 that can provide a light
construction that ca be easy assembled in halls using fast fastening systems 34, 15 and 12, also are
included stainless steel bins 57, 58, 59 and 47, in which are collected fractions (37 - large vegetal fractions,
38 – berries/seeds, 40 – small fractions, 41 - light impurities) of raw materials that can be adjusted;
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•

•

•

The second component II – adjusted flow capacity and storage bunker hose supply capacity and gauge can
be PAM’s configured 13 in according with sieve separation capacity. Usually the container (element 1, 2,16)
is made from light materials and anti-corrosion (plastic, plastic reinforced with glass or carbon fiber);
The third component III – interchangeable vibrating sieve separation system, endowed with PAM’s actuation
system 13 that can adjust the sieve flow angle θ and controlled by position transducers components 32 and
36, the attenuation vibration components on two main direction 29, 31 and 13. The two separation levels
have the same components positioned one above another;
The forth component IV – an aerodynamic separation system of light impurities, that is made from a fan 46,
an atmospheric air supply duct or from fan aspiration circuit 55 after it pass by dehumidification, filters, etc.;
an air cooling 53 and heating component 52, several flow adjusting components of aspirating openings 42,
25, 55, 35 are powered by an traction PAM’s 26 and monitored by position transducer 32 and an cyclone to
collect light impurities 45.

Fig. 2. - Innovative equipment to separate the berries and mark seeds from by-products- constructive solution

1 – Protection hosing, 2 – mobile bunker, 3 – vertical rolls, 4 – fix bunker walls; 5 – stainless steel cables; 6- rolls; 7 – coupling elements, 8 threaded joints, 9, - rotation elements; 10 – support, 11 - eye couple, 12, 15 - coupling element, 13 – Festo PAM, 14 – fluid supply line, 16 –
supply inlet, 17 – sliding surface, 18 – optical position transducers, 19, 28 – vibration power source, 20 – support plate, 21 – mobile opening
plate, 22 - fork type joint, 23 – fix rotation joint, 24 – compression spring, 25 – traction spring, 26 – traction PAM’s [1]; 27 – plain vibrating
sieve; 29 – pneumatic buffers, 30 – support, 31 - vibration attenuation material, 32 – angular displacement transducer, 33 - telescopic stem,
34 - sliding support, 35 - steering trough, 36 – pressure transducer, 37 – impurities with large dimensions, 38 – seeds/berries, 39 – second
vibratory sieve, 40 - small impurities, 41 – light impurities, 42 – aspiration flow flap, 43 and 44 – two pneumatic transport ducts; 45 – cyclone, 46 –
light impurity evacuation, 47 – duct; 48 – air suction duct, 49 – fan, 50 – motor, 51 – supply duct, 52 – hating element, 53 – cooling element,
54- air inlet duct, 55 – rotated flap, 56 – aluminum profile structure, 57 – collecting bin, 58 – seed/berries collecting bin, 59 – small impurity bin
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CONCLUSIONS
New design principle of innovative equipment to separate the frizzed berries and their seeds from food byproducts powered by compliant fluidic actuators - PAM’s presents several technical advantages:
The technologic process is adequate to separate fresh/freed berries and fresh/dray mark by applying a
combine separation process easily configured and programed, fact that present a novelty element
compared to existing equipment’s;
Increase of separation configuration and adaptability to raw material type (berry size/state, mark state, seed
dimensions and humidity), by: implementing new compliant actuations – like contraction/traction PAM’s, that
can lower the high amplitude vibrations propagated in frame structure; low risk of contamination on PAM’s
overloading/ break down; can be easy controlled and commanded from a programmable central panel, fact
that present a novelty element;
Each actuation system is actuated by innovative compliant PAM’s, fact that can presents an new application
type offers the equipment a greater feasibility, low gauge and weight, and greater actuation safety;
Can work both in continuous flow and in fix charge, and also can be integrated in any technologic pre/post
process line;
In its construction is provided with a heating /cooling installation, in accordance with raw material state that
increase the aerodynamic separation, respectively of floating impurities that are collected by a cyclone which can
be connected on a recirculation system, fact that present a novelty element compared to existing equipment’s.
Increasing the application field of separating equipment’s for berries and mark seeds, due to the
adaptation and programming capacity to different working conditions according to the requirements of farmers
and food industry processors. Further research will be conducted to make a 3D model using SolidWorks, and
some flow material simulations under different conditions operation mode and fatigue tests.
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ABSTRACT
The article presents structural models of different degrees of complexity for an essential subassembly of
agricultural harrows with vertical axis rotors. Structural analysis is a tool approached for the conception, design
and performance improvement of almost all industrial goods currently manufactured. In our case, we
approached only the representative part of the rotary agricultural harrow with vertical axis rotors. By using these
models, a comparative check is performed on the resistance of the subassembly of the working parts connected
to the actuating device. It is checked first of all the state of equivalent tension in the structure in order to prevent
the rupture or irreversible deformation of the working organs subjected to complex actions, intensely variable in
time and non-random. The working members of agricultural harrows with vertical shaft rotors are subjected to
an aggressive wear process by abrasive friction due to the specific working process. Another application of
these structural models is the prevention of work regimes that take place in the vicinity of resonances or are
even resonant. The obtained results show that the normal working frequencies of the harrow rotors are much
lower than the first two natural frequencies of the analyzed subassembly.
REZUMAT
Articolul prezinta modele structurale de diferite grade de complexitate pentru un subansamblu esential
al grapelor agricole cu rotoare cu ax vertical. Analiza structurala este un instrument abordat pentru conceptia,
proiectarea si imbunatatirea performantelor aproape a tuturor bunurilor industriale fabricate in prezent. In cazul
nostru, am abordat numai partea reprezentativa a grapei agricole rotative cu rotoare cu ax vertical. Prin
utilizarea acestor modele se realizeaza o verificare comparativa la rezistenta a subansamblului organelor de
lucru legate la dispozitivul de actionare. Se verifica in primul rand starea de tensiune echivalenta in structura
pentru a preveni ruperea sau deformarea ireversibila a organelor de lucru supuse la actiuni complexe, intens
variabile in timp si nealeator. Organele de lucru ale grapelor agricole cu rotoare cu ax vertical sunt supuse unui
proces de uzura agresiv prin frecarea abraziva datorita procesului specific de lucru. O alta aplicatie a acestor
modele structurale, consta in prevenirea regimurilor de lucru care au loc in vecinatatea unor rezonante sau chiar
sunt rezonante. Rezultatele obtinute arata ca frecventele de lucru normale ale rotoarelor grapei sunt mult
inferioare primelor doua frecvente proprii ale subansablului analizat.
INTRODUCTION
Because the methods and models presented in this article belong to the field of structural analysis, for
clarification on this modern field of science, we recommend to readers sources (https://en.wikipedia.org
/wiki/Structural_analysis) or (http://www.inma-cadcae.ro/index.php/art1), as an introduction.
The numerical solution of the structural models can be done, depending on the mathematical operators
with which the model is described (algebraic equations and inequalities, differential, with partial derivatives,
integral-differential, with finite differences, etc.).
Among the methods for solving mathematical problems generated by structural models, the most
common, is the finite element method. This method will be used to solve all the models presented in this article.
For basic information about the finite element method, we recommend (Blumenfeld, 1995; Cardei et al, 2012).
In the case of agricultural machines, as well as other machines and equipment, the structural analysis is
used primarily to check the resistance on subassemblies and assemblies, to avoid working regimes with intense
vibrations or excessive wear, to remedy deficiencies in design and / or design., for structural or functional
optimization, also for other complex phenomena with mixed fields of stress (mechanical and thermal, possibly
also electromagnetic).
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The literature is extremely rich in approaching the structural models of agricultural machinery by the finite
element method, (Hassan, 2018), for example.
The modelling of some subassemblies of the rotary harrows with vertical axis rotors is already
approached in the specialized literature, (Hassan, 2018). Due to the large or even very large number of
mathematical models that can be developed and received a solution using the finite element method, even if
there are already many developed models, there are many new possibilities to approach and improve already
developed models, (Blumenfeld, 1995; Cardei et al, 2012; Hassan, 2018, Constantin et al, 2020, Jin et al, 2020,
Biriș et all, 2013, Cardei et all, 2016).
The structural models presented in this article are three-dimensional, mashed with finite elements of bar
type and solid type. The main difficulty of these models consists not in the geometry of the rotor (the part of
knives or working parts and their support), but in designing an adequate load, as close as possible to reality, in
the context in which experimental validation on knives is difficult to achieve.
MATERIALS AND METHODS
The material of this article consists of the subassembly of a rotary agricultural harrow with rotors with
vertical axis, subassembly formed by the working organs (knives or needles) and an element of their support
and connection to their rotation system. The harrow has four rotors that can work with two or four working
members (knives), fig. 1. In fig. 2 is given a detail that also contains the dimensioning of the main dimensions
used for the abstraction of the mashed model with 1D bar finite elements and for the geometric construction of
the mashed model with solid finite elements (3D). A detail of the working member is shown in fig. 3.
The geometry of the mashed structural model with bar type elements, 1D, is given in fig. 4.
For the mashed structural model with 3D dimensional finite elements, the geometry is represented
graphically in fig. 5. For the construction of the geometry, in the case of both models, we used the following
values of the main dimensions defined in fig. 2 and 3: a1 = 0.15 m, a2 = 0.2 m, b = 0.02 m, c = 0.05 m.

Fig. 1 Rotary harrow with four vertical axis rotors, each rotor being equipped with four working members

Fig. 2 Average dimensions for basic models

Fig. 3 Average dimensions for basic knife
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Fig. 4 The structural model of the subassembly consisting of knives and the support ring
of a rotary agricultural harrow rotor with vertical axis rotors.

Fig. 5 Structural model of the subassembly of working parts connected to the actuating element,
3D model mashed with solid elements (3D)

For both structural models the supports and loads are given (in the form of forces) in fig. 4 and 5. The
support of the structure is made by cancelling all the degrees of freedom (three translations and three rotations),
at the upper part of the structure. The forces are applied to the faces of the working organs that interact frontally
with the ground. The problem of calculating the intensity of forces is more complicated for rotating organs and is
detailed in a paper dedicated to this problem.
In essence, Goriacikin's formula is applied, (Letosnev, 1959) in which the speed for the rotational
movement is the average peripheral speed of the knife. We also draw attention to the fact that the tensile
strength is intensely variable over time, so that, for static analysis, we applied a averaging on each organ, taking
into account that the four working organs move in uncultivated soil to already fully processed soil. In order to
have an acceptable degree of confidence, the theoretically calculated forces were corrected to achieve the total
traction force and the total power consumed in the experimental tests of the tractor-rotary agricultural harrow
with vertical axis rotors. In this way the values from fig. 4, which for the 1D model are distributed in 11 nodes,
and for the 3D model on all the nodes of the faces exposed to the frontal pressure of the ground.
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RESULTS
The main interesting results for the working process of these subassemblies are related to the
resistance check and to the relative displacements that must not exceed values that could affect the quality of
the soil processing indices. Also of special interest is the prevention of resonant work regimes. Due to the
special interest for these three aspects of the work process, the three most important state parameters in the
work process are: the equivalent voltage, the resulting relative displacement and the own frequencies of the
subassembly.
In order to compare in terms of main interest the results given by the two methods, it is represented in
fig. 1 and 2, the distribution of the relative displacement resulting in variant 1D and respectively 3D of structural
model. A similar graphical representation, through the colour map, is given for the equivalent voltage in the two
structures, in fig. 8 and 9. The first two own frequencies and the deformed shape of the structure when it
vibrates in the first two modes of vibration are given in fig. 10 and 11.

Fig. 6 Distribution of the resulting relative displacement
in the 1D mashed model, in m.

Fig.7 Distribution of the resulting relative
displacement in the 3D mashed model, in m.

Fig. 8 Equivalent voltage distribution in the
mashed model 1D, Pa.

Fig. 9 Equivalent voltage distribution in the 3D
mashed model, Pa.

The values of the resulting relative displacement (deformation) show that there are no deformation
problems that endanger the structure or cause the quality of the soil processing to be altered. The maximum
value of the resulting relative displacement field is 0.22 mm in the version of the mashed model with 1D finite
elements and 0.28 mm in the variant of the mashed structural model with 3D finite elements.
The equivalent stress field in the mashed structure with 1D finite elements has the maximum value 22.5
MPa, and in the mashed structure with 3D finite elements (solid), 15.5 MPa. There for only loads 10 times
higher could bring the material of the working organs in a state close to the state of plasticization (flow). In other
words, even shocks at twice the intensity than the one considered, still do not endanger the structure. The
analysis of the components of the deformation vector field and of the tensor field of the stresses lead to the
same conclusions.
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Fig. 10 The deformed shape of the structure when
it vibrates in its first way.

Fig. 11 The deformed shape of the structure when it
vibrates in its second way.

Regarding the danger of a resonant working regime, at the usual speeds made with the possibilities of
the 80 hp tractor used (rotor operating frequencies between 17 and 24 Hz), it is not possible to produce the
approximation of the fundamental own frequency of the subassembly (121,716 Hz).
CONCLUSIONS
Some conclusions on these structural models can be stated considering the results obtained.
C1) The structural models proposed and solved with the help of the finite element method, provide useful
information for the activity of conception and design of the modelled elements and subassemblies. The stresses
and deformations in the analyzed structure can be estimated and thus the safety factor can be estimated, so
their resistance. From this point of view, the analyzed structure is very correctly dimensioned, apparently even
oversized. In general, however, given the in homogeneity of the soil, its anisotropy and high peripheral speeds,
violent shocks can occur in operation, which means an increase of over 2.5 times the applied force, possibly in
much smaller areas than in the examples.
C2) The models presented are prepared for many other types of requests or supports. You can change the
geometry, materials, support or load, to simulate various phenomena, but also variable loads. The mashed
models with 1D elements admit the fastest change of the section geometry, requiring only the change of the
inertial characteristics of the cross section.
C3) The analyzed structural models can be used in operation to diagnose the origin or possibility of the
existence of resonant vibration regimes. This information is obtained by analyzing the spectrum of own
frequencies of the elements and subassemblies of the modelled physical structure (in our case the subassembly
of working organs). In this concrete case, the working frequencies of the rotors (3-4 Hz) do not coincide with the
first two natural frequencies of the examined subassembly (121,716 and 137,628 Hz).
C4) For the two structural models analyzed in this article, the material of the structures was considered to work
only in the linear elastic field. If the appearance of irreversible deformations is studied, it is necessary to
consider some varieties of materials with nonlinear behaviour, models that simulate the real nonlinear plasticplastic behaviour of the structure materials. The maximum values of the normal forces in operation and the high
rigidity of the structure, justify our choice from the above examples.
The structural analysis of the harrows with rotors with vertical axis is much more complex if we take into
account the real temporal variation of the forces, the stresses being oscillating, which exposes the structure to
the fatigue phenomenon, especially in the coupling elements. This is a complex direction for further research on
harrows of this type.
Optimizing the shape of the working organs in contact with the soil is a much more complex problem
and we recommend experimental studies and not experimental analysis by simulation, due to the major
difficulties of modelling the soil as a continuous body.
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ABSTRACT
This paper describes the use of the generalized object method of technical creation in the analysis of
processes and equipment for the production of biohumus (compost) known in this field, to establish the optimal
solution using specific criteria. The general objective of the paper is to describe an eco-innovative system for the
technological operations of mixing, turning, overturning the furrows / compost deposits for the purpose of
aeration and biological treatment of the organic matter used. The representative technical solutions made by the
established companies in this field are known and it is necessary to use an innovative method for the analysis of
the existing solutions but also to find new constructive-functional variants that will then be developed through
the design-research activity.
REZUMAT
Prezenta lucrare descrie utilizarea metodei obiectului generalizat al creației tehnice în analiza
procedeelor si echipamentelor pentru producția de biohumus (compost) cunoscute in acest domeniu, pentru
stabilirea soluției optime utilizând criterii specifice. Obiectivul general al lucrării este descrierea unui sistem ecoinovativ pentru operațiile tehnologice de amestecare, întoarcere, răsturnare a brazdelor / depozitelor de
compost cu scopul aerării si tratării biologice a materiei organice utilizate. Sunt cunoscute soluțiile tehnice
reprezentative realizate de firmele consacrate in acest domeniu si este necesara utilizarea unei metode
inovative pentru analiza soluțiilor existente dar si găsirea unor variante constructiv-funcționale noi ce va fi apoi
dezvoltata prin activitatea de proiectare-cercetare.
INTRODUCTION
The study refers to a mobile equipment with electromechanical actuation for aeration and bio compost
mixing that has in its component a support on which is mounted with the help of two special bearings a drum
with removable and orientated turns and knives that is driven by a conical-cylindrical geared motor by means of
a Gall double chain transmission. For travel, this equipment has under construction two mechanical systems
with rubber tracks that are driven by a double worm gear motor and a speed multiplier-amplifier.
In the prior art it is known from the patent US2011100179841A1, which refers to a process and
equipment of high-speed composting through processes that includes sieving, mechanical pretreatment,
physico-chemical pretreatment, stabilization process with high refining rate of products and addition of seven
types of chemical agents including wetting agents, disinfecting agents, organic stabilizing agents, etc.
KR 0050018561 is also known which relates to equipment for cutting and mixing compost and which is
provided with equipment with chemicals to reduce the fermentation time.
Patent CA 2797506 is also known which comprises equipment provided with a drum having the blades
rigidly mounted in a helical direction.
Also known is the patent CN 103964912 A which comprises a servomotor driven by an electric motor and
which performs both the rotation of the drum and the lifting of the rotating shaft but also a displacement device.
US Pat. No. 6,125,622A is also known as composting equipment which is provided with a frame on which
a knife auger is mounted and which can rotate about an axis for transporting the compost.
The Midwest Bio System company from the USA produces the AEROMASTER towed equipment (fig1) that
realizes several technological phases: elimination of carbon dioxide and its replacement with oxygen for the decomposition
of organic matter, temperature control because during the composting process a large amount of heat decomposes,
humidity control for to be evenly distributed in the compost mass, mixing without spraying the compost in formation /
building (Cristescu, 2008; Suteu et al., 2012; Caba et al., 2019; Laza et al., 2019; Vlăduţ et al., 2019; Voicea et al., 2019).
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Fig 1. Aeromaster towed equipment (https://midwestbiosystems.com/product/aeromaster-pt-120/)

The compost mixer EYS GK3000 (fig 2) INOX CENTER Magurele, Romania is operated by a tractor, it
moves over the row of compost with a speed between 0-300 m / h. The drum mixes and pushes the material
from the outside to the middle, leaving the row in the form of troughs. EYS GK3000 is equipped with a liquid
tank with a capacity of 800 liters and an integrated dispersion system. This system allows the inclusion of water
or nutrient / additives during the composting process.

Fig 2. Compost mixer EYS GK3000 (https://www.inoxcenter.ro/mixer-de-compost/)

The self-propelled equipment SP-170 (fig 3)is equipped with a heat engine that ensures both the
movement and the operation of the mechanisms necessary for the production of compost. It achieves a very
high productivity but it is also very expensive (Cristescu et al, 2007).

Fig 3.- Self-propelled equipment SP-170 (http://www.yladlivingcompost.com.au/images/PDFs/sp-170.pdf)

The SCRAB compost turners model (fig 4) is also known, produced by DURATECH INDUSTRIES USA
and which is equipped with its own drive motor.(Cristescu et al, 2005).

Fig 4. -The SCRAB compost turners (https://www.scarabmfg.com/)
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It is also known the equipment with electromechanical actuation for bio compost loosening SCF 201 EL
(fig 5) produced by GUJER INNOTEC AG in which the drum has removable knives but fixedly positioned as
angular orientation to the axis of rotation on some supports welded on the helical direction on the surface of the
central drum (Mariangela et al, 2019). Although the displacement system is simple and constructive, it is made
of two chain conveyor systems with eclipses and attachments on which are mounted some rectangular plates
made of textolite or high density polyamide which will cause the equipment to slip during work if the height of the
layer of compost has a minimum of 1.5 ml, height that is minimally necessary for the optimal production of the
compost layer (Olaf et al, 2016; Suteu et al, 2012).

Fig 5.- SCF 201 EL equipment (https://www.gujerinnotec.com/sgf-201-el-gb.html)

The Compost Turner BACKHUS A 30 equipment produced by Eggersmann GmbH Germany (fig 6) is
also known. The BACKHUS A 30 compost turner impresses with its robust and compact design and is easy to
handle thanks to its intuitive operation. The machine, which has been specially designed for folding windows, is
self-propelled, so no additional tractor is required. The compact chassis of the rubber rails ensures the best
handling characteristics, while the automatic adjustment of the ground contour of the screws provides the wind
lace with a special agility. In addition, the rail screws allow the configuration of the winds from one foot, which
leads to an optimal use of the are (https://www.geangu.ro/echipamente-agricole/masini-de-produs-compost/).

Fig 6. - Compost Turner BACKHUS A 30 equipment
(https://www.eggersmann-recyclingtechnology.com/en/backhus/products/compost-turner-backhus-a-30/)

The disadvantages of the known solutions consist in the following:
-complex construction that requires in some cases a tractor for towing and driving a drum with knives;
-difficult disassembly of the central drum with knives;
-the knives on the central drum do not have an adjustable angular position.
The technical problem solved by this article is the establishment of technical data for the design of an
autonomous installation with electromechanical drive that will contain all the necessary elements of aeration and
composting equipment with the possibility of angular adjustment of the knives on the central drum and its quick
disassembly. the central drum also has two elements made of galvanized sheet in the shape of a coil that will
transport the biocompost to the central part of the work area.
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MATERIALS AND METHODS
From the point of view of combinatorics, the generalized object of the technical creation represents a
morphology A = {A1A2… .Aᾳ}, B = {B1, B2,… Bβ}… R = {R1, R2… ..Rᶱ}, in which the elements A1… .Aᾳ, B1…
Bβ,… ..R1… RƟ of the forming assemblies are visualized by elaborating the main constructive-functionaltechnological schemes and their representation (Belous et al, 2005; Belous, 1986).
The method of the generalized object of the technical creation supposes the completion of the following
basic stages:
1. Listing and establishing the training assemblies. Within this stage, it is specified by listing:
-basic components of the object of creation:
-the basic attributes (functions) of the object of creation that will represent the classification criteria and
their notation;
-enumerating the solutions for each attribute, function and criterion and noting them.
In the case of equipment for biohumus production will result:
-former assembly A, for the basic components of the object of technical creation:
A1 - the basic structure of the equipment;
A2 - equipment displacement system;
A3 - construction of the drum with knives.
a. According to the type of actuation - the forming assembly B:
B1 - towed equipment;
B2 - self-propelled equipment with diesel engine;
B3- self-propelled equipment with electric gear motor;
? - unknown systems.
b. According to the working mode - the forming assembly C:
C1 - fixed equipment:
C2 - mobile equipment.
? - unknown systems.
c. After the construction of the drum-forming assembly D:
D1 - with fixed knives:
D2 - with removable knives
D3 - with drum welded supports and removable knives.
? - unknown systems.
2. The main schematization of the forming elements represents an important stage in the elaboration of the
generalized object of the technical creation, ensuring its visualization. Elaboration of the generalized object of
the technical creation. The representation by generalized object of the technical creation presents the following
advantages:
- ensures the inclusion of all r-assemblies with forming elements A, B… ..R, as well as the plane or spatial
matrices;
- by the open character on the three directions of the formative assemblies, they open new ways of
researching the possible variants to be designed and realized.
The generalized object of the creation is presented in the form of a cylindrical morphological matrix
visualized in fig. , and others unknown.
Level
{B1C1D1}
{B1C1D2} [B1C2D1] {B2C1D1}
{B1C1D3} [B1C2D2] {B2C1D2} (B3C1D1) [B2C2D1]
[B1C2D3] [B2C2D2] (B3C1D2) (B2C1D3) [B3C2D1]
[B2C2D3] (B3C1D3) [B3C2D2]
(B3C2D3)
Known solutions: [8], unknown solutions: (5), incompatible solutions: {5}

3
4
5
6
7
8

1. Elimination of incompatible variants. In order to eliminate the strongly incompatible variants, it is possible to
proceed by treating the analysis on submorphologies, doing a sequential-selective morphological research
or practicing the lexicographic enumeration, in both cases starting from visualized biasamblations of the
generalized object of the technical creation.
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Thus, for a morphology, B = {B1, B2… Bβ}, C = {C1, C2… .Cδ}, D = {D1, D2… .Dθ} the incompatible biassemblies BC are eliminated first, then BD and finally CD.
4. Highlighting seemingly incompatible variants. At this stage, the apparently divergent variants that will be
eliminated are carefully analyzed.

Fig 7. - The generalized object of the technical creation realized in the field
of the equipments for producing biohumus

5. Highlighting, evaluating and criticizing the existing variants. After eliminating the firmly incompatible
solutions and highlighting the apparently incompatible ones, using the generalized object and the lexico-graphic
listing, it is necessary first of all to highlight the existing solutions.
Of the 18 tri-assembly solutions, 8 are known, 5 are firmly incompatible, and 5 solutions can be as many
bases for making new inventions in the field. In order to delimit from the possible solutions, the most efficient
ones, it is necessary to carry out an engineering analysis, to evaluate, to detect the current trend, to highlight
the general shortcomings of the technique, in order to allow the transition to the next stage. consists in
restricting and concretizing the objective of technical creation.
The evaluation of the existing variants is done by listing the main assessment criteria:
For the evaluation of the existing variants, the “imposed decision” technique from the value analysis is
used, taking into account the following main assessment criteria:
- productivity, denoted by P;
- investment cost, denoted by C;
- degree of mixing and aeration, marked with Ga;
- constructive-functional-technological simplicity, marked with S;
- convenience in operation, marked with Ex; maintenance (ease of repairs and spare parts), marked with I;
- human factor (specialization of the worker's qualification), marked with F.
The criteria denoted with P, C and Ga, are compared with each other 2 by 2, obtaining D decisions of
form 1-0; 0.5-0.5; 0.3-0.7; 0.6 to 0.4; etc. or 0-1; tab ..., the number of decisions being given by the known
relation:
D = C2e = 6 (6-1) / 2 = 15 decisions.
(1)
Relating the number of positive decisions N to the total number of decisions D, the importance coefficient of
each criterion is obtained, which leads to a reordering of them according to tab. 1
Of the 9 solutions studied, the following are mainly representative:
1) B1C2D1- towed equipment, mobile, with fixed knives.
2) B1C2D2- towed equipment, mobile, with removable knives.
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3) B1C2D3- towed equipment, mobile, with drum welded supports and removable knives.
4) B2C2D1- self-propelled equipment with diesel engine, mobile, with fixed knives.
5) B2C2D2- self-propelled equipment with diesel engine, mobile, with removable knives.
6) B2C2D3- self-propelled equipment with diesel engine, mobile, with drum-welded supports and removable
knives.
7) B3C2D1- self-propelled equipment with electric gear motor, mobile, with fixed knives.
8) B3C2D2- self-propelled equipment with electric gear motor, mobile, with removable knives
Table1
Nr.
crt.

Criterion

1

2

3

4

5

1
2
3
4
5
6

P
C
Ga
Ex
I
F

0
1

1

1

0.5

1

0
0

6

7

8

9

0
1

0.5

1

0,5

11

1
0

0.5
0.5

10

0,5

0
0

12

14

15

1
1
0

0,5
0,5

13

0

1
0

0,5
0,5

Total
positive
decision
3,5
3
3,5
2,5
1,5
1

Impact
coef N12
0,233
0,2
0,233
0,166
0,1
0,066

Three representative criteria are chosen:
-productivity, denoted by P;
-investment cost, denoted by C;
-degree of mixing and aeration, marked with Ga;
Four representative solutions are chosen:
B1C2D1- towed equipment, mobile, with fixed knives
B1C2D2- towed equipment, mobile, with removable knives.
B2C2D2-self-propelled equipment with diesel engine, mobile, with removable knives
B3C2D2-self-propelled equipment with electric gear motor, mobile, with removable knives.
Table 2
Nr.
Crt.
1
2
3

Criterion
Productivity -P
Investment cost-C
Degree of aeration-Ga

1
0,5
0,5

Decision
2
0,5
0,5

Total positive
decisions
1
1
1

3
0,5
0,5

Coefficient of
importance
0,333
0,333
0,333

It is found that we have the same importance coefficient of 0.333, for the three specific criteria (Diacono
et al, 2019). For the comparison of the four representative solutions, the establishment of the value number and
their reordering in order to find the optimal solution, the following three tables are used:
Table 3
Nr.

Solutions

1
2
3
4

B1C2D1
B1C2D2
B2C2D2
B3C2D2

1
0,5
0,5

Decision after P criterion
2
3
4
5
6
0
0,5
0
1
1
1
0
0,5
0
1

D

0,233 DCA/6

1
1,5
2
1,5

0,039
0,058
0,077
0,057

Table 4
Nr.

Solutions

1
2
3
4

B1C2D1
B1C2D2
B2C2D2
B3C2D2

Decision after C criterion
1
2
3
4
5
6
0
1
1
1
0.5 1
0
0,5
0
0
0
1

D

0,233 DCA/6

2
2,5
0,5
1

0,077
0,097
0,019
0,039
Table 5

Nr.

Solutions

1
2
3
4

B1C2D1
B1C2D2
B2C2D2
B3C2D2

Decision after
1
2
3
0,5
0
0
0,5
1
1

Ga criterion
4
5
6
0,5
0,5

0
1
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0
1

D

0,233 DCA/6

0,5
1
1,5
3

0,019
0,039
0,058
0,116
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RESULTS
Reordering the technical solutions will result:
- According to the criterion P-labor productivity, we will find that the solution B2C2D2- self-propelled equipment
with diesel engine, mobile, with removable knives has the maximum value number = 0.077.
- According to the criterion C-cost of investment, we will find that the solution B1C2D2- towed equipment,
mobile, with removable knives has the maximum value number = 0.097
- According to the criterion Ga-degree of aeration, we will find that the solution B3C2D2- self-propelled
equipment with electric gear motor, mobile, with removable knives, has the maximum value number = 0.166.
6. Restricting the object of technical creation. The technical solutions with higher value numbers will be
selected.
The final solutions selected based on this study are:
-solution B3C2D2- self-propelled equipment with electric gear motor, mobile, with removable knives;
-solution B1C2D2- towed equipment, mobile, with removable knives
7. Engineering analysis of possible constructive-functional variants.
The two technical solutions selected based on this study are: B1C2D2- towed equipment, mobile, with
removable knives and solution B1C2D2- towed, mobile equipment, with removable knives, are constructive
variants found in the manufacturing companies in this field (Daniyan et al, 2017; Mansi, 2019).
8. Detailing the optimal variant, using the creation techniques: extrapolation, borrowing detailed solutions from
the neighboring generalized object, etc. (Suteu et al, 11).
The analysis of the study establishes the optimal constructive-functional solution for the design theme
for the functional prototype that will be used in the research project and which will take into account the three
representative criteria presented above: P; C and Ga, equipment variant 1. (fig 8).

Fig 8. - Self-propelled equipment for biohumus production

The self-propelled equipment for biohumus production consists of a support (1) on which is mounted a
drum with removable knives (2) which is driven by a conical-cylindrical gear motor (3). To move the two
subassemblies with rubber tracks (4) and (5), two electric gear motors (6) and (7) are used and which are
controlled by an electrical panel (8). A water pipe with spray nozzles (9) is used to moisten the processed
material.
The constructive system designed within the research contract has the following advantages:
-working autonomy-does not require a tractor to move and drive a drum with knives;
-has the drum with removable knives that can be replaced and resharpened in case of wear;
-presents an efficient, functional constructive solution and at a lower cost price than the imported equipment,
equipment variant 2. Trailed equipment for biohumus production mounted in working position. (fig 9).
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Fig 9. Trailed equipment for biohumus production mounted in working position

The biohumus preparation equipment is only used attached to a U650 or U450 tractor. For towing, the
tractor must have a suspension mechanism and a power take-off for operating the drum with knives. The
equipment consists of a support (1) articulated with a frame (2) for the tractor tie rods. A drum (3) with
removable knives is mounted on the support (1). The actuation of the drum (3) is performed with a cardan shaft
(4) and a conical reducer (5) which is attached to the drum shaft (3). To moisten the compost, the equipment is
provided with a water tank (6), a pump for liquids (7) and a pipe with spray nozzles (8).
This system has the following advantages:
-low cost but requires a tractor to move and drive the drum with knives during work;
-the drum with knives also has in this case removable knives that can be replaced or re-sharpened in case of
wear.
CONCLUSIONS
In this article were presented and analyzed the main representative technical solutions made by
established companies in this field and used the method of the generalized object of technical creation for the
analysis of existing solutions and finding new constructive-functional variants that will then be developed
through the activity of design-research.in the two representative types of equipment for biohumus production.
Using these results, two pilot installations were designed and executed fig 8 and fig 9 which use the
research results with the method of the generalized object of the technical creation that was presented in this
article. The results obtained when using this equipment in the production of biohumus confirm the technical
data provided from the design stage and demonstrate the usefulness of using this method of scientific
research for research in a particular field.
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ABSTRACT
The subject of this paper is part of the current trend, manifested worldwide, to find and use new energy
sources obtained from renewable sources, as an alternative to conventional energy sources. The recovery and
use of thermal energy developed in the biodegradable waste composting process is one of the current concerns
of the research environment in the field. This paper presents a composting system of biodegradable waste,
container type, equipped with a plant for recovery and reuse of thermal energy produced in the process of
aerobic fermentation, specific to composting, for the production of domestic hot water needed for farms or
individual households. The paper briefly presents the current stage, the composting system, its component,
operation, settings and its advantages.
REZUMAT
Subiectul prezentei lucrari se incadreaza in tendinta actuala, manifestata la nivel mondial, de a gasi si
utiliza noi surse de energie obtinuta din surse regenerabile, ca alternativa la sursele clasice de energie.
Recuperarea si utilizarea energiei termice dezvoltata in procesul de compostare a deseurilor biodegradabile,
reprezinta una din preocuparileactuale ale mediului de cercetare din domeniu. In cadrul prezentei lucrări se
prezinta un sistem de compostare a deseurilor biodegradabile, de tip container, echipat cu o instalatie de
recuperare si reutilizare a energiei termice produse in procesul de fermentare aeroba, specific compostarii,
pentru producerea apei calde menajere necesara fermelor sau gospodariilor individuale. In lucrare se prezinta
succint stadiul actual, sistemul de compostare realizat, componenta acestuia, functionare, reglaje si avantajele
acesuia.

INTRODUCTION
Known limited studies on the heat recovery of composting have shown that it is a critical condition to
strictly control the temperature in the heap. To prevent the temperature from falling below the temperature
required for high-temperature composting, too much heat can’t be removed during composting (Chroni et al.,
2009; Caba et al., 2019; Laza et al., 2019; Vlăduţ et al., 2019; Voicea et al., 2019). On the other hand, losing a
large amount moisture is not conductive to heat accumulation, but also slow down the composting process, so
keep the entire composting process from over-ventilation(Leeet al, 2014).
The current method of controlling the temperature of the composting process is usually to maintain the
oxygen content of the reactor or to control the air content of the reactor by adjusting the temperature (Xiao et al.,
2009).
În general, there are three types of heat recovery systems resulting from aerobic fermentation
(composting) of biodegradable waste, as follows:
- Heat recovery system from compost formed in open pile with natural aeration;
- Heat recovery system from compost made in forced aerated open piles (dumps);
- Heat recovery system from compost made in closed vessels, container type, forced aeration.
Studies conducted by (Lekic, 2005) showed that the water temperature increases as it passes through
the entire pipeline, theoretically 73% of the heat is absorbed by the water. The limitation of this study is the
laying of pipes (Lekic, 2005).
A solution proposed by (Seki and Komori 1992) is to use packed column heating tower to concentrate
the heat discharged into water.
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MATERIALS AND METHODS
Regarding the recovery of thermal energy resulting in the composting process of biodegradable waste
worldwide, significant progress has been made for the realization of such systems, most of them being mounted
in the classic composting systems (in piles, strings, composting dumps) but also in composting tanks
(containers) or complex industrial systems (Matthew and Aber et al, 2018).
Another downside is the lack of mechanical agitation. But also easy to take away some of the heat in the
cold water in the pipeline. The above situation is not conducive to the growth of microorganisms, and may
also lead to corrosion (Smith and Aber, 2014).
From the point of view of composting and heat recovery systems, the following systems are of interest in
this paper:
Sistem de recuperare a căldurii din compost însistem industrial
Heat recovery system from compost to industrial system
For this paper we are interested in Compost heat recovery system made in closed vessels, container
type, forced aeration.
This system was implemented at Diamond Hill Custom Heifers by Agrilab Technologies Inc. and compost
waste from manure and material used as bedding for cattle (****Agrilab Technologies, Inc din VermontCanada), fig 1.
The system is essentially self-powered, except for a small amount of electricity needed to power four 120
VAC in-line fans powered by 1/8 hp motors.

Fig. 1The composting system implemented at Diamond Hill Custom Heifers
(Agrilab Technologies, Inc din Vermont- Canada)

The plant consists of two composting halls separated by a closed central gallery. Each of the composting
dumps is approximately 15.5 m wide and 18 m long allows active composting between 700 and 800 tons of
material simultaneously.
In each hall can be formed four piles (brazed) where they can be reached regularly and maintain the
temperature of 120 to 165 degrees F, for four to eight weeks after the initial formation.
The floor is made of reinforced concrete with a thickness of 6”to 10” poured over compacted sand on which
foam of the type used in the installation of electric heating systems in the floor is applied.
Semi-embedded in concrete and above the insulation is installed a network of PVC pipes. In addition,
these pipes are insulated and covered with a "Techfoil" material, which raises the value of the insulation around
the pipes. The connecting pipes, which are, in fact, vapor collectors, have a diameter of 10 "and are mounted
vertically fan through a flexible record of 10", after which they are attached to a larger corrugated PVC pipe, with
a diameter of 24 " , in which six Isobar superthermal conductors are located.
Isobaric Superthermal conductors are more technically defined devices as two-phase heat exchangers, in
this application they are made of 3 ”stainless steel tubes, sealed at each end and charged with a working fluid.
Isobars, are isothermal devices, which constantly achieve uniform temperatures on the surface due to random
heat input. In this particular application, condensed hot water vapor on the Isobars is immediately transferred to
that portion of the Isobar that is in contact with the water in the tank.
As long as the water in the bulk tank is at a lower temperature than the water vapor in the hot compost,
the transfer will take place. Isobars are self-powered, they do not need electricity or another external energy
source to activate but only a temperature difference from one location on its surface to another.
The advantage of the Isobar Agrilab transfer system is that it ensures the supply of hot water, stored in an
isolated bulk storage tank to be used either directly, often providing all the necessary hot water, or as an adjunct
to heating systems. of classic hot water.
Composting plant in container type vessel
The research was conducted by a group of researchers in Scotland, regarding the recovery of thermal
energy from the composting process in a tunnel system on a Deerdykes Composting Facility system ( Irvine, et.
al, 2010).
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The construction was completed in 2006, and the site currently accepts green waste, industrial sludge
and liquid waste. The main components of the system are offices, tunnel composting vessels, compost aeration
area and composting area.
There are 8 composting tunnels in a vessel of various sizes, as follows: tunnels 1-4 being 5 m wide and
25 m long; tunnels 5 and 6 being 5.3 m wide and 35 m long; tunnels 7 and 8 being 5 m wide and 35 m long
(Last, et.al, 2005).
In general, a heat recovery system from compost made in closed containers, container type has the
following main parts, fig. 2:
1 - composting unit;
2 - compost;
3 - air recirculation pipes;
4 - composting holes;
5 - wet scrubber;
6 - fan for the circuit to the bio-filter;
7 - aeration fan;
8 - temperature measuring system in compost;
9 - bio-filter.

Fig 2.- Section by container composting system

The composting process in the vessel was completely computer controlled by a software package
specially designed for the process. The air flows for all air fans were varied automatically, depending on the
measured levels of temperature, oxygen and pressure inside the tunnel.
The hot air extracted from the vessel by the fan position 6 is directed to the heat exchanger to recover the
thermal energy from it, before being passed through the biofilter.
Depending on the volume of air generated by the ventilation system, the air temperature and the estimated hot
water consumption needs, the heat recovery installation in the compost will be dimensioned.
RESULTS
Starting from the worldwide achievements in the field of container type composting systems, with the
recovery of thermal energy produced, INMA Bucharest was designed at project level and will be physically
realized and tested, a container type composting system, equipped with an installation for the recovery and
reuse of thermal energy for the production of domestic hot water, necessary in small farms and in individual
households, symbolized by IRTC.
In principle, the system composts biodegradable waste inside a composting cylinder, takes the hot air
from the compost by a fan and passes it through a heat exchanger inside which the heat transfer from hot air to
cold water occurs, a phenomenon that leads to its heating for later use, the air being then introduced back into
the composting cylinder.
The system is part of a more complex installation which also includes a solar thermal energy recovery
system, symbolized by IRTS and a module for monitoring and automating the entire process, symbolized by
MMA.
Main technical and functional characteristics:
- The volume of the composting cylinder - 10 m3;
- Gear motor power - 3.5 kW;
- Speed of the composting cylinder - 1 s-1;
- Fan air flow, adjustable - max. 1790 m3 / h;
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- Fan motor power - 1.5 kW.
The installation has the following main component, fig. 3:
1. Framework, IRTC -1.0;
2. Composting cylinder, IRTC - 2.0;
3. Transmission, IRTC - 3.0;
4. Back cover as., IRTC - 4.0;
5. Recovery installation, IRTC - 5.0;
6. Rear support leg, IRTC-7.0;
7. Front support leg, IRTC-8.0.

Fig. 3.- Thermal energy recovery plant in compost,IRTC – 0

Dintrecomponentele de baza, in ceeaceprivestecompostarea, recuperareasimonitorizareaprocesului,
prezentam in continuareprincipaleleansambluri. Among the basic components, in terms of composting, recovery
and process monitoring, we further present the main assemblies.
Composting cylinder, IRTC-2.0 is the assembly inside which the composting process of biodegradable
waste is performed, fig. 4.
It is a metal construction consisting of a belt, item 1, closed at one end with a cover, item 2, a shaft for the
rotary drive of the cylinder item 3, reinforcements and hinges for fixing access doors , two access doors placed
on the composting cylinder generator that allow the loading / unloading of composted materials, seals, insulation
and assembly elements.

Fig. 4 - Composting cylinder

Transmission, IRTC-3.0, fig. 5– is the assembly that performs the actuation of the composting cylinder,
or rather its rotation, which leads to the homogenization and aeration of the composting material, a mandatory
action in the composting process. The transmission consists mainly of a worm gear motor, item 1, two threewheeled chain drives and the corresponding drive chain, item 2,3,4, intermediate shaft, item 5, bearing bearings
item 10, flange housings, wedges, spacers and fasteners.
Rear cover, IRTC - 4.0, fig. 6 - is an assembly in welded construction that is mounted on the frame at the
rear of the installation, has the role of closing the composting cylinder at one of the ends and consists of a metal
cover pos.1, mounting bracket on pos frame 2, two air intake / discharge pipes from / in compost pos 4, pipe
fixing flanges pos 7.
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Fig. 5.- Transmission

Fig. 6.- Rear cover

Recovery installation, IRTC - 5.0, fig. 7 - performs the taking over of the hot air from the compost by a
fan and its passage through a heat exchanger inside which the heat transfer from the hot air to the cold water
takes place, a phenomenon that leads to its heating for later use, the air being then inserted back into the
composting container. It consists of a tank with a copper heat transfer coil, item 1, in which the hot air from the
compost is sucked in by the fan item 9, the connection of the fan to the system is made by means of the
flanges, item 2, 3 The heat from the absorbed air is released (transferred) to the cold water in the water system,
item 4, which consists mainly of a copper coil, mounted in the tank, item 1, connected with one end to the water
network cold current, and with the other end, where the hot water comes out to the monitoring and automation
module (MMA). At the exit of the tank of the recovery plant, the air, partially cooled, is discharged into the
composting cylinder. The installation also includes pipes, connecting plugs, elbows, PVC pipes and seals, pos.
6,7,8,10,11,12.

Fig. 7. - Recovery installation

Themonitoring and automation module - MMA - performs the control, monitoring and automation of
the integrated, intelligent module, designed to recover solar thermal energy and heat resulting from the
composting process of biodegradable waste. The module measures and compares the hot water temperatures
made by the solar heat recovery installations, IRTS, which work in parallel with the compost heat recovery
installation, respectively the compost heat, IRTC and by means of solenoid valves closes or opens one of the
circuits.
At the same time, the module controls the rotation of the composting cylinder and the starting of the fan of
the compost heat recovery plant when it is desired to use the domestic hot water resulting in the system.
It also allows the regulation of the measurement time of the hot water temperature in the two installations
as well as the speed and therefore the flow of the air sucked by the fan.
It has the following main composition:
1. Controller, ALPHA2, fig. 8 - controls the proper functioning of the devices within the MMA installation.
648

INTERNATIONAL SYMPOSIUM

Fig. 8 – Controller ALPHA 2

Fig. 9. -Thermal resistance PT 100 with rod 500 mm

2. Thermal resistance PT 100 with rod 500 mm for measuring the temperature of the compost, fig. 9. It is used
by the operator, by introducing it into the compost at different depths, whenever it is desired to measure the
temperature in the compost in order to monitor the composting process of the waste in the composting
container.
3. Temperature sensor module with two input channels, fig. 10, type AL2-2PT-ADP and PT100 heat
resistance with threaded head, 2 pcs.

Fig. 10. -Temperature sensor module

4. Frequency converter - The MMA module also has a frequency converter, powered in three phases, fig. 11
which will allow the regulation of the hot steam flow provided by the fan to the compost heat recovery
installation.

Fig. 11. - Frequency converter, 1,5kW FR-D740-EC-036

SPECIFICATIONS:
- Power Rating- 1.5 kW
- Phase- 3
- Supply Voltage- 400 V ac
- Current Rating- 3.6 A
- Output Frequency 0.2 - 400Hz
- Ambient Temperature-10 - +40°C
- IP Rating IP20
5. Other devices that are required for MMA (PLS, timer, display, control panel, other connectors,
sockets, etc.).
649

INTERNATIONAL SYMPOSIUM

CONCLUSIONS
- Biodegradable waste composting systems equipped with heat recovery installations developed in the
composting process have known a sustained development lately, through composting containers, these
addressing small farms or individual households or through industrial systems, high capacity, generally used by
territorial administrative communities.
- The heat recovery system resulting from the aerobic fermentation (composting) of biodegradable waste
proposed in this paper, was sized for a small family farm or for individual households at a required construction
volume of the container of 10 m3;
- The proposed system has the advantage that it can be used both individually and in parallel with a solar
thermal energy recovery system, in which case a process monitoring and automation module is also used.
ACKNOWLEDGEMENT
This work was supported by Integrated management of works in agricultural, viticultural and fruit farms,
contract no. 5 from 07.02.2019, Project: PN 19 10 01 05 and Development of the national researchdevelopment system, subprogramme 1.2 – Institutional performance – Projects for financing excellence in RDI,
contract no. 16PFE.
REFERENCES
[1]
Caba I.L., Laza E-A, Vlădut V., Bordean D-M, Atanasov At. (2019), Technical methods to hasten the
obtaining of compost, RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY
SCIENCES, pp. 384-389, Lozenec – Bulgaria;
[2]
Chroni C. A., Kyriacou I., Georgaki T. Manios, (2009), Microbial characterization during composting of
biowaste. Waste Manag, Oxford 29, pp.1520-1525, UK;
[3]
Irvine G., Lamont E. R., Antizar-Ladislao B., (2010), Energy from Waste: Reuse of Compost Heat as a
Source of Renewable Energy, Hindawi Publishing Corporation International Journal of Chemical
Engineering, Volume 2010, Article ID 627930, doi:10.1155/2010/627930 Edinburgh UK;
[4]
Last S.D, Mac Brayne D., MacArthur A.J., (2005), Deedykes Composting Facility: a case study of the
conversion of a conventional activated sludge sewage works to in-vessel composting, with slude cocomposting facility,Proceedingsof Kalmar Eco-Tech and the 2nd Baltic Symposium on Environ-mental
Chemistry, Kalmar, Sweden;
[5]
Laza E-A, Caba I.L., Vlăduţ V., Bordean D-M, Atanasov At. (2019), Vermiculture, the future of bio
agriculture, RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES, pp.
390-394; Lozenec – Bulgaria;
[6]
Lee H. S., D. Kim, J. S. Park, G. V. Chilingar, (2014), Advanced compost and energy (ACE) system
converting livestock wastes to resources by exothermal microbial reactions: a case study, Energy
Sources, Part A. 36, pp.1507-1516;
[7]
Lekic S.,(2005), Possibilities of Heat Recovery from Waste Composting Process, Centre for
Sustainable Development, Department of Engineering, University of Cambridge, Cambridge, UK;
[8]
Matthew M. Smith, Aber J. D., (2018), “Energy recovery from commercial-scale composting as a novel
waste management strategy”, Applied energy 211, pp. 194-199;
[9]
Seki H. and T. Komori, (1992), Packed-column-type heating tower for recovery of heat generated in
compost, Journal of Agricultural Meteorology 48, pp.237-246;
[10] Smith M.M., Aber J.D., (2014), Heat Recovery from Compost: A guide to building an aerated static pile
heat recovery composting facility, UNH cooperative Extension;
[11] Vlăduţ V., Atanasov At., Biriş S., Ungureanu N., Caba I., Olan M., Epure M., Cristea O. (2019),
Production of biohumus - a biological method for the processing of organic waste, RESEARCH PEOPLE
AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES, pp. 406-410; Lozenec – Bulgaria;
[12] Voicea I., Vlăduț V., Matache M., Dumitru D., Isticioaia S., Trotuș E., Arsenoaia V. (2019), Considerations
concerning the composting of organic waste, ANNALS OF THE UNIVERSITY OF CRAIOVA –
Agriculture, Montanology, Cadastre Series, pp. 389-394, Craiova, România;
[13] Xiao Y., Zeng G.M., Yang Z.H., (2009), Continuous thermophilic composting (CTC) for rapid
biodegradation and maturation of organic municipal solid waste, Biores Technol 100, pp.4807-4813;
[14] **** Agrilab Technologies, Inc din Vermont- Canada.

650

INTERNATIONAL SYMPOSIUM

REGULATIONS REGARDING THE GAS EMISSIONS OF DIESEL ENGINES USED IN
INDUSTRY AND AGRICULTURE
/
REGLEMENTĂRI REFERITOARE LA EMISIILE DE GAZE ALE MOTOARELOR DIESEL
UTILIZATE ÎN INDUSTRIE ŞI AGRICULTURĂ
Eng.Zaica A.*1), Ph.D.Eng. Matache M.G.1), Eng.Zaica Al.1), Ph.D.Eng.Ciupercă R.1), Eng. Popa L.D. 2)
1)

INMA Bucharest / Romania, 2) S.C.D.A. Secuieni / Romania
Tel: 0728977317; E-mail: acanpeanu@yahoo.com

Keywords: environment, emissions, diesel engine, level 4

ABSTRACT
The diesel engine has ensured the industrialization and progress of many countries, but the rapid spread
of this engine in such diverse industries and agriculture has led to an unpleasant aspect of its operation environmental pollution, primarily through smoke. Tackling climate change is one of the challenges we face
today. The paper presents global studies on some aspects of regulations that limit exhaust emissions from new
diesel engines, which are used for other purposes except public roads, especially those used in construction
and agriculture.
REZUMAT
Motorul Diesel a asigurat industrializarea şi progresul multor ţării, însă răspândirea rapidă a acestui motor
în ramuri industriale şi agricultură, atât de diverse a condus şi la un aspect neplăcut al exploatării sale –
poluarea mediului înconjurător, în primul rând prin fumul emis. Abordarea schimbărilor climatice este una dintre
provocările cu care ne confruntăm astăzi. În cadrul lucrării sunt expuse studii la nivel global privind unele
aspecte ale reglementărilor ce vin să limiteze emisiile de evacuare provenite de la motoarele diesel noi, care
sunt folosite in alt scop exceptând drumurile publice, în special cele utilizate în construcții și agricultură.
INTRODUCTION
More than two decades ago, in an attempt to improve air quality, the United States Environmental
Protection Agency (EPA) began limiting diesel exhaust emissions from new diesel engines, which are used for
purposes other than public roads, in especially those used in construction and agriculture.
Since 1996, the EPA has been pushing manufacturers to create engines that produce less and less of
these harmful emissions, but because weather technology has failed to feasibly meet the agency's most
ambitious goals, a running at different levels of engine power to allow equipment manufacturers the time
needed to research and develop new techniques and technologies that would solve the problem of hazardous
exhaust (EPA-U.S. Environmental Protection Agency, 2004).
The objectives of the regulations include a number of harmful by-products of diesel combustion byproducts, such as: particles (PM), nitrogen oxides (NOx), an atmospheric ozone precursor, carbon monoxide
(CO) and non-methane hydrocarbons (NMHC). The most harmful of these are PM particles, which consist of
unburned fuel, oil and sulfur compounds mixed with solid carbon (representing that black smoke traditionally
associated with large diesel engines, (Kozinaa et al, 2020; Leşeanu et al, 2017).
Depending on the rated engine power, the different levels require that the emissions have successively
fewer and fewer PM, NOx, CO and NMHC particles, (Reşitoğlu et al, 2014). To get an idea of the types of limits
that the EPA has requested, let's take a look at the size of the engine that is common to compact construction
equipment such as skateboards, skid steer loaders and mini-excavators from 50HP to at 99CP.
According to Tier 1, these engines did not need to reduce the production of CO, HC, NMHC or PM, but
were limited to 9.2 grams of NOx per kilowatt hour (g / kWh). At Level 2, these cars were still limited to 5.0 g /
kWh CO, 7.5 g / kWh NMHC and 0.4 g / kWh particles. At Level 3, these machines could generate only twothirds of the amount of NMHC required in Level 2, up to 4.7 g / kWh.
In 2013, a subset of these engines, rated at 50hp to 74hp, was additionally mandated to produce no more
than 0.03 g / kWh of PM, a precipitous decrease compared to the levels described in Level 2. In addition to
regulating emissions from non-road engines, the EPA has also imposed changes in the sulfur content of diesel
fuel, although the regulations are much less complex. At Level 1 to Level 3, the sulfur content of non-road diesel
fuels remains in line with pre-level levels.
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According to the oil industry specifications, diesel has an average sulfur utilization level of about 0.3% or
3,000 parts per million, (EPA-U.S. Environmental Protection Agency, 2004).
Due to the strict emission tolerances of Level 4, it was necessary to develop a new diesel compatible with
Level 4. Ultra-low sulfur diesel fuel (ULSD) is limited to only 15 parts per million. Road vehicles have been using
ULSD since 2006, but since 2011, old fuel with a high sulfur content has become less and less common.
MATERIALS AND METHODS
Compliance with the final Level 4 regulations would require a little more than some desulfurized diesel
and a few minor engine modifications. The most common emission control techniques also tend to have a
detrimental effect on engine performance, including a diminished ability to quickly produce enough power to lift
and push heavy loads, called transient response, decreased performance in regions of high altitude and much
higher fuel consumption to produce the same power compared to non-compliant engines, (Sepasgozar, 2019;
Grisso, 2014).
There are a number of supplements that can allow an engine to meet EPA requirements. For example, a
diesel particulate filter (DPF) is a component that is frequently installed in the exhaust system to trap harmful
PM. As you can imagine, after running for months, these filters can be bottlenecked. To clean the filter, the
vehicle may use a form of passive or active regeneration, which uses regular hot and cold exhaust cycles to
oxidize or burn the accumulated carbon particles. Filters like these are usually used as a reference as a posttreatment technique, (EPA-U.S. Environmental Protection Agency, 2004).
One of these techniques is called selective catalytic reduction (SCR), which reduces the amount of NOx
leaving the engine by spraying light amounts of diesel exhaust fluid, a mixture that often includes anhydrous
ammonia, into the exhaust stream before it reaches the converter catalytic, resulting in harmless nitrogen and
water (Stewart, 2011). Diesel Oxidation Catalyst (DOC) is a post-treatment device that raises exhaust
temperatures to convert CO to CO2 and hydrocarbons to CO2 and water.
There are also "in-cylinder" supplements designed to reduce the production of pollutants during the
combustion process. Examples of these include combustion chamber modifications, variable geometry
turbocharging and a high pressure common pressure (HPCR) fuel system, (fig. 1). Chilled exhaust gas recycling
(CEGR) is a common technique that redirects some of the exhaust gas to the cylinders to reduce oxygen
availability and therefore lower the combustion temperature. This leads to the generation of significantly less
NOx (fig. 2).

Fig. 1 - The final engines of John Deere Tier 4
(Sursa: Deere & Company, Tractor House, 2018)

Fig. 2 - Level 4 final technology diagram works
together to reduce harmful emissions
(Sursa: Deere & Company, Tractor House, 2018)

Starting in 2018, almost any new or used diesel engine that has been manufactured in the last decade
will be subject, to some extent, to EPA level requirements. Here is a simple timeline that describes the different
deadlines that manufacturers must meet to achieve compliance for each level, depending on engine power
(https://www.tractorhouse.com/blog/how-to-and-tips/2018/05/tier-4-final-what-it-means-for-you, 2018).
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It should be noted that the EPA has created a separate and less stringent launch scheme for emergency
power generators, which are excluded from the calendar below, (fig. 3). For reference, then we refer to used
equipment, you may encounter a Level 0 car, this means that the engine was most likely manufactured prior to
the entry into force of EPA regulations, that it has no emission limitation capabilities and that it is probably
mechanical rather than electronically controlled.
Tier 1 These emission standards came into force between 1996 and 2000, starting with engines in the
175-749 horsepower classes. Smaller engines, such as those producing less than 25 horsepower, were only
required to meet the Level 1 standard in 2000;
Tier 2 Engines producing between 300 horsepower and 599 horsepower were the first level 2 certificates
since 2001. The upper limit (750 horsepower) and lower limit (less than 25 horsepower) of the spectrum could
last until early 2005 for comply with EPA Level 2 limits.
Tier 3 Only engines with 75 horsepower and 749 horsepower could gradually switch between EPA Level
2 and Tier 4 regulations between 2006 and 2008. The Level 3 flexibility exception only applies to engines
between 600 horsepower and 749 horsepower and requires them to cope with the most dramatic emission
reductions described in Tier 4.
Tier 4 The latest EPA series of emission standards are broken down into Tier 4 interior levels, Tier 4
intermediate flexibility, and Tier 4 endpoints. Engines that produce 74 horsepower or less required to meet
interim Tier 4 limits until early 2008, while more powerful engines needed to meet these standards between
2011 and early 2012. Another exception, the Level 4 interior flexibility, allows from 100 horsepower to 174
horsepower engines to escape Level 4, final regulations for an unlimited period.

Fig. 3 - Disel Emissions Tiers, (Stewart, 2011)

Between 2014 and 2015, all engines that are not subject to one of the exceptions described above must
comply with the final EPA EPA Tier 4 emissions rules, (Stewart, 2011). Two major components of the diesel
exhaust lead the EPA to regulate diesel emissions. Nitrogen oxides (NOx) combine with ground ozone and
other pollutants to form smog, and the particles (PM) or soot have been found to be a serious and potentially
carcinogenic lung irritant, (Jurco et al, 2018).
RESULTS
EPA has chosen to regulate diesel engine emissions in manufacturing, requiring certification of new
engines at NOx and PM restricted levels. But when the regulations were drafted, there was no clear
technological way to reach the final level of emissions. Therefore, the Regulation gradually introduced the
decrease of the allowed levels of NOx and PM called "Levels" starting in 1996 and ending in 2015.
In early 2011, all new diesel engines had to be certified to the EPA Level 4 Intermediate Exhaust
Standard, except 75 to 174 hp. Manufacturers can use any technology to meet emission standards.
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Most will apply cooled exhaust recirculation filters and diesel particulate filters to larger engines, although
some have already started using catalytic reduction on their own, with its diesel exhaust fluid requirements.
Multiple exclusive technologies would be developed following the introduction of Level 4:
- John Deere's PowerTech PSS engines are based on CEGR. The engine also has a 4-valve cylinder, which
increases airflow for large amounts of low-speed torque and an excellent transient response. J. Deere also
offers PowerTech PSS engines for their exhaust rate of 2% or less.
- Caterpillar uses a variety of technologies to meet the final requirements of Level 4 and to meet customer
requirements, (fig. 4). The company's ACERT combustion technology is based on a fuel system that allows
multiple timed injections during the combustion cycle, an advanced air system that cools the combustion
chamber and a waste turbocharger to provide state-of-the-art answers that customers expect from the
equipment you buy.
- Cummin's Xtra-High Pressure injection system has its own Level 4 technology in line with the latest
requirements. Cummin's efforts aim to strike a perfect balance between in-cylinder and post-treatment
techniques for controlling emissions without adversely affecting engine response time and fuel efficiency.

Fig. 4 - Caterpillar's ACERT engines offer a combination of in-cylinder and post-treatment techniques, Caterpillar
(www.tractorhouse.com, 2018)

1. Anti-pollution rules for non-road engines
In 2004, the Environmental Protection Agency (EPA) announced a general rule valid for reducing
emissions from non-road engines by integrating engine and fuel control as a system to achieve the greatest
emission reductions. Engine manufacturers will produce engines with advanced emission control technologies
similar to those used for trucks and buses. The exhaust emissions of these engines will be reduced by over
90%.
Closely related to these engine provisions are the new fuel requirements, which will reduce the allowable
levels of sulfur in the fuel used in non-road diesel engines, locomotives and ships by more than 99%. These fuel
improvements will create immediate and significant benefits for the environment and public health and will allow
the use of new high-efficiency emission control devices on non-road engines.
At the same time, the agency is taking the first step towards proposing stricter emission standards for
engines used in locomotives and marine vessels. This rule culminates a multi-year collaborative process to
reduce diesel emissions.
Non-road engines currently meet relatively low emission requirements and therefore continue to emit
large amounts of nitrogen oxides (NOx) and particulate matter (PM), both of which contribute to serious public
health problems.
Given the wide range of sizes of diesel engines, the levels have been prescribed for certain CP ranges to
spread the development workload and costs for regulated manufacturers. The result is a data matrix, CP
intervals and the level of emissions spread up to 1996.
2. Health effects
Ozone can worsen asthma and other respiratory illnesses, leading to more asthma attacks, the use of
additional medications and more severe symptoms that require medical attention. Ozone can inflame and
damage the lining of the lungs, which can lead to permanent changes in lung tissue, irreversible reductions in
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lung function if the inflammation occurs repeatedly over a long period of time and can lead to a lower quality of
life.
Fine particles (PM 2.5) have been associated with an increased risk of premature mortality,
hospitalizations for heart and lung disease, and increased respiratory symptoms. Long-term exposure to diesel
exhaust may present a risk of lung cancer.
In addition, PM, NOx and ozone negatively affect the environment in various ways, including visibility
deficiencies, crop damage and acid rain.
3. Regulation for clean air for diesel engines
The need to reduce emissions from diesel engines is a current concern of communities. Diesel engines
contribute a lot to air pollution in many cities in all countries. Diesel engines now meet relatively low emission
requirements and therefore continue to emit large amounts of nitrogen oxides (NOx) and particulate matter
(PM), both of which contribute to serious public health problems.
This rule sets emission standards for different sizes of NON-ROAD engines and implicitly of agricultural
machinery engines (tractors, self-propelled combines, self-propelled sprayers, etc.). These standards are similar
to the standards adopted in 2007 for diesel trucks and buses. The rule also includes new provisions to help
ensure the performance of emission control systems when operating in actual use, as they do in the laboratory.
The standards are gradually introduced over several years to provide adequate time for engine and equipment
manufacturers. Table 1 shows the new emission standards.
Table 1
Final emission standards in grams per CP-h (g / CP-h))
The first year of application
Rated power
PM
of the standard
hp < 25
2008
0.30
25 ≤ hp < 75
2013
0.02
75 ≤ hp < 175
2012-2013
0.01
175 ≤ hp<750
2011-2013
0.01
hp ≥750
2011-2014
0.075
2015
0.02/0.03**

NOx
0.5*
0.30
0.30
2.6/0.50†
0.50††

Notes: * The 3.5 g / CP-h standard includes both NOx and non-methane hydrocarbons.
† The standard of 0.50 g / hp applies to generators over 1200 hp.
** The standard of 0.02 g / CP-h applies to generators;
the 0.03 g / hp standard applies to other engines.
†† Applies only to all generator sets.

As lead has been phased out of gasoline to prevent damage to catalytic converters, lowering the sulfur
level in non-road diesel fuel will prevent damage to emission control systems. In addition, reducing sulfur levels
will provide immediate public health benefits by reducing particulate matter from the engine fleet of non-road
equipment, while reducing engine maintenance costs. This rule will reduce the current sulfur level from about
3,000 parts per million (ppm) to 15 ppm when fully implemented (a reduction of more than 99%).
The
new rule will reduce diesel sulfur levels in two stages.
First, the sulfur levels in diesel fuel will be limited to a maximum of 500 ppm, as in the case of current
diesel fuel. This limit also covers fuels used in locomotives and marine applications. In the second stage, the
sulfur levels of most non-diesel fuels will be reduced to 15 ppm. This ultra-low sulfur fuel will create immediate
public health benefits and make it possible for engine manufacturers to use advanced emission control systems
that will dramatically reduce both PM and NOx emissions.
Reducing NOx and PM emissions from non-road diesel engines by more than 90% will provide a wide
range of public health benefits. Control of these emissions will prevent, by 2030, approximately every year:
12,000 premature deaths, 8,900 hospitalizations, 280,000 cases of respiratory problems in children, according
to the EPA assessment and estimation.
CONCLUSIONS
- The EPA, The United States Environmental Protection Agency, in an attempt to improve air quality has
begun to limit diesel exhaust emissions from new diesel engines, which are used for purposes other than public
roads, especially those used in construction and agriculture.
- Regulatory targets include harmful by-products of diesel combustion by-products, such as: particles
(PM), nitrogen oxides (NOx), an atmospheric ozone precursor, carbon monoxide (CO) and non-methane
hydrocarbons (NMHC). The most harmful are PM particles, which consist of unburned fuel.
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- Due to the strict emission tolerances of level 4, it was necessary to develop a new diesel compatible
with level 4. Ultra-low sulfur diesel fuel (ULSD) is limited to only 15 parts per million. Highway vehicles have
been using ULSD since 2006, but as of 2011, old, high-sulfur fuel can be difficult to appear.
- The new emission standards apply to diesel engines used in most construction, agricultural, industrial
and airport equipment. Mobile engines larger than 750 hp have an additional year of flexibility to meet their
emission standards.
- Diesel engines that are affected by the new standards currently account for about 47% of diesel
emissions and about 25% of total NOx emissions from mobile sources nationwide. These proportions are even
higher in some urban areas.
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ABSTRACT
The technical plant sector, in this case, textile plants (hemp, flax and cotton), is of particular importance
for the agricultural economy but also for what sustainable organic farming means. At the expense of hemp can
be re-launched a series of crafts and habits that can play a decisive role in the future rural development
strategy. The paper presents research by INMA Bucharest about realization of a technical equipment for sowing
technical plants with a coupling and drive system that allows the use of the cultivator as an energy source. The
efficiency and reliability of field operations with these seeders are superior to those of hand-operated machines
currently used by farmers, and are comparable to high-capacity seeders.
REZUMAT
Sectorul plantelor tehnice, în speţă, plantele textile (cânepa, inul şi bumbacul), prezintă o importanţă
deosebită pentru economia agricolă, dar şi pentru ceea ce înseamnă agricultura ecologică durabilă. Pe seama
cânepii pot fi relansate o serie de meşteşuguri şi obiceiuri care pot juca un rol determinant în viitoarea strategie
de dezvoltare rurală. În cadrul lucrării sunt prezentate cercetări ale INMA București privind realizarea unui
echipament tehnic de semănat plante tehnice cu un sistem de cuplare şi acționare care permite utilizarea ca
sursă energetică motocultorul sau motosapa. Eficiența și fiabilitatea pentru operațiunile pe teren realizate cu
aceste semănători sunt superioare operațiunilor realizate cu utilaje acţionate manual, utilizate în prezent de
fermieri, și sunt comparabile cu semănatorile de mare capacitate.
INTRODUCTION
Textile plants, in particular, is one of the most important groups of technical plants. The main textile plants
are: cotton, flax and hemp. Some of these plants, such as cotton, fall into the category of strategic plants.
Cotton is a technical plant like flax, it is part of the Malvaceae family that comes in the form of bushes,
cotton seeds are toxic, with a content of 1.5% Gosypol.
Flax is part of the Linaceae family with approx. 200 varieties. It is a perennial plant in the form of bushes,
being a textile plant like cotton (Berca, 1998).
Hemp has the highest industrialization capacity of all technical plants: nothing is thrown away, everything
is capitalized, and the products obtained are used from the manufacture of the ordinary rope to the cosmetics or
automotive industry (Budoi, 2001). After hemp cultivation, the land becomes suitable for growing cereals the
following year because hemp kills weeds. Also, the amount of chemical fertilizer required for good production is
much lower than in other crops, (Suhorevschi, Tabără, 2009)
Sowing is one of the important works of the soil in terms of mechanical processing that underlie the
success of an experiment, so it is required that it be performed with great care, making in the experimental fields
plants as uniform and normally developed.
The way of preparing the germination bed, the speed of advancement of the equipment, the uniform
distribution of the seeds, etc., also contribute to the achievement of a good uniformity of the experimental field.
(Oancea, 1998).
Particularly important is also the strict observance of some technological elements specific to each
species (sowing season, sowing depth, density, etc.), according to the cultivation technology (Nistor et al, 2013),
(Zaica, et al,2019), Fig.1.

657

Minimum tillage seedbed preparation

Soil processing technologies

INTERNATIONAL SYMPOSIUM

Sowing is done with SPC type seed drills, adjusted accordingly. Sowing at a depth of
more than 5 cm causes the delay of emergence and prolongs the vegetation period.
The amount of seed is approx. 25 ... 35 kg / ha. When determining the density and
quantity of seed per hectare, it is taken into account that during the vegetation about
50% of the plants can be lost.
The distance between rows is 60 cm, with the distance between plants, in turn, 7 cm.
Currently, the sowing distance between rows is given by the technical equipment for
the maintenance and harvesting of cotton crops.
The sowing depth is 3 ... 5 cm, depending on the quality of the seed, the sowing
period and the soil moisture:
- it is sown at a depth of 3 ... 4 cm, when the germination energy is weak or it is sown
at the beginning of the optimal period;
- a depth of 4 ... 5 cm, when sowing in the optimal period or the soil moisture is lower.
Fiber flax resembles universal seeders, at a distance of 12.5 cm between rows. By
changing the placement of the furrows on the seed drill, distances between rows of 47 cm can be achieved. The sowing depth is established depending on the texture and
humidity of the soil and is located at 1.5 ... 3 cm.
The sowing depth is 3 ... 4 cm, conditioned by a germination bed made correctly.
The distance between the rows is 6 ... 7 cm for flax for fiber, but in practice it is 12.5
cm, as for flax for oil, being used the seeders for straw cereals. The preparation of
the germination bed must be done in such a way that when sowing to ensure the
uniformity of the depth of incorporation of the seeds, and thus a uniform emergence.
The sowing is done with SUP grain seeders, when the variants of 12.5 ... 25 cm
between rows are applied or with the seeders for hoes equipped with skates for small
seeds, at distances of 50 ... 70 cm.
The sowing depth is 3 ... 4 cm. Sowing can be performed with the SPC 6-8 row seed
drill, for hoe, equipped with discs with 2 mm holes and proper transmission
adjustment, to ensure the proposed seed norm. SK-6 seed drills with Kleine type
distributors with disc are also more suitable. with 30 holes and Ø = 2 mm with skids
equipped with depth limiters for small seeds.
The recommended seed rate is 15 ... 20 kg / ha to obtain 60 ... 80 sprouted plants /
m2.

COTTON

FLAX

HEMP

Fig. 1. -Technological elements characteristic of the sowing of the main textile plants

MATERIALS AND METHODS
When carrying out the paper, reading sheets of articles from the literature in the critical analysis of
knowledge and comparative with observations directly in the field were used, after which the collected data were
analyzed and processed by preparing prospective and technological studies (Păun A., et al, 2019).
Numerous studies and researches internationally, but also in our country, have shown that between
agricultural technological systems for cultivating technical plants, in this case textiles, the state of the
environment, the level of economic development and quality of life there are close interdependencies.
In order to meet the needs of farmers who use the cultivator especially for sowing textile plants, a
technical sowing equipment with coupling and drive system has been studied and designed that allows its use
as an energy source. The technical equipment is particularly useful where large mechanized means do not have
the possibility or are not cost-effective to use: greenhouses and solariums; medium and small areas; sloping
areas; irregular surfaces; places where other mechanized means do not have access.
Continued intensification of agriculture without precise guidance will intensify the negative effects on the
environment by degrading its various components: soil, atmosphere, surface and deep waters, etc., affecting
the development and promotion of sustainable economy and a healthy society.
RESULTS
Following the elaboration of prospective and technological studies within INMA Bucharest, an
experimental model was designed for sowing technical plants (fig. 2), which consists of the following: framework; - section support; - sowing section; - furrow; - drive shaft; - drive wheels; - spacer; - compactor.
The experimental model for sowing technical plants in two rows (SST2) is developed in a new design,
which will use an interchangeable method for agricultural management allowing a variation available to any
farmer on the use of technical equipment suitable for sowing the three types of textile plants in their own
technologies.
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Fig. 2. Equipment adapted for cultivator intended for sowing technical plants
The experimental model for sowing technical plants in two rows (SST2):
1- framework; 2- section support; 3- sowing section; 4- furrow; 5- drive shaft; 6- drive wheels; 7- compactor.

Technical specifications:
- Type:
- Number of rows sown per pass:
- Distance between rows, mm:
- Sowing depth, mm:
- Type of seed distribution device:
- Dimensiuni de gabarit, mm
- length, mm
- width, mm
- height, mm
- Mass, kg

for 18HP cultivator
2
500….700
30...50
with horizontal disc with alveoli
800
1600
785
115

The sowing section will be equipped with a seed dispenser adapted to the type of seed related to the
crops to be sown, namely: hemp seed dispenser with horizontal disc with 10 alveoli; cotton seed dispenser with
horizontal disc with 20 alveoli; flaxseed distributor with horizontal disc with 32 alveoli.
Table 1
Equivalence between the mesh number and mesh size
Seed type

Seed appearance

COTTON

FLAX

HEMP
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The experimental model of two-row sowing for small and large seeds for mounting after cultivator,
recommended for all agricultural producers who want to work professionally and obtain outstanding results.
CONCLUSIONS
- The performed studies allowed the technical validation of the solutions approached in the design of the
experimental model for sowing technical plants in two rows;
- The results obtained allow the physical realization of the experimental model of sowing technical plants
in two rows intended for use on farms and the elaboration of useful recommendations for farmers who
implement in operation within the technology for sowing technical flats and especially textiles (cotton, flax and
hemp).
- Orienting farmers towards these crops in traditional areas, encouraging the association to access rural
development measures for new processing units. Maintaining the financial support granted to textile plants for
fibers, respectively the additional support compared to other crops.
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ABSTRACT:
The paper presents a series of experimental researches carried out with a seedling planting machine
obtained in nutrient pots, equipped with distributors with articulated cups, in order to determine the agrotechnical
parameters for the planting work. The paper presents some considerations regarding the work of planting
seedlings with this type of machine, followed by the description of the machine and its kinematics, the
equipment used for experiments, the parameters determined, the planting material used for experiments and
the conditions under which the experiments were performed. In the chapter results and discussions are
presented the data obtained from experiments with this type of machine, their comparison with the theoretical
ones or stipulated in norms specific to the seedling planting work, followed by conclusions and recommendations.
REZUMAT:
În lucrare se prezintă o serie de cercetări experimentale realizate cu o masină de plantat răsaduri
obținute în ghivece nutritive, echipată cu distribuitor cu cupe articulate, în vederea determinării parametrilor
agrotehnici pentru lucrarea de plantat. In lucrare se prezintă cateva considerații privind lucrarea de plantat
răsaduri cu acest tip de masini, urmate de descrierea mașinii și a cinematicii acesteia, aparaturii utilizată la
experimentări, parametrii determinati, materialul de plantat utilizat la experimentări si condițiile în care au fost
realizate experimentările. In capitolul rezultate si discutii sunt prezentate datele obținute la experimentări cu
acest tip de masină, compararea acestora cu cele teoretice sau stipulate în normative specifice lucrării de
plantat răsaduri, urmate de concluzii si recomandări.

INTRODUCTION
From the multitude of technical equipment for planting seedlings, based on the research carried out and
the works published on this topic, it resulted that the planting equipment equipped with a planter with discs and
articulated cups, are the simplest from a constructive point of view and meet the parameters work for planting
seedlings, in accordance with agrotechnical requirements, to the highest degree (Mitrache et al, 2019; Poenaru
et al., 2012). This type of machines have been continuously developed in various constructive forms, the most
recent being equipped with monitoring and automation systems (Jin Xin et al, 2018; Nakanishi et al, 2015; GuiZhi Zhao and Da-Peng Liu, 2015).
For the veracity of the advantages offered by the planting machine with bucket distributors, in a published
paper (Ciuperca et al, 2012) were analyzed comparatively two of the most used types of planting machines
vegetable seedlings, respectively: with equipped section with a rotary distributor with articulated buckets and
another with flexible discs for planting, in which the transport of the plants to the disc is done with a chain with
flaps, from which resulted the advantages of the equipment with articulated cups.
A semi-automatic planting machine, on one row (**** INMA Bucharest, 2018), equipped with disc and articulated
buckets was made and tested with very good results in Romania, thus demonstrating the viability of these types
of equipment.
MATERIALS AND METHODS
Recommended agro-technical and technological requirements for planting seedlings
- rows planted to be straight, deviations from permitted row axis are max. 5 % within ± 20 mm;
- the row spacing is adjustable, preferably continuous, starting at min. 300 mm, to allow maintenance and
harvesting operations to be mechanized;
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- the distance between the plants in turn can be adjusted, either continuously or in steps of 50 mm, within 1001200 mm;
- the planting depth can be achieved within 30-150 mm;
- the position of the planting seedlings is as close as possible to the vertical;
- the percentage of seedlings improperly planted (inclined more than 300 to the vertical, ground covered, left on
the ground or damaged) is less than 5 %, (Ceauşescu, 1980; Muraru-Ionel, 2009; Popescu and Popescu, 2006;
SR 13215, 1994).
To perform the experiments, a planting machine with a distributor with articulated buckets was used, in a
row, (**** INMA Bucharest, 2018), fig. 1.

Fig.1. - Machine for planting vegetable seedlings and herbs in a row, MPA symbol
(**** INMA Bucharest, 2018)
1-Frame, 2- planter, 3- transmission, 4- rear support wheels,5 –rcompaction wheels, 6- rack or crate holder, 7- track marker

Planter, Fig. 2, the basic assembly of the machine is made up is fixed to the frame at the front and
consists of: deformable parallelogram, item 1, is mounted by frame flanges, so that the position of the device on
the bar can be easily adjusted and which serves and as a support for the wide-rimmed wheel, on which the
section rests on the ground.
The deformable parallelogram ensures the vertical movement of the planting device, allowing the faithful
tracking of the ground unevenness; coulter, pos. 2, has the role of opening the gutter where the seedling will be
placed, it is of the wedge type, with an obtuse penetration angle and it consists of two parts: the first part is the
splitter, which opens the gutter into which the seedling will be inserted, and the second part, makes the seedling
for fixing the seedling with the help of two fins, pos. 3; the planting distributor with cups, pos. 4, consists of a
wheel (flywheel) on the rim of which holes are drilled in which the planting cups, pos. 5 are mounted by means
of plugs; adjusting wheels, pos.6, adjusts the planting depth; crank mechanism, pos. 7; traction spring, pos. 8.

Fig.2. - The planter of the machine (*** INMA Bucharest, 2018)
1-deformable parallelogram, 2- coulter,3- fins,4- distributors with cups, 5- planting cups,6-adjusting wheels, 7- crank mechanism,8- traction spring

The role of the seedling distributor bucket is to take the seedling deposited manually by the operator and
to deposit it in a vertical position, in the open coulter gutter.
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Cup fig. 3, consists of: cylindrical cup, item 1, two movable half-cups, item 2, articulated by the cup in the
joints 3. The cup holders are kept permanently in direct contact at the bottom, by means of two compression
springs located diametrically opposite, pos. 4. These semi-cups have the role of supporting the seedling until
the moment of planting, when they will be removed and will allow the seedling to fall.
An axle, position 5, is provided on the beaker by means of which the cup is assembled articulated in one
of the holes on the rim of the distributor wheel, permanently maintaining the vertical position of the cup.
On one of the movable half-cups there is a bolt with a roller position 6 which comes into contact with the
cam, commanding the opening of the cup.
At the bottom of the distributor, the cam is fixed adjustably to it, which will control the opening of the cup
at the desired time, sooner or later. The opening of the bucket is done in a very short time, thus allowing the
seedling to be planted at a time as close as possible to the set one.
From the construction, the bucket has closed half-cups, in order to allow the positioning of the seedling in
the bucket and its transport in the planting gutter, while the distributor rotates by approx. 2850, the difference up
to a complete rotation, respectively approx. 750 bucket is open for seedling release.

Fig.3. - Assembled cup
1-cylindrical cup, 2- half-cups,3- articulated joints, 4- compression springs, 5- axle

The transmission consists of two chain transmissions with bushings and rollers, type 08A that receives
the movement from the drive wheel with tire, arranged in the front of the equipment.
On the drive wheel shaft is a chain wheel that transmits the motion by means of a chain transmission to
the front axle of the machine; from here, also by means of a chain transmission, the movement is transmitted to
the bucket distributor performing the planting. The kinematics of a planter with a vertical disc and articulated
cups must be made in such a way as to allow the fulfillment of some essential requirements, namely that the
planted material be placed upright in the ground and kept within the limits accepted by technology, the distance
between seedlings planted in turn.
The operator who handles the seedlings inserts them in the bucket of the rotary distributor of the planting
section, and he transports them and deposits them accurately in the gutter opened by the coulter at the bottom
of the section after which he is covered at the root with earth which is then compacted, realizing thus a semiautomatic planting process. The transmission is a kinematic mechanism consisting of two chain transmissions
that ensure the transmission of movement from the drive wheel axle (drive wheel) to the axis of the rotary
distributor with buckets.
The opening of the buckets, in order to place the seedling in the gutter, is made by means of a cam
mechanism that allows the adjustment of both the moment and the size of its opening. The condition for the
planted material to be placed in a vertical position is that the absolute velocity, Va of the material, at the time of
planting, be approximately zero (Va = 0). This becomes possible when the ratio λ according to relation (1) is
(Popescu V., Popescu A., 2006).

=

Vp
Vl

=1

(1)

In which:
VP - is the peripheral speed of the planter, in m / s;
Vl - working speed of the machine, in m / s.
The condition that the seedlings be planted at equal distances in a row can be achieved if there are no
losses in the transmission chain or the losses are minimal, so that the deviations from the distance between
plants in a row fall within the values accepted by users.
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The mentioned deviations can be caused by the losses in the kinematic chain of the transmission or by
the non-uniformity of the drive wheel movement at the contact with the ground, which can be manifested by the
sliding of the wheel, this cause being the most common phenomenon in the operation of planting machines.
These deviations can be compensated by replacing in the kinematic chain calculated theoretically, the chain
wheel Z1 with another chain wheel provided with an adequate number of teeth.Theoretically, according to the
kinematic scheme fig. 3, the transmission of the movement from the drive wheel to the bucket distributor is very
simple, this being made up of two chain transmissions, which means that the losses in the powertrain are
minimal.

Fig. 3. Kinematic diagram of the transmission of the planter

The rotational frequency of the rotary cup distributor, theoretical and real, is determined by the relations (2,3).

n2 = n1  it t = n1  i12  i34 = n1 
n2 = n1  i12  i34 12 34 a = n1 

z1 z3 30  vl z1 z3
 =
 
z2 z4   Ra z2 z4

30  vl z1 z3
z1 z3
 12 34 a =
    
z2 z4
  Ra z2 z4 12 34 a

(2)
(3)

în care:
- Ra - raza roţii de antrenare, în m;
- Vl – viteza de deplasare a agregatului, în m/s;
- n1 -turaţia roţii de antrenare, în rot/min;
- n2 –turaţia distribuitorului vertical cu cupe, în rot/min;
in which:
- Ra - radius of the drive wheel, in m;
- Vl - speed of movement of the aggregate, in m / s;
- n1 - drive wheel speed, in rpm;
- n2 - speed of the vertical distributor with cups, in rot / min;
- 12 - transmission efficiency between gears 1-2;
- 34 - transmission efficiency between 3-4 gears;
-  a – drive wheel efficiency.
Tests under the conditions of exploitation of the two types of seedlings were carried out in aggregate with
a 45 hp vegetable tractor, for tomatoes and cabbage crops, with seedlings in nutrient pots.
The field research was carried out in the experimental fields of INMA Bucharest in reddish brown forest,
in the following training conditions:
- plow to a depth of 30 cm, machined with a rotary tiller and a rotary tiller and turret drum, before the test is
carried out.The size of the propagating material and its degree of growth are given in Table 1.
Table1
Crt.
no.
1
2

Seedlings
Tomatoes
Pepper

Materials for plant and the characteristics of their own
Seedlings stage of growth
Dimensions of the
Height
Diameter of stem
Number of
nutrient pot [mm -Bxbxh
[mm]
[mm]
leaves
40x30x40
150-220
3-5
5-7
40x30x40
100-140
2-3
4-6

RESULTS
Experiments have shown that both variants allow the row spacing and the plant spacing to be adjusted in
line with the conditions laid down in the existing technical standards and the cultivation technologies used. In
experiments four measurements were carried out for the distance between the plants one at a time, the planting
depth and the deflection of the planted seedbed from the vertical position and have been visually assessed, the
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degree of injury of the plants and the plants left on the ground surface, these parameters are the most important
in the work to be planted.It is observed, analyzing the data from table 2, significant differences between the
values proposed initially, theoretically, for the distance between plants in a row and those obtained in
experiments. The cause of these differences is, as anticipated in the theoretical considerations formulated in the
relations (2, 3), the transmission losses and the inherent slip of the drive wheel, which in experiments was about
10%.The distances between plants in turn obtained in experiments are presented in table 2
Table 2
Z1/Z2
Nr.
sample
0
1
2
3
4
Average

The distance between plants in turn made in experiments
Variant 1 (theoretical) 25/23
Variant 2 (corrected) 28/23
Distance
Distance
The distance
Deviation
Distance
Deviation
between
between
between plants,
(col.2between plants,
(col.5-1)
plants,
plants,
theoretical,[cm]
col.1), [%]
corrected, [cm]
[%]
Measured [cm]
measured [cm]
1
2
3
4
5
6
69
9.52
61.5
-2.44
70
11.11
60.5
-4.13
63
55
69
9.52
62.0
-1.61
71
12.7
61.0
-3.28
63
69.75
10.71
55
53.17
-2.86

CONCLUSIONS
1. The distances between plants obtained in turn were significantly different from the theoretical one
calculated from the transmission ratios of the car, the average deviation being 10.71%;
2. In order to correct the deviations from the distance between the plants in a row, caused mainly by the
slip of the drive wheel, the transmission ratio Z1/Z2 was corrected with 1.13, thus obtaining values of the
distances between plants much closer to the theoretically established distance.
3. Following the correction to the motion transmission ratio, planting distances in a row much closer to the
theoretical ones were obtained, these having an average deviation of 2.86%, less than the theoretical value, this
deviation being within agrotechnical requirements.
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ABSTRACT
The article presents the results of an analysis of the working process of a seedling planting machine.
The performed analysis led to the writing of some equations characteristic of the machine transmission,
respectively of a planting simulation procedure that would indicate the ideal and the real position of each planted
seedling. The working method is based on an algorithm for minimizing planting errors in which the causes and
their intensity are identified, so that the planting error is minimized, in order to optimize the process. Also, a
method of comparative graphical representation of the ideal and real position of the plants, in turn, is exposed.
REZUMAT
Articolul prezinta rezultatele unei analize a procesului de lucru al unei masini de plantat rasaduri.
Analiza efectuata a condus la scrierea unor ecuatii caracteristice transmisiei masinii, omparativ a unui
procedeu de simulare a plantarii care sa indice pozitia ideala si cea reala a fiecarui rasad plantat. Metoda de
lucru are la bază un algoritm de minimizare a erorilor de plantare ȋn care sunt identificate cauzele si intensitatea
acestora, astfel incat eroarea de omparative fie minimizata, ȋn vederea ooptimizarii procesului. De asemenea
se expune o metoda de reprezentare grafica omparative a pozitiei ideala si reala, a plantelor pe rand.

INTRODUCTION
The use of planting machines is now widespread worldwide in seed-based crops. There is a great
diversity of seedling planting machines, (Boa 1984; Mitrache et al, 2019; Vignesh et al, 2017; **** INMA
Bucharest, 2018). The literature is very rich in articles on the topic addressed in this article, (Murray et al, 2006;
Prasanna et al, 2008; ZHAO et al, 2015; Xin et al, 2018). Also, the offer of machines in the field of vegetable
planting is particularly rich (https://www.google.com/search?sxsrf=AleKk01uM97Vatn4du6Vm_SzuO9ph8; these
being only a few references for them.
According to (Khazimov, 2018), the planting operation is one of the most important works in seedling
cultivation technology, the correctness of this operation depends on the subsequent realization of maintenance
and harvesting of the crop, all having a final impact on the size of production. Made on the surface unit.
The kinematics of a planting device, in general, must be made in such a way as to ensure the fulfilment of
some basic agrotechnical requirements, namely that the planted material be placed in the ground, in a position
as close as possible to the vertical, to result in a few plant blight and damage and to achieve within accepted
limits of technology, the distance between seedlings planted in turn established.
The realization of these desideratum depends on several factors, both constructive and functional of the
planting equipment, in itself, but also of the aggregate, on the work regimes or the experience and skill of the
operator.
The purpose of the paper being the analysis of the process performed by a seedling planting machine,
the subject approached focused on the analysis of the working process performed by such a machine, more
specifically analyzed the transmission of motion from a drive wheel, in contact with the ground, to the
distribution (planting) disc provided with articulated cups.

MATERIAL AND METHOD
The subject (material) of the research whose results are presented in this article is a mechanism for
actuating the distribution disc (planting), of the articulated bucket type, of a seedling planting machine. In fig. 1
shows such a machine, in progress, which was the subject of research, (**** INMA Bucharest, 2018).
666

INTERNATIONAL SYMPOSIUM

Fig.1. Planter for planting seedlings with vertical disc and articulated buckets
(www.inma.ro)

The machine for planting vegetable seedlings in greenhouses is designed for:
-planting different seedlings (tomatoes, peppers, eggplant, celery, salad, leek), with a height of 10-20 cm, with
or without nutrient mixture;
-planting sprouted potatoes with a diameter of up to 5 cm;
-sowing large seeds (with a diameter greater than 10 mm, for example, peanuts, etc.);
-planting onions for seed with a diameter up to 5 cm;
-planting seed cuttings: carrots, parsley, etc.
The working process of the legume seedling machine consists of performing the following operations:
- opening the gutter in which the planting material is to be introduced by the coulter of the section;
-introduction of a seedling into the gutter by the bucket dispenser, at the right time and in the right position (the
lowest position of the bucket), by opening the shutter flaps;
-supporting the seedling in a vertical position, until the exit from the coulter;
-fixing the seedling in the soil by pressing it by the coulter extensions and the rear compaction wheels.
A functional diagram of the transmission of motion from the drive wheel to the timing disc is shown in fig. 2.

Fig. 2 Kinematic scheme of the transmission of the planter with the vertical distributor and articulated cups

There are three mounting positions of the cups on the distributor disc. This gives a wider range of
distances between plants in a row, so the dynamic radius has three values.
The main working hypotheses are the following:
I1) The planting unit moves with constant average working speed, so both the tractor and the centres of the
drive wheels and the bucket disc move rectilinearly with constant speed vl (in reality this speed can have
variations, in addition, the games are neglected from the attachment of the planting machine to the tractor and
the games in the bearings of the planting machine, obviously also the vertical oscillations, partially and due to
the low speed of movement);
I2) Wear over time of chains leads to a decrease in transmission efficiency η12 and η34;
I3) The sliding of the drive wheel will be modelled by its efficiency, ηa in which also of the transmission
efficiencies;
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I4) The possible braking shocks on the bucket disc are not considered, possibly generated by deficiencies of the
planted material or of the human operator.
The list of model parameters used for the primary estimation of the causes and values of planting errors
is given in table 1.
Table 1
List of model parameters used for the primary estimation of the causes and values of planting errors
No.

Parameter name

Notation

unit

1

Working speed

vl

m/s

2

Dynamic radius of the drive wheel
Dynamic cup clamping radius of the distributor disc
Observation We have three positions for mounting the cups
on the distributor disc. Thus we have a wider range of
distances between plants in a row, so the dynamic radius
has three values
Number of teeth, chain wheel1 - (three different situations)
Number of teeth, chain wheel 2 - (same wheel for the 3
mounting positions of the planting cups)
Number of teeth, chain wheel 3– (same wheel) for the 3
positions)
Number of teeth, chain wheel 4– (same wheel for the 3
positions)

ra
rdr

m
m

v1= (0,43 m/s) or 1,54 km/h;
v2= (0,64m/s) or 2,31 km/h;
v3=(0,93m/s) or 3,34 km/h;
0.32
it can have three values :
rdr1=0.232
rdr2=0.260
rdr3=0.288

z1
z2

-

25 ; 28; 31
23; 23; 23

z3

-

15; 15; 15

z4

-

15; 15; 15

at

-

ηa=1-at

-

η12
η23
η34
ηa1

-

0,07 –Variant I
0,10 –Variant II
0,93-Variant I
0,90 –Variant II
0,96 - 0,98
1,0
0,96 - 0,98

η4dr

-

3
4
5
6
7
8

Sliding the drive wheel

9

Drive wheel efficiency

10
11
12

Transmission efficiency between chain wheels 1 - 2
Transmission efficiency between chain wheels 2 - 3
Transmission efficiency between chain wheels 3 - 4
Transmission efficiency between drive wheel and chain
wheel 1
Transmission efficiency between the bucket disc and the
chain wheel 4

13
14
15
16
17
18
19
20

The splitting radius of the chain wheel 1

r1

The splitting radius of the chain wheel 2
The splitting radius of the chain wheel 3
The splitting radius of the chain wheel 4
Number of cups attached to the distribution disc
Transmission reports
1. For z1=25 teeth, z2 =23 teeth i12=z1/z2=Dd1/Dd2=1,086
2. For z1=28 teeth , z2 =23 teeth i12=z1/z2=Dd1/Dd2=1,216
3. For z1=31 teeth , z2 =23 teeth i12=z1/z2=Dd1/Dd2=1,346

r2
r3
r4
Nc
i12

reference value

1,0
1,0

50,66;z1=25 teeth
mm 56,71; z1 =28 teeth
62,77; z1 = 31 teeth
mm 46,63; z2=23 teeth
mm 30,54; z3=15 teeth
mm 30,54; z4=15 teeth
1-6
i12=1,086
i12=1,216
i12=1,346

Modifying hypotheses I1-I4 leads to more complicated models that require additional data. According to
the theory of mechanical chain transmissions, (Jula et al, 2005), for example, the diagram in fig. 2 leads to the
following relations (1):

1r1 =  a1 a ra ,  2 r2 = 121r1 , 3 r3 =  23 2 r2 ,  4 r4 =  343 r3 ,  dr rdr =  4dr 4 r4

(1)

But the chain wheel 1 and the drive wheel are on the same axle, the gears 2 and 3 are on the same axle,
and the gear 4 and the timing disc with buckets are on the same axle. There for the relations (1) are rewritten
taking into account the hypothesis:
I5)

 a1 =  23 =  4dr = 1 , resulting in the next forms, (2;3):

1r1 = a ra , 2r2 = 121r1, 3 = 2 , 4r4 = 343r3 , dr rdr = 4r4
r1 z1 r3 z3
= , =
r 2 z2 r 4 z4
Taking into account that the pitch of the gears is constant, the relations (4) are obtained:
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1 =  a

ra
r z
z r
,  2 = 3 = 12 a a 1 ,  dr =  4dr 34 2 3 4
r1
r1 z 2
z 4 rdr

(4)

There fore the relation (5) can be written in the synthesis:

dr = 1234a

ra r4 z1 z3
r1 rdr z2 z4

(5)

vdr = 1234a vl

r4 z1 z3
r1 z2 z4

(6)

Or, (6):

Because the transmission and drive wheel efficiencies satisfy the inequalities (7):

12  1,34  1,a  1

(7)

Is obtained the inequality(8):

vdr  vl

r4 z1 z3
r1 z2 z4

(8)

It results that the observance of the good functioning condition, vdr= vl, (Scripnic and Babiciu, 1979), is written
according to the relations (9; 10), in which vdr is the peripheral speed of the planter to be planted, m/s.

1234a

r4 z1 z3
=1
r1 z2 z4

(9)

12 34 a

r3
=1
r2

(10)

12 34 a

z3
=1
z2

(11)

or, (11):

Using the relations (9) - (11), it is possible to calculate the characteristics of the transmission of the
movement from the drive wheel to the distribution disc, which to minimize the error in the planting distance.
Constructively, in relation (9) there are six possible variables, related to each other so that they can be reduced
to two, as shown in relations (10) and (11). From a constructive point of view, technologies and users can
deduce (possibly imposing as little weight as possible on the car or other criteria). From (10) the relation (12) is
obtained:

r3 =

r2

12 34 a

(12)

which gives the radius of the division of the gear 3 as a function of the radius of the division of the gear 2. From
(11) the relation (13) is obtained:



z2
z3 = 

12 34 a 

(13)

where, in square brackets, we symbolized the whole part function. The relation (13) gives the number of teeth of
the gear 3 depending on the number of teeth chosen for the wheel 2.
As can be seen from relations (12) and (13), the efficiency of the chain transmissions and the grip of the
drive wheel has a decisive role in the formulas. All three features of the process are random. If the yields of
chain drives are somewhat predictable over time and can be anticipated approximately taking into account the
time of use, wear, adhesion of the drive wheel to the ground has a more pronounced random character,
depending on the composition of the surface soil, the degree of processing, humidity, possible speed and travel
(on which, for example, the tracks of the tractor may overlap).
RESULTS
Procedure for calculating the optimal number of teeth in order to minimize planting error
The minimization of the planting error is the main objective of the conception and design of the system for
transmitting the movement from the drive wheel to the bucket wheel (distribution disc) that performs the planting
operation.
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In the drive system of the planting system, there are four chain wheels and two chains that make up the
transmission of movement from the drive wheel to the timing disc. Any of these gears can be modified until the
minimum value of the error is obtained, depending on the two yields of the chain transmission and depending on
the sliding of the drive wheel. The best and most economical solution is to use the computational relations
derived from the condition of (9), and relations (12) and (13).
The relationships (12) and (13) give the radius of division and the number of teeth of the wheel 3 as a
function of the radius of division and the number of teeth of the wheel 2, which is driven by the wheel chain 1,
rigidly connected to the drive wheel. Therefore, relations (12) and (13) directly allow obtaining an optimal
solution. However, for the demonstration, a numerical way of minimizing the planting error was followed, which
also allows a clear graphic solution.
In order to be able to demonstrate the existence of the optimal solution, as a result of the above
reasoning, in which it is shown that from the relation of correct operation, (Scripnic and Babiciu, 1979), results in
a direct relationship between the characteristics of the gears 2 and 3 and, in addition, the transmission
efficiencies. by chains and sliding or efficiency of the drive wheel, the number of teeth of the wheel 3 was
considered as an optimization parameter, and as an objective function, of course, the planting error. For this,
the method of calculating the planting error was defined.
The planting eror
When processing data, it can be introduced at the possible deviations from the theoretically established
distance, between plants in a row, the average deviation from the central position of the plants sprouted in
alveoli, amr. In our case, the average deviation for tomato and pepper crops, for example, is between 3-6 mm,
and the final average deviation is 4.5 mm.
The planting error was considered to be the absolute value of the difference between the ideal distance
between two consecutive plants and the actual planting distance between the same two consecutive plants.
Let vl(t) the real working speed of the aggregate, depending on the time, from which, taking into account
the skating, one can calculate the theoretical working speed, which is not of interest in this calculation. Either,
(14):

Ldr 0 = 2    rdr

(14)

the length of the distribution disc (on one of the chosen working radii). The time in which the aggregate travels a
distance equal to Ldr0, Trefdr, is calculated in the most general case from equation (15):
T

0 refdr vl (s)ds = Ldr 0

(15)

The "real distance travelled by the distribution disk" is given by (16):
T

S trefdr = 0 refdr vdr ( s)ds

(16)

where vdr is the peripheral speed of the distribution disk, calculated according to relation (17):

v dr (t ) =  dr (t )  rdr = 12 (t )  34 (t )   a (t ) 

z1 z 3 ra r4
  
z 2 z 4 r1 rdr

(17)

Noting that the speed of the drive wheel is, (18):

v a (t ) =  a (t )  ra

(18)

and assuming that the peripheral speed of the distribution disk is equal to the working speed, the ideal operating
condition (11) is obtained, with the consequences (12) and (13). Thus, the ideal planting distance is defined as
follows, (19):

 id =

Ldr 0
Nc

 re =

S trefdr

(19)

and the realplanting distance is, (20):

Nc

(20)

The planting error is defined by the relation (21):

 pl =  id −  re
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The optimal solution is given by relations (12) and (13) automatically provides the necessary result for the
optimization of the transmission system. Relationships (14) - (21) give the absolute value of the error. Moreover,
if only the value of the error is calculated and not the absolute value, we can also obtain the error orientation,
with the sign, plus or minus.
Relationships (12) and (13) can be functionally rewritten in the form, (22, 23):

r3 (r2 ,12 , 34 , a ) =

r2

(22)

12 34 a



z2
z 3 (z 2 ,12 , 34 , a ) = 

12 34 a 

(23)

The form (22) and (23) of relations (12) and (13) allows the statement that the optimal solution depends
on a single functional parameter of the system, z2 or r2 and on three parameters that describe the efficiency of
motion transmission, η12, η34 and ηa.
A graphical representation of the relationship between the number of teeth of the wheel 3 and the number
of teeth of the wheel 2, in terms of the ideal operating relationship (minimum error), is given in fig. 3. The
stepped appearance is due to the floor function present in expression (23) due to the fact that the number of
teeth is a natural number.
It is observed that for the case with the lowest yields (fig. 2), for z2 = 25 teeth, the optimal number of teeth
for wheel 3 is 29 or 30 teeth, while in the ideal case, at the same number of teeth of the wheel 2, the optimal
number of teeth of wheel 3 is 24 or 25 teeth.

Fig. 3 Graphical comparison between the dependence of the number of teeth of wheel 3
on the number of teeth of wheel 2, for ideal yields and real yields, both obtained
through the relation (23)

In fig. 4 are graphically represented the variations of the number of teeth from the wheel 3 in relation to
the number of teeth of the wheel 2, for three yield combinations.
As can be seen from fig. 4, the optimal solutions obtained are those given in table 2.
Table 2
Nr.
1
2
3
4
5
6

η12
0.96
0.97
0.98
0.96
0.97
0.98

η34
0.96
0.97
0.98
0.96
0.97
0.98

Different variant of optimal solutions
ηa
z1
z2
z3
0.90
25
23
26
0.93
28
23
26
0.95
31
23
25
0.90
25
25
30
0.93
25
28
31
0.95
25
31
33
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z4
15
15
15
15
15
15
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Fig.4. - Concrete transmission cases for the analyzed mechanism

It is observed that the number of teeth of the first wheel and of the last wheel does not influence the
abscissa of the optimal point (number of teeth of the wheel 3). The other parameters influence only the coordinate of the optimal point, ie the value of the error, which gives the validation or not of the system.
The fig. 5 gives an example of determining the optimal point on a concrete case whose optimal parameter
(z3) can be found in fig. 4. Moreover, in fig. 5 we can observe an integer numerical interval that contains three
integer solutions of the problem: z3 = 25, z3 = 26, z3 = 27, of which the error is best minimized by the value z3 =
26. The maximum permissible error was considered to be 5% of the required planting distance, which has the
value δid = 0.243 m.
The graphical representation in fig. 5 is obtained by running a Mathcad program for each number of teeth
of the wheel 3 and representing in the coordinate system the point which has the abscissa equal to the number
of teeth of the wheel 3, and the ordinate equal to the error of the planting distance.

Fig. 5 - Dependence of the planting error on the number of teeth of the wheel 3, z3, for the case
when z1=25, z2=23 si z4=15, η12=0.97, η34=0.97,ηa=0.93. The co-ordinate (value) of the red
horizontal line, is the value of the admissible error: εadm = 0.05 · δid = 0.01215 m.

The solution for this concrete case will consist in z1=25, z2=23, z3=26, z4=15, ie the number of teeth and
the radius corresponding to wheel 3 change. According to the forecast, an error ε = 0.001492 m is expected.
Graphics of the ideal and the real planting positioning
A graphical representation of the ideal and real planting positions is obtained taking into account the
equations of motion, assuming constant travel speed, vl = 0.43 m/s, the distribution of the number of teeth on
the four gears, z1=25, z2=23, z3=26, z4=15, r1= 0.05066 m, r2=0.04663 m, r3=0.0526864 m, r4= 0.03054 m, η12=
0.97, η34= 0.97, ηa=0.93, rdr=0.232 m, Nc=6, fig. 6.
In fig. 6 can be observed the effect of the minimum cumulative error on the entire interval (A), smaller in
the first meters from the beginning of the planting row B), but appreciable at the end (C). The planting error
being positive, it decreases the real planting interval and on one row the error will accumulate, it will propagate,
so the longer the planting rows, the more (denser) the planted material is if the error is positive and more little
(less often) if the error is negative.
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A

B

C
Fig. 6 The distribution of the plants on a row of length 100 m, the absolute distance being the one
measured from the beginning of the row:
A-on the whole planted row, B-on the first 5 m of the row, C- on the last 5 m of the row.

This reasoning is valid if the error retains the value and the sign. In general, as we have shown, in reality,
there are fluctuations, especially the efficiency of the drive wheel, which is why we can expect the cumulative
error to be smaller or larger. The smaller or larger the error, it depends on probability factors that we do not
know and can vary with soil type, humidity, working speed (which in turn can have fluctuations).
CONCLUSIONS
The mathematical model of the transmission of movement from the drive wheel to the distribution disk of
the seedling plant is a tool created for a rational choice of the number of teeth or the radii of the wheels that
participate in the transmission of the movement. The main conclusions are:
C1) The mathematical model allows an optimal calculation of the number of teeth (or splitting radius) of
one of the wheels in the transmission chain depending on the number of teeth (or splitting radius) of another
wheel in the same system. The objective function of the optimization process is the absolute error which is
minimized by the solution of the equation which gives the condition that the kinematic index (the ratio between
the peripheral speed of the drive wheel and the peripheral speed of the distribution disk, within the cup grip) is
unitary;
C2) For the particular case of the mechanism presented in this article, the relation that gives the optimal
number of teeth of the wheel 3, depends only on the number of teeth of the wheel 2 and on the transmission
efficiencies from wheel 1 rigidly connected with the drive wheel to wheel 2, respectively from wheel 3 (located
on the same axle as wheel 2) to wheel 4, located on the same axis as the timing disc, as well as the efficiency
of the drive wheel;
C3) The optimal solution depends on the number of teeth of the wheel 2, a definite argument, but it also
depends on the three mentioned efficiencies mentioned in C2. These yields, in general, can have random
values, a character that introduces errors on the planting distance;
C4) The yields of the chain transmissions have values between 0.96 and 0.98, according to (Jula et al.,
2005). It is foreseeable that the efficiency of the chain transmission will decrease in time due to wear, but not
during the working period necessary for planting a plot or even during the period of seasonal use. There fore, it
is expected that the values of the chain transmission yields will be slightly variable during a season;
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C5) The efficiency of the drive wheel has lower values than the yields of chain transmissions and, in
addition, may have random variations depending on the nature of the contact between the drive wheel and the
ground, the soil moisture, its granulation, the presence of stones or other bodies. generates local variations in
time of the drive wheel efficiency;
C6) using the extreme values of the yields, a range of tooth numbers for wheel 3 can be obtained, which
ensures errors lower than the admissible limits from an agrotechnical point of view, this range contains the
permissible values of the number of teeth of wheel 3, thus so that the planting error is less than the permissible
one;
C7) If the three constant yields are considered, then the planting error is constant and accumulates along
the planting row, so that more or fewer plants can be planted per row, in relation to the calculated number, as
the planting error it is negative or positive.
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ABSTRACT
Researchers around the world have been focusing on identifying new, environmentally friendly
renewable energy sources as a substitute for fossil fuels. The plant Miscanthus giganteus can be one of the
mentioned sources which can be used for the production of thermal energy both in large thermal power plants
and in small domestic systems. Research has already shown how to use this plant with the identified
advantages and disadvantages.This paper presents some research on the determination of hygroscopic
humidity and ash content in the plant Miscanthus sp., How to determine them, results obtained, comparison of
values obtained with other similar materials, conclusions.
REZUMAT
Eforturile cercetătorilor, la nivel mondial, se concentreazăîn ultima perioadă, pentru identificarea de de noi
surse de energie regenerabile, prietenoase mediului, ca inlocuitoare pentru combustibilii fosili. Planta
Miscanthus giganteus poate fi una din sursele mentionate care, poate fi folosită pentru producerea energiei
termice atât în termocentralele mari cât şi în sisteme mici casnice. Cercetările efectuate au demonstrat deja
modalitatile de utilizare a acestei plante cu avantajele și dezavantajele identificate. În lucrarea de faţă se
prezintă unele cercetări privind determinarea umidității higroscopice şi a conţinutului de cenuşă la planta
Miscanthus sp., modalitatea de determinare a acestora, rezultate obținute, compararea valorilor obținute cu a
altor materiale similare, concluzii.
INTRODUCTION
One of the renewable sources that provide the biomass needed to generate bioenergy, widespread in
recent decades in European Union countries and beyond, is the culture of Miscanthus giganteus, which by
capitalization provides a number of economic benefits, but especially on the environment. It can be used to
produce electricity and / or heat both in large thermal power plants (30 MW), which use thousands of tons of
biomass annually, and in small domestic systems that use several tons during the winter months. By using the
plant Miscanthus sp. in the combustion process, carbon dioxide emissions are reduced and methane emissions
from deposits are eliminated (Voicu et al, 2009).
Studies in the United Kingdom, the United States and Ireland are making progress towards the
development of Miscanthus sp. as a source of biomass for energy production, either for direct combustion or by
cellulosic ethanol or biofuel production (National Non-Food Crops Center, 2011; Poenaru et al. 2015; Sorică et
al., 2017; Voicea et al., 2015a). Other published scientific papers have presented the growth cycle of the
Miscanthus plateau with an in-depth analysis of its moisture evolution over the vegetation cycle (Sorică et al.,
2009) and carbon sequestration capacity (Clifton et al, 2007).
Specialists in the field stressed the importance of an economic analysis for potential investments in energy
crops (Vasylieva, 2013; Velychko, 2014; Sorica, 2015). It is also important for these soil and climatic conditions that
condition the density of planting, the quality of planting material, tillage and fertilization (Hastings et al., 2009).
Miscanthus sp. it is grown in Europe, mainly for energy cogeneration (combined production in an integrated
electricity and heat installation) and could supply 12% of the EU's energy needs by 2050 (Dondini et al., 2009).
Aloterra Energy, which is a biomass trading company in the United States, together with its partner MFA Oil
Company, has established over 18,000 hectares of crops of Miscanthus sp. in four separate areas of the United
States during the 2012 planting season. These areas represent four projects in the new Biomass Crop
Assistance Program (BCAP) for 2012, which were awarded by the US Department of Agriculture - USDA. The
18,000 hectares will produce the equivalent of 10,000,000 barrels of liquid fuel. At full maturity, these will be ten
times higher and will have a real impact on fuel supply (Brown T., 2012). Specialists in the field have conducted
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multiple researches on the plant Miscanthus in general and in terms of its use as a fuel, identifying its qualities
compared to other fuels (Danciu et al, 2010; Chiţoiu et al., 2015; Chiţoiu et al., 2016; Chiţoiu et al., 2017; Dincă
et al., 2016; Dincă et al, 2017; Moiceanu et al., 2016; Moiceanu et al., 2018; Sorică et al., 2016; Voicea et al.,
2015b; Voicea et al., 2014a; Voicea et al., 2014b). The main objective of this paper is the research, controlled
study and determination of physical processes (hygroscopic humidity and ash content) of the plant Miscanthus
sp., in order to know the adaptability to natural conditions in the area.
MATERIALS AND METHODS
The study material was represented by the plant Miscanthus sp. (figure 1) which has an interesting
biomass potential for Romania, all the more so as it has a fully untapped agricultural potential.
•
Determinations of hygroscopic humidity (colloidal, indoor). The heating power of the plant Miscanthus sp.,
used as a biofuel, depends on its humidity. The higher the humidity, the lower the heating power. Moisture must
evaporate during combustion. The evaporation of moisture consumes a large amount of energy that is lost
during the combustion process.
According to SR EN 14774-2: 2010, the hygroscopic humidity (Whu) of the plant Miscanthus sp. was
determined, which is the amount of water remaining in the plant after removing its soaking moisture and which
is removed by drying in an oven at boiling with a suitable solvent (xylene or petrol). To perform the
determinations, the samples with the plant Miscanthus sp. crushed, a quantity of 2-10 g was taken and placed in
a ceramic crucible of constant weight (m0).
The thickness of the sample layer in the ceramic crucible was a maximum of 5 mm. The sample (m1) was
weighed using a Shimadzu AW 220M analytical balance with an accuracy of 0.002 g.
The uncovered ceramic crucible was placed, together with the lid, in an oven heated to 105 ° C and left for
one hour. It was removed and inserted, uncovered, together with the lid into the desiccator. After cooling, the
coated sample was weighed, the drying-cooling operation was repeated by keeping the vial in the oven for 30
minutes, then 15 minutes each, until a constant weight (m2) was reached.
Hygroscopic humidity was calculated with relation (1):

 m − m2 
  100 , %
Whu =  1
 m1 − m0 
in which:

(1)

Whu - is the hygroscopic humidity of the dry air sample, in percent;
m0 - the weight of the ceramic crucible, in g;
m1 - weight of the sample taken for determination, in g;
m2- the weight of the ampoule with the sample of Miscanthus sp. after drying in the oven, in g;
•
Determination of ash content: quality is a prerequisite for the long-term success of a biofuel.
The ash content of the plant Miscanthus giganteus was determined in accordance with SR EN 14775:
2010. The determination of the ash content was performed by following the following steps:
- calcination of the empty crucible to constant mass, after which cooling and weighing (m0);
- homogenization of the sample for analysis (for 1 minute);
- 1-2 grams of the plant Miscanthus sp. crushed and placed in the crucible, where a uniform layer was made;
- the crucible was weighed with the sample of Miscanthus sp. (m1) to the nearest ± 0,002 g and placed in the
calcination furnace at ambient temperature;
- the oven temperature was gradually raised to 600 ± 25° C so that it was reached in at least 60 minutes;
- after reaching the temperature, the crucible was kept in the oven for another 60 minutes;
- the sample was taken out of the oven, placed on an asbestos plate for 5 minutes, and after cooling it was
weighed, determining the mass (m2). Figure 1 shows aspects during the determinations.

Fig.1.- Aspects during the research
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The ash content of the analysis sample was expressed as a percentage according to relation (2):

 m − m0 
  100, %
Aa =  2
 m1 − m0 
in which:

(2)

Aa - is the mineral mass remaining after combustion,%;

m0 – the weight of the ceramic crucible, in g;
m1 - the weight of the sample taken for determination, in g;
m2 - the weight of the ampoule with the sample of Miscanthus sp., in g.
Table 1. shows the ash content of some fuels used in the combustion process
Table 1
Ash content of fuels used in the combustion process
Combustible
Air dry wood
Dry peat in the air
Lignite
Brown coal
Coal and mixed
Oltenia lignite
Bituminous shales

Ash content, %
0,4
4,5
29
36
46
55
75

RESULTS
The result of the hygroscopic humidity determinations for the plant Miscanthus sp., Performed for three
samples, is presented in table 2.
Table 2
Determined hygroscopic humidity
Nr. sample
Hygroscopic humidity %
1
44.55
2
40.80
3
42.50
Average
42.62

The literature has identified a classification of plants that are used as biomass for combustion, in terms of
humidity, as follows:
- with excessive content: those that have more than 35% humidity;
- normal: those that have 15% to 35% humidity;
- low: those with up to 15%.
Analyzing the result of determining the average hygroscopic humidity, presented in table 2, it is observed
that the plant Miscanthus sp. it is located in the position with excessive moisture content. In order to obtain a
better burning efficiency, it is recommended that the plant Miscanthus sp. be subjected, in advance, to an
additional drying process. The result of determining the ash content is shown in Table 3.
Table 3
Determined ash content
Nr. sample
Ash content %
1
4.205
2
4.215
3
4.159
Average
4.193

Figure 2 shows graphically the ash content of fuels used in the combustion process, using the data in
Tables 1 and 3.

Fig. 2. Ash content of fuels used in the combustion process
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Analyzing comparatively the ash content of the main fuels used in the combustion process, presented in
table 1 with the result of determining the ash content of the plant Miscanthus sp., Presented in table 3, it is
observed that due to the low ash content, which leads to emissions of low carbon dioxide, it can be used
successfully in large power plants as well as in small home systems.
CONCLUSIONS
Because the plant Miscanthus sp. to be used as biomass for combustion in thermal power plants, its
essential characteristics were determined: average hygroscopic humidity, whose determined average value was
42.62%, respectively the average ash content, 4,193%. Analyzing the result of determining the hygroscopic
humidity, it results that the plant Miscanthus sp. it is located in the position with excessive moisture content. To
give a better burning efficiency, it is recommended that the plant Miscanthus sp. be subjected to an additional
drying process. After determining the ash content of the plant Miscanthus sp., and comparing it with the main
fuels used in the combustion process, it turned out that, due to the low ash content, which leads to reduced
carbon dioxide emissions, it can use successfully to obtain thermal energy.
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ABSTRACT
Following the harvesting process, the seeds of the main crop are often mixed with various impurities such
as: chaff, straw, weed seeds, small lumps of soil, cracks, underdeveloped seeds, etc. Therefore, the mixture
obtained after harvesting is subjected to a cleaning and a separation process, made with the use of special
designed machines provided with rotating cylindrical sieves.
REZUMAT
In urma treieratului cu combina, semintele culturii principale sunt amestecate cu diferite impuritati cum ar
fi: pleava, paie, seminte de buruieni, bulgari mici de pamant, sparturi, seminte sistave, etc. De aceea, amestecul
obtinut in urma recoltarii este supus unui proces de curatire.si separare, realizat cu ajutorul unor utilaje
prevazute cu site cilindrice rotative.
INTRODUCTION
The equipment that use rotating cylindrical sieves is used to separate various seed mixtures (Orăşanu N,
Craifaleanu A, 2011). Experiments have shown that the greater the slope of the sieve, the lower the efficiency of
separation (Apostu E.D. and all 2015). Sieve rotation, material flow, grain geometry, sieve type and sieve
inclination are the main factors in the separation process (Apostu E.D., Constantinescu A., 2010). As the
diameter of the cylindrical sieve increases, the efficiency of separation increases too (Shi X. and all, 2018). The
diameter of the sieve has a great influence on the average axial speed of the grains (Yuan J. and all, 2018). The
way the material moves on the sieve at various speeds, influences the efficiency of the cylindrical sieve (Apostu
E.D. and Constantinescu A., 2011). The gravitational forces and the centrifugal forces during the rotation, affect
the integral movement of the cereal mixtures (Naumenko M. and all, 2018). The process of sieve separation
might be treated as some kind of random experience, in which the fact that a particle (of a size smaller than the
sieve separation size) will pass through its perforation in a given place, thus calculating the probability of
occurrence (Detyna J., 2011). The production of organic certified seed material, depends to a great extent on
the functional quality of seed conditioning equipment and installations, but also on the quality of the raw material
(Paun A. and all, 2018). The appropriate application of post-harvest technologies, such as processing, is
required to ensure the production for top-quality seeds (Drumond A.A.L. and all, 2019).
MATERIALS AND METHODS
The separation of the mixture resulting from seed harvesting can be done depending on the size of the
seeds of the crop, respectively thickness (which is the smallest size), width (intermediate size) and length
(largest size) (Scripnic V. and Babiciu P., 1968).
During the operation process, the cylindrical sieve with elongated meshes (fig. 1) receives a rotational
movement, which allows the movement of the seeds whose thickness is less than the width b1 (Fig. 1) of the
sieve perforations.
Taking into account the size of the grains contained in the initial mixture, we can construct the variation
curves of the grain size depending on the main crop. Therefore, we can meet 3 specific cases:
a) the mixture can be completely separated when the three curves do not overlap (fig. 3 a);
b) the mixture cannot be separated when the variation curves overlap (fig. 3 b);
c) the mixture can be partially separated when the variation curves partially overlap. A complete
separation can be achieved only with the passage of a large amount of grains from the main crop to impurities
(fig. 3 c), as is the case of the wheat-rye mixture (Dragan Gh., 1969).
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Fig. 1 - Cylindrical sieve with elongated
perforations

Fig. 2 – The dimensions of wheat seeds (Scripnic V.

a1 - the length of the hole; b1 - hole width

a - thickness, b - width, c - length

and Babiciu P., 1968)

Main crop

Small impurities

Increase impurities

Dimensions

Dimensions

Fig. 3 - Curbe de variaţie ale proprietăţilor fizico-mecanice ale seminţelor (Dragan Gh., 1969)

Cylindrical sieves can be placed with an inclination angle or horizontal. The rotational movement of the
sieve, generate to the seed to acquire a trajectory of a helical curved line on the inner surface of the sieve, with
a variable step depending on the inclination (Dragan Gh., 1969). The closer the sieve perforations are to the
grain thickness; the easier will be to block the sieve holes. In order to obtain a separation efficiency close to be
optimal, the surface of the cylindrical sieve must be unclogged by the grains that remain stuck in the holes, with
the help of cleaning devices (brushes, rollers, etc.) (Dragan Gh., 1969).
The motion of the particle on the inner surface of the cylindrical sieve comprises the following three
states:
• relative rest (on the surface);
• relative motion (sliding on the surface);
• free movement (independent of surface) (Stefanescu I.I., 2003).
The specific flow of cylindrical sieves is approximately ¼ compared to that of flat sieves, because the
contact between the seed and the cylindrical sieve is made only at the bottom [5]. However, there are faster
cylindrical sieves arranged horizontally, with a high peripheral speed between 0.9-2.0 m / s (Dragan Gh., 1969).
RESULTS
MAROT is a company that produces a wide range of equipment used for separating and cleaning various
seed mixtures. Their equipment separate the grains according to their physical size (thickness, width, length).
The precision of the selection is achieved with the help of the rotating drum, which can have variable speed and
inclination.
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The equipment produced by Marot company, presented in table 1, can can be equipped with 2 - 5
collector boxes, having the diameter of the cylindrical sieve variable, from 630 to 1610 mm (fig. 4), the
technological flow being presented in Figure 5.

Fig. 4 – Equipment used to separate seed mixtures [14]

Fig. 5 – Flow diagram [15]
A B C D: Undersized grading; G: Input sample; R: Malting sample

Table 1
Specifications of various machines models used to separate seed mixtures [15]
Models
Number of screens
Drum diameter
Screen area (m2 )

3/6304/6305/630 3/8054/8055/8053/1260 4/1260 5/1260 3/16104/16105/1610
3

4

5

630 630 630
4

5

3

4

5

3

805 805 805 1260

4

5

1260 1260

3

4

5

1610 1610 1610

6.5

7.5

10 12.5

12

16

20

15

20

25

Drum power (m3/h) 0.75 0.75 0.75

2.2

2.2 2.2

4

4

5.5

11

11

15

Length (mm)

2890 3565 4240 4720 5870 7020 4612

5755 6947

5231 6381 7531

Width (mm)

868 868 868 1120 1120 1120 1700

1700 1700

2000 2000 2000

Height (mm)

1270 1270 1270 1660 1660 1660 2175

2175 2175

2500 2500 2500

21.3

26.1

Packed volume (m3) 3.2
Weight (kg) empty

3.9

4.7

435 520 610

8.8 10.9 13

17

960 1170 1380 2010

25.7

2260 2510

31.9

37.6

3300 4000 4700

CONCLUSIONS
High speed and high productivity cylindrical sieves have some advantages compared to flat sieves when
using on a large scale. For high productivity, flat screens have large dimensions, requiring rather complex drive
mechanisms whose inertial forces occurring in their oscillating motion must be very well balanced.
On the other hand, the cylindrical sieve does not need to be balanced, being characterized by
compactness, uniform movement and simple transmission.
Operation at high parameters of any cylindrical sieve is determined by the general character of the grain
movement on the active surface of the sieve, thus by the relative movement of the grains; this movement can
only include the sliding phases and relative rest. However, a cylindrical sieve will not separate the grains if they
are at rest relative to the rotating sieve.
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ABSTRACT
The milling industry, one of the important branches of the food industry, deals with the transformation of
cereals into flours and groats, which are then used in the manufacture of bread, biscuits, pasta, cereal flakes,
etc. The idea of advanced grain peeling before grinding came to the attention of milling technologists. The
peeling (decortication) of the grains consists in removing the impurities adhering to their surface (dust, mineral
particles), removing the bristles and the pericarp, as well as in embryo dislocation. This operation is performed
because these components have no nutritional value and maintaining them in the grain mixture will lead to a
decrease in the quality of the flours resulting after grinding. An advanced peeling, going as far as the complete
removal of the grain coat, greatly facilitates the grinding process. Intending for a more intense peeling, INMA
designed, made and tested the experimental model of the horizontal intensive peeler DIO 15.
REZUMAT
Industria morăritului, una din ramurile importante ale industriei alimentare, se ocupă cu transformarea
cerealelor în făinuri şi crupe care apoi sunt folosite la fabricarea pâinii, a biscuiţilor, a pastelor fãinoase, a fulgilor
de cereale, etc. Ideea unei decojiri avansate a cerealelor înaintea măcinării a stat în atenţia tehnologilor morari.
Decojirea (decorticarea) boabelor constă în îndepãrtarea impuritãţilor aderente la suprafaţa acestora (praf,
particule minerale), în îndepãrtarea perilor şi a pericarpului, precum şi în dislocarea embrionului. Această
operaţie se execută deoarece aceste componente nu au valoare alimentară şi menţinerea lor în amestecul de
boabe va duce la scăderea calităţii făinurilor rezultate după măcinare. O decojire avansată, mergând până la
înlăturarea completă a învelişului bobului, uşurează mult procesul de măcinare. În dorinţa unei decojiri mai
intense INMA a proiectat , realizat şi încercat modelul experimental al decojitorului intensiv orizontal, DIO 15.
INTRODUCTION
The milling units, whether they produce wheat, rye or corn flour, whether they are of small, medium or large
capacity, are made up of sections in which separate operations are carried out. For a mill to fully meet its
purpose, it must transform, by related technical equipment and technologies, wheat, rye and corn grains into
best quality flour (Banu et al., 1999). The milling and bakery products are based on cereals, which are part of
the Gramineae family which includes about 3900 species. In our country wheat and corn are the most
consumed, followed by rice, rye, barley and oats. Their nutrient content varies to a limited extent from one
species to another, and the distribution inside the grain is very different.
In general, cereals are not consumed as such, but are previously subjected to various industrial processing
which results in groats (decorticated seeds such as husked rice, pearl wheat or barley, etc.), semolina, flour
(crushing and processing of grains into a powdery mass with larger or smaller particles, by grinding), flakes - by
rolling grains of decorticated and fried or steamed cereals), expanded products-obtained by sudden heating of
seeds and groats, or by detonation: flour slightly moistened is subjected to a very high pressure, followed by a
sudden transition to a normal pressure, which causes a relaxation of the compressed air and the transformation
into a spongy body (Barsky and Barsky 2004).
From the cleaning of wheat in the “black cleaning” (the aim is to remove impurities from the wheat mass)
results a series of impurities with a low forage value such as: chaff (cereal grains of other crops, shrivelled
wheat grains, dried or eaten by insects, fragments of straw and ears), the wasteland (sand, gravel, small weed
seeds and mineral dust), grain cleaning machine waste (mixture of spherical and quasi-spherical impurities,
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together with a low percentage of wheat sharps), black dust (mineral dust, fragments of fuzz and small wheat
grain sharps) - the one that gives the name of the cleaning section (Costin, 1988).
The machines used in this stage are:
- separator-cleaner
- grain cleaning machine battery
- peeler
- grain washing machine
Although the cereals have been cleaned of light impurities, with the help of various machines, based on the
aerodynamic properties, on the outer surface of the cereals, in the fuzz and the longitudinal groove, a large
amount of mineral dust remains stuck. The existing mineral dust will lead, after processing the cereals, to the
obtaining of some dark coloured flours (Danciu, 1997).
In addition to mineral dust, very often soil adheres to the cereal grains, soil that was not removed in the
cleaning process. The removal of soil, mineral dust and adherent microorganisms on the surface of the grains,
in the fuzz and groove, is done by passing the mass of wheat through a machine called peeler.
The role of machines intended for processing wheat husks is complex, being of special importance in the
preparation of wheat for transforming it into finished products (flour). The quality of the finished products and the
actual grinding process depend to a large extent on these machines, as well as on their use (Danciu, 2001). The
husks are processed with peelers, machines whose action focuses on cleaning, partial peeling and brushing the
husk.
A first purpose is to remove from the grains’ surface the microorganisms and dust residues stuck to them or
deposited in the grain groove. The aim is also to largely remove any existing bunt dust on the surface and at the
same time to remove most of the grain fuzz hairs, which is a favourable place to collect various dusts and traces
of dirt.
The second purpose is to detach considerable parts from the outer layers of the coating, greatly facilitating
the separation process in the grinding phase. In this processing, the grain embryo is also partially separated,
which considerably facilitates its elimination in the grinding process. The peeling operation is usually performed
in three stages. The dust resulting in the first stage is mostly of a mineral nature, this being called black dust.
The second and third stages result in organic dust called white dust or cleaning bran.
Compared to the amount of wheat entered in the cleaning, black dust represents about 0.5 % and white
dust about 1.1-1.2 % (Căsăndroiu, 1993). The last stage of peeling is done by brushing.
MATERIALS AND METHODS
The idea of advanced grain peeling before grinding came to the attention of milling technologists
(Gospodarenko et al., 2018). An advanced peeling, going as far as the complete removal of the grain coat,
greatly facilitates the grinding process. Intending for a more intense peeling, INMA designed, made and tested
the experimental model of the horizontal intensive peeler DIO 15, figure 1, a and b.
The horizontal intensive peeler DIO 15, figure 1, consists mainly of:
- frame - has the role of supporting the other component parts of the machine. It was made of rolled
steel profiles, joined by welding and screws.
- rotor - is a subassembly consisting of a shaft on which are fixed in screws eight beaters. The rotor
bearing housings are equipped with oscillating bearings.
- jacket - is made in two variants, a variant of EUREKA type wired mesh and another variant of
perforated sheet. Both construction variants have in their composition a smooth sheet portion in the feed area of
the product in the jacket.
- drive system - consists of asynchronous motor, V-belt transmission and transmission guards.
The product enters the machine through the feed hopper and at the end of the jacket, the beaters mounted
on the rotor take it over and project it towards the walls of the jacket at the same time as the product advances
to the discharge hopper. Due to both the blows given by the beaters and the intensive friction of the product
between the rotor blades and the jacket, as well as the friction of the cereal grains between them,
simultaneously with the peeling of the cereals, the crushing of the lumps and crumbly weed seeds is performed.
The components detached from the product pass through the jacket and are directed to the discharge
hopper, in the funnel under the jacket, and the peeled product is pushed by the rotor and axially discharged
through the discharge connection. The machine is equipped with an air intake for connection to the suction
network of the installation in which it is mounted. Regardless of the type of peeler and its place in the grain
cleaning process, the factors that influence its technological efficiency and productivity are: peripheral speed of
the blade rotor, inclination angle of the blades, length of the grain trajectory in the peeler, distance between the
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blades and the jacket, jacket type, respectively the friction coefficient of the jacket, specific load, grain moisture
(Bordei, 2005).

a)
b)
Fig.1. Horizontal intensive peeler, DIO 15 a-general view; b-technological flow
1-Frame; 2-Drive system; 3-Rotor; 4-Jacket; 5-Discharge hopper; 6-Feed connection
7-Suction funnel; 8-Guard; 9- Discharge connection

The peripheral speed of the blade rotor directly influences the peeling technological effect. Increasing the
peripheral speed of the peeler blades increases the peeling efficiency. However, the peripheral speed can only
increase up to a certain value, being limited by the mechanical strength of the grain. Exceeding a certain
peripheral speed can cause negative effects, such as: breaking the grains and increasing the percentage of
broken grains as well as breaking the seed coat and the aleurone layer. If, after a peeler, in the case of which a
high peripheral speed is used, resulting in a high percentage of broken grains, followswheat washing or wetting,
the technological grinding properties of the wheat mass worsen.
The kinetic energy of wheat grains at impact with the peeler blade will be (Danciu, 1997):

E=

m  vp

2

,

2

(1)

or

E=

G  vp

2

(2)

2g

where:
m-mass of a grain, kg;
G-weight of a grain;
vp-peripheral speed of the blades, m/s
In order for the grains not to crack on impact with the peeler blade, you will need to:

vp =

2E
m

(3)

where:
E-the average value of the breaking energy of a grain; E=0.00625 kgm
Considering the correlation between the mechanical properties of the wheat grain and grains’ moisture, it is
recommended to use the following peripheral speeds of the peeler blades:
-dry wheat, U=11-15%
-vp=13-15 m/s;
-wet wheat, U=16-17%
-vp=15-18 m/s;
-rye, U=16-17%
-vp=15-18 m/s;
The blades of the peelers can have two angles that define their position, figure 2:
-blade inclination angle, to the fixing drum generatrix or to the jacket’s;
-inclination angle,  to the extension of the position radius of the blade.
The larger the angle β, the shorter the path travelled by the grain, by bouncing, between the blade and the
jacket. This leads to increased friction between grains and the jacket. Blade inclination angle , to the cylinder
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generatrix, determines the advance of the grains inside the jacket. It takes values between 0-15°. The higher its
value, the shorter the path of the grains in the peeler.

Fig.2. - Inclination angle of the blades

The trajectory length of a grain S is given by the relation (4):

S = l n =

L
sin 

(4)

where: l - winding length; n – number of windings of the trajectory,
The peeling efficiency is influenced by the distance between the blades and the jacket. The shorter the
distance between the blades and the jacket, the more the friction inside the peeler intensifies. Too short a
distance causes an increase in the percentage of cracks. Typically, the distance between the blades and the
jacket is chosen: =15-30 mm. The type of the jacket also influences the peeling, which is all the more intense
the higher the value of the friction coefficients. The jackets can be made of wired mesh, with a circular or square
section, perforated sheet or abrasive materials. The lowest friction coefficient, respectively the lowest efficiency,
is obtained in the case of the wired mesh jacket, which has a circular section. Next, in ascending order of friction
coefficients, are: the perforated sheet jacket, wired mesh with square section and abrasive materials.
RESULTS
The main objective of the experimental research was to verify the parameters that influence the
performance of the peeler. The experimental researches were carried out at the National Institute of Research Development for Machines and Installations Designed for Agriculture and Food Industry - INMA Bucharest with
the help of the Horizontal intensive peeler DIO15, shown in figure 1.
Technical-functional characteristics of the peeler:
- Processing capacity (wheat)
t/h
12-15
- Technological effect (ash reduction percentage)
%
min. 0,04
- Rotor diameter
mm
300
- Jacket diameter
mm
350
- Jacket length
mm
1350
- Angle of the beater blades to the generatrices
o
30; 45
- Rotor rotation frequency
rpm
1000;1100;1200
- Installed power
kW
11
- Air flow required for suction
m3/min
10
The experimental model of the DIO 15 - Horizontal intensive peeler - provides the following adjustments
(Test report - Horizontal intensive peeler, DIO15): adjusting the rotation frequency between 1000 and 1200 rpm
by changing the belt wheel on the shaft of the electric motor, adjusting air flow and speed at the suction by
rotating the valve which is mounted in the cylindrical part of the suction funnel.
The experimental model of the machine has the following variants of technological equipment:
✓ Jacket: EUREKA type wires mesh;
- VENUS type profiled sheet.
✓ Rotor: beaters with blades inclined at 300 to the generatrices;
- beaters with blades inclined at 450 to the generatrices.
The tests were performed at the three rotational frequencies of the rotor, with the two variants of jacket
(Mahajan and Kumar, 2019) and the rotor with blades inclined at 300, the adjustment valve having the optimal
position (ensuring only the suction of dust).
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Both dry product (for the first peeling) and wet product (for the second peeling) were used. For the correct
evaluation of the experimental results, the characteristics of the raw material-wheat were determined in the
laboratory.
The wheat used in the tests performed to determine the technological effect of the peeler corresponded to
the provisions of Standard (STAS) 6253-1980 “Quality indices of wheat for bakery,” and presented the following
organoleptic and physico-chemical properties;
a) Organoleptic characteristics: appearance and taste - characteristics of healthy wheat, colour - yellowreddish, smell - characteristic of healthy wheat, without burning, mould or other foreign smell.
b) Physical and chemical properties
Table 1 shows the characteristics of the raw material obtained in the laboratory.
Table 1
Raw material characteristics
Wheat quality indices for
Indicator name
bakery, STAS 6253-1980
Hectolitre mass, kg. min.
75
Wet gluten, % min.
22
Gluten index, % min.
25
Vitrescence, % min.
30
Moisture, % max.
14
Rye, % max.
6
Foreign bodies, % max.
3
-black, % max.
1
-white, % max
the rest until 3
Pest infestation
Bunted grains, % max.
5

Obtained
results
75.4
25.2
32
41
12.2
5
1
4
0.1

The results of the experiments are presented in tables 2 and 3.
Table 2
Technological parameters- The machine is equipped with a VENUS type profiled sheet jacket
Working
Gear
Ash reduction
Increase degree of
Reduction degree of white and
capacity (t/h)
ratio
degree (%)
broken grains (%)
organic dust (%)
I. First peeling
0.96
0.036
0.48
0.60
12.26
0.87
0.043
0.51
0.62
0.80
0.046
0.55
0.65
II. Second peeling
0.96
0.026
-1.02*)
1.10
12.23
0.87
0.033
-1.03*)
1.14
0.80
0.036
-1.05*)
1.21

Table 3
Technological parameters- The machine is equipped with EUREKA type wiredmesh jacket
Working
Gear Ash reduction degree (%) Increase degree of Reduction degree of white
capacity(t/h) ratio
broken grains (%)
and organic dust (%)
I. First peeling
0.96
0.096
-0.71*)
0.061
15
0.87
0.106
-0.73*)
0.063
0.80
0.110
-0.77*)
0.067
II. Second peeling
0.96
0.056
0.21
1.14
15.33
0.87
0.063
0.22
1.18
0.80
0.073
0.25
1.23

CONCLUSIONS
From the analysis of those presented in the “Results”, the following conclusions can be drawn:
- in case of using the peeler provided with VENUS sheet, the mineral content of the wheat grains was reduced
by an average value of 0.04% after the first peeling carried out with dry wheat and by an average value of
0.03% at the second peeling of the wet wheat; there results a total reduction of the mineral content by 0.07% for
the two peelings, compared to min. 0.02% as provided by the specific rules. The percentage of broken grains
increased by 0.5% after the first peeling, respectively from 2.5% to 3%, and after the second (wet) peeling
decreased to 2% as part of the broken grains passed through the holes of the VENUS sheet, constituting dust.
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The permissible increase degree of broken grains is a maximum of 1%;
- by replacing the VENUS sheet with EUREKA type wired mesh, the technological effect has increased
significantly. Thus, at the first peeling the mineral content of the wheat was reduced by 0.10% SU, and at the
second wet peeling by 0.06% SU, resulting in a total of 0.16% SU. Also, in this case, there was no increase in
the percentage of broken grains;
- in both cases the percentage of foreign bodies (shrivelled grains, organic impurities, damaged grains, weeds,
etc.) decreases from 1.5% to 0.7%, respectively from 1.5% to 0.9% by their transformation in mineral and
organic dust.
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ABSTRACT
Multifunctional Aquatic Drones for surface waters (MaqD) is an operational tool, a "Water-mark" for "live,
online dynamic monitoring" of aquatic environments in-situ. For surface running water, for lakes and / or offshore,
MAqD in the image below represents a radically new approach for in-situ robust, reliable and environmentally
responsible water monitoring.
REZUMAT
Dronele acvatice multifuncționale pentru apele de suprafață (MaqD) reprezinta un instrument operațional,
o „marcă de apă” pentru „monitorizarea dinamică directă, reală” a mediilor acvatice în situ. Pentru apele
curgătoare de suprafață, pentru lacuri și / sau în larg, MAqD din imaginea de mai jos reprezinta o abordare radical
nouă pentru monitorizarea în situ robustă, fiabilă și responsabilă cu mediul.
INTRODUCTION
For monitoring of the “health status” of aquatic ecosystems, there is used an increasing diversity of
intelligent multi-parameter sensors, which allow the measuring and on-line transmission of recorded values for a
series of physicochemical and biological quality indicators, with the purpose of increasing the speed of both the
evaluation and the intervention if necessary (Andronie et al, 2010). Today, the floating buoys for supporting the
multi-parameter sensors in situ have also been developed to stand up to the specific hydro-meteorological
functional conditions (http://oceanexplorer.noaa.gov/technology/subs/subs.html, 2017). In this context, the paper
presents a multifunctional aquatic drone, with technical features which ensure the necessary instrumentation for
working as a floating body for water quality monitoring and pollution control.
Energetically autonomous and adaptable to various meteorological conditions, the floating drone can also
work with reduced maintenance in isolated locations. For the configuration of the floating system geometry and
for its structure optimization, computational techniques have been used. Due to its versatility, the structure adds
novelty in the area of drones for water quality monitoring. Depending on the equipment fitted to the drone, it can
be used as a station for both surveillance and investigation monitoring, for all kind of surface water.
More aquatic drones placed in mesh network in a hydrographical basin subject to monitoring lead to a
system of permanent acknowledgement of the ecological status of aquatic environment and are an important
factor in taking intervention decisions for warning situations in case of pollution risk.

Fig. 1 – 3D MAqD
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This paper presents the Computer Aided Engineering (CAE) approach in designing and optimizing the
MAqD drones (Fig. 1). In this context, for the multifunctional MAqD drone, the autonomy is 100%, based on
renewable energy for all the equipment on-board.
MATERIALS AND METHODS
METHODOLOGICAL APPROACH OF THE MAqD DRONE AS A WATERMARK
What is the MAqD? It is an autonomous and floating drone with the possibility of immersion, intended for
monitoring the aquatic environment (surface water), especially for monitoring the quality indicators of river water
in order to warn in case of pollution of the aquatic ecosystem. Complex construction (category: ultra-light vessel,
small ship, ROVs, AUVs), the MAqD drone requires a multidisciplinary group, in partnership for conception, design
and manufacturing. Fig. 2 shows the flow of CAE steps for the realization of the MAqD.

Fig. 2 – The CAE steps for design and optimization of the MAqD drone

The START action corresponds to a national or European program as a necessity for a sustainable
development of the environment (LPM, 1995; WFD, 2000; TNMN, www.icpdr.org, 2009; WISE, www.water.
europa.eu, 2013).
The INPUT sequence (SWQM - Smart Water Quality Monitoring) contains data on the "State of the art"
(https://www.srbc.net/, 2020; https://www.nexsens.com/, 2020; http://www.anhydre.org/, 2020) in conjunction with
the requirements established by the environmental agencies and entities regarding the monitoring of the aquatic
environment in accordance with "The Water Framework Directive - WFD, Directive 2000/60 / EC".
The PROCESSING of the MAqD drone from TRL1 to TRL9 is done within a DO cycle of RDI optimization
through CAE computational technique. The constraints on the basis of which the optimal technical solution is
realized from a functional point of view are imposed by the TRL maturity levels (https://www.nasa.gov/
directorates/heo/scan/engineering/technology/txt_accordion1.html, 2012).
In the OUTPUT sequence a demonstration MAqD functional model with real-environment experimentation
and on-site operation capabilities will be obtained. In situ experiments, numerous missions in case studies, all
should be completed as successful operations in order to demonstrate the feasibility of the MAqD drones in any
type of aquatic environment monitoring process (Ciolpan O., 2005).
The STOP action is virtual and corresponds only to the CAE flow for closing the project. After realizing the
prototype of the MAqD drone and market rollout, the MAqD product will know further developments and
transformations according to future research directions.
DISCUSSIONS AND PRELIMINARY RESULTS
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Currently, the decentralization of the monitoring-warning systems regarding the protection of the
environment is being sought (Dobriceanu et al, 2007; Iulia Simion, 2012; Povară I., 2007).
MAqD drone meets this desire regarding aquatic environments. Through embedded sensors, through onboard integrated hardware-software, MAqD drone achieves the following:
• Continuous real-time measurement of in-situ state of the aquatic environmental parameters;
• Acquisition of environmental data, data processing and analysis in order to evaluate the real state of the
aquatic environment;
• Wireless transmission of environmental data to the local terrestrial node with Internet connection and
ecological risk warning in case of pollution.
The multi-parameter probes on board of MAqD drone is installed in the throne-conical areas of the ship, in
moist protected compartments. Two of them are symmetrically mounted to the bow, aboard and starboard, and
the third one to the stern. For the current gauge of the MAqD drone, only three points for continuous sampling of
water quality indicators are provided. The multi-parameter probes cover the groups of water quality indicators for
the river subsystem (www.ysi.com, 2018):
IG group - general indicators (T, CE, pH, NTU, ORP, SAK);
RO group - oxygen (DO, CBO5, BOB);
RN group - nitrogen (N-NH4 +, N-NO3-, N-NO2-, N, P-PO43-, P, Chlorophyll "a");
AP Group - Chlorides, petroleum products;
Sensors for hydro-morphological parameters (depth, speed and flow of flowing water); sonar and video
camera are optional and can be installed on request depending on the application.
On land or on water, a common feature of the aquatic environment monitoring stations is given by the
integration of photovoltaic panels. Isolated operation in situ requires the establishment of stations operating in
"standalone mode". For the MAqD autonomous drone, a hybrid system of renewable energy is integrated: solar
(dome and photovoltaic wing) + hydro-kinetic (two intubated hydro-generators mounted in the console under the
photovoltaic wing).
The spherical shape of buoyant represents the perfect geometry of the floating structures. They are
specially designed for monitoring the marine and meteorological environment, and the equipment on board
requires a high capacity UPS (Unite Power Source) for autonomy. These floating structures indicate the simplicity
of maintenance in operation, but reveal a major constraint in manufacturing - the sealing of dry compartments.
The structure of the MAqD has an ovoid geometry dictated by its operation in running water. Sealing constraints
remain an important issue for the dry compartment with electronic systems of the drone.

a)

Longitudinal section by MAqD drone
b) Combined section by MAqD drone
Fig. 3 – Compartments of the MAqD drone structure

The MAqD drone is designed as a buoyant in special construction (with variable average density of ship
structure: 𝜌 = 0. (6) ÷ 1. (1) [kg/dm3], so that the on-board controller adjusts easily on the go the buoyancy to
immersion state and vice versa. Therefore, the skin of structure should be double, so that the drone has three
volumetric compartments (Fig. 3):
• The dry compartment is the volume of the elliptical cylinder between the keel and the dome. It houses the
UPS 24 VDC, an inverter, the on-board controller, and peristaltic pumps. Other electrical devices are installed
to accomplish any specific function. For the structure, this compartment is the central pillar of resistance and
lowers the centre of gravity (CG) as close as possible to the keel for a better drone stability;
• The wet compartment is the volume of the throne-conical areas communicating in the floating plane of the
MAqD drone (solar wing). Multi-parameter probes are installed by means of cable glands on the drone hull,
inside the wet compartments that also protect the probes from potential impact with external bodies;
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•

The floodable compartment is the volume bounded by the outer skin of the station fairing with the adjacent
areas of the compartments described above. This watertight compartment perfectly communicates with the
aquatic environment by means of two peristaltic pumps mounted in parallel (depending on the reliability of the
system), provided with the sift heads hidden in keel. The water supply in this compartment is under pressure
under the air pillow until the average density of the station exceeds 1 [kg/dm3] required for immersion. The
lifting of the station to the waterline for the buoyancy status is achieved by the inverse process of removing
the water from the floodable compartment. This technique allows the following:
protects the drone from the ice formed at the water surface during winter time;
allows the drone to monitor the investigated water body at the desired level;
MAqD drone achieves the state of weight required for travel in underwater work missions.
The component parts of the MAqD drone are shown in Fig. 4:
• Buoyant body with ovoid fairing in horizontal section;
• Solar wing;
• The emerging dome with the photovoltaic calotte;
• Intubated hydro-generators installed diametrically opposed in consoles under the solar wing;
• Landing train with stylish fixed bar for anchorage;
• Ballast keel;
• Drift for sectorial monitoring direction;
• Integrated Systems of Aquatic Environment Monitoring.

Fig. 4 – MAqD Component and Integrated Systems of the Aquatic Environment Monitoring Drone

The equipment onboard for the standard variant of the MAqD drone is presented in the double section
executed in the drone body and listed in the equipment specification; it is considered when calculating the center
of gravity.
A reserve space for further equipment development is available under the photovoltaic calotte of the
emerging dome. The multi-parameter probes are sealed using elastic mounting glands. The anchoring of the
MAqD drone for fixed point operation is done by a traction cable connected to ballast (dead body weighing more
than the drone). The length of the traction cable must be: 𝐿𝑡𝑐 = √2 ∙ ℎ𝑖 [m], where ℎ𝑖 represents the maximum
quota in case of flood from the location under investigation.
The 2D standard views (vertical, horizontal and lateral projections of the drone) shown in Fig. 5 reveal the
following:
o Dimensions of MAqD drone: 𝐿 ∗ 𝐵 ∗ 𝐻 = 1273 ∗ 1335 ∗ 694 [mm];
o The height of the MAqD drone without the communication antenna is: 𝐻𝑠 = 600 [mm];
o The draft (draught) of the MAqD drone for buoyancy status is: 𝑇 = 2⁄3 ∙ 𝐻𝑠 = 4 [dm];
o

The mass of the empty hull of the MAqD drone is: 𝑀𝑠 = 34.824 [kg].
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For the empty drone (without equipment) the center of gravity (CG) is positioned above the hull pressure
center or careen center (CC) with 34.5 [mm]. The CAD model was made in CATIA-V5_V21 (Fig. 5). Considering
that the origin of the orthogonal coordinate system 𝑂(𝑥, 𝑦, 𝑥) is set at 100 [mm] relative to the drone attack board
(Bow) in the floating plane [CWL] and on the axis of symmetry of the float (PD), then the gravitational center has
the following coordinates:
(1)
𝐶𝐺 (0.44982, 0.00, −0.1398) [m].

Fig. 5 – 2D & 3D of MAqD presentation, gauge and centre of gravity for naked drone

CAD (Computer Aided Design) version no. 4 was obtained from version 3 of the SWQM (smart water quality
monitoring) by: dimensional increases of the float, a change of the profile of the emerge structure (dome and
photovoltaic calotte), modification of the hydro-generator catchment, and a new solar wing in order to increase
the photovoltaic surface. The CAD model allowed the automatic processing of the floating position (asset),
centring (CG & CC) and 𝛥𝑠 displacement.
➢ In the first step (CAD model) the following results were obtained (2), with the data characteristic of the MAqD
drone structure illustrated in Fig. 6:
Sizes of the MAqD drone:
𝐿 ∗ 𝐵 ∗ 𝐻 = 1273 ∗ 1335 ∗ 694 [mm];
(2)
Mass of the naked drone structure:
𝑀𝑠 = 34.824 [kg];
Total mass of the MAqD drone (displacement): 𝛥𝑠 = 68.826 [kg];
Draught MAqD drone:
𝑇 = 4 [dm].

a) naked drone
b) floatable drone
c) submergence drone
Fig. 6 – Calculation of centring (GC) and vessel displacement for MAqD
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➢ In the second step (CFD - Computational Fluid Dynamics), the numerical simulations for the MAqD drone
were processed in ANSYS R15.0 (CFX module), for various speeds of the working fluid (water): 𝑣𝑤 ∈ {1, 2, 3}
[m/s]. The virtual domain (3) has been established according to processing power of the server, but with
dimensions not less than the following:
o Length: 𝐿𝐻𝐵 = 3 ∙ 𝐿 = 3.819 [m];
(3)
o Width: 𝑊𝐻𝐵 = 2 ∙ 𝐵 = 2.67 [m];
o Height: 𝐻𝐻𝐵 = 2 ∙ 𝐻 = 1.388 [m].
All simulations are performed only for the immersion status of the drone into water. The CFD numerical
simulations will also be performed for two-phase environment (case of buoyancy state), in which and the average
wind speed from different locations will be taken into account.
On river water (average Danube water speed is considered 𝑣𝑤 ≅ 1 [m/s]), the MAqD drone is anchored by
a dead body and works at a fixed point (water flows). On lakes, depending on the investigated body of water, the
hydro-generators operate in engine-propulsion mode and the MAqD drone becomes mobile at speeds less than
1 [m/s], necessary for monitoring or other types of investigations.

Fig. 7 – Mathcad model for horizontal section in floating plane of the MAqD drone

Fig. 7 shows the mathematical model in the case of a horizontal section through the body of the MaqD
drone. The entire virtual domain of the floating section is shown in the Fig. 8 together with the hydrodynamics of
the elementary body. The float section is profiled so that the resistance to advancement of the submerged body
is minimal.
The mathematical model of the simulation program is based on the Navier-Stokes equations (4) for
incompressible Newtonian fluids. In this case we have (Lukaszewicz et al, 2016):
𝜕𝑣
(4)
𝜌 ( + 𝑣 ∙ ∇𝑣) = −∇𝑝 + 𝜇∇2 v + f
𝜕𝑡

Through the animation (Fig. 9 - left image), for a stationary flow with the working fluid velocity 𝑣𝑤 = 2 [m/s],
the velocity graph corresponding to the immersion state in all longitudinal sections of the MAqD drone can be
obtained and analyzed.
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The main achievement in the current version is the lack of turbulence in the critical area between the hydrogenerators and the drone body. These neighbouring components can generate hydrodynamic interference, so
they require a critical approach.
In the third step of structural analysis (FEA - Finite Element Analysis), the drone's frame stress problem
was addressed. Innitially Nastran MSC was used for pre-processing and solving, while PATRAN was used for
post-processing. The lack of flexible anchoring elements used to anchor the drone to reduce the degrees of
freedom was a problem. Therefore, a second attempt was made with CATIA V5R2 for stress calculations, as
shown below.

Fig. 8 – Hydrodynamics of ovoid-shaped section structures for the MAqD drone models

The CFD analyses shows that the current drone shape is optimized relative to the former version 3.

Fig. 9 – Speed chart (longitudinal section) for the immersed status of the MAqD drone

Two distinct cases of loads were considered and analyzed:
a) In the buoyancy state, the static pressure is distributed on the surface of the "live careen" of the float body
and generates the Archimedean force that is applied in CC, balancing the weight of the drone applied in CG.
The dynamic pressure depending on the water speed generates a braking force given by relation (5):
1
(5)
𝑇 = ∙ 𝜌 ∙ 𝐶 ∙ 𝑆 ∙ 𝑣𝑤 [N]
2

In this operating state the stress caused by the dynamic water pressure on the drone careen is dominant
compared to the stress caused by the static pressure. Short-term variable forces caused by wind can be evenly
distributed on the drone dome. Other concentrated forces caused by the impact with foreign floating bodies may
accidentally stress the immersed structure of the drone. All of these are potential operating scenarios of MAqD
and have been considered for the state represented in Fig. 10.

b) theoretical presentation of the buoyancy state
a) parameterization of constraints
Fig. 10 – FEA case study for the floatability status of the MAqD drone
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b) In the immersion state when the drone has the same average density as the fluid in which it is immersed, the
floating body is drifting for 𝑣𝑤 = 0 (weightlessness). The unstable balance is constrained by random disturbing
forces. The traction force generated by a propulsion system can control the kinematics of the immersion
drone. The static pressure exerted on the drone body increases in proportion to the height of the water column.
The images in Fig 11 illustrate the surfaces of SWQM float with maximum load for maximum depth of 10 ÷ 12
[m] of the mouth of Danube into the Black Sea.

a) SWQM drone

b) buoyant drone
c) submersion drone
Fig. 11 – CAE Stress for the immersion status of SWQM drone

Research on the numerical simulation of stress on the surfaces and mechanical structure of the MAqD
drone will continue for the case of offshore operation.
➢ In the fourth step (CAM – Computer Aided Manufacturing), the scaled (1:10) model of the MAqD drone was
made.

a) program parameterization;
b) execution on the 3D printer;
c) finishing & presentation
Fig. 12 – Computational-aided manufacturing at scale (1:10) using the CAD model of the MAqD drone

Initially, a 1:1 mock-up of the former version no. 3 (SWQM) drone was made. The realization in a CAM
programming environment of the MAqD drone was done later, the model of the aquatic drone being at a 1:10
scale according to the images presented in Fig. 12. Experimentation at this scale involves taking into account the
theory of similitude and implicitly the risks associated with the interpretation and processing of experimental data.
Subsequently, a physical demonstrator model (scale 1:1) was preferred for the basin of careens and for real (insitu) experiments.
The stand-alone aquatic drone must be seen from the point of view of systems and on-board devices as a
maritime platform or a "aircraft carrier". The MAqD drone is versatile. The equipment embedded is selected taking
into account both the field of use and the work mission. For example: in the case of surface water monitoring, the
on-board controller monitors in real time the profile of the investigated water body and controls the immersion
status.
➢ The multifunctionality given by on board automatic systems for the aquatic drone MAqD are:
1) Hybrid renewable energy system (HRES) for generation 24 VDC (with UPS storage buffer system);
2) Monitoring system and data acquisition (DAQS) platform of the quality indicators of the investigated
aquatic environment;
3) Command and control system for MAqD drone (for buoyancy or immersion states);
4) Remote data transmission system (data communication);
5) Self-protection system for heavy weather conditions (frost protection) and anti-vandalism;
6) Teledyne video camera and image recording system (optional);
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7)

Drive system with robot arm for missions in difficult to reach spaces or with high radiation degree
(optional).
We will now present the first two systems.
1) HRES for MAqD drone is represented in the Wiring diagrams of Fig.13. The electrical power installed on
board is 123 [W]. Based on the simulated Energy Balance for heavy operating conditions of MAqD, a power
requirement of 144 [W] resulted. Taking into account the diurnal character of electricity generation for photovoltaic
panels and for a minimum speed of 1 [m / s] of running water, the maximum power generated (peak) is 212 [W].
The charging controller monitors the power node in the drone's electrical box. Continuous operation is ensured
for 8000 hours / year as autonomy, 100% Renewable Energy which applies to all on-board equipment’s (Maican
et al, 2019).

Fig. 13 – Wiring diagrams of HRES for the MAqD drone

2) DAQS for MAqD drone is represented in the monofilament wiring diagrams (Fig. 14). For signals of the
water body state, the parameters measured by three multi-parameter probes of the station are adapted by the
signal conditioners and interfaced by their protocols with the NI modular platform. The platform is scalable, can
have 4 or 8 slots depending on the number of modules required for the application. The wireless transmission
module performs data communication with the local land node of the aquatic environment data management
network. Diagram also illustrates the place of the equipment on the drone.

Fig. 14 – Schematic representation DAQS for MAqD drone

2.1. Sensor systems for "live online dynamic monitoring" of water quality
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Today, the global market offers a wide variety of multiparameter probes manufactured from USA
(www.ysi.com/EXO2, 2018) to China (www.broadsensor.com/, 2020). The length of these devices is often an
impediment to their use, especially in shallow groundwater. This reason determined the finding of a European
partner to execute custom sensor systems so that the MAqD drone can be miniaturized.
Hahn-Schickard (HS) of Germany will manufacture a system for water pollutants monitoring unit including
sensor with different measuring principals, namely potential and optical based sensing (https://www.hahnschickard.de/en/, 2020). HS close the gap in the MAqD drone practicality with measurement system and sensors
integration. HS has expertise in the field and relevant skills such as: hardware development for analogy and digital
circuits; design of communication interfaces; embedded software design; modelling and simulation of optical
systems and fluid design. The main tasks of HS for the MAqD drone are listed now and will be presented in detail
in the following article:
- Development of the transistor sensor platform with selective and ion sensitive field effect (ISFET) for the
detection of ions, pH, CE and turbidity;
- The hardware architecture will be designed for sensor reading (see Fig. 15);
- The hardware and mechanical implementation of the mini-spectrophotometer will be used to cover the
most relevant water parameters.

Fig. 15 – Multiparameter probes model HS

2.2. Aquatic environment data processing software and operator interfaces
Fig. 16 shows the integrated NI hardware and the implemented software on the MAqD drone, as well the
operator interface, which includes several monitoring pages of the state parameters for water body investigated
in-situ. The programming environment that was used was LabView-NG, which makes the MAqD drone a
watermark for "dynamic live-online water quality monitoring".

Fig. 16 – Hardware-software and pages interfaces of the MAqD drone

RESULTS
Experimental in-situ research was undertaken as a case study on water quality monitoring with SWQM
drone (v3) to demonstrate the usefulness of its realization. The quality of a water body is determined by studying
and analyzing the experimental water state parameters in time and in various sections of the water body under
investigation.
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A body of water was chosen as the location for investigation - Lake Herăstrău (of Bucharest). Between June
and September 2017, several daily campaigns to monitor the quality of the lake water were carried out by installing
the SWQM drone in five sections of the lake. Continuous determinations of the water status parameters were
performed with the SWQM monitoring drone and the data records were made in "data logging" mode. In Fig. 17
are located the monitoring sections upstream and downstream where the SWQM drone was anchored on the
Herăstrău Lake.

Fig. 17 – Spatial location of watermark drone in-situ measurements

I Fig. 18 shows a graphics from the recordings made in situ (location: Herăstrau Lake of Bucharest) by ISB
- UPB & ECOIND within a local investigation regarding the quality of surface waters from the chain lakes of
Colentina river. The figure contains records of the parameters in the IG group - general indicators and the graph
corresponding to the mediated values for a time period established in a priori manner. The values indicate a
"good" quality of the investigated water body.

a) virtual instrumentation
b) graphics and online data recording
Fig. 18 – The graphs for IG group (general indicators of water quality)

CONCLUSIONS
A. Conclusions regarding the research and development flow for realization of the MAqD drone:
i. The geometry of the surface water quality monitoring drone is a novelty element related to the current
water landmarks used for monitoring the aquatic environment;
ii. The mechanical structure of the aquatic monitoring drone is under special construction. Executed with
double skin, the drone is provided with compartments designed to operate both in the buoyancy state
and in the immersion state for surveillance and respectively monitoring of the water quality p rofile;
iii. Carbon fiber fairing incorporates tensometric markers for measuring the internal stresses of the drone
structure in dynamic operating regimes of buoyancy or immersion states to ensure the control of a safe
and long-lasting functionality in insularized locations;
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iv.

Water quality status monitoring program developed in the "LabVIEW Real-Time application" is dedicated
to controlling surface groundwater pollution (rivers, lakes or offshore);
v. Command and control system regarding the operation of the immersion drone for profile monitoring and
adaptability to extreme climatic conditions (including vandalism);
vi. The multifunctionality and versatility of the drone is ensured by the integration (upgrades) of the on-board
equipment for special missions;
vii. The designed water-mark continuously monitors "live-online dynamics monitoring" the quality indicators
of the aquatic environment investigated by installing the MAqD drone directly in-situ;
B. Conclusions on in-situ experimentation with physical SWQM model (version 3 of the drone)
The on-site experiments with the monitoring drone, the allure and functionality of the integrated systems
demonstrated by the results obtained that the determinations for the measured parameters did not deviate more
than 7% from those calculated by numerical methods. The drone allure ensures functionality as a monitoring
system and the integrated systems operate at optimal parameters. The SWQM structure is resistant to aquatic
environmental conditions, ensures buoyancy and its anchoring is safe for prescribed operating regimes.
Of the 66 quality indicators for surface water (Simion I., 2012), only 17% can be selected as status
parameters for dynamic online monitoring using IQ sensors and multiparameter probes. The use of analyzers
with unified signal output (0 ÷ 10 V and / or 4 ÷ 20 mA) increases the percentage to 33% regarding the selection
of quality indicators for real-time monitoring of the aquatic environment. For the other quality indicators that
cannot be determined by direct in situ measurements (for technological reasons), samples are taken and make
laboratory analyzes.
Experimental determinations performed in situ with the SWQM water quality monitoring drone allowed
the analysis of 11 state parameters of the water body. They were selected from the 4 (four) groups of the quality
indicators. Only those quality indicators considered to be able to provide useful information on the water body
at the investigated location were monitored.
Following the analysis of the determinations performed, the following were found:
- the investigated water body does not face serious problems of contamination with pollutants;
- the lake water can be classified in quality class I in relation to the concentrations of some indicators or in
class II (good quality) for the concentrations of other quality indicators;
- the transition from one quality class to another of the water body investigated several times during a calendar
year recommends continuous or real-time monitoring;
- from a qualitative point of view, the lake water is suitable for aquaculture and / or fishing activities.
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ABSTRACT
Mechanization of production processes, especially those with high workload and hard work, automation
and creation of flexible manufacturing systems all aimed at increasing productivity, reducing manufacturing costs,
ensuring optimal quality and technical-functional indices of manufactured products, cannot be obtained without
the input of transport equipment. The importance of transport in the chain of technological processes in different
branches of production is undeniable, both in terms of manual labor and its replacement, as well as the purpose
of increasing productivity in those production processes. Lifting and transport operations are integrated in the
chain of technological processes in different industries. In the food industry, in most cases, the transport
equipment is an integral part of the technological lines, contributing within the technological flow to the
development in good conditions of the technological operations necessary to obtain the finished product.
This paper deals with issues related to the design and construction of belt conveyors in various economic
sectors. They represent a documentary synthesis in the field, the way of approaching the problems being based
on the design experience of the authors.
REZUMAT
Mecanizarea proceselor de producţie, îndeosebi a celor cu volum mare de muncă şi a muncilor grele,
automatizarea şi crearea sistemelor flexibile de fabricaţie având toate drept scop creşterea productivităţii,
reducerea costurilor de fabricaţie, asigurarea indicilor calitativi şi tehnico – funcţionali optimi produselor fabricate,
nu se pot obţine fără aportul echipamentelor de transportat. Importanţa transportului în lanţul proceselor
tehnologice din diferite ramuri de producţie este de necontestat, atât în ceea ce priveşte munca manuală şi
înlocuirea ei, cât şi prin scopul urmărit de creştere a productivităţii în cadrul proceselor de producţie respective.
Operaţiile de ridicare şi transport sunt integrate în lanţul de procese tehnologice din diferite ramuri de producţie.
În industria alimentară, în majoritatea cazurilor, echipamentele de transport fac parte integrantă din liniile
tehnologice, contribuind în cadrul fluxului tehnologic la desfăşurarea în bune condiţiuni a operaţiilor tehnologice
necesare obţinerii produsului finit.
Prezenta lucrare tratează probleme legate de proiectarea şi realizarea echipamentelor de transport cu
bandă din diverse sectoare economice. Ele reprezintă o sinteză documentară în domeniu, modul de abordare al
problemelor bazându-se pe experienţa în proiectare a autorilor.
INTRODUCTION
Unlike the materials in pieces that are characterized by geometric shapes with distinct dimensions, number,
weight, bulk materials are characterized by a series of parameters: granulation, density, specific gravity, slope
angle, internal friction coefficient (Banu et al., 1999; Leonte M., 2001).
With the help of the belt conveyor, materials can be transported in a horizontal or inclined position, the
slope angle being at most 70% of the value of the natural slope angle of the moving load. In the case of small
materials, in pieces and powder, the slope angle must not exceed 25˚, and for ordinary materials it must not
exceed 30˚. To increase the slope angle of the material, you can use the ribbed strip or the fixing strip, which
allows you to increase the slope angle up to 50˚. One of the main advantages of belt conveyors is their rigid and
durable structure and they are easy to operate. Due to their high productivity and durability, belt conveyors are
required in various fields, especially in the milling industry, food industry, mining industry, animal husbandry,
quarries, construction, etc. The route on which the belt conveyor works can be combined, consisting of horizontal
areas, inclined areas, joined together by curved areas. Taking into account the strength of the belts, the maximum
length of a belt conveyor is limited to 250-300 m.
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If the load of materials must be transported over longer distances (quarries, mining), a transport installation
consisting of may be used. many belt conveyors that feed in series (Băişan I., 2016). Belt conveyors are made
with a belt width of up to 1800 mm and for peripheral speeds of up to 5 m/s. The active body which is also the
main assembly of a conveyor with "endless" belt, which is driven by a gear motor mounted on the drive drum.
One of the main advantages of belt conveyors is the rigid and durable structure, which is easy to use. Due
to its high productivity and durability, the belt conveyor is in demand in various branches of industry and commerce.
The materials from which the belt conveyors are made are made of carbon steel and in the case of transporting
corrosive materials, fertilizers, salt, etc. stainless steel (Hapenciuc M., 2004).
The following types of belt conveyors are manufactured:
1. Horizontal belt conveyor: This model is the most widespread and irreplaceable for the productive activity
of any enterprise. It is used for transporting materials in a horizontal position (in pieces or in bulk),
including in the case of compositionally problematic materials: coal, stones, sand.
2. Inclined belt conveyor: This model is used to transport loads in different angles. The inclined belt
conveyor enjoys popularity in the transport of construction materials and various types of rubble, as well
as cereals, in the sugar industry through the use of ribbed belts.
3. Mobile belt conveyor: This type of conveyor is used in various working environments. With the help of
the tractor or tractor unit it can be transported to various work spaces.
The most efficient transport and loading system is the conveyor belts with squeegees and velkanta. They
are useful in the transport of packaged materials and not only, up to an angle of inclination depending on the
transported materials up to 40°. The main advantage of using scraper conveyors and scrapers is the application
of folding edges that support expansion and contraction (scraper) when passing on the drum and is used to
insulate the side of the conveyor belt combined with perpendicular rubber wedges (scrapers) which form true
compartments on the loading surface of the conveyor belt (Spiyakovski & Rudenko,, 1953).
The main areas of use of belt conveyors are:
•
Conveyor belts for agricultural equipment: transport of beets, cereals, potatoes, fertilizers;
•
Conveyor belts for the mining industry: coal, coke, salt;
•
Conveyor belts for stone quarries;
•
Conveyor belts for lime and cement factories;
•
Conveyor belts for the wood industry: wood fragments;
•
Conveyor belts for household waste recycling.
MATERIALS AND METHODS
The type of materials that are transported by means of belt conveyors are characterized by the flow capacity
which is the property of the material to be transported to flow when it is dropped on a sloping surface or in open
air (Krasnicenko N.V., 1963).
It depends on the shape of the material, the condition of its surface, moisture, the content and nature of
foreign bodies (Panţuru & Brârsan, 1997).
Granulation: Bulk materials consist of granules of different sizes, the granule having an irregular shape
characterized by the dimensions of the circumscribed parallelepiped. Of these, the largest size amax expressed in
millimeters is taken as a basis. The characteristic granulation of a bulk material is:
a1 = 0.8 amax. [mm]
if the fraction between 80% and 100% of amax represents less than 10% of the total weight of the material and:
a1 = amax.
[mm]
if the above fraction represents more than 10% of the total weight.
Depending on the characteristic granulation, expressed in millimeters, bulk materials are classified into
several categories, as indicated in Table 1.
Table 1. Characteristic granulation for various materials [1]
Category
Lumpy materials
Medium size materials
Small materials s
Grain materials
Dust materials

Characteristic granulation a1 [mm]
a1 > 160
6 ꟷ 160
10 ꟷ 60
0.5 ꟷ 10
a1 < 0.5
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Flow capacity: The highest flow capacity is that of spherical materials with smooth surface (peas, soybeans,
some chemical fertilizers, gravel, etc.).
The further away the shape of the material moves from the spherical one, the lower the flow capacity is.
The flow capacity is influenced by the fact that some materials (seeds) are covered in husk, which reduce
the flow capacity (barley, oats, rice).
The flow capacity is also reduced for seeds whose skin has irregularities (sugar beet), for seeds that have
hairs on their surface (fodder plants, grasses) and for most powdery materials: grinds, flours, some chemical
fertilizers, salt, sand.
Flow capacity decreases with increasing humidity.
The importance of knowing the flow capacity helps especially when transferring the mass of material from
one side to another and in the seed silos when loading or unloading seeds, in warehouses, gravel pits, etc. and
will take into account:
- construction of conveyor belts;
- establishing areas for bulk deposits.

Fig. 1 – Flow capacity [2]
a - natural slope angle tu , b - flow angle αc

It is measured from two angles (fig. 1)
1) tu the angle of the natural slope = the angle of the greatest slope that the material to be transported
makes when it falls freely through a funnel on a flat surface;
2) αc flow angle = the angle to which a flat surface can be tilted from the horizontal so that the layer of
material slides (flows).
The natural slope angle is greater than the flow angle. tu> αc
The values of the angle in the natural slope of several types of materials are given in table 2.
Table 2
Natural slope angle for various materials (Banu C., et al., 1999)
Slope
Wheat
Cornb
Rye
Barley
Oat
Raw rive
Peas
Soybeans
Linen
Sunflower
Salt
Gravel
Sand

Natural slope angle, [°]
22 – 38
30 – 40
23 – 38
28 – 45
31 – 54
7 – 45
22 – 28
24 – 52
24 – 34
31 – 45
23 – 55
21 - 43
22 - 53

Grain flow angle, [°]
13 – 29
19 – 30
13 – 29
23 – 31
21 – 33
23 – 31
9 – 16
9 – 22
10- 18
22 – 36
16 - 39
17 - 32
16 - 38

Table 3
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Characteristic parameters for some bulk materials (Băişan I., 2016)

Material
Oat, barley
Rye
Malt
Rock salt
Sugar beet
Wheat, corn
Flour
Cereals

Natural slope
angle φ [°]
40-45
37
22
35-50
30-45
25-35
40
35

Internal friction
angle ρo [°]
30-35
30-50
26-45
30-40
35-50
40-45
40-45
30-50

Coefficient of
friction on steel
0.4-1.2
0.4-1.2
0.6-0.8
0.45-0.8
0.47-0.53
0.5-0.65
0.4-0.8
0.4-1.2

Coefficient of
friction on rubber
0.6-0.8
0.6-0.8
0.7-0.82
0.46-0.56
0.7-0.8
0.6
0.5-0.65
0.5-0.7

Specific gravity. The specific gravity of a spilled material is the ratio of the weight to the volume of a granule
of material. The density of a bulk material is the ratio of the weight of the free (uncompacted) bulk material to the
volume occupied by it. Depending on the volume weight, γ expressed in tf / m3, bulk materials are classified into
several categories indicated in table 4.
Table 4
Specific weight of materials (Băişan I., 2016)
Volumetric weight
Category
Examples of materials
γ [tf/m3]
Light materials
γ < 0.60
flour, hay, fruit oats, straw, malt
Medium weight materials
0.6 – 1.1
barley, rye, wheat, sugar
Heavy materials
1.1 – 2
salt, sand, coal
Very heavy materials
γ>2
gravel, coke, limestone rocks
The ratio between the weight of the compacted bulk material and that of the free bulk material is called the
compaction coefficient.
For different materials, this coefficient has values between 1.05 and 1.52.
Depending on its width, the strip can be supported on the loaded side, on a single row of rollers, the strip
having a flat shape (fig. 2 a) or it can be supported on two or three rows of rollers, the strip having the shape of a
gutter (fig. 2b and 2c). The inclination angle of the roller axes γ1 = 15º-30º.
On the unloaded lower part, the belt rests on a single row of rollers (fig. 2a).

Fig. 2 – Material section for different types of band (Panţuru D. and Bârsan I.G., 1997)
a – narrow band; b - medium band; wide disc

The bearing capacity of the conveyor belt depends on its winding angle on the actuating drum, which
varies between 180-480°, depending on the number of actuating drums or deviation rollers (fig. 3).
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a)

b)

c)

e)

d)

f)

g)

Fig. 3 – Belt mounting versions on the drive drum (www.inma.ro)

To cover as wide a range as possible, several types of belt conveyors are used according to Fig. 4.

a)

b)

c)

Fig. 4 – Types of belt conveyors
(http://www.om.ugal.ro/om/ro/personal/hm/desc/proiect/ert/transportor.pdf)
a) monoplane conveyor belt; b) biplane conveyor belts; c) multiplane conveyor belt

Productivity is an important technical characteristic of the belt conveyor, which is expressed in t / h and is
calculated with the relation:
Qm=3600 A0 v ρ [t/h]
where: A0 - the area of the actual cross section through the material [m];
v – transport speed [m/s];
ρ - material density [t/m3].

(1)

Due to shocks and vibrations during the movement of the tape, the area of the material layer section
changes. In order to determine the actual section, the degree of filling of the strip, expressed by the filling
coefficient ψ, shall be taken into account. In the case of flat belts loaded with small material ψ = 0.427, and in the
case of materials in pieces ψ = 0.305. For the trough-shaped strip, the filling coefficient depends on the type of
material and the working conditions; ψ = 0.4-0.6 for piece loads, and ψ = 0.5 - 0.75 for bulk loads.
For the flat strip shown in figure 2 a, the dimensions of the section after which the material is placed are
determined according to the width of strip B.
Therefore: b = 0.9 B – 0.05 [m], and h = (1/12) b, so that the cross-sectional area through the material will
be:
𝐴=

2
3

𝑏ℎ ≅

1
18

〈0,9𝐵 − 0,05〉2 [m2]

For the trough-shaped strip: B1= (0,3-0,5)B;
b1=0,75B;
the cross-sectional area through the material will be:
A≈0,075 B2
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Taking into account the coefficient of non-uniformity ψ, the calculation relations for the area of the real
cross section become:
𝐴=

1
18

〈0,9𝐵 − 0,05〉2 𝜓
2

A0 = 0,075B 𝜓

(4)
(5)

Replacing in relation (1), the expression A0 (relations 4 and 5),
- for the flat band we obtain:
Qm=150B2 v ρ 𝜓 [t/h]

(6)

-for the trough-shaped strip:
Qm=270B2 v ρ 𝜓 [t/h]
For loads in pieces, the transport productivity is determined by the relation:
𝑄𝑚 = 3,6

𝐺
𝑑

𝑣 [t/h]

(7)

(8)

where: G - mass of the transported load [kg];
d - the distance between two consecutive loads [m].
Based on the above relations, the width of band B can be determined.
Transport speed is another characteristic parameter. The speed of the belt is chosen according to the
type of products transported, as well as according to productivity.
For transporting the materials in pieces, lower transport speeds will be taken than for bulk loads, as
follows:
- for small materials with mass between 15-20 kg, v = 1.2 - 1.6 m / s;
- for materials packed in bags, v = 1-1.6 m / s;
- for crates or barrels, v = 0.5 - 1 m / s.
The power required to drive the belt conveyor depends on the payloads (material weight, belt weight,
roller weight), travel resistances, passive resistances (friction losses) and is determined on the basis of the
relation:
𝑃𝑛𝑒𝑐 =

𝐹𝑝 𝑣
1000 𝜂

[kW]

Fp=Si - Sd + Wa
where: Fp - force at the periphery of the actuating drum [N];
v – transporter speed [m/s];
Si - the force in the part that wraps around the actuating drum [N];
Sd - the force in the part unfolding from the actuating drum [N];
Wa - winding resistance on the actuator [N];
η - overall efficiency of mechanical transmission from engine to drum.

𝜂 = 𝜂𝑟𝑒𝑑𝑢𝑐𝑒𝑟 𝜂𝑑𝑟𝑢𝑚
𝜂𝑑𝑟𝑢𝑚 =

1
1+𝑤𝑏 〈2𝑘−1〉

(9)
(10)

(11)
(12)

where: wb- drum resistance coefficient, wb = 0.03-0.05;
k - coefficient depending on the winding angle of the tape on the drum (k=1.35-1.84).
RESULTS
Particular attention has been paid to the development of the most reliable models of conveyors with
conveyor belts and to determining the optimal shape and dimensions of the squeegees for the squeegee belts.
The schematic diagram of a modern multi-plane belt conveyor is shown in figure 5. The belt is of the smooth type
with a smooth surface. The type of belt is delivered at the request of the beneficiary depending on the product to
be transported and the angle of inclination of the belt.
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Fig. 5 – Schematic diagram of a multiplanar conveyor
1. Supply band; 2. Feeding funnel; 3. Endless band; 4, 5, 9 support rollers; 6. Drive drum; 7. Return drum, 8. Direction change roller;
10 Transported product storage hopper.

The optimal shape and dimensions for some of the scrapers are shown in figure 6 and new types of rubber
bands with are shown in fig. 7.

Fig. 6 – Types of scrapers used for conveyor belts]

Fig. 7 – New types of conveyor belts (http://rotherm.eu/benzi%20transportoare.php, http://www.ikosar.ro/.)

The latest types of belt conveyors can be used for a wide range of materials: for the transport of granular materials,
powdered bulk goods, agricultural products, as well as for the movement of individual materials, horizontally or
inclined to the horizontal at an angle of 5 ~ 27 ° depending on the nature of the material transported (for example:
for individual load 5 ~ 10 °, coal and ore in large pieces 18 °, cement 20 °, dry sand 24 °, wet sand 27 ° etc).
Conveyor belts are chosen according to the following characteristics:
• The material from which the conveyor belt cover is made;
• Insertion type and number of layers;
• Tension corresponding to an elongation of 1%;
• The thickness of the profile from the surface of the conveyor belt, etc.
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CONCLUSIONS
Belt conveyors are in a continuous expansion, occupying the first place in comparison with the other types
of conveyors, having the advantage of being able to be used in multiple fields: milling industry, food industry,
construction, mining, etc. The mobile conveyor belts can be used both for loading and unloading the warehouses,
and by placing in cascade several sections of belt, the long-distance transport of the materials is ensured. The
addition of a chain of mobile conveyor belts placed in cascade allows the unloading of warehouses with large
storage areas.
The choice of the type of belt conveyor for a well-defined process depends on the physical-mechanical
properties of the materials to be transported, the direction and length of the route on which they travel, the nature
of the working environment and the technical-economic parameters of the process.
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ABSTRACT
Insufficient supply and quality of food for nine billion people is particularly challenging for global constraints
due to climate change. The latest research in horticulture has shown that outstanding results can be achieved
using appropriate LED lighting systems. LED lighting can stimulate plant growth by up to 40%. LED lamps can
have a strong positive impact on health, growth rate and harvest period in almost any crop, due to the ability to
adjust the intensity, color and duration of light, depending on the needs of the crops. Recent research has shown
that light wavelengths between 400 nm and 710 nm have a large impact on plant development.
REZUMAT
Furnizarea in suficientă cantitate și de calitate a hranei pentru nouă miliarde de oameni este deosebit de
provocatoare pentru constrângerile globale datorate schimbarilor climatice. Ultimele cercetări în horticultură au
arătat că rezultate deosebite pot fi obținute folosind sisteme de iluminare LED adecvate. Iluminatul cu LED-uri
poate stimula creșterea plantelor cu până la 40%. Lămpile cu LED-uri pot avea un impact pozitiv puternic asupra
sănătății, ritmului de creștere și perioadei de recoltare în aproape orice cultură, datorită capacității de a ajusta
intensitatea, culoarea și durata iluminarii în funcție de nevoile culturilor. Cercetările recente au arătat că lungimile
de undă apropiate între 400 nm și 710 nm au un impact mare asupra dezvoltării plantelor.

INTRODUCTION
In 2020, at the Vegetable Research and Development Station Buzau, an experiment was performed,
within the Complex Project PN III 0301, Component Project 4 entitled "Technology for application in tomato crops
of the integrated management system (SMI) of agroecosystem resistance” - LEDSIMTOM, on the tomato crop
Buzău 1600, on an area of 1400 sqm. The culture was established in the Ecological Polygon, in open field. The
biological material used to test the additional lighting with high power LEDs, to increase the timeliness, quality
and immunity of the planting material, was the tomato variety Buzau 1600, created by VRDS Buzău.
A crucial component in growing a plant in addition to water and oxygen, is sunlight. By receiving it, a plant
is able to convert sunlight into chemical energy stored in carbohydrates, energy that can be released later to feed
the activities of organisms, so to support life. This process is called photosynthesis. Water, oxygen and sunlight
transform the holy trinity for plants (Stan N., 2013; Lazareanu D., 2018).
Visible light as we perceive it behaves like a wave. As such, it displays different properties depending on
its wavelength. For example, a light source with a wavelength of approximately 650 nm will be detected as having
a red color (Thiele C., 2019; Estabrook B., 2011; Peter J., et al., 1988).
In Romania, LED’s are an innovative point. They are used in a very small percentage, especially in Europe.
Light is the original source of energy for photosynthesis and plant growth. Light triggers a wide range of signals
and information for morphogenesis and many other physiological processes (Ming-Chang al., et al, 2007).
The reactions involved in plant photosynthesis are dependent on environmental conditions. Different
attributes of light, including spectrum and intensity, are considered to have the most direct effects on
photosynthetic reactions (Chen et al., 2004, Drăghici E. 2006).
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Growing plants under a combination of light spectra allowed plants to develop a photosynthetic apparatus
with a lower vulnerability than the photosynthetic apparatus to monochromatically cultivated plants in response to
HL stress. PIABS amalgamates energy flows from the first stage of the absorption process to the reduction of
plastokinone (Strasser et al., 2000; Drăghici E., 2006).
Blue LED lighting (450 nm to 495 nm) Blue light has one of the greatest effects on the development of a
plant. Multiple studies have shown that exposing a plant to this color influences the formation of chlorophyll, which
allows the plant to consume more energy from the sun. It also controls the cellular respiration of a plant and
reduces water loss by evaporation in hot and dry periods. It has an effect on photosynthesis and increased
exposure to this light can increase a plant's growth and maturation rates (Ceauseşcu I., et al., 1079).
This process is called photomorphogenesis. In general, blue light has an influence on many functions in
the life of a plant and is a crucial color, needed in your own growing room or growth box to ensure optimal growth
(Burnichi F., 2008; Chang et al., 2007).
MATERIALS AND METHODS
The biological material used for the experiment was the semi-late tomato variety Buzău 1600, variety
homologated at VRDS BUZAU.
Buzau 1600 tomatoes have a pleasant taste and can be used for fresh consumption and in salads. To
perform the experiment in 2020, the stages of the experiment were as follows:
❖ On 09.03.2020, 44 alveolar pallets of tomatoes variety "BUZAU 1600, were sown.
❖ The seedling emerged on March 16, 2020
❖ Lighting is done after sunrise, every day, until the date of planting in the field.
The experimental variants were the following:
❖ Control variant V1, without additional lighting;
❖ Additional illuminated variant with white LEDs, V2;
❖ Additional illuminated version with monochrome blue LEDs, V3;
❖ Additional illuminated variant with monochrome RED LEDs, V4.
Some of the Buzău 1600 tomato seedlings benefited from additional lighting with red monochrome light,
with different exposure intervals.

Fig 1. Tomatoes planting scheme 4, BUZAU 1600 Cultivar
This way, 4 experimental variants were established:
❖ V1 - indicator variant, no additional illumination;
❖ V4.15 - additional lighting with red monochrome light for 15 minutes;
❖ V4.30 - additional lighting with red monochrome light for 30 minutes;
❖ V4.45 - additional lighting with red monochrome light for 45 minutes.
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Each variant was set up in 4 repetitions, taking into account the different lighting periods, of 15 min, 30
min, 45 min.
Biometric observations and determinations were performed on a number of 5 plants in each repetition, for
all established variants:
❖ V1: V1R1, V1R2, V1R3, V1R4;
❖ V4.15: V4.15R1, V4.15R2, V4.15R3, V4.15R4;
❖ V4.30: V4.30R1, V4.30R2, V4.30R3, V4.30R4;
❖ V4.45: V4.45R1, V4.45R2, V4.45R3, V4.45R4.
RESULTS
The average on the five plants - on each repetition: biometric measurements of tomato seedlings "Buzau
1600" in different stages of growth. The data for performing the biometric determinations were the following: 23.03
/ 02.04 / 13.04 / 23.04 / 04.05.2020
EXPERIMENT RESULTS - YEAR 2020
Height of “BZ 1600” TOMATO SEEDLINGS IN DIFFERENT GROWTH STAGES
Table 1
White Light

Data /
Variant
V1 Mt.
V2 15 min
V2 30 min
V2 45 min

WHITE LIGHT Plants height (cm)
Tomato cultivar Buzau 1600
02.04/
14.04/
23.04/
Semnif
Semnif
Semnif

04.05/
Semnif

XX
XX

XXX
XXX

X
XX

X

XXX

XXX

XX

X

Fig. 2. WHITE LIGHT/ Dynamics of plant heights additionally illuminated
with LED s with wihit ligt
Table 2
White Light
WHITE LIGHT
Differences in plant growth (cm) 14.04.2020
Tomato cultivar Buzau 1600
Data / Variant
Plant height
Plants
Leaf number /
(cm)
diameter (cm)
plant
V1 Mt.
0
0
0,00
V2 15 min
3,4
-0,175
3,40
V2 30 min
4,625
1,425
4,63
V2 45 min
5,15
2,025
5,15
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Fig 3. White Light- Differences in plant evolution compared V1
Table 3
Blue Light
BLUE LIGHT - Plant height (cm) Tomato cultivar Buzau
1600
Data/
02.04 14.04 23.04 04.05
10.06
Variant
V1 Mt.
V3 15 min
XX
V3 30 min
XXX
XX
XX
XX
V3 45 min
X
XXX
XX
XX
XX

Fig . 4 Blue Light- Dynamic of plant heights additionally
illuminated with LED s with blue light
Table 4
Blue Light
BLUE LIGHT - Differences in plant growth (cm) 14.04.2020 – Tomato cultivar Buzau 1600
Data / Variant
V1 Mt.
V3 15 min
V3 30 min
V3 45 min

Plant height (cm)
0
3,4
4,625
5,15

Plants diameter (cm)
0
-0,175
1,425
2,025

Leaf number/ plant
0,00
3,40
4,63
5,15

Fig . 5 Blue Light- Differences in plant evolution comparated to v1
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Table 5
Red Light

Data / Variant
V1 Mt.
V4 15 min
V4 30 min
V4 45 min

23.03/
Semnif

X

RED LIGHT - Plant height (cm)
Tomato cultivar Buzau 1600
13.04/
23.04/
04.05/
Semnif
Semnif
Semnif
XX
XXX
X

XX
XXX

XXX
X

10.06/
Semnif

29.07/
Semnif

X
XX

X

Fig . 6 Red Light
Table 6
Red Light
RED LIGHT - Differences in plant growth (cm) 14.04.2020
Tomato cultivar Buzau 1600
Data/ Variant
Plant height (cm) Plants diameter (cm) Leaf number/ plant
V1 Mt.
V4 15 min
V4 30 min
V4 45 min

0
3,4
4,625
5,15

0
-0,175
1,425
2,025

0,00
3,40
4,63
5,15

Fig.7 RED LIGHT- Differences in plant evolution compared To v1
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CONCLUSIONS
Significant differences on the height of the plants for the variants (V4 45min. on 23.03.2020), (V4 45min.
on 13.04.2020), (V4 45min. on 04.05.2020) (V4 30min. on 10.06 .2020), (V4 30min. on 29.07.2020), distinctly
significant differences on the plant height at the variants (V4 15min. on 10.06.2020), (V4 15min. on 13.04.2020)
(V4 15min. on 23.04.2020) and very significant differences on the height of the plants for the variants (V4 30min.
on 13.04.2020), (V4 30min. on 23.03.2020), (V4 30min. on 04.05.2020).
These data show that the effect of additional lighting with LEDs is beneficial for the development and rapid
growth in height of seedlings of "tomatoes BUZAU 1600”.
They have a beneficial effect in the development of aerial parts of the plant, they also have a beneficial
effect on the development of the root system of the plant. Experiments and research on LED lighting will continue
because the results have been positive. The treatments to which the seedlings were subjected, the additional
lighting, determined the appearance of significantly quantifiable morphological manifestations, compared to the
control variant.
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ABSTRACT
Hand operated equipment usually generates vibrations which in time could endanger the operator’s health.
In order to assure operator’s safety, the vibration level which is generated has to be under the safety limits. Thus,
the vibrations usually are measured according to applicable standards, and if they exceed the limits, there has to
be adopted measures in order to mitigate the negative effects by vibrations absorption or insulation. Within this
paper are presented the vibration measured results for a 6 kW sickle bar mower during mowing works. The
researches were done in order to assess the vibration level and to identify a way to reduce those vibrations. The
experiments were performed on the experimental plots from INMA Bucharest. The raw accelerations data were
recorded and processed in order to obtained the vibrations RMS values. Furthermore, there were made changes
on the structural design of the mower in order to reduce de vibration level and the measurements were repeated.
REZUMAT
Echipamentele operate cu mana generează de obicei vibrații care in timp pot afecta starea de sănătate a
operatorului. În scopul asigurării siguranței operatorului, nivelul de vibrații generat trebuie să se afle sub limitele
de siguranță. Astfel, vibrațiile sunt de obicei măsurate în conformitate cu standardele aplicabile, și dacă depășesc
limitele, trebuie adoptate măsuri în scopul diminuării efectelor negative prin adsorbția sau izolarea vibrațiilor. În
această lucrare sunt prezentate rezultatele vibrațiilor măsurate pentru o motocositoare cu lamă de 6 kW în timpul
lucrărilor de cosire. Cercetările au fost efectuate în scopul evaluării nivelului de vibrații și identificării unei modalități
de reducere a acestora. Experimentele au fost realizate pe terenurile experimentale ale INMA București.
Accelerațiile brute au fost înregistrate și procesate în scopul obținerii valorilor RMS ale acestora. În continuare, sau realizat modificări ale structurii motocositorii pentru a se reduce nivelul vibrațiilor iar măsurătorile au fost
repetate.
INTRODUCTION
Vibrations level produced by many handheld equipment is largely enough to cause lesions occurrence
when used for a long-time during work program. Vibrations could be transmitted to the body through an arm or
both arms simultaneously, causing discomfort al inferior level and reducing work efficiency. Gravity of biological
effects of hand-arm transmitted vibrations, is influenced by many factors such as: exposure time, working process,
daily exposure rate, vibrations direction as also the direction of the force applied by the worker to the used tool’s
handles: angles of the fingers, hand, fist, elbow and shoulder joints (Antonov et al. 2013).
Agricultural equipment which is usually handled by hand such as rototillers, trimmers, chainsaws, mowers
etc. are usually powered by a thermal engine (gasoline or diesel) which represents the main source of vibrations
together with the transmission system. In case of sickle bar mower, the engine’s vibration is amplified by the sickle
bar movement during work, which is on a perpendicular direction with the forward moving direction. This causes
a high amount of vibration to be felt by the worker, almost in every case exceeding the imposed limits through
European directives and standards (Monarca et al. 2008, D 2002/44/EC; Postelnicu et al., 2013).
In order to reduce the vibration level, there are some theoretical measures which could be used to modify
the structural design of the machines like adding additional auxiliary mass or using a dynamic damping system
(Ene and Pavel 2008, Harris and Crede 1968). However, theory assumes some initial simplifying hypothesis which
in real-life situations couldn’t be applied.
Usually, vibration isolation or absorption issues are tackled in a more empirical way, applying trial and
error algorithms in order to mitigate vibrations effects.
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After every structural change the engineer checks whether the change really lowered the vibration level.
Thus, vibration measurement is a powerful instrument to assess the design of agricultural equipment and its
dynamic response during simulation and real-life tests (Sfîru et al. 2014; Biriş et al., 2016a; Biriş et al., 2016b;
Pruteanu et al., 2015; Stoica et al., 2015; Vlăduţ et al., 2014; Vlăduţ et al., 2015). There are researchers which
assessed handheld equipment compliance with regulations regarding vibration effect on the operator (Monarca
et al. 2008, Sorica et al. 2017; Vlăduţ et al., 2006; Vlăduţ et al., 2009; Vlăduţ et al., 2013) which used the measuring
method mentioned in (EN ISO 5341-2 Mechanical vibration). After making structural changes whether the
structural changes really lowered the vibration level.
Within this paper are presented researches done on a 6 kW sickle bar mower before and after some
structural changes made in order to lower the vibration level during mowing work, applying a theoretical-empirical
method for identifying the principal vibrations source and adding auxiliary damping mass. The vibrations were
then assessed from the worker’s exposure level to hand transmitted vibrations (EN ISO 5341-1 Mechanical
vibration).
MATERIALS AND METHODS
For experiments we used a 138 kg sickle bar mower configured with a 115 cm wide, centrally mounted
cutterbar, for semi-professional users. The model was used mainly for cutting grass and field cleaning. It was
powered by a 9 HP gasoline engine, with a maximum speed of 3600 rpm. The mower was fitted with heightadjustable handlebars which were fixed in middle position.

Fig. 1. Sickle bar mower

Vibration measurements were performed on both handlebars near the worker’s hand and near the
cutterbar, on the eccentric actuating mechanism of the cutterbar using three triaxial accelerometers from PCB,
model 356B10, using mounting methods provided in [8]. The Ox axis was parallel with the longitudinal direction
of the mower, the Oy axis corresponded to the movement of the cutterbar and Oz direction was perpendicular on
the soil.

Fig. 2.- Accelerometer mounting positions – left handlebar, right handlebar, cutterbar

The data acquisition system used was Sirius provided by DEWESOFT with dedicated conditioning and
data acquisition software. The accelerometers calibration was performed using a Type 4294 Calibration Exciter
with 10 m/s2 r.m.s. acceleration at 159.2 Hz. It was used a 10 kHz sample rate for continuously data acquisition,
the recorded data being saved in ASCII files.
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Experiments were performed on the experimental field from INMA Bucharest, cutting grass with height
between 0.7 and 1 m, on 50 m long tracks. One worker was handling the mower while the researcher was carrying
the data acquisition system and the laptop for measurements. The measurements were performed with the mower
standing still and the cutterbar working, and with the mower shifted in first and second gear, and the cutterbar
working, trying for the throttle lever to be fixed in almost the same position.

Fig. 3. - Aspects during experiments

Vibrations were measured by measurements of acceleration. The unit of measurement was m/s2. The
weighted accelerations on the three perpendicular directions of the orthogonal measuring system: ahwx, ahwy, ahwz
were calculated for both right and left handlebars. The total vibration value, ahv was calculated for each handlebar
of the sickle bar mower.
2

2

2

𝑎ℎ𝑣 = [(𝑎ℎ𝑤𝑥 + 𝑎ℎ𝑤𝑦 + 𝑎ℎ𝑤𝑧 )]

1
2

(1)

In order to obtain the weighted vibration data for each channel, the method from annex A, part 2 was
used, the weighted vibration being computed as in relation 2:
1

𝑎ℎ𝑤 = [∑𝑖(𝑊ℎ𝑖 𝑎ℎ𝑖 )2 ]2

(2)

where: Whi represents the weighing factor for third octave band i, as in table A.2 from [5].
ahi represents the r.m.s. acceleration measured in the i – th third octave band.
In figure 4 is presented the calculus sheet made in Glyphworks which allowed for each third octave band
to compute the weighted vibration as in relation (2). Afterwards, the obtained data for each axis of both
accelerometers used on the handlebars were computed in Excel to obtain the total vibration values according to
relation (1).

Fig. 4. - Weighted vibration data calculus sheet

The vibration values for the third accelerometer placed near the cutterbar were computed only as r.m.s
using the same calculus sheet as in figure 4.
In order to reduce the vibration level, the cutterbar was identified as the main vibration source. As mean for
vibration damping it was chosen the auxiliary mass method. For this to be achieved, there were realized several
additional weights to be mounted on top of the cutterbar through means of rubber supports and the experiments were
repeated. The main goal was to reduce the vibration level without affecting the mowing performance.
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RESULTS
In figure 5 are presented the raw vibrations evolution in time measured by all three accelerometers, on
the left handlebar (AI1 - Ox axis, AI2 -Oy axis, AI3 - Oz axis), right handlebar (AI4 - Ox axis, AI5 -Oy axis, AI6 Oz axis) and on the cutterbar (AI7 - Ox axis, AI8 -Oy axis, AI9 - Oz axis.

Fig. 5. - Raw vibrations measured on the sickle bar mower functioning but not moving

It can be observed the high difference between the handlebars vibrations amplitudes and the ones of the
cutterbar, especially on Oy direction which corresponds to the bar movement, fact which concludes that the main
source of vibrations is the cutterbar. However, all vibrations are extremely high for a human operator to handle,
even after application of weighing filter. In table 1 are presented the r.m.s. values obtained for vibration during
experiments. The total vibration was computed using relation (1) for the handlebars and cutterbar with the mention
that for the later were used the unweighted values of vibration obtained for all three axes.
Table 1
R.M.S. Values of measured vibrationswithout auxiliary weights

Experiment
Standing still
Total vibration
First gear
Total vibration
Second gear
Total vibration

Left handlebar weighted
vibration
Ox
Oy
Oz
(m/s2)
(m/s2)
(m/s2)
6.72
6.06
12.01
15.03
7.02
6.85
12.65
16.00
6.88
6.42
12.32
15.50

Right handlebar weighted
vibration
Ox
Oy
Oz
(m/s2)
(m/s2)
(m/s2)
8.52
7.08
14.49
18.24
8.94
7.54
14.89
18.93
8.57
6.99
14.78
18.46

Cutterbar unweighted
vibration
Ox
Oy
Oz
(m/s2)
(m/s2)
(m/s2)
78.5
217.7
93.82
249.71
81.43
275.2
110.2
307.42
73.11
264.3
92.32
289.35

In all observed cases (standing, first and second gear moving), the r.m.s. values are high and although
they depend on the throttle lever’s position, the achieved engine speeds were sufficient for functioning in real life
exploitation conditions. As observed, the weighted total vibration values are exceeding the limit imposed by
Directive 2002/44/EC and means for vibration reduction were sought afterwards.
Also, it can be noticed that the movement of the mower through the grass field has a very small impact
on the total weighted vibration value as the difference between the standing still case and the first and second
gear movement cases are below 7%, fact which allowed for the vibration reduction experiments to be performed
only on the standing still mower. There were identified on the cutterbar two points on which some rubber vibration
absorbers could be mounted and on top of them was designed a metal sheet support for the auxiliary weights to
be added.
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Fig. 6. Rubber absorber and mounting of the support plate for the auxiliary weights

The following experiments were performed on the standing still mower, only with the sickle bar actuated.
Were added additional auxiliary weights of 20, 40 and respectively 60 kg. It was used the same methodology for
vibration assessment.

Fig. 7. Auxiliary weights placement on the sickle bar

In table 2 are presented the obtained results as r.m.s values for the measured vibrations.
Table 2
R.M.S. Values of measured vibrations with auxiliary weights

Auxiliary weight
experiment
20 kg
Total vibration
40 kg
Total vibration
60 kg
Total vibration

Left handlebar weighted
vibration
Ox
Oy
Oz
(m/s2)
(m/s2)
(m/s2)
6.44
5.76
10.04
13.24
5.88
4.98
8.87
11.75
5.31
4.67
6.44
9.56

Right handlebar weighted
vibration
Ox
Oy
Oz
(m/s2)
(m/s2)
(m/s2)
7.54
6.68
12.34
15.93
7.01
6.14
10.87
14.32
6.43
5.32
8.84
12.16

Cutterbar unweighted
vibration
Ox
Oy
Oz
(m/s2)
(m/s2)
(m/s2)
74.43
200.42
84.52
229.89
70.24
189.21
82.36
217.98
67.34
170.34
76.29
198.42

CONCLUSIONS
The paper presented measurements performed for assessment of vibrations level of a sickle bar mower
during work and a method for reducing these vibrations. In the first phase, the measured values exceeded the
limits imposed by European Directive 2002/44/EC, meaning that the operator’s health was endangered.
After applying the auxiliary mass method in order to reduce vibrations, the new measured results on the
handlebars were reduce with about 35% with the sickle bar loaded with 60 kg of auxiliary weight. The main
vibration reduction was on the Oy axe, due to the positioning of the auxiliary weight alongside this axis.
Also was observed a significant reduction on the Oz axis due to the auxiliary G force exerted by the auxiliary
mass. However, the auxiliary weight was only distributed on top of the sickle bar, fact which will hinder the mower
to function properly. In future researches there will be identified a way to spread the weight over the entire structure
of the mower.
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ABSTRACT
Renewable energy sources such as biomass, solar, hydro and geothermal energy can provide important
energy services based on the use of available local resources, studies to date show that the potential of these
energy sources is enormous, they can cover in principle several times energy demand. This paper presents some
considerations on the methods of converting biomass into convenient energy, respectively the most used method
for obtaining biodiesel.
REZUMAT
Sursele de energie regenerabile cum ar fi biomasa, energia solară, hidro și geotermală pot asigura servicii
energetice importante bazate pe utilizarea resurselor locale disponibile, studiile realizate până în prezent
demonstrând că potențialul acestor surse de energie este enorm, acestea putând acoperi în principiu de câteva
ori cererea de energie. În lucrarea de față sunt prezentate câteva considerente privind metodele de conversie a
biomasei în energie convenabilă, respectiv metoda cea mai utilizată pentru obținerea biodieselului.

INTRODUCTION
Recent studies on the future development of the energy sector show that in the second half of the 21st
century by implementing appropriate strategies, the share of total renewable energy sources can increase from
20% to over 50%, which can help meet current energy needs heating in certain (rural) disadvantaged areas / eg
biomass (I. Sobor et al, 2002).
Alternative energy types:
o Solar energy - used to produce heat by passive or active conversion methods or to supply electricity through
photovoltaic systems. In December 2016, solar photovoltaic energy reached the same price or a lower price
than fossil fuel in over 30 countries.
❖ Solar energy is the energy emitted by the sun. It is one of the renewable energies. Solar energy is used by
humans, animals, plants for various purposes. Plants use solar energy for photosynthesis. The sun's rays
are either used directly by man or converted by man into thermal energy (heat) or electricity (Zhang D.et al,
2015).
o Wind energy - used to produce electricity with wind turbines; Wind energy, a form of renewable energy, it
has been used since the beginning of humanity as a means of propulsion on water for various boats and
later as energy for windmills. The countries with the highest installed capacity on wind farms are China, the
United States, Germany and Spain. At the beginning of 2011, the share of wind energy in total domestic
consumption was 24% in Denmark, 14% in Spain and Portugal, about 10% in Ireland and Germany, 5.3% in
the EU. The percentage is 3% in Romania at the beginning of 2012. At the same time in Romania there were
over 1000 wind turbines, half of them being in Dobrogea (A. Cherubini et al, 2015).
o Hydroenergy - hydroelectric power plants with an installed capacity less than or equal to 10 MW (low
hydropower), respectively hydroelectric power plants with an installed capacity greater than 10 MW (high
hydropower).
o Geothermal energy - energy stored in underground geothermal hydro deposits and deposits, exploitable with
special drilling and extraction technologies.
o Biomass - comes from residues from forestry and agricultural exploitations, wood processing waste and other
products; biogas is the result of anaerobic fermentation of animal manure or from municipal wastewater
treatment plants (M.B. Hagberg et al, 2016).
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❖ Biomass, for most of history, has been the primary energy source poweringhuman development. This energy
supply has taken various forms, includingwood and dung for cooking and heating, charcoal for metallurgy,
and animalfeeds for food and transportation. With increasing concerns regarding humanimpacts on the
environment, humanity is once again looking towards biomassresources to meet a signiﬁcant portion of our
energy needs. The challengestoday in using biomass are many, but can best be related to scale and
density.The scale of energy needed far exceeds all past demands; both the increasingworld population and
the energy intensity of modern life compound the needfor energy as never before. Similarly, the distances
over which energy is movedand the concentration of population into dense urban centers results in the
needfor fuels with high energy density to insure overall eﬃciency of use.Over the past century, the developed
world has enjoyed cheap and abundantenergy supplies through the adoption of a fossil energy economy
(Nallathambi Gunaseelan V.,1997). The 1900 shave been declared the ‘‘Petroleum Century’’, with both
positive and negativeconnotations. The widespread use of petroleum allowed rapid economicexpansion
throughout the industrialized world, increasing national and per-sonal aﬄuence, and enabled the modern
ideal of personal automobile owner-ship. With expanded automobile ownership came an increasing demand
forliquid transportation fuels, a demand that led to a shift in primary production.
Huge demand for various oils and their high prices is an apprehension for the mankind. Since there is an
increased awareness for eco-friendly issue, there is an urgent need to explore the alternative energy sources.
Various alternative energy sources like nuclear power, solar, wind and biofuels are well known, where biofuels
(solid, liquid, gas fuels) sounds as one of the best representative candidates in terms of usage and the production
process. Biofuel, is the process where energy of organic materials (renewable biomass) is replaced the function
of fossil fuels. When gasoline supply and demand are inelastic, they serve as a buffer supply of energy, helping
to reduce prices (Weiland P., 2009; Vlăduţ. V. et al., 2016). The inelasticity of supply and demand is an assumption
which is valid in the short run, whereas in long term both supply and demand are elastic . Processes like transesterification which converts animal and vegetable oils into usable 2 fuel forms. From different sources, algae,
produces a large amount of energy. Algae represent as the significant group of biological systems, where few of
them are known to produce vast quantities of lipids relative to their total biomass. However, it is important to note
that the technology has so far not been sufficiently developed to allow these biofuels to be produced commercially.
Economics is playing a crucial role in ensuring a smooth transition to a biofuel future. Biomass and biofuels are
the only renewable energy source that can replace fossil fuels directly for our present and future energy
constraints (Weiland P.,2009; Nallathambi Gunaseelan V.,1997).
MATERIALS AND METHODS
Biomass represents an abundant carbon-neutral renewable resource for the production of bioenergy and
biomaterials, and its enhanced use would address several societal needs.

Fig.1- Biomass sources
(Chiru A. et al, 2010)

Advances in genetics, biotechnology, process chemistry, and engineering are leading to a new
manufacturing concept for converting renewable biomass to valuable fuels and products, generally referred to as
the biorefinery. The integration of agroenergy crops and biorefinery manufacturing technologies offers the
potential for the development of sustainable biopower and biomaterials that will lead to a new manufacturing
paradigm (Chiru A. et al, 2010).
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The term biomass applies to the mass of substance generated by the development of living organisms,
be they microorganisms, plants or animals. The term also includes agricultural products, waste from agriculture
or from the processing of agricultural crops, including cereal straw, residues from the production of sugar, starch,
beer, etc. (Lunguleasa A. et al., 2007).
Biomass is a form of storage of solar energy in the chemical energy of molecules of organic substances,
being one of the most popular and widespread resources on Earth. It provides not only food, but also energy,
building materials, paper, fabrics, medicines and chemicals. Biomass has been used for energy purposes since
the discovery of fire by man, so that today it is used from heating rooms to producing electricity and fuel for cars
(Ed. J. Coombs and D. O. Hall. London, 1981).
The ability to produce electricity from biomass is based on its physical and chemical properties. A very
important parameter is the humidity, respectively the dry matter content of the biomass.
Biomass can be converted into convenient energy by several methods. These conversion methods are:
• Thermal conversion of biomass (dry process):
- Combustion;
- Pyrolysis;
- Gasification;
• Biochemical or biological conversion of biomass (wet process):
- Fermentation;
- Anaerobic digestion.
• Mechanical conversion of biomass.
• Chemical conversion.
RESULTS
Thermal conversion of biomass- Combustion: the process of direct combustion of biomass is the most
widely used process of energy use. This process is verified in practice and commercially available at very high
levels. Combustion devices have different designs and performance, they are able to burn any wood fuel (timber),
bales of straw to municipal waste. It is important to burn wood and agricultural waste (straw). The heat generated
is used in manufacturing processes (heat processing) and power generation. Wood combustion takes place in
the following stages (Aghamohammadi N. et al, 2011):
❖ The water inside the lumber starts to boil (old and relatively dry wood contains 15% water in the cell
structure);
❖ The wood fuel gas is gradually released, for a good combustion it is important that the gas is burned not
released through the chimney;
❖ The resulting gas is mixed with atmospheric air and burned at high temperatures.
❖ The rest of the wood (mostly carbon) burns well, and produces ash waste.
For efficient combustion it is necessary to ensure:
❖ Sufficient air;
❖ Sufficiently high temperature;
❖ Enough time to ensure complete combustion of biomass.
Although direct combustion is the simplest and most widely used way to use biomass, it is not always an
efficient process. The design of a combustion boiler, which is characterized by a much higher efficiency, requires
an understanding of the entire combustion process. An important step is to understand the evaporation of water
from the lumber, a process that consumes energy. The energy consumed, however, represents only a small part
of the available energy. Modern combustion devices are very similar to those used for coal and have a combustion
efficiency of 90%.
Pyrolysis consists in the thermochemical decomposition of solid biomass, a process that takes place at
temperatures of 300-800 °C and in the absence of oxygen. This process results in heat, various gases (hydrogen,
methane, carbon monoxide, etc.), bio-oil and coal.
Combustible gases can be separated and captured, and the resulting coal, also called biochar, can be
used as fertilizer and agricultural amendment, a use that is also an efficient and economical way to sequester
carbon.
There are many technological variants of biomass pyrolysis, all of which are characterized by relatively
high costs, to which the initial stage of biomass preparation also contributes (storage, drying, crushing and
feeding).
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Heat transfer to solid biomass is also a technological challenge, as a slow transfer favors coking (see
Figure). Pyrolysis in fluidized bed reactors is the most widespread technological variant for the production of biooils, its principle scheme being presented in figure 6.4. A bed of sand or other thermally stable material at operating
temperature is maintained in a "fluid" state, in suspension, by introducing a stream of hot gas at the bottom of the
reactor. Subsequently, the reactor is fed with crushed biomass, in a very small proportion, so that the heat transfer
takes place almost instantly to the biomass particles.
This principle is the basis of many technologies, the differences between them being to address the
problems raised by the formation of coal and coke in the fluidized bed, the accumulation of ash and heat recovery
(Lunguleasa A. et al, 2007).

Fig.2. Variation of pyrolysis products
with temperature and exposure time

Fig.3. Pyrolysis of biomass in fluidized bed
reactor (Lunguleasa A. et al, 2007)

Gasification: is a process by which solid fossil fuels, natural gas or biomass are transformed into a
combustible gas, called synthesis gas (singaz) or biosingaz, mainly representing a mixture of carbon monoxide
and hydrogen, plus carbon dioxide ( C𝑂2 ) and possibly hydrocarbon molecules, such as methane (C𝐻4 ) and is
one of the earliest and oldest energy conversion processes. In general, the gasification process is defined by the
reaction between the solid fuel with an oxidizing agent (air or oxygen) in the presence of the moderator (steam)
at a high temperature between 1200 - 1500ºC and resulting in the synthesis gas used to generate of electricity or
as a raw material for the synthesis of substances such as methanol, urea, ammonia, etc. (Lunguleasa A. et al,
2007).

Fig.4. Thermal conversion of biomass (Nallathambi Gunaseelan V., 1997)

Biochemical or biological conversion of biomass- Fermentation: is generally used for the production
of bioethanol and includes the following steps: the biomass is crushed, then the starch is converted into sugars
by enzymes, followed by sugars being converted into bioethanol by yeast (an organism that secretes catalytic
enzymes) and Finally separation and purification of bioethanol by distillation.
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The conversion by fermentation of ligno-cellulosic biomass such as wood and herbaceous plants is a
more complex process due to the presence of large molecule polysaccharides and requires acidic or enzymatic
hydrolysis before the resulting carbohydrates pass into bioethanol by fermentation.
Fermentation of carbohydrate-rich matter with the help of anaerobic bacteria or green algae can produce
hydrogen, especially in the absence of light. The process that uses fermentation in the dark produces 𝐻2 and C𝑂2
combined with other gases such as C𝐻4 or 𝐻2 S, depending on the biomass used and the process reactions.
Anaerobic digestion: is a microbiological process of decomposition of organic matter, in the absence of
oxygen, found in many natural environments and applied today on a large scale for the production of biogas in
reactors, sealed against air ingress, generically called digesters. A wide variety of microorganisms are involved
in the anaerobic process, resulting in two final products: biogas and digestate.
Digestate is anaerobically decomposed biomass, rich in micro and macro nutrients that can serve as fertilizer for
plants (Mitroi A. and ML-A. Imireanu).
Mechanical conversion of biomass
Mechanical conversion is not a proper conversion of biomass, because it does not change the nature of
biomass. These conversions consist of mechanical processes of compressing biomass (compaction, pelletizing,
briquetting, etc.) in order to use it in thermal processes (V. Arion et al).
Chemical conversion of biomass
Chemical conversion consists in the transformation of mechanically processed biomass and its
transformation into vegetable oil, by treatment with an alcohol and generation of esters (eg methyl esters and
glycerol). In the next stage, the purified biodiesel can be burned in diesel engines.
Currently, biodiesel is mainly produced in batch reactors. The use of ultrasound in the transesterification
of oils into biodiesel allows continuous line processing at any scale. Ultrasonication leads to an increase in
biodiesel yield of up to 99%. Ultrasonic reactors reduce the processing time to less than 30 seconds (conventional
processing 1 - 4 hours / batch). More importantly, ultrasonication reduces the separation time from 5-10 hours
(using conventional agitation) to less than 60 minutes.
The most widely used method for obtaining biodiesel is enzymatic transesterification with methanol
(methanolysis). The reaction takes place by heating a mixture of 80-90% oil and 10% and 20% methanol,
respectively, plus a small amount of catalyst. The biodiesel resulting from this reaction is called FAME - Fatty Acid
Methyl Ester. The following figure shows the general scheme of the process of transesterification of organic oils
into biodiesel by methanol (V. Arion et al).

Fig.5. Schematic representation of the technology
for the production of methyl esters by transesterification
(https://en.wikipedia.org/wiki/Biomass)

CONCLUSIONS
Like wind, solar, and other renewable energy sources, biomass can make a positive impact on our
atmosphere by lessening our dependence on climate change-inducing fossil fuels. Biomass energy differs from
other renewables, however, in the extent to which its use is directly tied to the farms, forests, and other ecosystems
from which biomass feedstocks are obtained.
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Because of this close association, the use of biomass has the potential to result in a wide range of
environmental and social impacts, both positive and negative, above and beyond its use as a substitute for fossil
fuels. Impacts on soils, water resources, biodiversity, ecosystem function, and local communities will differ
depending on what choices are made regarding what types of biomass are used, as well as where and how they
are produced.
This is why biomass needs to be produced and harvested as sustainably as possible. In this sense,
sustainability refers to choosing management practices that minimize adverse impacts and complement local
land-management objectives, such as farm preservation, forest stewardship, food production, and wildlife
management (Swithenbank et al, 2011).
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ABSTRACT
The effect of climate change in recent years has severely affected intensive and subsistence agricultural
production. In 2019, 7 types of textile materials made available by the P2 partner in the project, INCDTP
Bucharest, were tested, with an unshaded control variant. The current study presents the results of an experiment
that took into account the development of the studied plants, being shaded by different textile materials. The
analysis of the results showed that by comparison with the control variant, which was not shaded, some of the
studied textiles positively influenced the growth and development of plants, allowing the selection of V1 and M1.1
for introduction into production for widespread use.
REZUMAT
Efectul schimbarilor climatice din ultimii ani a afectat puternic productia agricola intensiva si de subzistenta.
In anul 2019 au fost testate 7 tipuri de materiale textile puse la dispozitie de catre partenerul P2 in proiect, INCDTP
Bucuresti, cu o varianta martor neumbrita. Actualul studiu prezinta rezultatele unei experiente care a avut in
vedere dezvoltarea plantelor studiate, fiind umbrite de diferite materiale textile. Analiza rezultatelor a evidentiat
faptul ca prin comparatie cu varianta martor, care nu a fost umbrita, o parte dintre materialele textile studiate au
influentat intr-un mod pozitiv cresterea si dezvoltarea plantelor, permițând selectarea V1 și M1.1 pentru
introducerea în producție in vederea utilizarii pe scară largă.
INTRODUCTION
In the horticultural field, we want to obtain the best possible results, which involves conducting studies on
vegetable cultivation technology and more. A very important factor in growing vegetables is shading. This shading
can be obtained with the help of various textile materials or by other means. Crop shading results in changes in
the local microclimate and influences crop growth and development (Ilic et al., 2011). Shading is a popular method
to improve the microclimate of plants in summer by lowering the temperature of the leaves and their transpiration
rate, thus alleviating heat stress (Masabni et al., 2016). The shade net not only decreases the amount of light, but
also changes the quality of light in various proportions, as well as other environmental conditions (Ilic et al., 2011).
The answers are those that determine the commercial value of each crop, including yield, product quality and
ripening rate. (Ilic et al., 2011).
Along with providing shade for the plants, another series of necessities for the respective plants is provided.
After the shading material has been placed, the light intensity in the space decreases, which is beneficial or not,
depending on the needs of the plant. Temperatures in shaded areas are usually lower and remain uniform
compared to unshaded spaces. The shading effect is correlated with humidity and light intensity. Humidity is
higher in shady areas. Another important role that shading materials play is to protect crops from birds. Textile
materials for shading also provide protection against hail, wind and late blight. Another possibility to use the
shading materials is as a screen for fences, parking lots, balconies, terraces, gardens, etc. Among the textile
structures used as raw materials, the following components are known: polypropylene (PP), polyethylene (PE),
polyester (PES), polylactic acid (PLA), biodegradable thermoplastic aliphatic polyester derived from renewable
biomass. Buzau is located in the southeastern region of Romania, in the central area of Buzau County, on the
right bank of the Buzau River, at an altitude of 101 m above sea level, with coordinates 45°09" north latitude and
25°5" east longitude (https://www.primariabuzau.ro).
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The bell pepper (Capsicum annum L.) is a member of the Solanaceae family, genus Capsicum. It is a
plant native to South America (Tajungsola et al., 2017; Enachescu, 1984).
Growing pepper requires soil that is well drained and rich in organic matter, as well as 600–650 mm rainfall
(Gobie, 2019). Shading of pepper plants influences both fruit yield and quality. Pepper shading (40%) may be an
option to reduce heat stress and extend the spring-summer season to September (Milnkovic et al. 2012). The
radiation only had an effect on the ascorbic acid content, increasing it (Frezza et al., 2016). The amount and
intensity of light during the growing season influences the amount of vitamin C formed. In the greenhouse, a
significantly higher content of vitamin C was observed in the technological variant with red shade net (188.4 mg /
100g) than in green peppers without colored nets (151.4 mg / 100g) / (Milenkovic et al., 2012). It has been reported
that different wavelengths and light quality affect fruit color and ripening (Ilić et al, 2017). Photosynthetically active
radiation attenuation by reflective shading net alters phenological characteristics of sweet peppers in terms of leaf
number and leaf area index. (Ferreira et al., 2014).
The present experiment had as main objective: the observation and quantification of the effects of textile
materials by shading the pepper crop Capsicum annuum, variety Buzau 10, in the Buzau pedoclimatic region.
The results are also capitalized by recommending their use to vegetable producers in Romania as textile materials
indicated for vegetable crops. Thus, the producers are assured of their qualities and of an optimal development
of the plants, fact that will lead to the desired economic results, reducing the costs, the mechanical and manual
works, the damages and increasing the benefits of the producers.

MATERIALS AND METHODS
The experiments were placed in the research field of VRDS Buzau, field 32, plot A447 (45009`32,7``N and
26049`40,8``E). In 2019, 6 types of textile material made available by the P2 Partner in the project - INCDTP
Bucharest, were tested, with an unshaded control variant. The variants were determined by the type of shading
material used.
The bell pepper crop had 8 variants with 6 repetitions. The dimensions of the variant plots were the
following: the surface of a variant = 1 sqm, the surface of the textile materials: 0.8 sqm, the shaded surface: 0.8
sqm, the height at which the nets were installed compared to the soil surface: 1.10 m.
In the culture of bell peppers, the nets were installed on 07.07.2019.
The experimental variants were the following:
▪ V1– M1.2
▪ V2 – M 1.1
▪ V3 – M2
▪ V4 – M3
▪ V5 – P3
▪ V6 – P15
▪ V7 – martor (unshaded);
▪ V8 – PU

Fig. 1- Types of textile material placed experimentally

The sowing was done in alveolar pallets using Klasman TS3 peat, in the VRDS Buzau greenhouse in March
2019, in order to produce the seedling. 10 days after sowing, mass emergence was recorded. The seedlings were
transplanted in April 2019. The works were carried out according to the growth and development schedule, on a
regular basis. The field culture was established at the beginning of June (04.06.2019), with a 60-day seedling.
In the culture of bell peppers, determinations were made regarding the following parameters: average plant
height, bush diameter, number of main and secondary branches, average number of leaves / plant, the average
length of the leaves, the average width of the leaves, the number of buds, pollinated flowers, formed fruits and
the yields obtained.
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RESULTS
It is noted that the plants were shaded for a period of 47 days. The variants included 6 repetitions, the
results being statistically assured. The analysis of the results regarding the growth and fruiting of the bell pepper
plants, shaded with different textile materials are presented in tables no. 1-5.
The height of the plant in the control variant, V7, is the highest (50.25 cm) compared to the experimental
variants, and the lowest growth was at V1, respectively the shading net M1.2 (40.50 cm). The data are presented
in Table 1.
Table 1
Height (cm) of the Buzau 10 bell pepper plant, at 47 days of shading
Nr. crt.

Variants

H pl, cm

H plant
RELATIV%

Difference,
cm

t

1
2
3
4
5
6
7
8

V7 Mt.
V1
V2
V3
V4
V5
V6
V8

50,25
40,50
47,00
41,00
41,75
42,75
46,25
45,00

100,00
80,60
93,53
81,59
83,08
85,07
92,04
89,55

0,00
-9,75
-3,25
-9,25
-8,50
-7,50
-4,00
-5,25

0,00
-2,27
-0,76
-2,16
-1,98
-1,75
-0,93
-1,22

P%

Significant

The diameter of the pepper bush varies depending on the experimental variant. The largest diameter is
52.75 cm for the V8, the variant in which the net with a shading degree of 30% was used; the smallest diameter
of 36.50 cm was found in the V3 variant, shaded with M3 textile material, according to Table 2.
Table 2
Diameter (cm) of Buzau 10 bell pepper plant, at 47 days of shading
Nr. crt.

Variants

1
2
3
4
5
6
7
8

V7 Mt.
V1
V2
V3
V4
V5
V6
V8

Diameter
plants,
cm
48,00
40,25
48,25
36,50
47,25
48,25
47,75
52,75

Diameter
plants
relativ%
100,00
83,85
100,52
76,04
98,44
100,52
99,48
109,90

Difference,

t

0,00
-7,75
0,25
-11,50
-0,75
0,25
-0,25
4,75

0,00
-1,19
0,04
-1,76
-0,11
0,04
-0,04
0,73

P%

Significant

92

92
49

The maximum number of leaves per plant was 144 for variant V1, textile material M1.2, at the opposite pole
being found variant V5, meaning P3 with a total of 96 leaves, according to Table 3.
Table 3
Number of leaves in the Buzau 10 bell pepper plant, at 47 days of shading
Nr. crt.

Variants

No.
leaves

1
2
3
4
5
6
7
8

V7 Mt.
V1
V2
V3
V4
V5
V6
V8

131,00
144,75
116,25
122,50
100,50
96,00
117,25
104,25

No.
leaves
relativ%
100,00
110,50
88,74
93,51
76,72
73,28
89,50
79,58

Difference

t

0,00
13,75
-14,75
-8,50
-30,50
-35,00
-13,75
-26,75

0,00
0,82
-0,88
-0,51
-1,82
-2,08
-0,82
-1,59
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Most floral buds for Buzau 10 bell peppers were identified in variant V1 textile material M1.2 in an average
number of 10.50 at 6 repetitions. In variant V5 with P3 textile material, the lowest average number of 0.50 floral
buds at 6 repetitions was highlighted, as shown in Table 4.
Table 4
Number of flower buds at the Buzau 10 bell pepper plant, at 47 days of shading
Nr crt.

Variants

1
2
3
4
5
6
7
8

V7 Mt.
V1
V2
V3
V4
V5
V6
V8

No.
flower
buds
0,75
10,50
5,75
4,75
3,50
0,50
3,25
1,00

No. flower
buds
relative%
100,00
1400,00
766,67
633,33
466,67
66,67
433,33
133,33

Difference

t

0,00
9,75
5,00
4,00
2,75
-0,25
2,50
0,25

0,00
2,90
1,49
1,19
0,82
-0,07
0,74
0,07

P%

Significant

0,9
14,9
24,5
43,1

**

49
92

At 47 days of shading, the variants V1 with mesh M1.2 and V2 with mesh M1.1 had the most flowers on
the plant (4.25). In the case of the V3 variant with the M2 net, no flower bloomed (Table 5).
Table 5
Number of flowers at the Buzau 10 bell pepper plant, at 47 days of shading
Nr crt.

Variants

No
flowers

1
2
3
4
5
6
7
8

V7 Mt.
V1
V2
V3
V4
V5
V6
V8

0,25
4,25
4,25
0,00
0,75
1,50
0,50
0,25

No
flowers
relativ%
100,00
1700,00
1700,00
0,00
300,00
600,00
200,00
100,00

Difference

t

0,00
4,00
4,00
-0,25
0,50
1,25
0,25
0,00

0,00
2,43
2,43
-0,15
0,30
0,76
0,15
0,00

P%

Significant

2,6
2,6

**
**

76,6
43,1
92

CONCLUSIONS
In the pedoclimatic conditions of the Buzau area, in the agricultural year 2019, it was found that 47 days of
shading, the highest waist is recorded at the control, the largest diameter is recorded under the shade net 30%,
most floral buds, leaves and flowers were found at V1 mesh M1.2.
At the opposite pole the lowest height of the bush was found at V1 mesh M1.2, the smallest diameter and
the fewest flowers were recorded at V3 with mesh M3; the fewest buds and flowers were recorded at variant V5,
with the P3 net.
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ABSTRACT
In this paper have been evaluated the noise levels generated by an electrically powered agricultural
vehicle, analysing the way sound can influence the environment and the personnel. The noise levels generated
by an electric tractor are very important, in order to establish precisely the destination of the vehicle and comply
with Romanian and international directives.
ABSTRACT
În lucrare este prezentat studiul privind nivelul de zgomot generat de un vehicul agricol acționat electric
și modul în care acest zgomot poate influența mediul înconjurător sau personalul care îl deservește. Nivelul de
zgomot generat este important pentru a se putea stabili cu precizie destinația vehiculului în funcție de directivele
existente în domeniu, atât cele care sunt în vigoare pe teritoriu României cât și cele internaționale.
INTRODUCTION
The noise produced by a tractor is the sum of all the noises generated by the engine, exhaust, cooling
fan, but also the mechanical noise created by transmissions and accessories. The noise spectrum covers the
frequency between 20 Hz and 20 kHz. A noisy tractor can be stressful, can lead to lack of concentration, fatigue
and hearing impairment.
Determining the exposure to ambient noise of personnel serving agricultural machinery and tractors by
mapping noise with assessment methods is essential due to the importance of farmers' health, as a result of
conducting comprehensive research to determine noise sources in agricultural machinery and reduction methods.
The determination of exposure to ambient noise to all personnel serving agricultural machinery, by performing
noise mapping and assessing monitoring methods is essential due to the importance of farmers health. As a
result, it was a necessity to carry out comprehensive research to determine the sources of noise in agricultural
machinery and find methods to reduce the noise.
In general, the biggest source of noise for tractors is the engine, but also the accessories contribute to
the generation of the total noise. Mapping of acoustic sources usually involves tables with predetermined data
and calculation points located on an area at a certain distance from the tractor (Battista G. at al, 2020). After
numerous studies on the intensity of the noise emitted by tractors, it was unanimously accepted that the highest
intensity of noise is at the level of the exhaust pipe and the lowest level is in the cabin near the driver's seat
(Bartosz B., 2013).
Studies have been carried out highlighting the effects of tractor noise on the driver, namely how auditory
acuity is affected in both experienced and novice drivers. It has been found that experienced drivers, those who
have driven for many working hours, have the ability to hear lower frequency sounds, than beginner drivers
(Mohammad G. et al, 2019). The negative effects of noise can lead to dysfunctions even in the cardiovascular
system (Nina S. and Kenshi S., 2015).
A noise generator can be the tractor cab, which functions as an acoustic resonator. The vibrations in the
audio field depend on the traction force and the processing depth, and was measured and studied at different
points inside the cabin (Amandeep S., at al, 2020). It is possible to use tandem calculation systems with
specialized software, to simulate and be able to make predictions of noise levels at different points of the tractor,
depending on predetermined conditions, as close as possible to the situations encountered in real situations.
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In general, the study agricultural tractors noise level has been performed on vehicle using thermal engines
as a power source. The noise generated by the transmission or the accessories which equips the engine are
ignored, because the generation level is located below the engine and thus are not perceived by the staff serving
the tractor. During the use of the tractor it has been found that the noise generated by the engine and the noise
generated by the transmission mechanism also depend on the load to which the tractor is subjected. Due to a
high level of noise, working time can be reduced for staff using noisy equipment (Ahmad J. at al, 2020).
There are exceptions to the normal working conditions that occur in less common conditions, which we
can call special, namely when the soil being worked is harder, the processing machine is not in optimal operating
condition, or the tractor engine is damaged. In such conditions the total noise generated by the tractor,
transmission and machine may exceed the safety limit at work. In such situations, drivers are required to use
hearing protection equipment. In order to reduce the noise of fossil fuel powered tractors, mixtures of different
fuels have been tested in order to reach the lowest possible level of noise generated and to keep this level within
the limits set by work safety.
Electrically powered tractors lead to new studies of the noise levels that can be generated by the vehicles.
The noise produced by this type of tractor is much lower compared to those equipped with diesel engines,
however, the degree of sonic pollution must also be determined.
MATERIALS AND METHODS
In this article the noise measurement was performed with the prototype electric tractor, which is equipped
with a 16kW motor, 144v type AME200, on a horizontal asphalt surface in good weather conditions, namely:
•
temperate 21,30C,
•
humidity 79%,
•
wind speed 1,2 m/s,
•
average pressure 1010,8 hPa,
•
background noise level 48,9 dB
When entering the testing area, the accelerator pedal is pressed to a speed of 1500 rpm and is released
only after the tractor passes the milestone delimiting the end of the measuring sector.
The microphone is positioned 1.2 m above the ground.
Limits: the noise level for tractors with an own weight of more than 1500 kg must not exceed 89dB (A), according
to the standards in force.
Measuring devices:
• Bruel & Kjaer sound level meter, type 2237 (accuracy: U = 0.3dB)
• Roulette type 1-30-457, measuring range 0-8m, (accuracy U = 0.3 + 2L * 10-5)
• DOSTMAN thermohygrometer, type 330, (uncertainty: 0.80C)
• Cole-Parmer anemometer type CIH20DL, (accuracy +/- 3%)

Fig. 1 - Diagram of the location and movement
of the tractor
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Fig. 2 - Stationary measuring position
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The noise level was measured from two directions, left and right and from two positions, outside and at
the driver's head.
The measurement was performed in a quiet area with a low background noise, located in an open space
with a radius of over 50m, the tread is made of asphalt. The tractor was empty and had no load.
The first 4 passes were made over the measuring area in order to establish as accurately as possible the
acceleration distance of the tractor to the maximum speed, which would keep it on the entire measuring surface,
but also the braking distance in safe conditions. (according to STAS 6760-89 and D2009 / 76 / EC]
On the test surface will be drawn two parallel lines AB and A'B ', located at a distance of 20m from each
other, in the middle of the distance (10m) between the two lines, will draw another line CD parallel to the other
two lines. The tractor passes by the line AB with maximum speed and when it reaches the line CD the
measurement is performed after which it continues its way until it exceeds the line A'B '.
The testing has been performed for all 4 gears of the tractor gearbox and three measurements were made
for each gear, applying their average. For engine testing have been accelerated to a speed of 1500 rpm, doing
three different engine speeds, respectively 1000, 1500 and 2300 rpm, but in this case the measurements were
made with the tractor in a stationary position. The position of the microphone was 7.5 meters from the trajectory
of the tractor and at the height of 1.2 meters on the tripod.

Fig. 3 - Location of the sound level meter

Fig. 4 - Electric tractor in the position where the noise
level have been measured

To measure the noise at the ear level, the driver used the INMA Bucharest internal procedure, PSpI 01.09.27. The environment in which the measurements were performed is an open space, without obstacles within
a radius of 60 meters and flat ground. Noise level determination at the ear levels is performed on a concrete track
similar to that of the traction testing. The measurements have been complied to STAS 6760-89 and INMA D
2009/76 / EC internal standards. All measuring equipment, had the metrological verification bulletins in force.
RESULTS
The objective of the evaluation was to determine the noise level generated by a tractor propelled by an
electric motor, and powered by a large capacity battery. The results can help in developing standards that will be
applied to future projects, but also to create models for simulating noise pollution using parameters that could
change.
The results displayed in the graph are the average of the three passes in front of the microphone, in
different gears. The overall average for the right side is 68.9 dB and for the left side 61.2 dB.
As can be seen, there is a difference between the right and left side of the tractor in terms of the noise
generated. This is due to the position of the hydraulic system which is responsible for power steering but also for
operating the equipment that can be attached to the tractor.
The noise testing at different speeds, but without moving the electric vehicle was performed with the
same sound level meter located right next to the engine, measurements being made on both sides of the tractor,
and the height used for measurement was 1.2 m.
The noise test at the driver's ear levels was performed in all 4 gears and 1500 rpm on the engine, and
the tractor ran on a flat concrete surface. The maximum noise level and the time after which it becomes dangerous
at the ear is shown in the table below.

736

INTERNATIONAL SYMPOSIUM

The graph noise measured
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65
60
55
Gear1 Gear1 Gear2 Gear2 Gear3 Gear3 Gear4 Gear4

Left side

Right side

Linear (Left side)

Linear (Right side)

Fig. 5 - The graph showing electric tractor noise generated at different speeds

Stationary noise graph
80
75
70
65
60
1000 rpm

1500 rpm

Left side

2300 rpm

Right side

Fig. 6 - Graph with noise level at different speeds

Noise near the ear
90
85
80
75
70
65
Gear1

Gear2

Gear3

Electric Tractor

Gear4

Diesel Tractor

Fig. 7 - Noise at the driver's ear level

In Figure 7 is shown the noise measured inside the electric tractor compared to a diesel engine propelled
tractor. (Celen I.H. and Arin S., 2003).
According to studies on different types of tractor cabins, the interior noise level differs greatly, from 65 to
110 dB, but it also varies depending on the frequency, as it is known that man is the most sensitive to frequencies
variation around 1000 Hz.
Table 1
The maximum number of working hours allowed in relation to the noise of the working environment
dB
h

90
8

92,5
6

95
4
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97,5
3

100
2

105
1

INTERNATIONAL SYMPOSIUM

There fore, at this frequency the sound pressure above 90 dB becomes dangerous to human health (Ali
AH at al, 2010).
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CONCLUSION
The trend in the field of car construction worldwide is to reduce environmental pollution. Noise pollution
is one of the major factors that can cause imbalances or damage the environment. As a result, there is research
and studies aimed at reducing noise pollution. The research is based on the replacement of fuel used by the
engine or the use of electric motors to propel vehicles. The noise level generated by the tractor can be dangerous
to human health, especially if they are exposed to a high level of noise for a long time.
After the tests were carried out, can be deduced that the noise generated by an electrically driven tractor
is much lower than a diesel tractor.The experiments highlighted that on an electrically driven tractor the biggest
noise generator is not the engine but the accessories connected to the motor shaft or the tractor transmission.
The tractor cabin can also act as a resonator, which will result in a high noise level inside. This is highlighted by
the measurements made inside the cabin at the driver ear levels, where high noise values appear.
We estimate that future research studies envisaging the noise produced by agricultural tractors, will focus
mainly on the noise emitted by transmissions, cabin and accessories connected directly to the engine shaft.
Electric motors will probably replace diesel engines and the standardisation will be changed so that to decrease
risks concerning occupational safety.
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ABSTRACT.
The purpose of the paper is to determine the elasticity module for different varieties of grape seeds.
Establishing the modulus of elasticity for grape seeds allows us to do a finite element modeling in order to increase
the performance of the oil extraction equipment. In this paper we calculated the linear elasticity modulus starting
from the ratio between the tension applied on the seed and the specific length of the seeds. We measured the
length, width and thickness of the seeds with the caliper and determined their physical characteristics. To
determine the force applied to the seeds we used the Hounsfield equipment. Finally, for the data processing, we
worked with the average values of the results obtained for the four grape varieties and we made a short
comparison to determine if there were significant differences between the elasticity modules.

REZUMAT
Scopul lucrării este de a determina modulul de elasticitate pentru diferite soiuri de semințe de struguri.
Stabilirea modulului de elasticitate pentru semințele de struguri ne permite să realizăm o modelare a elementelor
finite pentru a crește performanța echipamentului de extracție a uleiului. În această lucrare am calculat modulul
de elasticitate liniar pornind de la raportul dintre tensiunea aplicată pe sămânță și lungimea specifică a semințelor.
Am măsurat lungimea, lățimea și grosimea semințelor cu un șubler și am determinat caracteristicile lor fizice.
Pentru a determina forța aplicată semințelor am folosit echipamentul Hounsfield. În cele din urmă, pentru
prelucrarea datelor, am lucrat cu valorile medii ale rezultatelor obținute pentru cele patru soiuri de struguri și am
făcut o scurtă comparație pentru a determina dacă au existat diferențe semnificative între modulele de elasticitate.

INTRODUCTION
In recent years, there has been an increase in interest in reusing waste from the winemaking industry due
to the improvement that is intended to be made in terms of modern, environmentally friendly agriculture. The use
of resources to their fullest potential has become a goal pursued by all researchers worldwide, due to the growing
population followed by the decline of conventional resources, especially those in the oil field (Rolle et. al, 2020).
To increase the potential of reused resources it is necessary to better understand the properties of the
new materials. In this sense there are several studies done by researchers, from which it results that in the grape
seeds there is a content between 8-20 % of oil depending on a multitude of factors (the environmental conditions
in which the grapes grew, the type of grapes , humidity, the oil obtaining method, etc.) (Rombauta et al,2014).
Grape seed oil has nutritional value due to the content of oleic acids and the rich content of unsaturated acids,
such as linoleic acid (Mohamed et al, 2016). Moreover, the oil contains bioactive elements (phytosterols,
tocopherols, tocotrienols, flavonoids and phenolic acids) that have antioxidant effect. However, the most important
characteristic of grape seed oil is the high content of vitamin E that supports the proper functioning of the human
body. Therefore, due to its composition, grape seed oil is a valuable product that can be used in pharmaceuticals,
but also in the food industry (Biris et.al, 2019).
Given the above, we come to the conclusion that the recovery of the oil from the grape seeds is an
important and necessary procedure. However, the problem arises when we choose the method of obtaining the
oil, so that processing it is advantageous on both terms of cost and damage caused to the environment.
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In order to obtain the oil from the seeds, in general, two methods are used: mechanical extraction or
solvent extraction and in some cases the two methods are combined.
The mechanical pressing is limited and characterized by a lower efficiency than that of solvent extraction,
however the obtained oil has a higher quality and has no chemical residues. Solvent extraction is more expensive
and requires qualified personnel to supervise the process which also cannot be carried out continuously. Due to
these disadvantages, new technologies are currently being tested which are more environmentally friendly but
also have a better yield of oil extracts (Epasinghe et.al., 2017).
However, we can bring improvements to existing technologies by studying the pressing process more
thoroughly. In this study we set out to calculate the modulus of longitudinal elasticity of grape seed. Determining
the longitudinal elasticity modulus of grape seeds, which is a material constant, will helps us in simulating the
process of pressing the grape seeds and subsequently optimizing the equipment in order to obtain a better yield
of oil and reducing the energy consumption levels (Karasik et. al.,2018).
The modulus of elasticity or Young's Module represents a numerical constant that describes the elastic
property of solids, required in a stretch or compression in one direction. In this article, we determine the modulus
of longitudinal elasticity for four types of grape seeds by calculus, determining the rest of the parameters needed
by measuring the seeds, applying a force and determining the displacements (https://www.britannica.com/
science/Youngs-modulus).
MATERIALS AND METHODS
The behavior of oleaginous seeds during the pressing process is different for each individual seed, as
well as for each variety or type of seed. This different behavior is due to the degree of development, the physical
properties, as well as the mechanical properties that are different for each seed, taken individually.
For this work, samples of seeds from each type of marc were taken: Feteasca Regala, Reisling, Burgund
and Cabernet Sauvignon. Grapes were harvested in 2019 from the research station INCDBH Stefanesti. Unit
mass and moisture content were determined using the KERN humidity analyzer, model DBS. The geometrical
dimensions, namely the length x, the width y and the thickness z, of the seeds were measured as in Fig.1, with
the digital caliper MAFCOM, with an accuracy of ± 0.01 mm.

z
x

y
Fig. 1. Grape seed dimensions on different axis:
x- length axis, y- width axis z- thickness axis.

In this paper, in order to determine the dimensions of the grape seeds, a batch of ten seeds from each of
the four seed types was chosen at random. Each seed was weighed in turn and the moisture content was
determined, and for measuring the length, width and thickness, five measurements were performed and the value
that was repeated most often was chosen. The measurements were performed under normal conditions of
temperature and pressure (20-22oC and 1 atm) and a humidity of 40%.
The mechanical properties of grape seeds were determined using one of the most common methods,
namely the uniaxial compression test. Following this test, the force-deformation curves are obtained which, after
proper processing, can provide important information about: seed hardness, crushing resistance, apparent
modulus of elasticity, energy consumption required for crushing, force and deformation at various moments of
compression, etc. (ASAE Standards 1998, „Compression Test of Food Materials of Convex Shape”).
In order to determine the mechanical properties of grape seeds, we used the Hounsfield / Tinius Olsen
mechanical test apparatus, model H1 KS, which allows the determination of mechanical properties for a wide
range of materials.
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The main components of the machine are: support columns, the fixed flat plate for supporting the material
sample, the pressing head with a flat movable plate parallel to the base plate, operating adjustment and control
panel, force cell; the data acquisition system (computer) with the QMAT software, as in Fig.2.

Fig.2. -Hounsfield / Tinius Olsen mechanical test unit, model H1 KS

The grape seeds subjected to uniaxial compression testing are placed between the two parallel plane
plates of the apparatus, and on the movable plate the force cell of 1 kN is placed which is fixed on the movable
cross bar for recording the movement. The strength of the sample material being tested is measured with the
force cell, which can be changed easily and quickly through a special mechanism, depending on the material
being tested. For measuring displacement, the device has an accuracy of ± 0.0001 mm, and the movement speed
can be between 0.001 mm / min and 1000 mm / min. Analyzing the researches in the field, it was concluded that
for the compression test on oilseeds a constant displacement speed of 1 mm /min, is to be used (R.K. Gupta,
2000).
After performing the compression tests on the grape seeds for which the dimensional characteristics were
previously determined, the characteristic force-deformation curves on which the values of the deformation and of
the force were read (D. G. Lakatos et al., 2013).
The modulus of elasticity, E, is defined as the ratio of voltage to the corresponding specific length.
𝜎
𝐸=
[𝑁/𝑚2 ]
(1)
𝜀

where E – longitudinal modulus of elasticity;
σ – nominal stress;
ε – strain or relative deformation;
At the same time, the nominal stress at break and the specific linear deformation can be defined in turn
as follows:
𝜎=
where

𝐹
𝐴

[𝑁/𝑚2 ]

(2)

F - applied force;
A – contact area;
𝜀=

𝑥

(3)

𝑙

where x - extension;
l – length of grape seed;
To determine the modulus of elasticity we rearrange the first formula taking into account formulas (2) and
(3):
𝐸=

𝐹⁄
𝐴
𝑥⁄
𝑙

=

𝑙𝐹
𝑥𝐴

(4)

Finally, we obtained the applied force and the displacement by reading two points that have the
coordinates represented on the graph resulting from the compression tests, as in Fig. 3.
Formula (4) takes on a new form through which we obtain the value of the longitudinal elasticity modulus
for each of the four types of grape seeds.
𝐸=

𝑙 (𝐹1 −𝐹0 )
𝐴 (𝑥1 −𝑥0 )
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Fig.3. - Force-extension schema

Because of the shape of grape seeds, the contact area between seeds and the metal plate of compression
equipment it calculated 80% from the rectangle area.

RESULTS
Table 1 contains information on the physical properties of grape seeds from the four categories, Feteasca
Feteasca, Reisling, Burgund and Cabernet Sauvignon. It can be observed that the dimensions of the seeds are
relatively similar, the only one that is slightly different being the seeds from the Burgund assortment where they
are noticeably larger. At the same time, the seeds of the Cabernet Sauvignon variety have a larger unit mass,
thus the higher moisture content. It was calculated contact aria to be easier to obtain the value of stress.
Table 1
The physical properties of grape seeds
No.

Variety name

1

Grape seed dimensions [mm]

Mass [g]

Contact Aria
Humidity [%]

A [mm2]

0.026

4.47

16.06

2.49

0.030

5.05

15.34

2.61

0.027

4.70

18.82

2.49

0.041

5.28

16.34

x-length

y-width

z-depth

Feteasca regala

5.67

3.54

2.72

2

Reisling

5.61

3.42

3

Burgund

6.00

3.92

4

Cabernet Sauvignon

5.66

3.60

The same seeds we used for the test with compression equipment, where we made the setup like load
range, extension range, and test speed. Following the test, we obtained the curves of force-extension, as shown
in Fig. 4.

Fig.4. -Force-extension graph from the program equipmant

After manipulating the above graph for each type of grape seeds, we obtain the line of displacement of
the force during compression from the graph as in Fig. 5, which helps to determine the modulus of elasticity.

742

INTERNATIONAL SYMPOSIUM

Riesling

Force, F [N]

20
15
10
5
0
1,1

1,2

1,3

1,4

Cabernet Saugvinion

Burgund

30
25
20
15
10
5
0

Force, F [N]

Force, F [N]

Extension, x [mm]

1,1

1,2

1,3

1,4

35
30
25
20
15
10
5
0
1,1

Extension, x [mm]

1,2

1,3

1,4

Extension, x [mm]

Force, F [N]

Feteasca Regala
30
25
20
15
10
5
0
1,1

1,2

1,3

1,4

Extension, x [mm]

Fig.5. -Force-extension graphs for each type of grape seeds

Finally, we calculate the modulus elasticity for all types of grape seeds, as in Table 2. As can be seen, the
modulus of elasticity differs from one variety of grape seeds to another. Cabernet Sauvignon has the modulus of
elasticity bigger than the rest of the seeds and that can mean that type of seeds oppose more resistance because
of high humidity.
Table 2
Longitudinal modulus of elasticity for the different type of grape seeds
Variety Name

Contact
area

Length

1
2

Feteasca regala
Reisling

A [m2]
16.06*10-6
15.34*10-6

l [m]
2.72*10-3
2.49*10-3

F0 [N]
6.00
6.16

F1 [N]
11.4
12.16

3

Burgund

18.82*10-6

2.61*10-3

5.85

16.80

No.

4

Cabernet Sauvignon

16.34*10-6

2.49*10-3

Applied force

4.95

743

17.85

Displacement [m]
x0
0.888*10-3
1.290*10-3
1.2175*103

1.2475*103

The modulus of
elasticity log.

x1
0.9225*10-3
1.345*10-3

E [MPa]
26.13
18.55

1.2875*10-3

21.69

1.3175*10-3

28.02

INTERNATIONAL SYMPOSIUM

CONCLUSIONS
This study shows that the modulus of elasticity is dependent on the physical properties of the material as
seen in Table 2. The order from highest to lowest modulus of elasticity is following: Cabernet Sauvignon, Royal
Feteasca, Burgund, Reisling. In conclusion, in Table 2 it is observed that among the four varieties of grape seeds
the highest elasticity module are Cabernet Sauvignon and Feteasca neagra, respectively 28.02 and 26.13. This
is due to the different shape that the seeds have.
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ABSTRACT
In Europe, air quality has improved considerably since the European Union and its Member States
introduced past air quality policies and measures. Emissions of air pollutants from many major sources are
currently regulated and generally declining, but not always as expected. High concentrations of air pollutants
continue to have a significant impact on the health of the population, with the most harmful effect being caused
by suspended dust and nitrogen dioxide. Although air pollution is often associated with pollution peaks and
episodes, long-term exposure to lower doses poses an even more serious threat to human health and nature.
The paper mentions the main types of harmful elements and measures to reduce them.
REZUMAT
În Europa, calitatea aerului s-a îmbunătățit în mod considerabil din momentul în care Uniunea Europeană
și statele sale membre au introdus politici și măsuri privind calitatea aerului în trecuti. Emisiile de poluanți
atmosferici provenite din multe dintre sursele majore, sunt reglementate în prezent și, în general, sunt în scădere,
însă nu întotdeauna conform așteptărilor. Concentrațiile mari de poluanți atmosferici continuă să aibă un impact
semnificativ asupra sănătății populatiei, efectul cel mai nociv fiind cauzat de pulberile în suspensie și de dioxidul
de azot. Cu toate că poluarea aerului este deseori asociată cu vârfuri și episoade de poluare, expunerea pe
termen lung la doze mai mici constituie o amenințare și mai gravă la adresa sănătății umane și a naturii. In lucrare
se mentioneaza principalele tipuri de elemente nocive si masuri de reducere a lor.

INTRODUCTION
The EU's long-term goal is to achieve levels of air quality that do not affect or induce unacceptable risks to
human health and the environment. The EU acts at several levels to reduce exposure to air pollution: through
legislation; by cooperating with the sectors responsible for air pollution, as well as with international, national and
regional authorities, non-governmental organizations and research. EU policies aim to reduce exposure to air
pollution by reducing emissions and setting limits and target values for air quality. At the end of 2013, the European
Commission adopted the Air Quality Package, which includes new measures to reduce air pollution.
In the fight for competitiveness and profitability, agriculture has become a major destructive and
environmental pollution factor due to intensive and aggressive agricultural practices, super mechanization and
superchemization
(https://www.epa.gov/sites/production/files/2020-07/documents/nonroad_ria_final-nonroaddiesel-engines_2004-05.pdf). Pollution of water and soil with a multitude of pollutants, from nutrients and
pesticides to heavy metals and petroleum products from agriculture, seriously affects human health and destroys
entire ecosystems (Samad et al, 2019). This harmful aspect of today's agriculture is also accentuated by the risks
that agricultural products themselves pose to people's health, given that some of these pollutants pass into food
(Vanghele et al, 2019).
If until recently quality was a priority, along with productivity in ensuring profitability, food security is
emerging as a new priority worldwide and is a major factor in the future evolution of agriculture. The codes of
good agricultural practice, together with the codes of good food manufacturing practices and the food code,
become in this context valuable tools not only in the fight for environmental protection but also for ensuring and
functioning of the food safety system.
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Air pollution is harmful to human health and the environment. In Europe, emissions of many air pollutants
have fallen substantially in recent decades, leading to improved air quality in the region. However, concentrations
of air pollutants continue to be very high and air quality problems persist. A significant proportion of Europe's
population lives in areas, especially cities, where air quality standards are exceeded: ozone pollution, nitrogen
dioxide and suspended dust (PM) pose serious health risks (Directive on ambient air quality and cleaner air for
Europe 2008 ). In 2010, several countries exceeded one or more emission limits for four major air pollutants.
Reducing air pollution therefore remains important (Lewis et al 2009).
Air pollution is a local, pan-European and hemisphere problem. Air pollutants emitted in one country can
be transported into the atmosphere, contributing to or leading to low air quality in other areas.
Suspended dust, nitrogen dioxide and ground-level ozone are currently recognized as the three pollutants
that most severely affect human health. Long-term and maximum exposures to these pollutants vary in severity
and impact, from minor effects on the respiratory system to premature death. About 90% of Europe's urban
residents are exposed to pollutants in concentrations above levels of air quality that are considered harmful to
health. For example, fine suspended dust (PM2.5) in the air reduces life expectancy in the EU by more than eight
months. Benzopyrene is an increasingly worrying carcinogen that, in several urban areas, especially in Central
and Eastern Europe, is present in concentrations that exceed the threshold set for the protection of human health
(Directive on ambient air quality and cleaner air for Europe 2008) .
Air pollution is harmful to human health and ecosystems. A large part of the population does not live in a
healthy environment, according to current standards. In order to follow a sustainable path, Europe will have to
show ambition and not confine itself to current legislation.
The agricultural sector will have to make a sustained effort to meet the ammonia reduction commitments
set out in the new legislation on reducing national emissions of certain air pollutants (NECs) which came into force
at the end of 2016. Ammonia emission reduction measures , including low-tech investments and changes in
agricultural practices, are mainly for large industrial corporations, which are responsible for 80% of ammonia
emissions.
Member States had until 30 June 2018 to transpose these rules into their legislation. By 2019, they were
to draw up National Air Pollution Control Programs to establish measures to reduce emissions of five major air
pollutants - fine particulate matter (PM2.5), sulfur dioxide, nitrogen oxides, volatile organic compounds nonmethane and ammonia - to achieve the agreed targets for 2020 and 2030.
MATERIALS AND METHODS
The primary sources of sulfur in diesel fuel are the sulfur-containing compounds that occur naturally in
crude oil. Depending on the source, crude oil contains anywhere from fractions of a percent of sulfur, such as less
than 0.05 weight percent (500 ppm) to as much as several weight percent (fig.1).

Fig. 1. -Diagram of a Typical Complex Refinery
(EPA420-R-04-007 Control of Emissions from Nonroad Diesel Engines)
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Various regulatory agencies and other engine classification schemes have categories called non-road
engine (or similar) for engines that are used for other purposes than a motor vehicle that is used on a public
roadways. The term is commonly used by to classify the engines in order to control their emissions.
The Environmental Protection Agency (EPA) is adopting requirements to reduce emissions of particulate
matter (PM), oxides of nitrogen (NOX), and air toxics from nonroad diesel engines. This rule includes emission
standards for new nonroad diesel engines. The rule also reduces the level of sulfur for diesel fuels used in nonroad
engines, locomotive engines, and marine engines (https://www.epa.gov /moves/nonroad-technical-reports).
The reduction in sulfur for nonroad diesel fuel will enable the use of advanced emission-control technology
that new nonroad diesel engines will use to achieve the emission reductions called for under the engine standards
in this final rule.
The draft non-road model calculates past, present and future emission inventories for all nonroad
equipment categories except commercial marine, locomotives and aircraft. Fuel types included in the model are
:gasoline,disel,compressed natural gas, and liquiefied petroleum. The model estimates exhaust and evaporative
hydrocarbons (HC), carbon monoxide (CO), oxides of nitrogen (NOx), particulate matter (PM), sulfur dioxide (SO2),
and carbon dioxide (CO2) (https://www.epa.gov/sites/production/files/2020-07/documents/nonroad_ria_finalnonroad-diesel-engines_2004-05.pdf).
The draft NON-ROAD 2004 model estimates exhaust emissions using the equation where each term is
defined as follows:
𝐼𝑒𝑥ℎ = 𝐸𝑒𝑥ℎ ∙ 𝐴 ∙ 𝐿 ∙ 𝑃 ∙ 𝑁
(1)
Where:
Iexh is the the exhaust emission inventory (gram/year, gram/day);
Eexh - exhaust emission factor (gram/hp-hr);
A - equipment activity (operating hours/year);
L - Load factor (average proportion of rated power used during operation (percent);
P - average rated power (hp);
N - Equipment population (units).
Emissions are then converted and reported as tons/year or tons/day. For diesel engines, each of the
inputs applies to sub-populations of equipment, as classified by type (dozer, tractor, backhoe, etc.),
Because most emission data have been collected under steady-state conditions (constant engine speed
and load), and because most real-world operation involves transient conditions (variable speed and load), we
attempt to adjust for the difference between laboratory measurements and real-world operation through the use
of transient adjustment factors (TAFs).
The TAF is a ratio representing the difference in the emission rate between transient and steady state
operation. The TAF is are estimated by collecting emission measurements on specific engines using both transient
and steady-state cycles, and calculating the ratio.
𝑇𝐴𝐹 =

𝐸𝐹transient
𝐸𝐹steady state

(2)

Where: EF transient is the measurement for a given engine on a specific transient cycle, and EF steadystate is the corresponding measurement for the same engine on a selected steady-state cycle.
Data from seven transient cycles were used to develop seven TAFs for each of the four pollutants. The
seven cycle TAF is were then binned into two categories, based on the cycle load factors. TAF is were then
assigned to each equipment type represented in the model on the basis of engineering judgment.
𝑆𝑃𝑀𝑎𝑑𝑗 = 𝐵𝑆𝐹𝐶 ∙ 𝑚𝑆𝑂4,𝑆 ∙ 𝑚𝑃𝑀,𝑆 ∙ 0.01 ∙ (𝑆𝑏𝑎𝑠𝑒 − 𝑆𝑖𝑛 𝑢𝑧 )
(3)
Where:
BSFC - brake-specific fuel consumption (g fuel/hp -hr);
mSO4, S - a constant, representing the sulfate fraction of total particulate sulfur, equal to 7.0g PM SO4/g PM
S;
mPM,S - a constant, representing the fraction of fuel sulfur converted to particulate sulfur, equal to 0.02247
g PM S/g fuel S, 0.01 = conversion factor from wt% to wt fraction;
Sbase - base sulfur level in NONROAD (0.33 wt%, 3300 ppm for pre-control and Tier 1 engines, 0.20 wt%,
2000 ppm for Tier 2-3 engines;
Sin-use - in-use diesel sulfur level as specified by user (wt %).
Relative Deterioration Rate (percent increase in emission factor/percent median life expended).
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This variable plays a key role in calculation of the deterioration factor. Values of the relative deterioration
rate are assigned based on pollutant, rated-power class, and tier. Using the relative deterioration rate (d), the
annualized median life (ly) and the equipment age, draft NON-ROAD 2004 calculates the deterioration factor as:
𝐷𝐹𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑠,𝑙𝑒𝑣𝑒𝑙,𝑦𝑒𝑎𝑟 = 1 + 𝑑𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑠,𝑙𝑒𝑣𝑒𝑙 (

𝑎𝑔𝑒𝑦𝑒𝑎𝑟
𝑙𝑦

)

(4)

Where:
DFpollutant,year - the deterioration factor for a given pollutant for a model-year cohort in the simulation year;
d - the relative deterioration rate for a given pollutant (percent increase in emission factor /percent useful
life expended) and regulatory tier;
age - the age of a specific model-year group of engines in the simulation year;
ly - the annualized median life of the given model-year cohort (years).
The deterioration factor adjusts the exhaust emission factor for engines in a given model-year cohort in
relation to the proportion of median life expended. The model calculates the deterioration linearly over one median
life for a given model-year cohort (represented as a fraction of the entire population). Following the first median
life, the deteriorated emission factor is held constant over the remaining life for engines in the cohort (Kean et al,
2000).
Equipment Population The model projects the equipment population for the user-specified simulation
year. The current year’s population (Nyear) is projected as a function of the base-year population (Nbase) as:

𝑁𝑦𝑒𝑎𝑟 = 𝑁𝑏𝑎𝑠𝑒 (1 + 𝑛𝑔)

(5)

Where g is the annual growth rate and n is the number of years between the simulation year and the base
year. For diesel equipment, population projection follows a linear trend as in the equation above. Diesel growth
rates in the model vary only by sector (e.g., agricultural, construction). The sector-specific growth rates are applied
to all equipment types and hp categories within each sector.
Emission Calculation for a given pollutant, the calculations described above are performed and the
resulting inputs multiplied in the exhaust emission equation. The steps are repeated for each rated-power class
within an equipment type to obtain total emissions for that type. The resulting subtotals for equipment types are
then summed to obtain total emissions from all equipment types included in the simulation. These processes are
repeated for each pollutant requested for the simulation. Using summation notation, the process may be
summarized as:
𝑡ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡𝑦𝑝𝑒𝑠 𝑜𝑓 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡

⏞

𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑚𝑜𝑑𝑒𝑙−𝑔𝑟𝑜𝑢𝑝𝑠 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠
𝑤𝑖𝑡ℎ𝑖𝑛 𝑎 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡

⏞
𝐼𝑒𝑥ℎ,𝑝𝑜𝑙𝑙 = ∑ ∑ ∑

𝑡ℎ𝑒 𝑠𝑢𝑚 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡𝑦𝑝𝑒𝑠 𝑜𝑓 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝑔𝑟𝑜𝑢𝑝𝑠 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠
𝑤𝑖𝑡ℎ𝑖𝑛 𝑎 𝑝𝑜𝑤𝑒𝑟 𝑐𝑙𝑎𝑠𝑠

⏞
(𝐸𝑒𝑥ℎ,𝑝𝑜𝑙𝑙 ∙ 𝐴 ∙ 𝐿 ∙ 𝑃 ∙ 𝑁)

(6)

[ (

)]

Estimation of SO2 Emissions
To estimate SO2 emissions, the draft NONROAD2004 model does not use an explicit emission factor.
Rather, the model estimates a SO2 emission factor EFSO2 on the basis of brake specific
fuel consumption, the user-defined diesel sulfur level, and the emission factor for THC.
𝐸𝐹𝑆𝑂2 = [𝐵𝑆𝐹𝐶 ∙ (1 − 𝑚𝑃𝑀,𝑆 ) − 𝐸𝐹𝑇𝐻𝐶 ] ∙ 𝑆𝑖𝑛 𝑢𝑧 ∙ 𝑚𝑆𝑂2,𝑆

(7)

Where:
BSFC - brake-specific fuel consumption (g/hp-hr);
mPM,S - a constant, representing the fraction of fuel sulfur converted to particulate sulfur, equal to 0.02247
g PM S/g fuel S;
EFTHC - the in-use adjusted THC emission factor (g/hp-hr);
Sin-use - the user-specified scenario-specific sulfur content of diesel fuel (weight fraction);
mSO2,S - a constant, representing fraction of fuel sulfur converted to SO2, equal to 2.0 g SO2/g S.
Estimation of Fuel Consumption (https://www.arb.ca.gov/msei/offroad.htm)
The draft NONROAD2004 model estimates fuel consumption using the equation:
𝐹=
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Where:
F in the fuel consumption (gallons/year);
BSFC - brake-specific fuel consumption (lb/hp-hr);
A - equipment activity (operating hours/year);
L - load factor (average proportion of rated power used during operation (percent);
P - average rated power (hp);
N - equipment population (units);
D - fuel density (lb/gal); diesel fuel density = 7.1 lb/gal.
RESULTS
These actions differ depending on the type of pollution and the environment in which the pollutants
generated by various sources of pollution are dispersed. The modalities of action mainly aim at the following
directions: reduction of pollutant emissions, sewerage and capture of pollutants at the emission source, treatment
of pollutants in order to reduce their harmful action through natural or artificial processes. The approach to the
problem can be treated synthetically depending on the main branches of the economy that are sources of
environmental pollution.
Emissions of gaseous pollutants from transport can be reduced or eliminated by putting into service highefficiency and low-fuel vehicles, replacing tetraethyl lead or tetramethyl lead in petrol with other non-toxic
substances in order to increase the octane number and the quality of petrol. unleaded petrol or the replacement
of petrol with alcohol as well as the widespread introduction of the electric motor in vehicles.
The endowment of vehicles with a catalytic drum involves the use of platinum-based catalysts that have
the role of reducing the volume of gaseous pollutants by ensuring an optimal mixture between gasoline and air,
made with the help of the Lambda probe.
Exhaust gas catalytic purification uses catalytic cartridges containing: Platinum or oxides of Ni and Cu,
Co, Mn, LaCoCO3, PrCoCO3, Cu, Cr, Al2O3 compounds deposited on glass fiber ceramic material (CER-VIT),
resistant and at 1100°C. The catalysts work at 150-600oC, or more (temperature of the non-exhaust gases), in
vibration conditions. It changes after 1500-2000 hours of operation, effective for nitrogen oxides, C, and Pb,
respectively.
The catalysts can be deposited in three layers. The most advanced systems contain a combination of
catalytic layers, heat exchangers and a trap system for absorbing hydrocarbons emitted in the first 2-4 seconds,
until the catalyst heats up. Fig. 2 shows a catalytic layer, also called a catalytic burner
gas

gas

Fig. 2. - `The combination of catalytic layers

Catalysts reduce pollution by 90%, but increase fuel consumption by 10%, decrease engine power by 58% (because it increases exhaust back pressure), increase the cost of maintenance by 10%, repair by 30-40%
and the vehicle by 10-15%.
An intense action of purification of the environment takes place through the vegetation that achieves the
depollution of the atmosphere by retaining gases and dusts and the depollution of soils by absorbing pollutants
from the soil solution. The existence of protective curtains or hedges reduces the degree of air and noise pollution.
The soil can function as a purification system for many pollutants due to its adsorbent characteristics as well as
the biological activity in the soil.
The natural self-cleaning capacity of the environment contributes a lot to reducing the harmful effect of
pollutants, especially atmospheric ones. Exceeding the self-purification capacity of the environment involves
human intervention in order to reduce the level of pollution through anthropogenic actions.
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The limitation of pollution generated by agricultural activity aims to reduce the amount of substance with
polluting effect, by increasing the efficiency of use and gradually replacing non-polluting products or technologies
specific to organic farming.
CONCLUSIONS
The general means of protection of the atmospheric air follow 3 principles:
- Reducing pollutant emissions by the most efficient means and techniques;
- Neutralization of various substances with polluting potential;
- Compliance with the laws in the field of atmosphere protection.
In order to comply with atmospheric air pollution control strategies, it is necessary to implement
(elaborate) socio-economic prevention measures as well as individual air protection measures. Theoretical
considerations can be used to demonstrate that factors related to fuel consumption and equipment emissions
can be identified and quantified by their degree of impact, statistical analysis and modeling, and actions can be
taken accordingly to reduce emissions through improved maintenance and operations.
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ABSTRACT
One of the renewable sources that provides the biomass needed in order to generate bioenergy,
widespread in recent decades in European Union countries and beyond, is the crop of Miscanthus giganteus,
which by capitalization provides a number of economic benefits and has a friendly impact on the environment.
This plant can be used to produce electricity and / or heat, both in large thermal power plants (30 MW), which use
thousands of tons of biomass annually, as well as in in small domestic systems, which use several tons during
the winter.By using the Miscanthus plant in the combustion process, carbon dioxide emissions are reduced and
methane emissions from deposits are eliminated. This paper presents some research on the evolution of
phenological characteristics (stem diameter and height) of the plant Miscanthus depending on climatic conditions,
this contributing to the evaluation of its growth rate over time, an important aspect that must be taken into account
when evaluating the annual production achieved.
REZUMAT
Una dintre sursele regenerabile care asigură biomasa necesară generării bioenergiei, larg răspândită în
ultimele decenii în ţările din Uniunea Europeană şi nu numai, este cultura de Miscanthus giganteus, care prin
valorificare asigură o serie de avantaje economice şi s un impact prietenos asupra mediului. Această plantă poate
fi folosită pentru producerea energiei electrice şi/sau termice atât în termocentralele mari (30 MW), care folosesc
mii de tone de biomasă anual, cât şi în sisteme mici casnice, care utilizează câteva tone, în timpul perioadei de
iarnă. Prin utilizarea plantei Miscanthus în procesul de ardere, emisiile de dioxid de carbon sunt reduse, iar cele
de metan degajate din depozite sunt eliminate. In lucrarea de faţă se prezintă unele cercetări privind evoluţia
caracteristicilor fenologice (diametrul şi înălţimea tulpinii) ale plantei Miscanthus în funcţie de condiţiile climatice,
acest lucru contribuind la evaluarea ritmului de creştere a acesteia ȋn timp, un aspect important de care trebuie
să se ţină seama în evaluarea producţiei anuale realizate.

INTRODUCTION
Europe faces challenges when it comes to securing energy resources in order to increase security of
energy supply with a direct impact on reducing greenhouse gas emissions. Renewable energy is a solution for
this matter, several policy initiatives, such as the 20% Renewable Energy Directive 2009/28 / EC for 2020, support
the increasing need to switch from a fossil fuel-based society to a society based more on renewable energy.
Bioenergy is an essential factor in achieving the objectives of the Directive by 2020, the biomass having an
important role in the National Action Plan for Renewable Energy, which is developed within the framework
established by the Renewable Energy Directive (Groza, 2010).
One of the renewable sources that provides the biomass needed to generate bioenergy, widespread in
recent decades in European Union countries, is the crop of Miscanthus giganteus, which, by capitalization,
provides a number of economic benefits,especially on the environment. It can be used to produce electricity and
/ or heat, both in large thermal power plants (30 MW), which use thousands of tons of biomass annually, as well
as in small domestic systems that use several tons only, during the winter period. By using Miscanthus sp. in the
combustion process, the carbon dioxide emissions are reduced and the methane emissions from the deposits are
eliminated (Voicu et al., 2009).
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The studies on the evolution of phenotypic characteristics contribute to the process of increasing plant
production by collecting the available data on the entire biological potential of Miscanthus sp. In order to achieve
this goal, physiological research was necessary to obtain conclusive data on the fundamental processes in
establishing thecrops of Miscanthus sp.
Being a C4 photosynthetic cycle plant with modified CO2 fixation, Miscanthus sp.has a high productivity
and uses the available resources more effectively, and, combined with the reduced requirements for agronomic
practices, it is better adapted for the biomass destined to produce energy (Plant Physiology 132, 2003 ).
Furthermore, itimplies low nutritional requirements, with an efficient use of nitrogen and therefore, it is able to
grow well on arid land without the help of fertilization. Miscanthus sp. is a sterile hybrid, so it grows vegetatively
through its rhizomes (Lewandowski et al., 2000).
Rapid growth, low mineral content and high biomass production, all these make Miscanthus sp. a valuable
energetic plant. The CO2 emission resulting from combustion is equal to the amount of CO2 used by the plant
during vegetation and thus the process is neutral in terms of greenhouse gas emissions. An additional benefit of
the plant Miscanthus sp. may be its ability to sequester carbon in the soil (Clifton-Brown et al., 2007).
Ongoing studies in the United Kingdom, the United States and Ireland are making major progress towards
the development of Miscanthus sp. as a source of biomass for energy production, either for direct combustion or
cellulosic ethanol, or biofuel production (National Non-Food Crops Center, 2011).
Miscanthus sp. is mainly grown in Europe, especially for energy cogeneration (producing energy by
combining electricity and heat in an integrated plant) and could supply 12% of the EU's energy requirements by
2050 (Dondini et al., 2009).
Aloterra Energy, a biomass trading company from the United States, together with its partner MFA Oil
Company, have established over 18,000 hectares of crops of Miscanthus sp. in four separate areas of the United
States during the 2012 planting season. These four areas representprojects in the new Biomass Crop Assistance
Program (BCAP) for 2012, being awarded by the US Department of Agriculture—USDA. The 18,000 hectares will
produce 10,000,000 barrels of liquid fuel. At full maturity, they will be ten times larger and will have a real impact
on fuel supply (Brown, 2012).
Researchers at the University of Illinois at Urbana-Champaign (Pyter et al., 2009) concluded that
Miscanthus sp. could serve as a clean substitute for solid fuel to be used in energy production.
MATERIALS AND METHODS
Producing Miscanthus sp. have become a practice in Europe starting with 1990 and it has been observed
that they are directly correlated with the sunlight, the temperature and the available soil water reserve. The annual
variability of these factors have a direct impact on the variation of biomass production. The average biomass
productions obtained so far in Europe vary between 12 and 20 t / ha.
The requirements that need to be fulfilled in order to cultivate Miscanthus sp. are not strict. Biomass
production is heavily influenced by the fertility of the soil and the water reserve,rathen than by its nature.
Miscanthus sp. behaves accordingly on both sandy and organic soils. Soil reaction doesn’t play an important role
in the development of Miscanthus sp., some authors even claim that the best yields are obtained on soils with a
pH between 5.5–7.5.
The areas suitable for growing Miscanthus sp. are widespread. The plant requires a minimum temperature
of 6 ° C, lower than the temperature needed for corn, so the possible vegetation period is longer. The main
impediment in the way of a healthy duration of the vegetation period is the autumn frost that dries the leaf and
interrupts the vegetative cycle of the plant.
Annual rainfall and soil water supply strongly influence the production of Miscanthus sp. A positive aspect
is that it possesses a very good mechanism of water recovery, its roots being able to penetrate and extract the
water from a depth of approx. 2 m. However, in order to obtain high biomass yields, the plant may need more
water than the available quantity. In addition, rich leaf mass signifies the ability of the leaves to intercept 20-30%
of rainwater and evaporate it before it reaches the ground. The soil water reserve available during the vegetation
period influences the productive potential of the crop in that year, so it was calculated that for every mm of water
deficit in the soil reserve, there is a loss of 90 kg biomass / ha. Irrigation is not worth its costs and results in low
revenues from biomass recovery anyways. During periods of prolonged drought, the leaves start twisting
themselvesand afterthey dry out, reducing the production of the year, but it has been observed that the crop finds
a way to survive and regenerates the following year.
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Miscanthus sp. has a high capacity to efficiently exploitthe soil fertility and to recycle significant amounts
of fertilizers through rhizomes. The rhizomes (figure 1) of bronze color have irregular shapes, with protuberances
and even pronounced branches, their thickness varying between 7 and 12 m.

Fig 1.- Rhizomes of Miscanthus sp.

Mature rhizomes store more fertilizer than the plant requires, therefore, after two vegetative cycles, only
small amounts of additional fertilizer are needed. When setting up the farm, 25 kg / ha P2O5, 50 ... 60 kg / ha
K2O and 150 kg / ha N are required, depending on the initial soil supply.
Every year, the plant Miscanthus sp. loses its leaves, which will later provide the soil with nutrients for the
next harvest year (figure 2), (Marin and Sorica, 2009).

Fig 2.- Nutrient circulation

The main purpose of this research paper based on a controlled study of the main phenological
characteristics of the plant Miscanthus sp. is todetermineits adaptability to the natural conditions in the area.
For this, three growth variants of the plant Miscanthus sp. placed on batches of a size of 1 x 1 m, were
analyzed and for each one of them we recorded both the diameter and stem heihgt
Within batches with a size of 1 × 1 m, three growth variants of the plant Miscanthus sp. Were analyzed,
the following characteristics being recorded for each batch: diameter and stem height.
The stress conditions to which the plants have been subjected on the experimental areas were:
- on the V1 variant, there have been no chemical fertilizer distributed
- on the V2 variant, a quantity of 100 g / m2 nitrogen has been distributed;
- on the V3 variant, a quantity of 150 g / m2 nitrogen has been distributed.
The measurements for the three experimental variants were performed over five days of growth.
The paper followed the behavior of the plant Miscanthus sp., in the existing meteorological conditions in
the studied area (air temperature and relative humidity, barometric pressure, solar radiation and rain), also
determining the physical processes (humidity and ash content).
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The determination of the pedoclimatic conditions was performed with the aid of a digital system for
microclimate monitoring (professional agro-meteorological meteorological station type Delta-T Weather StationsWS-STD1 located at INMA Bucharest).
During the vegetation, phenological observations were made regarding:
- the moment of dawn;
- the appearance of the first true leaves;
- stem diameter and height.
The diameter of the stem was measured with a caliper of 0300mm and its height with a roulette of 08
m, both belonging to INMA Bucharest
For the microscopic analysis of the vegetative organs, the collected material was brought to the laboratory
where it was later preserved..
Cross sections were made through the aerial organs (stem, leaves) of the plant Miscanthus giganteus.
The descriptions were enriched by photos taken with the ML – 4M IOR microscope, in the possession of the
University of Agricultural Sciences and Veterinary Medicine in Bucharest, with the PANASONIC LUMIX DMC LS60 (6MPX, 3X optical zoom).
Location of experimentes
In order to conduct an experimental research on the influence that the chemical fertilizers have on the
biological and morphological features of the plant Miscanthus sp., rhizomesfrom the demonstration group at the
National Research - Development Institute for Machinery and Installations for Agriculture and Food Industry INMA Bucharest were planted in PVC pots with the size of 27.5 × 1.10 × 1.10.
The appearances of the experimental variants are presented in (figure 3).

Version 1

Version 2

Version 3

Fig 3. -Aspects of experimental variants

During the vegetation, there have been conducted phenological observations concerning the moment of
emergence and the appearance of the first true leaves.
The location of the experimental areas, the working variants and the observation areas were chosen
randomly for the demonstration group hosting Miscanthus sp. located at INMA Bucharest.
Climatic conditions. The graph in (figure 4) shows the air temperature recorded during the determination
of the phenological characteristics of the plant Miscanthus sp.

Fig 4.-Graphical representation of air temperature
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The analysis of the graphs shows that:
- the maximum air temperature was 30ºC on May 21, 2013;
- the maximum air humidity was 80% on May 24, 2013;
- the maximum barometric pressure was 1005 hPa on May 21, 2013;
- the maximum rainfall was 14 mm on May 24, 2013.
RESULTS
The result of determining the phenological characteristics of the plant Miscanthus sp. are presented in
(Table 1).
Table 1.
Results with measurements of the main phenological characteristics
Ziua

Varianta 1

Varianta 2

Varianta 3

Media

Caracteristica

Caracteristica

Caracteristica

Caracteristica

19.05.2013

D [mm]
5,5

H [mm]
905

D [mm]
6

H[mm]
925

D[mm]
7

H[mm]
1105

D [mm]
6,17

H[mm]
978,33

20.05.2013
21.05.2013
22.05.2013
23.05.2013
Media

6,0
6,2
6,5
7
6,24

940
970
990
1150
991

6,2
6,5
7,0
7,5
6,64

960
990
1100
1125
1020

7,2
7,5
7,8
8
7,5

1130
1230
1250
1325
1208

6,47
6,73
7,10
7,50
6,79

1010,00
1063,33
783,33
1200,00
1070,00

where:
D-is the diameter of the stem, in mm
H – plant height Miscantus sp., in mm

Fig 8.-The average diameter of the stem of Miscanthus sp.
for experimental variants

Based on the analysis of the data collected during the five-days period concerning the phenological
characteristics,we have noticed:
an increase of 0.4 mm in the average diameter of the plants in Variant V2 compared to those in
Variant V1;
an increase of 0.86 mm in the average diameter of the plants in Variant V3 compared to those in
Variant V2;
an increase of 1.26 mm in the average diameter of the plants in Variant V3 compared to those in
Variant V1;
an increase of 29 mm in the average height of the plants in Variant V2 compared to those in
Variant V1;
an increase of 188 mm in the average height of the plants in Variant V3 compared to those in
Variant V2;
an increase of 217 mm in the average height of the plants in Variant V3 compared to those in
Variant V1.
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The fact that the diameter and height of the plants in Variant V1 are smaller than those of the plants in
Variants V2 and V3 is due to the stress condition caused by the absence of additional nitrogen.
CONCLUSIONS
The novelty of the research consists on the fact that for the first time in Romania, according to our
knowledge, there have been conducted phenological observations and there have been highlighted anatomical
and morphological characters by macroscopic and microscopic analysis of the vegetative organs of the plant
Miscanthus sp.
Being a plant that can be used as biomass for combustion in thermal power plants, Miscanthus sp. has
been assigned the following characteristics: the average hygroscopic humidity of 54.46% and the ash content of
4.193%.
During the experimental field research, the following characteristics were determined: the average
diameter and the average height of the Miscanthus sp. The fact that the diameter and height of the plants in
Variant V1 are smaller than those of the plants in Variants V2 and V3 is due to the stress condition caused by the
absence of additional nitrogen.
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ABSTRACT
The paper presents a study on the main features of solutions offered by companies specialized in the
domain of field crop protection. The results presented constitute a scientific database that will lead to the
consolidation of knowledge, and by implementing them in exploitation it will be possible to increase the
competitiveness of the agricultural sector, while enhancing its sustainability, by addressing the new challenges
for current agricultural practices and production.
REZUMAT
Lucrarea prezintă un studiu privindprincipalele caracteristici ale soluțiilor inovatoare oferite de companiile
specializate în domeniul protecției culturilor de camp. Rezultatele prezentate constituie o baza de date științifice
care va conduce la consolidarea cunoștințelor, iar prin implementarea acestora în exploatare se va putea realiza
creșterea competitivității sectorului agricol, consolidându-i, în acelaşi timp, sustenabilitatea, prin abordarea noilor
provocări pentru practicile și producția agricolă actuală.
INTRODUCTION
Agriculture 4.0, in analogy to industry 4.0, stands for the integrated internal and external networking of
farming operations. This means that information in digital form exists for all farm sectors and processes;
communication with external partners such as suppliers and end customers is likewise carried out electronically;
and data transmission, processing, and analysis are automated (Tejas and Sanjay, 2019).
Agriculture 4.0 paves theway for the next evolution, including the present operation without direct human
and system-based devices that can make decisions automatically (Tien et al, 2017).
Smart farming and precision agriculture involve the integration of advanced technologies into existing
farming practices in order to increase production efficiency and the quality of agricultural products. As an added
benefit, they also improve the quality of life for farm workers by reducing heavy labor and tedious tasks. Smart
Farming can be adapted to support any type of farm, from control of what happens and monitoring of the various
processes. This includes solutions from monitoring environments, using a user-friendly application on a smart
phone or tablet (Radhi,2017).
A method of implementing precision farming (according to the concept of agriculture 4.0) requires real-time
analysis of information on growing crops and their health status (Gageanu et al, 2018).
Agricultural drone type aerial mapping systems are used in the agricultural and forestry field to conduct
vegetation assessment flights in the infrared spectra in the purpose of early highlighting the changes in the health
status of plants, before becoming evident in the visible spectrum (Persu et al, 2018).
Infrared spectre vegetation assessment flights are applied in the agricultural and forestry field in the purpose
of early highlighting the changes in the health status of plants, before they become evident in the visible spectrum
(Persu et al, 2018).
Due to their small range, which is mainly caused by the battery capacity, electric drones are chiefly used in
operations on the small surfaces of fields situated on different heights or in locations that are hard to access
(Berner and Chojnacki, 2017).
Drones offer a range of exciting opportunities for improving the management of crops, livestock, fisheries,
forests and other natural resources. Drones permit farmers to obtain a birds-eye-view of their crops, allowing them
to detect subtle changes that cannot be readily identified by “crop scouts” at ground level (Gerard, 2018).
This paper analyses methods for crop protection corresponding to the concept of agriculture 4.0 showing
research in the area and different solutions from manufacturers.
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MATERIALS AND METHODS
By using drones in agriculture, farmers can benefit from maps containing information about vegetation
crops. Through these maps, farmers would be able to spray fertilizer where the soil is poorer, could only irrigate
drier areas and treat only plants that need to be protected from pests. The present constructions of drone, called
also unmanned aerial vehicle (UAV), are divided into drones with electric drives, where electric batteries constitute
the source of energy, and drones that are driven with the use of internal combustion engines (Berner and
Chojnacki, 2017). A UAV is an aircraft which can flight without a human pilot and controlled by the radio channel.
Multi rotors are the one type of UAVs, further which are classified into number of rotors in their platform. Modern
drones are fitted with GPS and camera which can be used by pilot to track and fly the drones to larger distances
via making use of GPS enabled smartphones and even portable LCD enabled remote controls (Vikram et al,2017).

Fig.1 - Agriculture drone (https://www.dji.com/mg-1)

One of their most common usesof drones is thecapture of images of the crops. These images are later
analyzed with programs that provide information about how the crops are evolving. This way, the farmer knows,
for instance, which areas need to be watered more intensively (the analysis here is usually based on the radiation
that the vegetables release or reflect in certain bands of the EM spectrum), where there are more weeds to
remove, or if there is presence of any plague.

Fig.2 - NDVI map for the monitored surface (Găgeanu et al, 2018)

The ability to inspect in-progress crops from about 100 meters height using Normalized Difference
Vegetative Index (NDVI) or nearinfrared (NIR) sensors is, thus far, the premier application for drones in farming.
Drones from the present generation, allow for coverage of more surface area in a much shorter time stretch, as
well as the capturing of data that cannot be seen by the human eye (like the NDVI or near infrared). Moreover, it
removes much of the human error aspect of traditional inventory work, though a physical inspection of an area of
concern after viewing the imagery is still recommended (Frank, 2015).
RESULTS
In the past decades researchers and manufacturing companies have developed intelligent solutions for
field crops protection. In 2018, INMA Bucharest developed the project "Experimental research on aerial mapping
of agricultural crops corresponding to the concept of agriculture 4.0" which aimed to conduct a prospective study
on spectral monitoring technologies of agricultural crops corresponding to the concept of agriculture 4.0,
conducting research experiments on making spectral maps of agricultural crops using the aerial monitoring
system, determining the vegetation status of agricultural crops analyzed based on spectral maps, developing a
methodology for adapting phytosanitary treatments related to analyzing the vegetation status of crops, validation
and demonstration method of aerial monitoring of agricultural crops and wide dissemination of results.
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In this project it was determined that the multispectral data obtained using the agricultural drone type aerial
spectral monitoring system used can lead to the identification on a seemingly healthy field of stress, disease
outbreak or nutrient deficiency. Detection of such problematic areas and appropriate treatment determines an
increase in efficiency, yield and profit of the monitored crop.Results indicated the fact that agriculture drone type
aerial monitoring systems offers the possibility to obtain exact large-scale information on the health status of crops
(Găgeanu et al, 2018).
The DEPHY networkset up in 2010 by The French Minister for agriculture is a network of farms which can
act as demonstration farms for efficient use of crop protection products.The Chambers of Agriculture have
developed a service to control nitrogen fertilisation of rapeseed and wheat called “Mes dron’im@ages”.This
service uses drones for local herbicide techniques in areas with weeds in cereal and legume crops, as well as to
detect the number of harmful insects in rapeseed crops that can optimize doses and areas to be treated with
pesticides.
Below are presented a few solutions for crop protection from different manufacturers.
• DEKALB
The Dekalb Smart platform, developed by DEKALB® Romania, presents intelligent solutions for increasing
the profit on the farm. One of the basic ideas of the platform concerns the importance of crop density for increasing
profit, the production increase being considerably increased if the density is also controlled.

Fig.3 - Dekalb Smart (https://www.dekalb.ro)

•

Parrot
Parrot drones are used to monitor large crops (cereals, legumes, rapeseed, sunflower, etc.), orchards and
vineyards, to collect information about the condition of plantations and their analysis. All these data allow
agricultural producers to quickly assess the situation on the ground in order to apply appropriate treatments and
to reduce the damage caused by diseases or pests.
Parrot Disco-Pro AG is the all-in-one multipurpose drone solution for farmers design to help them improve
the ROI of their crops. This ready-to-use solution allows farmers to easily and quickly obtain information about
their harvest whenever they need it, such as: (https://www.parrot.com/global/drones)
- identification of health status, maturity stage and damaged areas for the studied crops
- making a quick overview of the culture and agricultural infrastructure seen through the Full HD front camera

Fig.4 - Parrot DISCO-Pro AG (https://www.parrot.com/global/drones)

Parrot Bluegrass Fields is a comprehensive, ready-to-fly drone solution that spans the entire crop analysis
workflow. Parrot Bluegrass Fields provides agriculture professionals with the insights they need to maximize their
yields and boost the quality of their crops.
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Fig.5 -Parrot Bluegrass Fields (https://www.parrot.com/global/drones)

•

DJI
The DJI Agras MG-1 is an octocopter designed for precision variable rate application of liquid pesticides,
fertilizers, and herbicides, bringing new levels of efficiency and manageability to agriculture.
The MG-1 ‘s powerful propulsion system allows the aircraft to carry up to 10 kg liquid payloads, including
pesticides and fertilizers.The combination of speed and power means that an area of 4,000-6,000m² can be
covered in just 10 minutes, or 40 to 60 times faster than manual spraying operations. The intelligent spraying
system automatically adjusts its spray according to the flying speed so that an even spray is always applied. This
way, the amount of pesticide or fertilizer is precisely regulated to avoid pollution and economize operations.

Fig.6 - MG-1S Drone (https://www.dji.com/mg-1)

•

Climate
The integrated digital agriculture platform FieldView ™ from Climate offers farmers a complete suite being
connected to digital tools. By improving field data collection, advanced agronomic modeling and local weather
monitoring in simple mobile and web software solutions, the Climate FieldView platform gives farmers a deeper
understanding of their land so they can make better-informed decisions to optimize productions, maximize
efficiency and reduce risks.

Fig.6 - FieldView ™ platform (https://climatefieldview.ca)

With the FieldView platform farmers can collect, store, and visualize critical field data, monitor and measure
the impact of agronomic decisions on crop performance, and manage field variability by building customized
fertility and seeding plans for fields to optimize yield and maximize profit.

760

INTERNATIONAL SYMPOSIUM

CONCLUSIONS
Researchers and manufacturing companies have developed intelligent solutions for field crops protection
according to “agriculture 4.0".
By using drones in agriculture, farmers can benefit from maps containing information about vegetation
crops. The maps obtained from drones contain information that lead to the identification on a seemingly healthy
field of stress, disease outbreak or nutrient deficiency. Detection of such problematic areas and appropriate
treatment determines an increase in efficiency, yield and profit of the monitored crop.
Also,companies have developed integrated digital platforms that aid the farmers in collecting field crop
information. In this way, considerable potential savings can be achieved, the plants would be healthier and higher
yields of the monitored crops are obtained.
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ABSTRACT
The paper presents research on kinematic analysis of retractable fingers for two variants of mechanisms.
An experimental stand of the mechanism was designed and printed with a 3D printer. In order to kinematically
investigate the retractable finger mechanism, a method was chosen in which the mechanism is set in motion by
means of an electric motor and its operation is video captured. The video material was then analyzed with
specialized software.
REZUMAT
Lucrarea prezintă cercetări privind analiza cinematicăa degetelor escamotabile pentru două variante de
mecanisme. Un stand experimental a fost proiectat și imprimat cu ajutorul unei imprimante 3D. Pentru a cerceta
din punct de vedere cinematic transportorul cu degete escamotabile, s-a ales o metodăîn care mecanismul este
pus în mișcare cu ajutorul unui motor electric și funcționarea acestuia este captată video. Materialul video este
apoi analizat cu un soft specializat.
INTRODUCTION
Nowadays, combine harvesters are equipped with massive headers capable of harvesting largeamounts
of vegetable material. A very important component of the header is the retractable finger auger.
The most important parameters of the retractable fingers drum are the angular velocity of the drum, finger
tip speed; and the law of variation of the path of the tip of the finger outside the cylinder (Miu, 2012).
The retractable finger is the most active component of the retractable finger drum. During operation, the
retractable fingers perform a complex movement (Caba et al, 2012). The fingers tend to press the plant material
onto the surface of the cylinder so that part of the crop begins to wrap around the drum instead of being driven to
the central conveyor. Another flaw in the operation of the conventional mechanism is its speed. With such a
mechanism applied to a auger that feeds the harvested material from both ends to the middle, where the finger
mechanism begins to act, the finger mechanism may not be able to remove the crop as quickly as it is received
(Allen, 1954).
The inclination angle of the crankshaft influences the flow of material carried by the fingers. The angle
between the retractable finger and the upper face of the material layer increases with the crankshaft angle and
the surface where the finger acts on the plant material decreases. When crankshaftangle decreases, the finger's
surface increases (Popa et al,2018).
It has been studied that the working performance of retractable fingers is affected if the mounting angle
between retractable finger and the supporting frame is too large (Niu et al, 2015). The rotary center of the
retractable finger also influences the performances. It was determined that the retractable finger rotary center
gives the best performances in the fourth quadrant (Kang,2017).
A solution to these disadvantages can be a mechanism in which the fingers remain at all times at right
angles to the tangent planes of the cylinder at the exit points of the fingers from the drum.
Another version of this mechanism is one that uses a camshaft to perform the movement of the fingers.
This version is used in residual film recovery machinery (Shilin et al, 2018).
Kinematic Simulation can be used to study movement and velocity of mechanism in order to optimize
their performance (Yueling et al, 2018).
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The simulation is performed with modules from design software such as Solidworks Motion and the
results are displayed graphically where the SolidWorks Motion points are placed (Nedelcu et al, 2011).
In designing components, optimization helps in many ways to reduce materials costs, provide a better
component performance, increase production rates and many other parameters (Thamaraikannan an
Thirunavukkarasu, 2014).
The paper presents a study of the retractable finger mechanism in order to provide information for
optimizing the mechanism.
MATERIALS AND METHODS
3D printing or additive manufacturing is a process of making three-dimensional solid objects from a digital
file.In order to kinematically research the retractable fingers,a first step was to create an experimental stand. 3D
printing was chosen to make an experimental model of the retractable finger mechanism. A kinematic analysis of
the mechanism with retractable fingers was performed for both the conventional variant, hereinafter referred to
as variant 1 and the one with fingers coming out at right angles to the drum, hereinafter referred to as variant 2.
A simplified model of the mechanism with retractable fingers was developed for both variants of
mechanism. There were analyzed variants of the two mechanisms with several inclination angles of the
crankshaft.

(a) variant 1
(b) variant 2
Fig.1.-Schemes of the two variants

According to previous researches the conventional design of the retractable finger and drum utilizes a
Whitworth mechanism (Barney K. Hunag,1994). The second variant utilizes an elongated central body member
or yoke to perform the in and out movement of the finger (Allen A., 1954).
First, the virtual model to be printed was created in the Solidworks program. The model was made with
both types of retractable fingers.

Fig.2 -Virtual model and experimental model
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In order to kinematically investigate the retractable finger conveyor, a method was chosen in which the
mechanism is set in motion by means of an electric motor and its operation is video captured. The video material
is then analyzed with a specialized software. The mechanism was connected to the electric motor shaft to be
rotated. The chosen rotation speed was 60 rpm.The Tracker program was used in the experiment. This program
allows kinematic research through video analysis. In order to obtain the trajectory of the fingertip, the pointer was
chosen and attached to the point of interest, in our case the fingertip. With the help of the Autotracker function,
the trajectory of the selected point is obtained, respectively of the tip of the retractable finger.

Fig.3 - Real-time tracking of the fingertip

RESULTS
Figure 4 shows the variation of the speed of the finger tip for several inclination angles of the crankshaft.
The speed variation did not change as only changing the angle the speeds remained the same. However, the
changes took place at the speed values at the entry and exit from the plant material mass. The higher the angle,
the lower the speed of entry into the material and the higher of exit.

Fig. 4. - Variation of the speed of the conventional finger tip (variant 1)

Fig. 5.- Variation of the speed of the conventional finger tip (variant 2)
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Figure 5 shows the speeds obtained for different angles in the case of variant 2. It can be observed that
unlike the conventional mechanism the maximum speed is lower, with the value of 0.7 m/s. This means that the
plant material is thrown at a slower speed to the central conveyor.
An advantage could be considered the fact that the finger acts longer on the plant material, thus being able
to collect a larger amount of material.
It can be assumed that at higher angles the material would be thrown more efficiently as the speed of the
finger is higher, but the finger acts less in the material layer.
The inclination angle of 20o is considered optimal because it ensures a good action on the material and
sufficiently high values of the speed of the finger tip to push the material to the central conveyor without throwing
it over the drum.

CONCLUSIONS
From this study it results thatkinematic analysis of agricultural machinery can be performed with
experimental models made with 3d printing and video capturing, in order to improve their performance.
Two variants of retractable finger mechanism were analyzed. The conventional one (variant 1) showed
higher speeds that the one with fingers coming out at right angles to the drum (variant 2). The fingers from variant
2 acts longer on the plant material, thus being able to collect a larger amount of material.
From the analysis ofvarious angles it resulted that the inclination angle of 20o is considered optimal
because it ensures a good action on the material and sufficiently high values of the speed of the finger tip to push
the material to the central conveyor without throwing it over the drum.
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ABSTRACT
This paper presents a review of new ecological heating systems for agricultural farms. The study discuses
methods conducted by researchers regarding the optimization of heating systems and also solutions for ecological
heating from different manufacturers.
REZUMAT
Lucrarea prezintă o trecere în revistă a sistemelor noi de încălzire ecologică a fermelor agricole. Studiul
dezbate metode realizate de cercetători privind optimizarea sistemelor de încălzire și, de asemenea, soluții pentru
încălzire ecologică de la diferiți constructori.
INTRODUCTION
To have some control over crop quality and yield, growers need to heat their greenhouse whenever its
temperature drops below the recommended temperature for their specific crop (Giuliano et al., 2010). There is a
general understanding that the way to reduce global warming is a more efficient use of energy and increased use
of renewable energy in all fields of the society (Kharseh and Nordell, 2011).
Smart Farming can be adapted to support any type of farm, from control of what happens and monitoring
of the various processes. This includes solutions from monitoring environments, using a user-friendly application
on a smart phone or tablet (Radhi.,2017).
Modern greenhouses are equipped with various heating and air conditioning devices such as heaters,
coolers, fans, etc. Sustainability in cold and warm climates can be improved by using alternative energy sources
such as organic waste, geothermal water or renewable energy sources (solar, wind) and through the reuse of
energy and better insulating the greenhouse (Giuliano, 2010). One of the major problems encountered in
greenhouses is the control of the internal climate. The lack of heating has unfavorable effects on the precocity of
production (Douja et al., 2018).
Various types of heating systems used in the conventional greenhouses utilize the fossil fuels. The
increasing of the price of the fossil fuels rises the production cost and reduces the income of farmers (SeungHwan Y, 2013). It is necessary to replace the current conditioning units with new technologies, better energy
efficiency, based on renewable energies. The use of renewable energy for greenhouse heating helps to save
fossil fuels and conserve green farm environment on one hand, and on the other hand, enhances the quality of
agricultural products, reduces production costs and limits the release of greenhouse gases (Hüseyin and Aydın,
2009). The aim of this study is to present new systems and methods for heating agricultural farms.
MATERIALS AND METHODS
To overcome climate change and global warming, it is necessary to create low-carbon technologies. Among
these technologies are combined heat and power systems (CHP) that heat and produce electricity from the waste
in the agricultural sector (biomass), industrial, residential and commercial and can be effective to the global goal
of reducing unreleased energy consumption and harm caused by them (Marzieh, and Mohamad, 2018).
Small scale combined heat and power (CHP) systems, also known as co-generation systems, are now
quite common in modern large greenhouse structures. They use an internal combustion engine or a gas turbine
to drive an electric generator and generate electricity in addition to heat. Such systems have been installed in the
last decade in many greenhouses round the globe (Giuliano et al., 2010). CHP systems uses both electricity and
heat and therefore can achieve an efficiency of up to 90%, giving energy savings between 15-40% when
compared with the separate production of electricity from conventional power stations and of heat from boilers.
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Fig.1.- Main components of a CHP system (Marzieh and Mohamad, 2018)

RESULTS
In the past decades researchers and manufacturing companies have developed ecological heating systems
for agricultural farms. P.C.M. Vermeulen studied Combined Heat and Power (CHP) as a possible method for
reduction of the CO2 footprint of organic greenhouse horticulture. They concluded that to achieve reduction of
CO2 emissions using CHP, the investment and extra gas consumption have to be recouped by the returns from
the electricity sales.
Therefore, to realize a reduction of CO2 emissions with cogeneration in horticulture, there needs to be a
stable electricity market with fair prices (Vermeulen and Van der Lans, 2010). Seung Hwan Yang et al developed
a heating and cooling system which utilizes the surplus an s air thermal energy in a greenhouse. Available air thermal
energy and heating load for this experimental glasshouse were estimated based on temperature conditions of the
plant growth and weather data.
The system consists of a heat pump, fan-coil units and heat storage tanks which are divided into low and high
temperature tanks. Moreover, a new control logic was developed for surplus air thermal energy utilization. The system
provides a better environment for crops during the daytime by recovering the over-heated air thermal energy and
saving heating energy at night time by using the stored thermal energy.
Tolmac J. studied an example of an agricultural farm that produces wheat, corn, soya and other plants.
After harvesting granular products, large amounts of the plant’s remains (biomass) are used as biofuel at the
boiler in order to heat the agricultural farm.

Fig.2 - Heating and cooling system which utilizes the surplus air thermal energy in a greenhouse
(Seung-Hwan Joong, 2013)

Economic validity of using biomass as an energent had been proven by the fact that using straw is six
times cheaper than using LPG (Tolmac et al., 2016). Lilong Chai investigated the technical, economic, and
environmental performance of ground source heat pump system (GSHP) for greenhouse heating.
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A groundwater-style GSHP was studied in a solar greehouse (G1) and a glass-covered multi-span
greenhouse(G2). Equivalent carbon dioxide (CO2) emission analysis showed that G1 and G2 reduced CO2
emission by 41.9% and 44.6%, respectively, compared with a coal-fired heating system. The equivalent CO2
emission from G2 heating per m2 area was 3.37 times of that from G1. The test demonstrated that the solar
greenhouse had higher economic and environmental performances than the glass-covered multi-span
greenhouse (Lilong et al., 2011)
Below are presented a few solutions for heating systems from different manufacturers.
• Clarke Energy- The company Clarke Energy offers solutions for heating greenhouses usig CHP systems.

Fig.3 - CHP system layout from Clarke Energy (https://www.clarke-energy.com/natural-gas/greenhouse-chp)

Clarke Energy CHP system features:
efficient operation is possible with approximately 1 hectare (ha = 2.47 acres) or larger greenhouse areas;
CO2 fertilisation is suitable for nearly all plant types;
CO2 fertilisation with simultaneously heat supply: dimensioning for 0.5MWel/ha;
CO2 fertilisation with simultaneous heat supply and illumination dimensioning for 0.35 MWel/ha;
Illumination suitable for vegetables (e.g. tomatoes or peppers) and for flowers (e.g. chrysanthemums or
roses).
•
DANFOSS- Intelligent heating solutions in SMART farms are offered by DANFOSS (Nordborg, Denmark)
through the Danfoss Link ™ CC product which can be controlled remotely via the Danfoss Link ™ App. The
Danfoss Link ™ App can communicate with Danfoss Link ™ CC (Central Controller) from anywhere there is an
internet connection. Then, Danfoss Link ™ CC can wirelessly adjust he connect radiator thermostats, electric or
hydraulic underfloor heating systems and can ensure precise and complete control of all elements of a farmer's
home heating system.

Fig.4.- Danfoss Link™ Central Controller
(https://www.danfoss.com

•

Fig.5.- Panosol Thermosiphon solar water heater
(https://panosol.ro)

PANOSOL- The company PANOSOL, which was founded in 2009, having as main object of activity the production
of solar collectors and compact solar panels, is the first Romanian manufacturer of vacuum tube solar collectors
for domestic hot water preparation from an agricultural farm.
The vacuum tubes solar water heaters from Panosol offer the high performance of harvesting the solar
energy. The vacuum tubes are made of borosilicat glass which is coated on the inner side with 3 absorption layers
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which amplify the effect of solar irradiation. The inner vacuum ensures that harvested energy is transferred to the
water tank with minimum heat-loss. The cylindrical shaped tubes ensure a high performance all day long, even in
partly cloudy skies.
Panosol solar water heaters features:
- Pressurized compact solar water heater (termosiphon) with vacuum tubes and heat-pipe.
- Modular system, permits connecting two or more tanks
- Thermal output 650 W/sqm (a1 = 1000 W/sqm).
CONCLUSIONS
This study presented methods of ecological heating of agricultural farms. Among these technologies are
combined heat and power systems (CHP) that heat and electricity produce with high-energy from the waste in the
agricultural sector. These systems are now quite common in modern large greenhouse structures. Studies were
performed on heating and cooling system which utilizes the surplus air thermal energy in a greenhouse.
The system provides a better environment for crops during the daytime by recovering the over-heated air
thermal energy and saving heating energy at night time by using the stored thermal energy. The use of renewable
energy for greenhouse heating helps to save fossil fuels and conserve green farm environment on the one hand,
and on the other hand, enhances the quality of agricultural products, reduces production costs and limits the
release of greenhouse gases.
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ABSTRACT
Aquaculture plays an important role in the EU in terms of access to food resources and its potential needs
to be used in order to contribute to sustainable development, food security, growth and employment. Aquaculture,
in its forms - extensive, semi-intensive and intensive - has a double influence on the environment: it brings
environmental benefits by ensuring the support of faunal and floricultural biodiversity in the ecosystems that
integrate fish farms. An important branch of aquaculture in our country is cypriniculture. In fact, one of the first
species of farmed fish, representing even today the basic species for fish farming in the hill and plain areas, is the
carp. The growth of cyprinids in polyculture in land basins and in extensive or semi-intensive regimes has the
advantage of preserving water quality in the case of extensive growth regime or of generating a minor or negligible
risk on water quality in the case of semi-intensive growth regime. The paper presents a series of considerations
on the growth of cyprinids in the polyculture system.
REZUMAT
Acvacultura joacă un rol important în UE în ceea ce privește accesul la resursele alimentare și este necesar
să se utilizeze potențialul acesteia pentru a contribui la dezvoltarea durabilă, securitatea alimentară, creșterea
economică și ocuparea forței de muncă. Acvacultura, în formele ei – extensivă, semi-intensivă şi intensivă – are
o dublă influenţă asupra mediului: aduce beneficii de mediu prin asigurarea suportului biodiversităţii faunistice şi
floricole în ecosistemele care integrează exploataţii piscicole. O ramură importantă a acvaculturii în ţara noastră
o reprezintă ciprinicultura. De altfel, una dintre primele specii de peşti de cultură reprezentînd şi astăzi specia de
bază pentru piscicultura din zonele de deal şi şes, este crapul. Creşterea ciprinidelor în policultură în bazine de
pământ şi în regim extensiv sau semiintensiv prezintă avantajul de a conserva calitatea apei în cazul regimului
extensiv de creştere sau a genera un risc minor sau neglijabil asupra calităţii apei în cazul regimului semi-intensiv
de creştere. Lucrarea prezintă o serie de consderaţii asupra creşterii ciprinidelor în system de policutură.
INTRODUCTION
Modern aquaculture is a major innovation in the production of fish and aquatic food and has been in last 15
years one of the fastest growing food production sectors, reaching an average global growth rate of 6-8% per
year (Communication from the Commission to the European Parliament and the Council, 2009). Aquaculture is
increasingly contributing to the world's production of aquatic food, given that, for most wild fish stocks, the limits
of sustainable exploitation are now almost reached or even exceeded (National Fisheries Strategy 2014 – 2020;
Pâslaru V, 2015).
The production of freshwater fish in man-made fish ponds is often considered to be the oldest farming
activity in Europe, dating back to the Middle Ages. Fish ponds were built in areas where water reserves were
available and the soil was not suitable for agriculture. Wet soils in Central and Eastern Europe are good examples
of this. Almost half of the production on fish farms consists of cyprinids, such as common carp, silver carp and
bighead carp. The main producing countries are Russia, Poland, the Czech Republic, Germany, Ukraine and
Hungary. (Antonie C., 2018; Bud et al., 2004).
The family Cyprinidae comprises about 2500 species of fish, being the largest family in the category of
bony fish (Osteichthyes). The fish were originally spread on all continents except New Zealand, Madagascar,
South America and the islands of Oceania.
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They usually live in freshwater, with the exception of "Leuciscus idus", "Abramis brama" and "Pelecus
cultratus" which live in the Baltic Sea or salt waters on the mainland with a salt content between 1.10 and 10 ‰
(Landau M., 1999).
The species in this family can be less than 2 cm long and can sometimes reach, in exceptional cases, a
length of more than 2 m. Cyprinidae do not have a proper stomach, the esophagus continues directly to the
intestine (Woynarovich et al., 2010).

a

b

c

d

e
Fig. 1 – Examples of cyprinids [12-16]

a – common carp; b – bighead carp; c – chub; d-silver carp; e-prussian carp
Unlike most fish species, cyprinids generally increase in abundance in eutrophic lakes. Here, they
contribute towards positive feedback as they are efficient at eating the zooplankton that would otherwise graze
on the algae, reducing its abundance. The paper presents a series of considerations on the growth of cyprinids in
the polycuture system.
MATERIALS AND METHODS
Polyculture is the breeding of several species of fish in the same space (pond, pond, etc.). It has
advantages: better capitalization of trophic potential, diversified assortment for consumers, increased production
with the same human and financial effort, but also has a series of disadvantages: competition for food between
species, the need for additional labour in harvest fishing. Polyculture is recommended in lakes, ponds and some
ponds for extensive, semi-intensive and sometimes intensive production.
The growth of cyprinids in polyculture in land basins and in extensive or semi-intensive regimes has the
advantage of preserving water quality in the case of extensive growth regime or of generating a minor or negligible
risk on water quality in the case of semi-intensive growth regime. Most aquaculture farms have a relatively long
history and have fitted very well into the natural landscape, playing an important role in strengthening ecological
balances, taking in excess water, ensuring and maintaining large areas of wetlands. In fish ponds, carp polyculture
has been chosen to be used directly by fish for a certain amount of wasted nutrients or to be used in the trophic
network of ponds. Common carp feeds on the bottom of the water by raising sediments, so nutrients and organic
matter are spread in the water intensifying primary production and increasing the food supply available to fish that
are fed by filtration. Silver carp tolerate higher densities and can consume much of the phytoplankton and
zooplankton. It has been observed that silver carp can filter food debris from intensive farm discharges.
The grass carp, as a macrophyte-fed fish, is chosen to control the growth of lentils in the fish pond. In a
eutrophic / hypertrophic basin, lemna species that grow spontaneously and can cover the entire surface in small
basins, preventing primary algae production. Moreover, the introduction of common carp juveniles can prevent
the overgrowth of zooplankton. Fish species, such as common carp, breams, Chinese major carps and some
predator species, are regularly stocked, while other fish species are only secondary members of the polyculture
as they are stocked occasionally.
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The carp polyculture population is recommended in fish pond units. The recommended fish population is
35%: 50%: 15% common carp: silver carp: grass carp at a density of 1000 kg / ha and 50-300 g individual weight.
Other species of cyprinids, for example bighead carp, can be grown to a similar density. Taking into
consideration the available terrain for fish cultivation, various types of ponds can be constructed (figure 2). Barrage
ponds are built in hilly areas, while contour ponds are typical on gently sloping or flat lands. The water supply of
ponds can be rain and/or water from a nearby surface or underground water source.

a

b

c

d

Fig. 2 – Examples of fish production systems (Woynarovich et al., 2010)
a – pond culture; b – enclosure culture; c – tank culture; d – cage culture

The size of a fish pond determines its fish growing capacity and has a direct effect on the profitability of
production. The proportion of the surface of the bottom and dikes and the volume of water is more favourable
(higher) in smaller ponds than in larger ones. Consequently, more insect larvae can develop in small ponds, and
the nutrient transfer through the relatively large contact-area between water and soil is more intensive. Also, it is
easier to manage smaller ponds. Their disadvantage is that they have relatively higher costs for their construction
and maintenance.
The size and quality of the fish pond will also influence the final results. If the pond is deeper (up to a
depth of about 2.5 meters), a higher fish production can be expected. Regarding the size of a pond, there is a
certain inverse correlation between the intensity of the applicable fish production technology and its actual size.
A smaller pond is more favorable for intensive fish production, as managing fish stocks, feeding and controlling
adverse conditions, including fish protection, is easier. One of the main characteristics of cyprinids polyculture is
growing together fish species that have partly or entirely different food spectrums and feeding habits. This ensures
that all kinds of natural fish food organisms which develop in different biotopes of a pond will be exploited properly.
Besides the scientific classification, there are other practical groupings of fish which can be classified
according to:
• Temperature demands (cold water, warm water and tropical species);
• Behaviour (peaceful or predatory);
• Food spectrum (herbivorous, carnivorous, detrivorous, omnivorous);
• Feeding manner (grazing, filtering, predatory, etc.);
• Feeding place (surface or bottom feeder, column feeder, periphyton feeder0;
• Proportion and position in the polyculture (main fish, additional fish, fed fish, unfed fish, trash fish);
• Use of fish (food, sport, ornamental, bait);
• Economic importance (expensive, cheap, high or low value).
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RESULTS
In cyprininds polyculture, the production season begins when water temperature is constantly over 10oC.
Most of the species start intensive feeding when water reacher temperatures above 15–20 oC. Taking into account
that the optimal range of water temperature necessary for the intensive growth of cyprinids is between 20–25 oC,
the growth period begins in spring and ends in autumn. During this period, the daily average water temperature
permanently remains near or over 20 oC. This period is known as the production season. The actual length of this
period depends on the number of warm months, which varies according to geographical regions and altitude.
Feeding is one of the most crucial technological elements of fish rearing, which largely determines the
profitability of the production since even the prices of supplementary feeds are usually high. The principles and
practice of feeding developing fry are rather different compared with the feeding of elder age groups (Hasan et
al., 2007). The diet must provide the fish with the nutrients necessary for growth (proteins with a plastic role) and
provide the energy indispensable for physiological processes (through the intake of carbohydrates and lipids with
an energetic role). Quality food is what ensures good development, ease of reproduction, prevention and
treatment of diseases (Jean et al., 1999; Tacon et al, 2009).
In the natural environment, in conditions of good quality fish water, the food is very diverse. Diversified food
promotes growth, development, reproduction and ensures resistance to specific diseases, being the most
appropriate means of preventing them. The most varied food, similar quantitatively and qualitatively to the
environment of origin of the cultivated species, ensures a harmonious development and a good functioning of the
organism and ichthyofauna. The ingredients for a simple, easy-to-produce mixture for feeding fry of cyprininds is
presented in Table 1.
Table 1
Simple mixture of supplementary feeds for rearing advanced fry of cyprininds (Woynarovich et al., 2010)
Ingredients
%
Wheat or barley flour
25
Soya
25
Fish meal
25
Meat or blood meal
25

As for the quantity and granulation depending on the size of fish grown, Table 2 presents the quantity that
should be fed to cyprinids, also taking into consideration water temperature in the pond.
Table 2
Fish weight
(g)
20 -25
25 - 50
50 - 250
> 250

Feeding plan kg feed/ 100 kg fish (Oprea L., 2000)
Granule
Water temperature oC
diameter (mm)
18
20
22
24
2,0
4
4
5
6
2,0
3
4
5
5
3,0
2
3
4
4
4,5
2
2
2
3

26
7
6
5
3

28
6
5
4
3

Table 3 presents the feeding norms for most cyprinids, in terms of the main parameters of the feed, that
are the most important for a good fish development.
Tabel 3
Feeding norm of consumer cyprininds (Oprea L., 2000)
Values
Parameters
Minimum Optimum Maximum
Granulation
3.5 mm
4 mm
6 mm
Crude protein
22%
26%
30%
Crude fat
6%
8%
12%
Metabolized energy 3600 Kcal 3700 Kcal 3800 Kcal
Crude ash - max
9%
10%
11%
Crude cellulose
3.8%
4%
6%
Moisture-max
10%
10%
10%
Vit. A
3800 UI
4500 UI
10000 UI
Vit. D3
800 UI
1200 UI
1800 UI
Vit. E
18.5 mg
20 mg
22 mg
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Checking the growth of fish should be done on a regular basis. During advanced fry rearing it must be done
daily, while in the elder age groups it may be done weekly (one-summer-old fish) or biweekly (two-summer-old
fish and table fish). The health of fish in ponds depends mainly on the environmental conditions and the skills of
those who maintain them. Accordingly, the water quality, feeding and the intensity of production are the factors
which determine the actual health condition of fish. Fish should have an overall healthy look and they should
search actively for food, react vividly to the received stimuli and disappear quickly if disturbed. Sick fish can be
recognized mainly by their behaviour and the condition of their body. Sick fish usually lose appetite, may swim
vaguely, stagger, whirl or float. They may concentrate by the inflowing fresh water or gulp for air. They are often
thin, covered with wounds and patches, and the body covering mucus can be lost or extremely thick.
CONCLUSIONS
In the human diet, fish is of significant importance, providing 12-15% of the total protein consumed. Fish
meat has special sensory qualities and a high nutritional value, given by the high content of complete proteins,
lipids with a high degree of unsaturation, lipo and water-soluble vitamins and important mineral salts. Polyculture
should combine fish having different feeding habits in proportions that effectively utilize natural and supplemented
foods. As a result, higher yields are obtained. Efficient polyculture systems can produce, in excellent conditions,
up to 8,000 kg of fish per hectare per year. Different cyprinid species combination in polyculture system effectively
contribute also to improve the pond environment.
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ABSTRACT
This article presents the way to obtain the structural model for elementary linear-elastic static analysis of
tractor cabin. Also, to prove the functionality of the obtained structural model, structural analysis results for the
linear elastic static test are presented. These results are useful for estimating the safety factor and for assessing
the behaviour in major overstress situations at the main part of the machine. Structure dynamics is a very broad
discipline that uses a huge arsenal of theoretical and experimental methods to solve a fundamental problem of
structures: the dynamic response to variable tasks over time. The main results of the static linear-elastic structural
analysis are: the values of the reactions in the holders, vector field distribution of the relative - resultant
displacement in the structure, tensor fields’ distribution of the specific deformation and the Cauchy stress tensor
in the same structure. Also, an important result for the structure safety is the distribution of the safety factor. The
analysis of the equipment’s own spectrum, allows the proper identification of the main frequencies on which a
resonant working regime can occur.
REZUMAT
Acest articol prezintă modalitatea de a obține modelul structural pentru analiza statică elementară liniarelastică a cabinei tractorului. De asemenea, pentru a demonstra funcționalitatea modelului structural obținut, sunt
prezentate rezultatele analizei structurale pentru testul static elastic linear. Aceste rezultate sunt utile pentru
estimarea factorului de siguranță și pentru evaluarea comportamentului în situații majore de suprasolicitare din
partea principală a mașinii. Dinamica structurilor este o disciplină foarte largă care folosește un imens arsenal de
metode teoretice și experimentale pentru a rezolva o problemă fundamentală a structurilor: răspunsul dinamic la
sarcini variabile în timp. Principalele rezultate ale analizei structurale statice liniar-elastice sunt: valorile reacțiilor
în suporturi, distribuția câmpului vectorial al deplasării relative - rezultate în structură, distribuția câmpurilor
tensoriale a deformării specifice și tensorul tensiunii Cauchy în aceeași structură. De asemenea, un rezultat
important pentru siguranța structurii este distribuirea factorului de siguranță. Analiza spectrului propriu al
echipamentului permite identificarea corectă a frecvențelor principale pe care poate apărea un regim de lucru
rezonant.
INTRODUCTION
Optimal design or improvement of a complex mechanical structure are activities that are currently carried
out in the work of advanced companies working in the field of mechanical and other types structures. Designing
an optimal product (at least from some points of view) or optimizing existing products requires complex working
tools that are nowadays integrated into CAD-CAE complex programs. The workflow in the CAD - CAE complex
is often fragmented, due to the great workload and complex knowledge it requires. For these reasons, in general,
the CAD model (figure 1) may come from suppliers who don’t have the qualification to do the structural analysis
and vice versa. CAE models are used by structuralists who don’t have all the engineering knowledge needed to
create manufacturing drawings. Moreover, it is known that, in order to make manufacturing drawings, in CAD
drawings some gaps are left to be filled by weld seams or other techniques. Such a CAD model is not functional
from the point of view of structural analysis. Another problem that generates difficulties in obtaining CAD models
is that CAD model providers can use an older and less performing design software, while the team performing
structural analysis needs the CAD model appropriate to another program.
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Global concerns in most of the directions that our research addresses are very common (Arjun and
Narendra, 2017, Gheorghe et al., 2016, Gheorghe et al., 2018, Biris S. et al., 2016, Gheorghita et al., 2018).

Fig. 1.- CAD model of a tractor cabin

MATERIALS AND METHODS
Fixing conditions (Structure bearing)
The structure is fixed in four points (Fig. 2). The attachment to the chassis is made by fastening into the
holes of the chassis fastening bolts (cancelling all degrees of freedom on the contact surfaces between the cabin
tractor and chassis attachment elements) grip are not taken into account (Bruel et al., 1989).

Fig. 2. - Structure bearing (Gheorghe et al., 2016)

Structure loading
In this article, we study the response of the structure only for the normal maximum workload an for
coditions test we used as shown in Figure 3, CODE 4 (February 2019) “OECD STANDARD CODE FOR THE
OFFICIAL TESTING OF PROTECTIVE STRUCTURES ON AGRICULTURAL AND FORESTRY TRACTORS
(Static test)”. The crushing beam shall be positioned across the rear uppermost structural members so that the
resultant of the crushing forces is located in the vertical reference plane of the tractor. The crushing force F shall
be applied where:
F = 20 M
(1)
Mass (M)
Unballasted Mass
The mass of the tractor without ballasting devices and, in the case of tractors with pneumatic tires, without
liquid ballast in the tires. The tractor shall be in running order with tanks, circuits and radiator full, protective
structure with cladding and any track equipment or additional front wheel drive components required for normal
use. The operator is not included.
Maximum Permissible Mass
The maximum mass of the tractor stated by the manufacturer to be technically permissible and declared
on the vehicle’s identification plate and/or in the Operator’s Handbook.
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Reference Mass The mass selected by the manufacturer for calculation of the energy inputs and crushing
forces to be used in the tests. Must not be less than the unballasted mass and must be sufficient to ensure the
Mass Ratio does not exceed 1.75.
At the horizontal loading tests a beam of length not less than 250 mm nor more than 700 mm in exact
multiples of 50 mm between these lengths shall be used. For the test we use length of beam a minimum (250
mm) (Cardei P. Et al., 2012, Georgi Kostadinov et al., 2012 ).

Fig. 3. Example of arrangement for crushing test (Arjun and Narendra, 2017)

Forces (1) were applied to the structure in SolidWorks Simulation according to the graphical
representation in Figure 4.

a) Front Crush
b) Rear Crush
Fig. 4.- Loads application

To perform linear-elastic static analysis, the global contact command was applied. This condition applied
by the finite element analyser eliminates any kind of clearance, creating stress conditions corresponding to a more
rigid structure than the real one. Thus, tensions will be higher than in reality, and relative displacements
(deformations) are expected to have lower values than in reality. The discretization of the structure can be seen
in Figure 5 (Krasnicenko, 1964).

Fig. 5.- Structure discretization: Projection of finite elements on the structure border (Krasnicenko, 1964)

The materials S275JR was used for the components of the analysed structure are shown in Figure 6
together with the respective properties.
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Fig. 6.- Material properties S75JR (Cardei P. et al., 2012)

RESULTS
The main results of the static linear-elastic structural analysis are: the values of the reactions in the
holders, vector field distribution of the relative - resultant displacement in the structure, tensor fields’ distribution
of the specific deformation and the Cauchy stress tensor in the same structure. Also, an important result for the
structure safety is the distribution of the safety factor. Table 1 shows the values of the resultant forces components,
which are also found in the values of the reaction forces (in the three bearing areas)
Table 1
Resultant Forces
Components
Reaction force (N)
Reaction Moment (N·m)

X

Y

Z

Resultant

-0.619141

72,399.9

0.533203

72,399.9

0

0

0

0

Figure 7 graphically represents the distribution maps of the relative displacement field values on the
structure border. It is noticed that the maximum value (about 1 mm) is located at the back of the structure. This
maximum value can be exceeded if we consider the clearances of the structure and of the connection system
between the cabin tractor and chassis. Increasing the movement, in the conditions of the considered stress,
admitting the clearances, contributes to the relaxation of the structure and consequently to the increase of the
safety factor

a) Front Crush
b) Rear Crush
Fig. - 7. Distribution of the relative displacement field values resulting on the structure border

In figure 8, the distribution of the total specific deformation values is graphically represented by color map.
Due to the fact that we are working in the elastic-linear field, the maximum tension will be located in the same
area as the maximum specific deformation. The maximum equivalent tension is graphically indicated in the same
way in Figure 8 (Sandru A. et al., 1983).
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a) Front Crush
b) Rear Crush
Fig. - 8. Field values distribution of the total specific deformation on the structure border

a) Front Crush
b) Rear Crush
Fig. 9- . Representation of the equivalent tension distribution on the structure border

Finally, Figure 10 shows the graphical representation of the safety factor distribution in the structure.

a) Front Crush
b) Rear Crush
Fig. 10. - Field values distribution of the total specific deformation on the structure border

The results of second part of the article is about the modal analysis. This modal analysis was made only
for the first three frequencies.
The result of calculating frequencies or modal analysis relies essentially in the list of a number of its own
frequencies (in Hz) (pulsations, in rad/s and periods, in s), in ascending order, starting with the lowest
(fundamental frequency). There are presented also the relative displacements on the directions and resultants in
the structure, for each vibration mode, separately. Also, color maps of the field of relative displacements, on
component or resultant, are presented.
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At the first simulation of the model was observed the problem of wheel defenders, where appeared the
highest frequency (81,5 Hz) and could not see the true frequencies in the structure (figure 11) (Biriș et al., 2016).

Fig.11. - First modal simulation with the wheel defenders

For calculating the frequencies in the structure, we removed the shields from the modal analysis and it
was performed again a new modal analysis of the structure, and in Table 2, it is shown, from the SOLIDWORKS
2018 program report, which was used (the SIMULATION module) for making the frequency analysis, a list of the
first three own frequencies, 20 frequencies have been calculated but only the first ones are important (Biriș S. et
al., 2016).
Table 2.
Mass Participation (Normalized)
Mode Number

Frequency (Hertz)

1

21.313

2

23.551

3

43.917

Another way of showing these results appears in Figure 12. Figure 12 presents own frequencies and
maps of the amplitudes on the deformed shape of the structure, in the vibration modes corresponding to the
respective frequency. In Figure 12, only the first two of the twenty calculated vibration modes are given, for
reasons of fitting into a certain number of pages of an article (Gheorghiță N.et al., 2018).

Fig. - 12. The first two maps of the amplitudes on the deformed shape of the structure without gussets

In order to observe the results and to make a more accurate comparison, the gussets that are in the
structure for it’s resistance were introduced and the modal analysis of the structure with the gussets was
performed again.
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In Table 3, it is shown, from the SOLIDWORKS 2018 program report, which was used (the SIMULATION
module) for making the frequency analysis, a list of the first three own frequencies, 20 frequencies have been
calculated but only the first ones are important
Table 3.
Mass Participation (Normalized)

Mode Number

Frequency (Hertz)

1

15.751

2

18.171

3

31.559

Another way of showing these results appears in Figure 13. Figure 13 presents only the first two own
frequencies and maps of the amplitudes on the deformed shape of the structure, in the vibration modes
corresponding to the respective frequency (Gheorghe G.et al., 2016; Biriș S. et al., 2016).

Fig- 13. The first two maps of the amplitudes on the deformed shape of the structure with 5 gussets

CONCLUSIONS
The minimum safety coefficient value is 0.15, respectively 1.5. For agricultural machinery, the usual safety
coefficient values are between 1 and 2. Therefore, this tractor cabin is either much undersized, or it works under
much tougher conditions. The latter may appear either due to use under improper conditions or due to accidents.
The results obtained and provided by modal analysis for mechanical structures are relatively few and their
uses are accurate.
As it is known, the main result of the modal analysis is the set of calculated frequencies. In principle, we can ask
the program to calculate an unlimited number of own frequencies. In fact, just the first few are useful. The most
important is the fundamental frequency, which has the lowest value of the calculated ones. Most of the time, the
list of own frequencies is used to avoid resonance working regimes and, in general, resonance phenomena that
may occur under various circumstances.
For the structure analyzed in this paper, we limited the number of frequencies calculated to the first twenty.
We considered that this way we cover all the basic frequencies that may occur in the cabin tractor and chassis.
The highest frequencies we had in view were those that usually come from the tractor engine (33-67 Hz), although
through the coupling mode between cabin tractor and chassis, the transmission of these frequencies from the
chassis to the cabin tractir is highly unlikely to amplitude that is noticeable by the usual measurement and control
equipment.
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ABSTRACT
Climate change is just one of the responsible factors for the emergence and spread of diseases and pests
in vegetable crops. Plant pests continue to be one of the biggest constraints on food and agricultural production.
In order to protect the soil, and implicitly the environment, it is necessary to choose ecological methods to combat
them. Thus, a model of eco-sustainable technology for reducing and preventing diseases and pests was
developed, in which diatomite was selected as an ecological insecticide. The main chemical indicators were
analyzed, both in the year of application and in the next year, in order to establish the long-term effect.
ABSTRACT
Schimbările climatice sunt doar unul dintre factorii responsabili de apariția si răspândirea bolilor si
dăunătorilor in culturile legumicole. Dăunătorii vegetali continuă să fie una dintre cele mai mari constrângeri ale
producției alimentare și agricole. Pentru protejarea solului, si implicit a mediului înconjurător, este nevoie de
alegerea unor metode ecologice de combatere a acestora. Astfel a fost realizata un model de tehnologie ecosustenabila de reducere si prevenire a bolilor si dăunătorilor, in care diatomita a fost selectata ca si insecticid
ecologic. Au fost analizați principalii indicatori chimici, atât in anul aplicării, cat si in anul viitor, pentru a stabili
efectul acesteia pe termen lung.
INTRODUCTION
The soil is an essential resource for all cultivated plants, being not only a support for plant roots, but also
a reservoir of essential nutrients needed for plant growth. Because the soil is a complex system that interacts with
other systems, participates in phytomass production, influences the ecosystems production capacity, having an
essential contribution to recirculation of chemical elements in nature and regulates the atmosphere and
hydrosphere composition. The soil is a living and quality system and must be preserved accordingly. This is the
result of several interactions between biological components, including microbial communities that are essential
for physico-chemical functioning. It is composed of mineral particles, organic matter, water, air and living
organisms, in fact it is an extremely complex, variable, and living environment (EC, 2020 (a)).
Soil not only makes life on Earth possible, but also helps fight climate change. About 70 billion tonnes of
organic carbon - almost 50 times more than the EU's annual emissions - are kept safe under our feet. Soil is the
second largest carbon sink on the planet after the oceans and this is another reason why is so important to
maintain a healthy soil (EC, 2020(b)).
Soil quality is best defined in relation to the functions that soils perform in natural systems and
agroecosystems. The quality of soil resources has historically been closely related to soil productivity. Indeed, in
many cases the terms soil quality and soil productivity have been nearly synonymous (NRC, 1993).
The objective of the agricultural production sector, which takes place mainly on the ground, is no longer
simply to maximize productivity, but to optimize, in the conditions of a more complex agricultural landscape, a
rural development under urban pressure. (Godfray et. Al, 2010). Obtaining a good soils quality condition of soils
is a complex process, which depends on several factors (Oara, 2015).
The method of assessing soil quality is based on quantifying certain indicators that refer to stable or
intermediate properties, determining the functional capacity of the soil (ICPA).
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Soils have important direct and indirect impacts on agricultural productivity, water quality and the global
climate. Soils make plant growth possible by mediating biological, chemical and physical processes that provides
plants with nutrients, water and other elements (NRC,1993). Limited availability and quality of water resources
are important aspects of natural resource management, and the protection and conservation of water resources
is a key requirement in the principles of sustainable development (Tociu et. al, 2020).
Crops are threatened by soil-borne diseases, which makes them difficult to control due to the "hidden"
nature of pathogens and the low effectiveness of conventional treatments. In this context, the interest of
agricultural practices that use these ecological changes needs to be rethought.
These practices significantly affect soil quality, which in turn affects the plants quality (Oara, 2015).
According to studies, although there is clear evidence that climate change is altering the distribution of diseases
and plant pests and animals, the full effects are difficult to predict and quantify. The changes in temperature,
humidity and greenhouse gases can increase the growth and growth rate of fungi and insects, as well as altering
the interactions between pests and their hosts.
While new pests and diseases have regularly emerged throughout history, climate change is responsible
for many diseases and pests. (FAO, 2016). Plant pests, including insects, pathogens, and weeds, continue to be
one of the biggest constraints on food and agricultural production.
For example, fruit flies cause extensive damage to fruit and vegetable production, and as global
temperatures continue to increase, they are finding more areas to adapt and develop. Control of these pests often
requires the use of pesticides, which can have serious side effects on human health and the environment, which
is why environmentally friendly methods are recommended. Climate change is only one of several "global change"
driving the emergence and spread of plant pests and animal diseases (FAO, 2016).
MATERIALS AND METHODS
During the period of 2019 agricultural year, in the study area at SCDL Buzău, three varieties of vegetables
were planted, namely Rubiniu onions, Menuet dwarf garden beans and bell peppers from Buzău 10. They were
grown on different surfaces as follows: onion variety on 3000 m2, peppers on 2000 m2 and beans on 5000 m2. In
2020, the cultures succeeded as follows: on the area cultivated in 2019 with onions, were planted peppers in
2020, on the area cultivated in 2019 with beans, were planted onions in 2020, respectively on the field cultivated
in 2019 with peppers were planted beans in 2020.
They are part of the varieties vulnerable to diseases and pests, so for an ecological agriculture and
environmental protection it was chosen to develop an experimental model of eco-sustainable technology to
prevent and reduce the aggression of diseases and pests in vegetable crops, where as an ecological variant of
insecticides was used diatomite (Deák et al., 2018).
Diatomite was applied on the soil in the powder and liquid form, being used the one from Pătârlagele
quarry, Buzău County, due to the high insecticidal effect (ICDPP, 2014, Laslo et al., 2019). Each culture was
customized according to the amount of diatomaceous earth powder administered (Laslo et al., 2019) -Table 1.
The liquid diatomite was administered in an amount of 5l / 7sqm.
Table 1
Content of solid diatomite administered
V1 – control sample
V2 - 52.5 g diatomite /7 sqm (administered grams / repetition)
V3 - 105 g diatomite /7 sqm (administered grams / repetition)
V4 - 210 g diatomite /7 sqm (administered grams / repetition)

Soil samples were taken from a depth of 0-30 cm, shortly after application in 2019, and one year after the
application of diatomaceous earth in 2020, in order to verify the effect of its long-term application
RESULTS
In order to determine the degree of soil quality impairment, following the application of eco-sustainable
technology for the prevention and reduction of diseases and pests, where diatomaceous earth was used as an
insecticide, the main chemical indicators of the soil were analysed.
In order to establish the effect of diatomite was chosen the version (V1), which is the control sample, and
where the diatomite was not administered, and the version (V4) where the maximum amount was applied,
respectively 210 g /7 sqm.
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The following table presents the results of the main chemical indicators analysed (Table 2). In the case
of these three crops, can be observed an increase in the soil reaction value (pH), in both versions from 2020, but
it falls into the same category, namely alkaline pH. This cannot be considered to be due to the application of
diatomite, as the increase was recorded in both versions.
Table 2
Chemical analysis
2020

ONION

PEPPER

BEANS

Chemical indicators

2019

V1(R3)

V4(R3)

V1(R4)

V4(R4)

Version

8,59/24,5

8,55/24,1

7,98

8,00

pH (units pH/˚C)

233

192,8

154

150

Conductivity (µS/cm)

0,094

0,093

0,100

0,102

Total phosphorus (%)

0,14

0,14

0,18

0,16

Total nitrogen (%)

2,37

2,45

2,69

2,57

Humus (%)

1,38

1,42

1,56

1,49

Organic carbon (%)

V1(R4)

V4(R4)

V1(R4)

V4(R4)

Version

8,52/24,3

8,31/24,1

7,9

7,96

pH (units pH/˚C)

223

299

164

183

Conductivity (µS/cm)

0,106

0,102

0,101

0,092

Total phosphorus (%)

0,15

0,15

0,17

0,13

Total nitrogen (%)

2,46

2,51

2,41

2,47

Humus (%)

1,40

1,46

1,40

1,43

Organic carbon (%)

V1(R2)

V4(R2)

V1(R4)

V4(R4)

Version

8,44/24,4

8,49/24,9

7,99

7,90

pH (units pH/˚C)

212

227

168

140

Conductivity (µS/cm)

0,096

0,094

0,102

0,108

Total phosphorus (%)

0,14

0,14

0,17

0,17

Total nitrogen (%)

2,25

2,52

2,77

2,97

Humus (%)

1,30

1,46

1,61

1,72

Organic carbon (%)

Analyzing the total nitrogen content, a decrease can be observed, except for the pepper culture, where
diatomite was administered, and the phosphorus level increased from a small range (0.10 - 0.14 N%) to a medium
one (0.14 - 0.27 N%). In the case of the onion field, the amount of nitrogen in the soil has decreased from a
medium to a small content.
The phosphorus content is present in appropriate amount for crops grown in field, the differences between
2019 and 2020, consisted in small decreases, but not significant, to affect soil quality. An imported element can
be observed in the case of onion and bean cultivation in 2019, when the amount of phosphorus in the soil was
higher on the crop where diatomite was applied, and in 2020 in the same soil the phosphorus content decreased,
thus we can conclude that diatomite brings a benefit to the soil, being rich in nutrients and phosphorus.
The proportion of humus in the soil is an average one, with over 2% content. In the case of this indicator,
also has been a decrease from one year to another, except for pepper cultivation where there has been a slight
increase. In this case, the application of diatomite to the onion and bean crop contributed to the. In 2020, the
results indicated a significant electrical conductivity increase for all three crops, but these values are within the
normal values for agricultural soil, the value of salts falling within the "non-salty" category (Malik et al., 2018).
For the 2019 soil samples, physical analyzes were performed, and the density and particle size
distribution were determined with standard laboratory tests (Dumitru et. Al, 2019). From a physical point of view,
the soil from SCDL Buzau has a medium to sandy texture (Laslo et al., 2019). By analyzing the values of the
organic carbon content, it falls into the category of soil with an average carbon content (1.17-2.32%) (Rus, 2013).
Analyzing the eco-sustainable technology for the prevention and reduction of diseases and pests, using
diatomite as an ecological insecticide, it was found that it does not affect soil quality, and in some situations
contributes to improve it, from a chemical point of view.
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CONCLUSIONS
Eco-technology for reducing and preventing diseases and pests in vegetable crops, uses diatomite as an
ecological insecticide. Within the scope of this research, has been used diatomite from the Pătârlagele quarry,
due to the high insecticidal effect.
The main soil chemical indicators were analyzed (pH, humus, organic carbon, conductivity, total nitrogen,
total phosphorus), in order to highlight the effect of applying diatomite on the soil, both shortly after application
and for a long period, more precisely about a year. The results of the analyses showed that solid diatomite used
in the maximum amount of 210 g / 7 sqm, does not affect soil quality, and in some situations contributes to improve
it, from a chemical point of view.
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ABSTRACT
Greenhouse gases (GHG) are responsible for the climate change effects. The results of scientific
researches have shown that actions with combined effects should be used, such as limiting and adapting actions.
Thus most countries have contributed to the international approach and solution to climate change based on such
specific regulations, of which United Nations Framework Convention on Climate Change (UNFCCC), Kyoto
Protocol and, most recently, the Paris Agreement on Climate Change have a primordial role. In this paper, was
analyzed the legislative framework to quantify the evolution of GHG as climate change drivers.
REZUMAT
Gazele cu efect de sera (GES) sunt responsabile de efectele schimbărilor climatice. Rezultatele
cercetărilor științifice au arătat că trebuie utilizate acțiunile ce au efecte combinate, si anume acțiuni de limitare și
de adaptare. Astfel majoritatea statelor au contribuit la abordarea și soluționarea internațională a problematicii
privind schimbările climatice având ca temei astfel de reglementări specifice, dintre care un rol primordial îl au
Convenția-cadru a ONU privind schimbările climatice (UNFCCC), Protocolului de la Kyoto și, cel mai recent,
Acordul de la Paris privind Schimbările Climatice. In lucrarea de fata a fost analizat cadrul legislativ pentru
cuantificarea evoluției schimbărilor climatice.
INTRODUCTION
The results of studies in the field of climate change science which shows that global warming is caused by
greenhouse gases (GHG) and the increase in their concentration is progressive extent due to human activities
(burning fossil fuels, cutting down forests, burning waste, etc.), have intensified the debate on mitigation and
adaptation actions. Studies showed that main responsible for the greenhouse effect are water vapor, carbon
dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFC), perfluorocarbons (PFC) and sulfur
hexafluoride (SF6) (Kyoto Protocol, 1997).
The conclusions of scientific research show that actions that produce combined effects, namely limitation
actions and adaptation actions, should be promoted.
Climate change is a global problem that requires global solutions. The global nature of climate change has
led and continues to lead to international cooperation and action to highlight anthropogenic emissions, by source,
and elimination, by basins, of all greenhouse gases (GHG), in order to identify and take appropriate action, for
establishing commitments and responsibilities, in the sense that specific regulations have been adopted in the
form of protocols, conventions, agreements, treaties and others (Council Decision 2002/358/CE).
Adaptation consists of anticipating the negative effects of climate change and taking appropriate measures
to prevent or minimize the damage it may cause. Adaptation is a continuous process of risk management.
Mitigation measures refer to measures to reduce the amount of greenhouse gases (GHG) or by increasing their
elimination from the atmosphere, their local application being recommended by international conventions (Coman
et al, 2020).
In this situation, most countries have contributed to the international approach and solution to climate
change based on such specific regulations, of which United Nations Framework Convention on Climate Change
(UNFCCC), Kyoto Protocol and, most recently, the Paris Agreement on Climate Change have a primordial role
(Decision (UE) 2016/1841). `
The United Nations Framework Convention on Climate Change (UNFCCC) was signed in Rio de Janeiro
in 1992.
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The main objective of the Convention is to stabilize greenhouse gas concentrations in the atmosphere at a
level that prevents dangerous anthropogenic disturbance of the climate system. The Kyoto Protocol is a subsidiary
legal instrument of the UNFCCC. Its negotiation was initiated at the Third Conference of the Parties (COP.3 /
1995), held in Berlin in 1995, due to the fact that the measures provided for in the Convention were not effective.
It was adopted in Kyoto on 11 December 1997 and entered into force internationally on 16 February 2005. The
main feature of the Protocol is that it sets firm emission reduction commitments compared to the base year (1990)
in the first commitment period, respectively 2008-2012, for industrialized countries and limits emission increases
in other countries. Most Member States, including Romania, have assumed an 8% reduction target for greenhouse
gas emissions compared to the base year 1989, although the recommended value for industrialized countries
was 5% below 1990 levels. Romania has met and exceeded its 8% assumed target for reducing greenhouse gas
emissions (Law no.3/2001).
The second commitment period under the Kyoto Protocol was set by the provisions of the "Doha
Amendment" and covers the period 2013-2020. For the second commitment period of the Kyoto Protocol, the
European Union has committed itself to reducing emissions by 20% compared to 1990. The participating States
(195 States) at the XXI Conference of the Parties to the United Nations Framework Convention on Climate
Change (COP 21) adopted the Paris Agreement on 12 December 2015, a legally binding instrument with universal
participation in the field of climate change that will guide global actions on a path to limit the rise in global average
temperature below 2 ° C, starting in 2021 (Decision (UE) 2016/1841). The EU's contribution to the new agreement
is a mandatory target to reduce emissions by 60% until 2030 and to achieve their neutrality by 2050. This measure
was adopted in the Climate Law on October 7, 2020, which is part of the European Green Pact, the European
Union's roadmap to climate neutrality.

Fig. 1.- GHG Reduction Targets

The reporting of LULUCF's activities under the Kyoto Protocol refers to the provision of information,
including estimates of changes in carbon stocks and anthropogenic greenhouse gas emissions, by sources.
Unlike the Convention, which includes all emissions and removals from LULUCF in the total emissions of a party,
the Kyoto Protocol limits the accounting of the LULUCF sector to emissions and removals from direct humaninduced activities, afforestation, reforestation and deforestation. Activities are limited to forest land management,
cropland management, grass land management and / or revitalization (Decision 94/69/CE).
MATERIALS AND METHODS
Being part of the UNFCCC and the Kyoto Protocol, Romania has the responsibility to elaborate and
regularly update the national GHG inventory. Pursuant to the decision of the Paris Conference on Guidelines for
the Preparation of National Communications by the Parties, included in Annex I to the Convention, Part I:
UNFCCC Reporting Guidelines on Annual Greenhouse Gas Inventories (FCCC / CP / 2013/10 / Add. 3), the
parties must submit a national inventory report (NIR) containing detailed and complete information on their stocks,
in order to ensure the transparency of the inventory. Emissions are estimated using the guidance of the 2006
IPCC Guidelines and the 2019 IPCC Guidance Refinement, the Wetlands Supplement and the KP Supplement
(IPCC, 2020).
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According to the Government Decision no. 1570/2007 establishing the National System for estimating the
levels of GHG emissions from sources and removals by reservoirs, the implementation of the National Inventory
Arrangements and the National System ensures the quality of NGHGI in three stages: planning; training;
management of NGHGI preparation activities.
For the accounting and reporting of greenhouse gas emissions and removals from the LULUCF sector,
The Regulation 81 on the inclusion of greenhouse gas emissions and removals from land use, land use change
and forestry (LULUCF) into the 2030 climate and energy framework which was adopted by the Council on 14 May
2018, following the European Parliament vote on 17 April 2018. The Regulation implements the agreement
between EU leaders in October 2014 that all sectors should contribute to the EU's 2030 emission reduction target,
including the land use sector. The Regulation is also in line with the Paris Agreement, which points to the critical
role of the land use sector in reaching our long-term climate mitigation objectives.
The importance of the LULUCF sector with specific activities in mitigating climate change was established
as a result of scientific research in the second half of the nineteenth century. Thus, it was found and concluded
that the rate of atmospheric CO2 accumulation can be reduced by terrestrial ecosystems that have the capacity
to store atmospheric CO2, in the form of carbon, in their vegetation and soils. In this context, given the major role
of terrestrial ecosystems in climate change mitigation, regulations on the LULUCF sector have been internationally
developed and adopted. Greenhouse gas inventories are a quantified estimate of the annual emissions of human
activity in a country. They are calculated simplified by multiplying the activity data by the emission factors.
According to the UNFCCC definition, activity data indicate the extent of human activity that causes emissions or
removals in a given period and sector.
The current situation regarding the quantification of GHG emissions and removals from the LULUCF sector
results from the analysis of the GHG emissions and removals profile for Romania reported according to the
National Emission Inventories submitted for the UNFCCC.
GHG emissions from the LULUCF sector are reported annually as separate sector in the National
Inventories of Greenhouse Gas Emissions. The forecasts for the forest land use and changes, as part of the
accounting of LULUCF sector, are estimated within the reporting of the Forest Reference Level (FRL) and the
National Forest Accounting Plan for Romania (PNCP).
The process of data collection to elaborate the national inventory of greenhouse gas emissions, includes the
following steps:
• identification of data requirements.
• identification of potential data providers.
• preparation of specific questionnaires.
• sending questionnaires to potential data providers.
• data collection.
• data verification: the received activity data are examined (discrepancies in periods time, significant
changes in values from the previous inventory year to the current year).
The main peculiarity of the LULUCF sector compared to the rest of the activity sectors of the National
Greenhouse Gas Inventories is that the managed lands are taken into account as representative for estimating
emissions and removals caused by human activity in this sector. Emission factors selection is
performed according to the provisions of the Ministry of Environment Order (Mo.EO) no. 1442/2014 for approving
the Procedure on selection of the estimation methods and of the emission factors needed for the estimation of
the GHG levels. Data archiving is done according to the provisions of the Ministry of Environment Order no.
1474/2008 for approving the Procedure on processing, archiving and storage of data specific to the NGHGI and
other relevant legal provisions in force.
The main data sources used for activity data in the LULUCF sector were and still are: National Institute
of Statistics as the Statistical Yearbook, The Ministry of Agriculture, Forestry and Rural Development (MADR),
The Director General of Forests.
RESULTS
As a result of the Paris Agreement, it was established to limit the increase of the global average
temperature below 1.5 degrees C compared to the level of the pre-industrial period to be maintained. To achieve
this objective, by the Agreement was set the target for neutrality of greenhouse gases by 2050.
To implement the intermediary commitments for European Union, the Energy - Climate Change Package
was adopted in December 2008, which established the efforts to reduce GHG emissions between Member States.
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Analyzing the situation of greenhouse gas emissions by main activity sectors in Romania during the period
1990-2017, the balancing trend between LULUCF and the rest of the sectors can be observed (Figure 2).

Fig. 2 - Percentage evolution of GHG in Romania - Total GHG without LULUCF vs LULUCF

It results the increasing importance of LULUCF sector in the climate neutrality objective to sequester GHG in
comparition to the rest of the sectors which emits GHG. From the previous figure it can be observed for Romania
the ascending trend of LULUCF sector to balance the rest of the GHG emissions from NGHGI sectors. This is not
enough for the achievement of 2050 target, it must be related also on reduction quantities of net emissions. The
next figure relates the reported quantities of GHG from the baseline year (1990), the intermediary years 2000 and
2017 and the future targets for 2030 and 2050.

Fig. 3 - Evolution of GHG reported and targeted quantities (left axis: Total without LULUCF vs LULUCF) and
percentage of GHG decreased related to 1990 baseline (right axis)

In Romania, the evolution trend of GHG emissions after 1990 (excluding LULUCF) is decreasing, the
biggest decrease being registered during 1991, of approximately 19% compared to 1990, but a higher decrease
was recorded in comparison with 1989This was mainly due to the decrease in industrial activity, where was
registered a decrease of 27% in the same year. In 2017, GHG emissions amounted to 92 million tons of CO2
equivalent, decreasing by 60% (including LULUCF) compared to recorded emissions in 1990 (229 Mt eq. CO2)
and 54% excluding LULUCF. In 2017, GHG emissions amounted to 92 million tons of CO2 equivalent, decreasing
by 60% (including LULUCF) compared to emissions recorded in 1990 (229 Mt eq. CO2) and 54% excluding
LULUCF.
Currently, Romania contributes to the total GHG emissions from the European Union with approximately
2.5% of the total emissions excluding LULUCF, a decreasing share compared to 1990 where the contribution was
over 4%. (NGHGI,2017). From the previous figure it can be followed the descending trend of GHG sectors without
LULUCF and separately for LULUCF sector from the baseline year 1990 and the previous year to the targets
established for 2030 and 2050. It can be seen the progressive decrease of total emissions of GHG without
LULUCF.
The trend of 30% decrease in year 2000 to almost 50 % in 2017 must be kept achieving the 60% decrease
in 2030.
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Until 2050, in order to balance the LULUCF absorption and sequestration (together with technologies for
carbon capture and sequestration) with the GHG emissions from the rest of the sectors, the latter must record a
decrease of approximately 90% in relation to the baseline year 1990.
Nationally, GHG emission reduction policy pursues European approach, first and foremost through the
implementation of the EU-ETS scheme and secondly, by adopting policies and measures at sectoral level, so that
at national level the GHG emissions related to these sectors, to respect the linear trajectory of the annual emission
levels allocated based on the provisions of Decision no. 406/2009 / CE (NGHGI,2017). At EU level, the targets
for achieving zero levels of net GHG emissions were published in the resolution of climate change on March 2019
and the resolution of the European Green Deal on January 2020. The European Commission proposed on 4
March 2020 the first European Climate Law transposing into law the objective of the European Green Pact to
achieve climate neutrality by 2050 (zero net GHG emissions, cumulated for all European countries). Romania, as
an EU Member, is required to submit its national long-term strategy in 2020 to reduce greenhouse gases until
2050 in order to meet their commitments to EU targets.
CONCLUSIONS
Climate change and land use conversions interact to affect biodiversity, ecosystems, and people through
a wide range of mechanisms. Will be necessary to understand these interactions in order to highlight the impact
and changes of biodiversity and ecosystems in different land use and climate scenarios / patterns and to manage
all of them appropriately. There are also opportunities to reduce the negative impact of climate change through
adaptation strategies, however, decisions regarding land use can also have negative effects on the adaptability
of population. Land use is determined by socio-economic and climate factors, potentially with complex reactions,
but if the negative impact of land use conversion cannot be adequately addressed, then the options for coping
with climate change are reduced.
The LULUCF sector comprises activities that emit or absorb carbon dioxide from croplands, wetlands and
forests which are all responsible for a significant percentage of global GHG emissions. Good land management
will not only limit greenhouse gas emissions but will also increase the carbon sequestration potential of the sector,
which is essential to reach the objectives of the Paris Agreement.
In this paper the GHG reduction targets were documented in relation with the main international Conventions and
Agreements. The increasing importance of LULUCF sector was highlighted in relation with other sectors,
considering the target of Paris Agreement to balance the emissions with absorption of GHG until the middle of
this century. The reported emissions of GHG for Romania were presented, discriminating between LULUCF sector
and the rest of the NGHGI sectors. For the achievement of future reduction targets it can be deduced the needs
and the intensity of measures in LULUCF sector and for the others NGHGI sectors.
Considering that the LULUCF sector offer a limited possibility to increase the quantity of GHG
sequestration, the efforts for measures applied in this sector are expected to contribute at preservation of present
values as the prognosis for Europe shows a decreasing trend (JRC, 2020). Thus, for the achievement of the target
to balance the emissions and absorptions until 2050 is considered also the contribution of future technologies for
carbon capture and storage (IPCC,2019). It remains for the Parties of Paris Agreement to implement the measures
in the GHG sectors to achieve the targets for National Determined Contributions. Studies and research are in
progress regarding the improvement of quantification for GHG (Voicu et.al 2020) in LULUCF sector but also for
the assessment of the ecosystem-based mitigation and adaptation measures (Coman et. al 2020).
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ABSTRACT
In 2019, at the Research and Development Station for Vegetable Buzau, an experiment was performed,
within the Complex Project PN III 0659, Component Project 4 "Technology for application in tomato crops of the
integrated management system (SMI) of agroecosystem resistance" - LEDSIMTOM. The biological material used
to determine the response of plants to additional LED lighting in order to increase the earlyness, quality and
immunity of the planting material was the tomato variety Buzau 1600, created by SCDL Buzau. Three types of
experiments were performed in the vertical greenhouse, by illuminating the seedlings with high-power light fields
emitted by red and blue monochrome LEDs and with white light, from a distance of 120, with additional lighting
duration of: 15, 30, 45 minutes for each color, for 7 consecutive days, on the seedling aged 30 days from
emergence. 3 variants were established, in 4 repetitions, for each color and a comparison variant. The culture
was established in the open field, in the ecological polygon. The phytosanitary treatments performed during the
vegetation period were ecological, using products based on microorganisms beneficial to plants, provided by the
company Sirio Organic.
REZUMAT
In anul 2019, la Statiunea de Cercetare-Dezvoltare pentru Legumicultură Buzău a fost efectuat un
experiment, ȋn cadrul Proiectului Complex PN III 0659, Proiect component 4 ”Tehnologie de aplicare în culturile
de tomate a sistemului de management integrat (SMI) al rezistenţei agroecosistemelor” - LEDSIMTOM. Materialul
biologic folosit pentru determinarea raspunsului plantelor la iluminarea suplimentara cu LED-uri in vederea
creșterii timpurietăţii, calităţii şi imunităţii materialului săditor a fost soiul de tomate Buzau 1600, creatie a SCDL
Buzău. Au fost realizate trei tipuri de experimentari, ȋn sera verticala, prin iluminarea rasadurilor cu câmpuri de
lumină de mare putere emise de LED-uri monocromatice roșii si albastre și cu lumină alba, de la distanţa de 120125 cm., cu durata iluminarii suplimentare de: 15, 30, 45 minute pentru fiecare culoare, timp de 7 zile consecutiv,
pe rasad cu varsta de 30 zile de la rasarit. Au fost stabilite 3 variante, ȋn 4 repetitii, pentru fiecare culoare si un
martor de comparatie. Cultura a fost ȋnfiintată in camp deschis, ȋn poligonul ecologic. Tratamentele fitosanitare
efectuate ȋn timpul perioadei de vegetatie au fost ecologice, utilizand produse pe baza de microorganisme
benefice plantelor, furnizate de catre firma Sirio Organic.
INTRODUCTION
Light is a vital factor for green plants, because their dry mass represents almost half of the mass of carbon
produced in the atmosphere, and the process of assimilation (photosynthesis) takes place only during the day.
Photosynthesis is the most important process that occurs in green plants, through this kitchen of plants takes place the
transformation of water and carbon dioxide into oxygen and usable energy in the form of sugars.
This process takes place only in the presence of light to release the necessary energy. Chlorophyll absorbs
the energy of light, and an electron in the chlorophyll is excited, moving from a lower energy state to a higher
energ`y state, and so the electron is transferred to another molecule. An electron transfer step chain ends with an
electron transferred to the carbon dioxide molecule. Meanwhile, chlorophyll that has given up an electron can
accept an electron from another molecule.

793

INTERNATIONAL SYMPOSIUM

This is the end of a process that leads to the removal of an electron from water. Due to chlorophyll, the
oxidation-reduction reaction takes place, called photosynthesis between carbon dioxide and water. lighting in
various areas of the electromagnetic radiation spectrum and plant development.
Chlorophyll is a mixture of two compounds, chlorophyll a (blue-black color) and chlorophyll b (dark green
color), which gives a green color in organic solutions (Willstätter Richard - German chemist, 1912).
In natural chlorophyll there is a 3: 1 ratio of the two components. The process of photosynthesis was
discovered in 1779 by the Dutch biologist Jan Ingenhousz who also discovered that plants, like animals, have
cellular respiration, and the term was introduced by the American botanist Charles Reid Barnes in 1893. Farmers
used these knowledge of artificial light sources (eg Horticulture Lamps from GE, PHILIPS, Osram, Sylvania), but
the recent development of high-efficiency LEDs has opened up new possibilities for new lighting applications.
intensive and more efficient plant growth for growers andhorticultural researchers. LED lighting can stimulate plant
growth by up to 40%, the most absorbed radiation is red and blue, being those that contribute to photosynthesis.
Plant lighting is done to stimulate faster growth, bud development and fruit ripening. However, light must
provide a correct spectral range. Different wavelengths are important for the growth, shape, development and
flowering of plants. For tomatoes is used red LED with a wavelength of 660 nm, it has a positive effect on the
harvest, especially on the number of fruits, blue light with 455 nm slows growth, while a blue with a wavelength of
470 nm leads to a larger leaf area and a fresh and dry biomass. The standard method is that of top lighting, in
which the LEDs are hung above the plants. Due to the low heat developed by the LEDs, the distance between
the light source and the plant can be kept to a minimum.
In 2017, in Gura Bîcului locality, Anenii Noi district, an experimental sector was created to investigate the
difference between the development of plants with additional LED lighting and without lighting. GreenPower redblue LED lamps were used to additionally illuminate the cucumber seedlings. The Sun System Light Meter was
used to measure the lighting level. Lighting plays a major role in the quality of our lives. The development of light
emitting diodes (LEDs) has made possible more efficient light sources. Creating white light sources that can be
used for lighting requires a combination of red, green, and blue light. Blue LEDs have proven to be much more
difficult to create than red and green light emitting diodes. During the 1980s and 1990s, Isamu Akasaki, Hiroshi
Amano and Shuji Nakamura successfully used the gallium nitride semiconductor to create efficient blue LEDs.
Different wavelengths of light have different effects on plants.
Photosynthesis helps plant growth. Recent research has shown that wavelengths of light between 400 and
710nm have an important role for plants, as follows: 455nm (blue light) and 660nm (red light) have the most
important role in the process of plant growth. The wavelength of 455nm (blue light) helps the absorption of
chlorophyll and carotenoids, this having a great effect on the development of leaves and fruits. The wavelength
of 660nm (red light) plays the most important role in plant photosynthesis, having an essential role. in the growth
of the plant root, in the prolongation of the fluorescence.Plant diversity determines different ratios between red
and blue light, and different growing times require different lights. The ratio that meets the requirements of all
plants and all stages of their development is: red / blue 6: 1 - 7: 1.
The Buzau 1600 tomato variety has an indeterminate growth, with plants 120-130 cm high, vigorous, with
characteristic light green leaves. The fruit is large, with an average weight of about 200 g (150-220 g), spherical
in shape, with a shape index between 0.9 and 1.2. The surface of the fruit is smooth, uniformly red. The fruit is
firm, not cracked. It can be successfully grown in all areas favorable to tomato cultivation, being recommended
primarily for households. It is a semi-late variety.The use of organic products in agriculture has become a
necessity, as it aims to massively reduce to the total cessation of the use of chemicals to prevent and control
phytopathogens and pests, in the control of weeds, chemical fertilizers, growth stimulants and forced fruit ripening,
aiming to obtain productions with zero residues, the health of the population occupying a primordial place in the
existence of humanity.
This need is supported by the growing consumer demand for organic agricultural products, which are
becoming more aware and interested in health insurance through the consumption of products, to which are
added the requirements of society for sustainable agricultural development and the multitude of favorable effects.
at the level of agricultural farm and environment.
At the level of 2012, organic farming was practiced in an organized way in 164 countries, by 1.9 million
farmers, who worked a total area of 37.5 million ha. Compared to 1999, which is the year in which the statistical
data at the level were first accessibleon organic farming, in 2012 the organic agricultural area tripled (FiBL-IFOAM,
2014).
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In Romania, at the level of 2012, the organic agricultural area was 288,261 ha, and the number of operators
(producers, processors, traders) registered in organic agriculture was 15,544 (MADR, Communications inspection
and certification bodies). Compared to 1999, in 2012 the ecological agricultural area almost doubled, while the
number of operators increased 4.8 times. Organic agriculture is a great sector for Romania.
The main rules of organic farming are: environmental protection, maintaining and increasing soil fertility,
respect for consumer health, organic farming must be a balanced unit, recycling materials and resources within
the farm, maintaining the biodiversity of the agricultural ecosystem, growing plants and growing animals in
harmony with natural laws, obtaining optimal and not maximum production, the use of technologies appropriate
to the system of organic farming, preserving the integrity of organic agricultural products, from their production to
marketing.
MATERIALS AND METHODS
At the Research and Development Station for Vegetable Cultivation Buzau, in 2019, an experiment was
carried out, within the Complex Project PN III 0659, Component Project 4 entitled “Technology for application in
tomato crops of the integrated management system (SMI) of agroecosystem resistance ”- LEDSIMTOM, on the
tomato crop Buzau 1600, on an area of 336 sqm. The culture was established in the Ecological Polygon, in the
open field. The biological material used to test the additional LED lighting to increase the earlyness, quality and
immunity of the planting material was the tomato variety Buzau 1600, created by SCDL Buzău. The culture was
established by seedling.

Fig.(a. ) Tomato variety 1600Buzău/ created by SCDL Buzău

This experiment was performed starting from the seedling phase of tomato plants, using the method of
additional LED lighting to increase the earlyness, quality and immunity of the planting material. The sowing was
carried out on 22.07.2019, in alveolar pallets with 70 alveoli, with the size of the alveoli of 4/4/4 cm, in a solarium
covered with polyethylene foil, in ecological system.
The treatments carried out during the vegetation period were ecological, based on microorganisms
beneficial to plants, from the company Sirio Organic. The experiment was performed in the Vertical Greenhouse
within the unit. Three experiments were performed with high-power light fields emitted by monochrome red and
blue LEDs and with white light. The seedlings were on average 20 cm high, the distance from which the lighting
was made was 120 cm.
The start date of the additional lighting of the plants was 04.09.2019, when the age of the seedlings was
30 days, from sowing. Additional lighting was performed for 7 consecutive days. 4 variants were installed, each
variant in 4 repetitions, 5 plants on each repetition, V1 being the control variant (where no additional lighting was
performed).
The duration of the additional lighting was: 15, 30, 45 minutes.After performing this additional lighting
treatment of the seedlings, they were planted in the experimental field in the Ecological Polygon of the ResearchDevelopment Station for Vegetable Cultivation Buzau.
During the vegetation period, the following pests appeared: the common red mite (Tetranychus urticae),
the tomato mining moth (Tuta absoluta) and the tobacco thrips (Thrips tabaci). Phytopathogens were absent.
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The observations were made at a time interval of 10-14 days, monitoring the evolution of phytopathogens
and pests. The determination and monitoring of the attack of pathogens and pests was performed by means of
indicators of frequency, intensity and degree of attack.

Fig.1- Tuta absolute

Fig.2- Tetranychus urticae

Fig.3- Thrips tabaci

For this purpose, dynamic observations were made, every 10 days, regarding the frequency of the attack
(F%) and the intensity of the attack (I%), on the background of natural infestation. The degree of attack (GA%)
was calculated with the obtained data.
Following the monitoring of phytopathogens and pests, treatments were administered to prevent and control
them. These ecological products based on microorganisms beneficial to plants, were from the company Sirio
Organic and were applied according to a treatment scheme recommended by them:
Table 1
Scheme of ecological treatments based on microorganisms applied to the Buzau 1600 Tomato variety,
additionally illuminated with red, monochrome blue LEDs and white light
Date of
performance
treatment

Nr.
treatment

12.08.2019

1

29.08.2019

2

Phase
21 days
after
sowing
38 days
after
sowing

Dose
used%

Product used

Metab+Nutryaction

Metab+Nutryaction

25ml+
50ml

Metab+Nutryaction
Actiseed+Nutryaction
Serlac V

25ml+
50ml;
25ml+
50ml;
30ml

12.09.2019

3

52 days
after
sowing

26.09.2019

4

12 days
after
planting

Metab+Nutryaction

5

25 days
after
planting

Metab+Nutryaction
Actiseed+Nutryaction

6

39 days
after
planting

Metab+Nutryaction
Actiseed+Nutryactin;\
Serlac V

09.10.2019

23.10.2019

150ml+3
00ml;
100ml+2
00ml
20ml+
40ml;
20ml+
40ml;
30ml

Water /
Applica
tion

How to
apply

Prevention /
Control

10l

by
spraying

Insect antistress,
biostimulator;

10l

by
spraying

Insect antistress,
biostimulator;

10l

by
spraying

10l

by
spraying

10l

by
spraying

10l

by
spraying

Insect antistress,
biostimulator;
Antistress fungi,
biostimulator;
Antistress virus
Insect antistress,
biostimulator;
Insect antistress,
biostimulator;
Antistress fungi
Insect antistress,
biostimulator;
Antistress fungi,
biostimulator;
Antistress viru

The ecological products that we used to prevent and control pests, for the tomato culture Buzau 1600, were
from the company Sirio-Organic which have in their composition microorganisms beneficial for the growth, fruiting
and development of plants are:
1. METAB (Beauveria bassiana and Metarhizium anisopliae) is a bioinsecticide that acts against the
following pests: wireworms, Colorado potato beetles, aphids, thrips, red spider, whitefly, Agriotes, Diptera,
ladybug larvae and moths. This product parasitizes insects (adults and larvae) and destroys their chitinic coating
thanks to chitinolytic enzymes.
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Spores from Beauveria bassiana adhere to the insect, germinate and produce chitinolytic enzymes that
pierce its exoskeleton. The mycelium penetrates the host insect, feeds on its hemolymph and multiplies, producing
spores that spread the infection. The insect dies by dehydration.
Insects that are not killed are limited in movement, unable to feed, and their ability to reproduce is severely
compromised. Metharizium anisopliae develops a phytopathogenic activity, penetrating insects through the
nodules and spores of the sense organs. Once the insect has penetrated, it produces a lateral extension of the
hypha that proliferates and destroys the insect inside.
2.ACTISEED (Glomus spp. And Bacillus spp.), The product contains a mix of promoting microorganisms,
beneficial for the growth, development and protection of agricultural crops. It helps plants to become stronger,
healthier, more resistant to drought and disease, with positive consequences in terms of crop quality and
productivity.
3.SERLAC V is a biovirusoid consisting of: amino acids, enzymes, microorganisms and organic compounds
resulting from fermentation. It acts as a revitalizing agent for the plant, in times of stress caused by viral attacks,
drought, frost, extreme temperatures, transplantation, strong wind. The enzymes, amino acids and
microorganisms contained in the biofertilizer cause a decrease in the pH of the plants below the survival level of
the viruses.
4.NUTRYACTION is a biofertilizer with a special formula based on plant organic molecules, with low
molecular weight. Contains yeast extract with brown algae content.
The evolution of the pests was followed, at the Buzau 1600 Tomato culture and their graphic representation was
made:
Table 2
Evolution of the pest Tuta absoluta in tomato culture Buzau 1600, untreated control
with additional light, in the open field (F%)
Alternative
V1.1
V1.2
V1.3
V1.4

10.08.2019
20
20
40
60

28.08.2019
40
40
40
40

11.09.2019
0
20
20
0

25.09.2019
20
0
0
60

60
50
40
30
20
10
0

08.10.2019
0
0
0
40

22.10.2019
0
20
20
0

V1.1
V1.2
V1.3
V1.4

Fig.4 - Evolution of the pest Tuta absoluta in tomato culture Buzau 1600,
untreated control with additional light, in the open field (F%)

In the control variant, the untreated variant with additional light, in the open field, of the pest Tuta absoluta,
in the tomato culture Buzău 1600, had a high frequency, especially in the first vegetation period. Due to the
administration of ecological treatments based on microorganisms beneficial to plants, the attack has been greatly
reduced.
Table 3
Evolution of the pest Tuta absoluta for tomato culture Buzau 1600, additional lighting with LEDs with
blue light, In the open field (F%)
Alternative
V3.1
V3.2
V3.3
V3.4

10.08.2019
60
60
40
60

28.08.2019
0
40
0
40

11.09.2019
40
0
0
0
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25.09.2019
60
0
60
60

08.10.2019
0
60
0
0

22.10.2019
40
0
0
0

INTERNATIONAL SYMPOSIUM

Fig.5.- Evolution of the pest Tuta absoluta for tomato culture Buzau 1600,
additional lighting with LEDs with blue light, In the open field (F%)

In this graphic representation we notice that the Tuta absoluta pest was attracted by the plants additionally
illuminated with LEDs with blue light, he having a special preference for these plants. The pest attack was reduced
to a complete halt by applying ecological treatment with Metab. This product parasitized insects (adults and larvae)
and destroyed their chitinic coating thanks to chitinolytic enzymes. Spores from Beauveria bassiana adhered to
the insect, germinated and produced chitinolytic enzymes that perforated its exoskeleton. The mycelium
penetrated the host insect, fed on its hemolymph and multiplied, and produced spores that spread the infection.
The insect died of dehydration. Insects that are not killed are limited in movement, unable to feed, and their ability
to reproduce is severely compromised. Metharizium anisopliae develops a phytopathogenic activity, penetrating
insects through the nodules and spores of the sense organs
Table 4
Evolution of the pest Tetranychus urticae in tomato crop Buzau 1600, untreated control with additional
light, In the open field (F%)
Alternative
V1.1
V1.2
V1.3
V1.4

10.08.2019
0
0
60
0

28.08.2019
60
60
60
60

11.09.2019
20
20
0
0

25.09.2019
0
0
0
0

60
50
40
30
20
10
0

08.10.2019
0
20
20
60

22.10.2019
20
0
0
0

V4.1
V4.2
V4.3
V4.4

Fig.6.- Evolution of the pest Tetranychus urticae in tomato crop Buzau 1600,
untreated control with additional light, In the open field (F%)

Tetranychus urticae manifested itself in a high percentage in the first period of vegetation in the Buzau
1600 tomato crop. Following the administration of ecological treatments based on microorganisms, the frequency
of this pest was greatly reduced, until it was completely stopped.
Table 5
Evolution of the pest Tetranychus urticae in the tomato crop Buzau 1600, additional lighting with LEDs
Alternative
V3.1
V3.2
V3.3
V3.4

10.08.2019
0
60
0
0

28.08.2019
0
0
60
0

11.09.2019
60
0
0
0
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25.09.2019
0
0
0
0

08.10.2019
0
0
60
0

22.10.2019
60
0
0
0
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Fig.7.- Evolution of the pest Tetranychus urticae in the tomato crop Buzau 1600,
additional lighting with LEDs with blue light, In the open field (F%)

Tetranychus urticae was not present in a high percentage on these tomato plants, in the Buzau 1600
variety, treated with additional light. This pest has been kept under control and controlled with these
environmentally friendly microorganism products.
Table 6
Evolution of the pest Thrips tabaci in tomato culture Buzau 1600,
untreated control with additional light, In the open field (F%)
Alternative
V1.1
V1.2
V1.3
V1.4

10.08.2019
0
0
0
0

28.08.2019
0
0
0
0

11.09.2019
0
0
0
0

25.09.2019
0
0
0
0

08.10.2019
0
0
0
0

22.10.2019
0
0
0
0

This pest was not present in the control variant, due to the ecological treatments applied preventively.
Table 7
Evolution of the pest Thrips tobaci in tomato culture Buzau 1600,
additional LED lighting with blue light, In the open field (F%)
Alternative
V3.1
V3.2
V3.3
V3.4

10.08.2019
20
20
0
0

28.08.2019
0
0
0
0

11.09.2019
0
0
0
0

25.09.2019
20
0
0
0

08.10.2019
0
0
0
0

22.10.2019
0
0
0
0

Fig.8 Evolution of the pest Thrips tobaci in tomato culture Buzau 1600,
additional LED lighting with blue light, In the open field (F%)

And this pest was attracted by the variants treated with additional light, with LEDs with blue light, but the
effect of the ecological products from the company SIRIO ORGANIC, stopped it completely.
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Table 8
Evolution of the pest Tuta absoluta for tomato culture Buzau 1600,
additional lighting with LEDs with red light, In the open field (F%)
Alternative
V4.1
V4.2
V4.3
V4.4

10.08.2019
60
0
40
60

28.08.2019
0
40
0
0

11.09.2019
0
0
20
20

25.09.2019
60
0
0
60

08.10.2019
0
0
0
0

22.10.2019
0
0
0
0

The frequency of Tuta absoluta attack on plants treated with additional red light is very low, the pest
attacked the plants only in the first part of the vegetation.
Table 9
Evolution of the pest Tetranychus urticae in the Buzau 1600 tomato crop, additional LED lighting with red
light, In the open field (F%)
Alternative
V4.1
V4.2
V4.3
V4.4

10.08.2019
0
0
60
0

28.08.2019
0
60
0
0

11.09.2019
0
0
0
0

25.09.2019
0
0
60
0

08.10.2019
0
60
0
0

22.10.2019
0
0
60
0

Fig.9.- Evolution of the pest Tuta absoluta for tomato culture Buzau 1600,
additional lighting with LEDs with red light, In the open field (F%)

The pest appeared on plants at the beginning and end of the vegetation period.

Fig.10 Evolution of the pest Tetranychus urticae in the Buzau 1600 tomato crop,
additional LED lighting with red light, In the open field (F%)

Table 10
Evolution of the pest Tetranychus urticae in the Buzau 1600 tomato crop,
additional LED lighting with red light, In the open field (F%)
Alternative
V4.1
V4.2
V4.3
V4.4

10.08.2019
0
0
0
0

28.08.2019
0
0
0
0

11.09.2019
0
0
0
0

800

25.09.2019
0
0
0
0

08.10.2019
0
0
0
0

22.10.2019
0
0
0
0
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CONCLUSIONS
Among the variants treated with additional light, the variant treated with LEDs with monochrome red light
was the variant with the lowest and lowest number of pests. The treatments to which the seedlings were subjected
(additional lighting), determined the appearance of some significantly quantifiable morphological manifestations
compared to the control variant.
These changes agree with the data from the specialized literature and on the tomato variety Buzău 1600,
biological creation of SCDL Buzău. Thus, the blue light with a wavelength of 455 nm regulated the growth of the
plant and inhibited the elongation of the stems. Plants grown with blue light were shorter and had greener, smaller
and thicker leaves than plants grown with red light. In red light the stems grew larger and the leaves enlarged the
surface of the tongue. Plants subjected to additional lighting treatment, are greener, more vigorous, are more
resistant to drought, resistant to low temperatures, with increased immunity to the attack of various
phytopathogens and pests.
They are attacked by a very small number of pests, after planting, and the pathogens are completely absent.
These ecological products based on microorganisms have given the plants a special resistance to the attack of
diseases and pests, to the weather (the plants continue to grow and develop and at low temperatures), the plants
having a more vigorous growth, plants treated with additional blue light were preferred by pests but immune to
phytopathogens, An adequate balance of energy in the blue spectral area produces plants that have a normal
growth and shape.
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STUDY THE STORABILITY OF FRUITS OF SOME CUCUMBER HYBRIDS
(CUCUMIS SATIVUS L.) GROWN IN UNHEATED PLASTIC HOUSES
/
دراسة القابلية الخزنية لثمار بعض هجن الخيار المزروعة في البيوت البالستيكية غير المدفأة
Prof. Ph.D. Dhia Ahmed Taain* ) , Prof. Ph.D Abdulla A. Abdulla, Researcher. Ahmed M.Alabrahimy
Department of Horticulture and Landscape, College of Agriculture, University of Basrah, Iraq
Telephone:009647812277581, E-mail: golden_fruitb@yahoo.com

Keywords: cucumber hybirds, training methods, storage, decay percentage, total soluble solids

ABSTRACT
The experiment was conducted during the winter season 2016-2017 in Siddakheel district, Dhi Qar province,
south of Iraq in order to study the storage ability of fruits of four cucumber hybirds (Sayf F1, Silyon Rz F1, Baraa 138F1
and Rami F1) planted in unheated plastic house. Experiment was carried out as factorial experiment for the possible
combination of three factors (four cucumber hybrids, two training methods and four storage periods) by using C.R.D.
design with three replicated and the differences of means were compared by using the least significant difference
(L.S.D) test at the probability level of 0.05. Fruits were packed in perforated polyethylene bags (16 hole with a
diameter of 5 mm per bag and weighed 2 kg per bag), then stored at 13°C for four weeks. Results indicated that
Silyon RZ F1hybrid fruits recorded the highest percentage of total soluble solids, with no significant difference with
Baraa 138 F1 and with significant difference with the rest hybrids. Silyon RZ F1 hybrid fruits recorded the lowest
percentage of weight loss and the lowest percentage of decay with no significant difference with Baraa 138 F1 hybrid
fruits. The statistical analysis showed no significant differences between the two methods of training in all studied
properties. The percentage of decay and weight loss increased while the percentage of total soluble solids decreased
by increasing the storage period. Interactions between studied factors were significant in their effect on the studied
parameters. The highest percentage of weight loss was in fruits of Silyon RZ F1 plants grown on one stem while the
highest total soluble solids were in the fruits of Baraa 138 F1 plants grown on one stem after four weeks of storage.
REZUMAT

 في احد البيوت البالستيكية غير المدفأة في قضاء سيد دخيل محافظة ذي قار بهدف2017-2016 أجريت التجربة خالل الموسم الزراعي الشتوي
(تقييم هجن الخيارSayf F1, Silyon Rz F1, Baraa 138F1 and Rami F1) .المزروعة بالبيوت البالستيكية من ناحية القابلية الخزنية للثمار
0
 م13  كغم من الثمار في الكيس الواحد ثم خزنت على درجة حرارة2  ملم ) حيث وضع5  ثقباً قطر الثقب16( عبئت الثمار في أكياس من البولي أثيلين مثقبة
نفذت كتجربة عاملية لثالثة عوامل هي عبارة عن التوافيق الممكنة بين أربعة هجن من الخيار وطريقتي تربية وأربعة فترات. في حاضنة مبردة لمدة أربعة أسابيع
(خزن باستخدام التصميم العشوائي الكاملCRD)  وبثالث مكررات وقورنت المتوسطات باستخدام اختبار أقل فرق معنويLSD 0.05 تحت مستوى معنوية
. اظهرت النتائج تفوق ثمار الهجينSilyon RZ F1  في تحقيق اعلى نسبة للمواد الصلبة الذائبة الكلية وبفارق غير معنوي عن الهجينBaraa 138 F1
ومعنوي على بقية الهجن كما حققت ثمار الهجينSilyon RZ F1  اقل نسبة معنوية للفقد بالوزن وبفارق غير معنوي عن ثمار الهجينBaraa 138 F1
ومعنوي على بقية الهجن حققت ثمار الهجينSilyon RZ F1 اقل نسبة مئوية للفقد بالوزن واقل نسبة مئوية للتلف وبفارق غير معنوي عن ثمار الهجين
Baraa 138 F1 ولم يظهر التحليل االحصائي وجود فروق معنوية بين طريقتي التربية في التاثير في الصفات المدروسة كما ازدادت النسبة المئوية للتلف.
والفقد بالوزن في حين انخفضت النسبة المئوية للمواد الصلبة الذائبة الكلية كلما زدادت مدة الخزن وكانت التداخالت بين العوامل معنوية في تاثيرها في مؤشرات
الدراسة اذ نجد ان اعلى نسبة مئوية للفقد باالوزن كانت في ثمار نباتات الهجينSilyon RZ F1 المرباة على ساق واحدة في حين كانت اعلى نسبة للمواد
الصلبة الذائبة الكلية في ثمار نباتات الهجينBaraa 138 F1 .المرباة على ساق واحدة بعد أربعة أسابيع من الخزن
INTRODUCTION
Cucumber (Cucumis sativus L.) is an important vegetable crop in Iraq and the world cultivated in the fields
during the spring and summer seasons (Bacci et al., 2006).
Cucumber fruits are distinguished by their high content of water, which constitutes about 95% of the fresh
weight of the fruit (Al-Khuza’i, 2006). Each 100 grams of fruit contains 12 calories, 0.6 grams of protein, 0.1 grams
of fat, 2.2 grams of carbohydrates, 0.06 grams of vitamin A, 0.03 grams of vitamin B1, 0.02 grams of vitamin B2,
12 mg of Ca, 15 mg of magnesium, 0.3 Iron Mg, 24 mg Phosphorous 0.3 g Niacin (Papadopoulos, 2003).
The process of storing fruits is one of the important processes that researchers looked at, because of its
great importance in preserving the fruits from damage and keeping them healthy and with a high nutritional value
for the longest possible period during storage. In general, storage is one of the means used to try to extend the
storage life of fresh fruits and thus extend the period of supply in the local markets taken into consideration, the
short period of display of these fruits in the markets. As it is well known, the cold storage is important in reducing
the vital activities of fruits, especially the respiration process and the production of ethylene.
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It also works to limit the growth of pathogens (Al-Ani,1985; Shihikov,1988). Regulating the supply of
cucumber fruits in the market and increasing the duration of their presentation in its fresh condition and with high
quality of consumption requires improving the storage ability of the crop if it is taken into consideration the weak
storability of the fruits due to their high water content, which leads to attack by fungi in addition to weight loss. On
the other hand, cucumber fruits are sensitive for chilling injury when stored at temperatures below 10 °C, which
is the formation of pitting and decomposition of fruit tissue and the appearance of water spots (Desouki et al.,
2001).
The water content of the fruits is the most important reservoir quality, as losing water from the fruits leads
to a decrease in the turgor pressure of fruit cells and then caused fruits wilting. Weight loss occurs either as a
result of the loss of the water content by evaporation from the surface of the fruits or as a result of the loss of
stored food as a result of consumption by the respiration process or both and after harvesting, there is a big
problem of water loss because reaching it to the extent that leads to wilting and wrinkling and shrinking the fruit
caused large loss in the marketing value of the fruits (Shirokvo 1988; Taain, 2005, 2011 ).
Pragathi (2014) mentioned when evaluating several hybrids of cucumber plants grown in greenhouses
which were Don, Encounter-963, Indam-swadish -43, Kareena, Maharaja, Silyon, Multi-star, and Sedona. that
Don hybrid significantly superior to the rest in storability and qualitative characteristics of fruits.
The present study aims to evaluate the storage behavior of fruits of cucumber hybrids (Sayff, Silyon RZ,
Baraa 138, Rami) planted in greenhouses and the effect of the training method on their storage behavior.
MATERIALS AND METHODS
The experiment was conducted during winter agricultural season 2016-2017 in one of the orchards of the
district of Sayyid Dakhil, Dhi Qar Governorate, south of Iraq in one of the greenhouses of 50 x 9 m dimensions
and an area of 450 m 2 with the aim of studying the effect of the storage behavior of some cucumber hybrids
(Sayff, Silyon RZ, Baraa 138, Rami) and the effect of two methods of training (one stem, two stems) of cucumber
plants on the storage behavior of fruits.
The soil with clay mixture textures are prepared by plowing, softening, leveling , dividing into four lines with
a length of 48 m with 1.8 m distance between them and adding the triple super phosphate fertilizer (45% P2O5)
at a rate of 2.5 kg. Line-1 and sterilized with the systemic pesticide 5g by 4.6 gm2-. Seeds were planted on
1/10/2016 directly and on both sides of the line, with a distance of 40 cm.
All agricultural service operations followed in the production of the crop inside the greenhouses were
carried (Bashir, 1990). Training of cucumber plants with (one stem, two stems) was carried out.
Fruits were harvested before they reached to maturation stage in the early morning and packed in
perforated polyethylene bags (16 hole with a diameter of 5 mm per bag weighed 2 kg per bag), then stored at
13°C for four weeks.
The decay and weight loss was calculated as a percentages, Vitamin C (mg / 100 g) determined according
to A.O.A.C. (1992). Total soluble solids determined by using hand refractometer and the results were corrected
to 20 ºC. Experiment was carried out as factorial experiment consisting of three factors: Four cucumber hybrids
(Sayf F1, Silyon Rz F1, Baraa 138F1 and Rami F1), two methods of training of cucumber plants (one stem, two
stems) and four storage periods, using Complete Rondomize Design (CRD) with 3 replicates.
The results were statistically analyzed using the statistical program Genstat. The mean differences were
compared by using the least significant difference (L.S.D) test at the probability level of 0.05 (Al-Rawi and Khalf
Allah 1980).
RESULTS
Decay percentage. The results of Table 1 indicated to the effect of the hybrid, the method of training,
storage periods and the interaction between them on the decay percentage of fruits stored at 13°C. The results
showed that the lowest percentage of decay (0.84%) was in the fruits of the hybrid Silyon RZ F1 with no significant
difference from the fruits of the hybrid Barra 138 F1 and significant from the rest of the hybrids .while, the highest
percentage of decay (1.38%), recorded in the fruits of the hybrid Rami F1with no significant difference from the
fruits of the hybrid Sayff F1.
It appeared from the same table that there are no significant differences between the two methods of
training on their effect on the decay percentage of fruits, while the effect of the storage period was significant,
noting that the percentage of decay increased with increasing the storage period until it reached (2.92%) after
four weeks of storage.
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The interaction between the hybrids and training methods was significant, as the lowest decay percentage
was in the fruits of the Silyon RZ F1 hybrid plants grown on one stem, which amounted to (2.603%), while the
highest percentage of decay(1.39%) was in the fruits of Rami F1 hybrid plants. grown on two stems. As for the
interaction between hybrids and the storage period was significant, it was noted that the highest percentage of
decay was in the fruits of the Rami F1 hybrid after four weeks of storage, which amounted to (3.65%). Fruits of
hybrids had no decay up to the third week of storage. As for the interaction between the training methods and the
storage period, it was also significant, the highest percentage of decay was in the fruits of plants grown on two
stems after four weeks of storage, which amounted to (2.94%). In regard to triple interaction. The highest
percentage of decay was in the fruits of Rami F1 hybrid plants planted on two stems after four weeks of storage,
which amounted to (3.67%).
The fruits are exposed during the process of packing and storage to the damage, which takes several forms
according to its causes. It may be the result of mechanical disorders to the fruits during packing and storage, such
as bruises caused by the pressure of the fruits of each other inside the package.
The damage is caused as a result of the progress of fruits ripening, and also due to injuries with pathogens
such as bacteria, fungi and yeast ( Dementeva and Vegonski , 1988 , Taain 2011, 2014). It should be noted
that the hybrids did not know the damage except at the beginning of the third week of storage at a temperature of
13 ° C. It is also noted that the fruits of the hybrids under study differed in their percentage of decay at the end of
the storage period and this may be due to the genetic differences between them.Thus, Silyon RZ F1 and BARAA
138 F1 hybrids showed a significant decrease in the percentage of decay compared with the Rami F1 and Sayff
F1 hybrids.
Table 1
The effect of hybrids, the training methods, the storage periods and the interaction among them in the
percentage of decay of the cucumber fruits stored at 13 ° C.
Hybrids

Training methods

BARAA 138 F1
Sayff F1
Silyon RZ F1
Rami F1

Hybrids + storage
period

Storage periods(weeks)

Hybrids= Training
methods

One stem
Two stems
One stem
Two stems
One stem
Two stems
One stem
Two stems

1
0
0
0
0
0
0
0
0

2
0
0
0
0
0
0
0
0

3
1.33
1.29
1.76
1.81
1.24
1.21
1.83
1.92

4
2.36
2.31
3.55
3.61
2.12
2.17
3.63
3.67

BARAA 138 F1
Sayff F1
Silyon RZ F1
Rami F1

0
0
0
0

0
0
0
0

1.31
1.78
1.22
1.87

2.33
3.58
2.14
3.65

0

0

1.54

2.91

0.92
0.90
1.32
1.35
0.84
0.85
1.36
1.39
Means of hybrid
0.91
1.34
0.84
1.38
Means of training
method
1.11

0

0

1.55

2.94

1.12

0

0

Training
One stem
Methods+ Storage
Two stems
periods
Means of storage periods
hybrids

Training
methods

storage
periods

0.41

0.07

0.86

Hybrids=Training
methods

0.49

1.54

2.92

Hybrids +
storage
periods

Training
Methods+
Storage periods

Triple
interacti
on

0.97

0.11

1.22

Weight loss percentage. Date presented in table 2 showed the effect of the hybrid, the method of training,
storage periods and the interaction among them on the percentage of weight loss of fruits stored at 13°C. It is
clear that the lowest percentage of weight loss (2.623%) was in the fruits of the hybrid Silyon RZ F1 with no
significant difference from the fruits of the hybrid Barra 138 F1 and significant from the rest of the hybrids.
As for the highest percentage of weight loss (4.073%), it was recorded in the fruits of the hybrid Rami F1,
with no insignificant difference from the fruits of the hybrid Sayff F1.
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The same table showed that there were no significant differences between the two methods of training.
The results indicate that the lowest percentage of weight loss increased with the continuation of storage period
reached to 7.437%mg 100 g-¹ after four weeks of storage.
In regard to Binary interaction between hybrids and training methods, there were significant differences
between factorial treatments, the lowest percentage of weight loss was in the fruits of the Silyon RZ F1 hybrid
plants with one stem, which amounted to (2.603%), while the highest percentage of weight loss was in the fruits
of hybrid plants Rami F1 with two stems (4.093%). As for the interaction between hybrids and the storage periods,
it is clear that the highest percentage of weight loss was in the fruits of the Rami F1 hybrid after four weeks of
storage, which amounted to (8.929%). It should be noted that the fruits of hybrids had no loss in weight until the
end of the first week of storage. The results of the same table also indicated to the significance of the interaction
between the training methods and the storage periods, as it is noticed that the highest percentage of weight loss
was in the fruits of plants with one stem after four weeks of storage, which amounted to (7.457%). In regard to
triple interaction, the highest percentage of weight loss was in the fruits of the Rami F1 hybrid plants with one
stem after four weeks of storage, which amounted to 8.981%.
The increment in the percentage of weight loss by increasing the storage period is due to the decrease in
the weight of the fruits as the storage period progresses as a result of the loss in the water content of the fruits
with the continuation of the storage period as well as the consumption of food stored in the fruit as a result of the
respiration process (Taain ,2005, Taain et al., 2017).
Table 2
The effect of hybrids, the training methods, the storage periods and the interaction among them in the
percentage of weight loss of the cucumber fruits stored at 13 ° C.
Hybrids
BARAA 138 F1
Sayff F1
Silyon RZ F1
Rami F1

Hybrids +
storage period

Training
methods

1

2

3

4

Hybrids= Training
methods

One stem

0

1.121

3.652

6.555

2.832

Two stems

0

1.133

3.945

6.543

2.905

One stem

0

1.265

5.671

8.111

3.761

Two stems
One stem
Two stems
One stem
Two stems

0
0
0
0
0

1.281
1.111
1.125
1.271
1.285

5.888
3.121
3.333
5.961
6.211

8.133
6.181
6.116
8.981
8.877

BARAA 138 F1
Sayff F1
Silyon RZ F1
Rami F1

0
0
0
0

1.127
1.273
1.118
1.278

3.798
5.779
3.227
6.086

6.549
8.122
6.148
8.929

0

1.192

4.601

7.457

3.825
2.603
2.643
4.053
4.093
Means of hybrid
2.868
3.793
2.623
4.073
Means of training
method
3.312

0

1.206

4.844

7.417

3.366

0
storage
periods

1.199

4.722

Training
One stem
Methods+
Two stems
Storage periods
Means of storage periods
hybrids
Training
methods

0.877

Storage periods(weeks)

0.235

1.165

Hybrids= Training
methods
1.115

7.437
Training
Hybrids +
Methods+
storage
Storage
periods
periods
1.563
1.862

Triple
interaction
2.366

Percentage of total soluble solids (T.S.S). Table 3 showed the effect of the hybrids, the training methods,
the storage periods and the interaction among them on total soluble solids percentage of cucumber fruits.
It is noted from the table that the highest percentage of total soluble solids (3.405%) was in the fruits of the
Silyon RZ F1 hybrid with no significant difference from the fruits of the hybrid BARAA 138 F1 and with significant
differences compared to the rest of the hybrids, while the lowest percentage of total soluble solids (3.132%) was
in the fruits of the Rami F1 hybrid.
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The same table showed that there were no significant differences between the two training methods of
cucumber plants in affecting the total soluble solids percentage of fruits. As for the effect of the storage period, it
is observed that the fruit content of total total soluble solids decreased with the continuation of storage period.
This may be due to its consumption by respiration, and this result is consistent with Choi et al. (2015) for
Baegdadagi cucumber fruits.
The table also showed a significant difference between the hybrids and training methods, as the fruits of
the hybrid BARAA 138 F1 with the training method on one stem recorded the highest percentage of total soluble
solids (3.621%), while the lowest percentage of total soluble solids was in the fruits of the hybrid Silyon RZF1 and
Rami F1 F1 with the training method on two stems that amounted to (2.968%).
As for interaction between the hybrids and the storage periods, it was significant, as the fruits of the hybrid
BARAA 138 F1 excelled in recording the highest percentage of total soluble solids after a week of storage
amounted to (4.340%), while the lowest percentage of the total soluble solids (2.527%) was in the fruits of the
hybrid BARAA 138 F1 after four weeks of storage.
The results of the same table indicated to the interaction between the training methods and the storage
period, the highest percentage of total soluble solids was in the fruitsof hybrids with the training method on one
stem after a week of storage, which was recorded (4.034%), while the lowest percentage of the soluble solids
recorded by the fruit of hybrids of two stems training method for four weeks storage period, which amounted to
(2.530%), In regard to triple interaction, the BARAA 138 F1 hybrid plants with one stem for a week storage period
gave the highest percentage of total soluble solids amounted to (5.147%), while the lowest percentage was in
the fruits of the Rami F1 hybrid with one stem for three weeks of storage, which amounted to (2.250%).
Table 3
The effect of hybrids, the training methods, the storage periods and the interaction among them in the
percentage of total soluble solids of the cucumber fruits stored at 13 ° C.
Hybrids
BARAA 138 F1
Sayff F1
Silyon RZ F1
Rami F1

Hybrids +
storage period

One stem
Two stems
One stem
Two stems
One stem
Two stems
One stem
Two stems

1
5.147
3.533
3.733
3.397
3.327
3.610
3.927
3.633

2
3.690
2.533
3.340
3.500
3.717
3.670
3.150
2.860

3
3.017
3.993
3.220
3.477
3.120
3.497
2.930
3.107

4
2.630
2.423
3.293
2.573
3.430
2.873
3.200
2.250

BARAA 138 F1
Sayff F1
Silyon RZ F1
Rami F1

4.340
3.565
3.468
3.780

3.112
3.420
3.693
3.005

3.505
3.348
3.308
3.018

2.527
2.933
3.152
2.725

4.034

3.474

3.072

3.138

Hybrids=
Training
methods
3.621
3.121
3.402
3.237
3.398
2.968
3.302
2.968
Means of
hybrid
3.371
3.317
3.405
3.132
Means of
training
method
3.431

3.543

3.141

3.518

2.530

3.184

3.789

3.308
HybridsTraining
methods
0.07508

Storage periods(weeks)

Training
methods

Training
One stem
Methods+
Two stems
Storage periods
Means of storage periods
hybrids

Training
methods

storage
periods

0.03754

0.2225

0.04335

3.295
Hybrids +
storage
periods
0.07508

2.834
Training
Triple
Methods+
interaction
Storage periods
0.06502
0.13005

CONCLUSIONS
In conclusion, the results obtained in the present work clearly indicated that cucumber hybrids (Sayf F1,
Silyon Rz F1, Baraa 138F1 and Rami F1) can be stored for four weeks at 13°C.
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Silyon RZ F1 hybrid fruits recorded the lowest percentage of weight loss and the lowest percentage of
decay with no significant difference with Baraa 138 F1 hybrid fruits, while Silyon RZ F1hybrid fruits recorded the
highest percentage of total soluble solids, with no significant difference with Baraa 138 F1. Results also showed
no significant differences between the two methods of training (one stem, two stems) in studied parameters.
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ABSTRACT
The objective of the study, carried out in the period 2018-2020, aimed at the influence of the harvest season
on the components involved in the production of biomass obtained from sweet sorghum grown in sandy soils in
southern Oltenia. The obtained results showed a maximum of the total biomass production of 80.62 t / ha, obtained
when harvesting the sweet sorghum in the milk wax grain phase. Among the components of the total biomass
production, the highest percentage was represented by the stems, respectively 71.2-80.5 %, depending on the
harvest season. The percentage of sugar, extracted from the stem, was positively correlated with the dry matter
and negatively with the leaf surface index, which recorded the maximum value (19.2%) by harvesting the sugar
sorghum in the physiological maturity phase of the grain.
REZUMAT
Obiectivul studiului realizat în perioada 2018-2020 a vizat influența epocii de recoltare asupra
componentelor implicate în realizarea producției de biomasă obținută la sorgul zaharat cultivat în condițiile
solurilor nisipoase din sudul Olteniei. Rezultatele obținute au evidențiat un maxim al producției totale de biomasă
de 80,62 t/ha, obținut la recoltarea sorgului zaharat în faza de lapte ceară bobului. Între componentele producției
totale de biomasă, cel mai mare procent l-au reprezentat tulpinile, respectiv 71,2-80,5 %, in funcție de epoca de
recoltare. Procentul de zahăr extras din tulpină s-a corelat pozitiv cu substanța uscată și negativ cu indicele
suprafeței foliare, acesta înregistrând valorarea maximă (19,2 %) prin recoltarea sorgului zaharat în faza de
maturitate fiziologică a bobului.
INTRODUCTION
Due to the high sugar content of the stems and the high proportion of starch in the grains, sorghum
(Sorghum bicolor var. Saccharatum) is one of the most important agricultural sources used for biomass
production, which can be processed and converted relatively easily into a type of fuel (bioethanol, synthesis gas),
vegetable proteins, feed or green manure (Reddy BVS et al. 2005, Almodares A., 2008, 2009, Matei Gh, 2016,
Antohe, 2007). Sweet sorghum is widely recognized as an extremely promising energy crop for biomass, with
special potential to complement sugarcane production in diversified cropping systems (Kun-Jun Han et al., 2012,
Tatiana Maria da Silva et al., 2017, 2018).
The quality of the sweet sorghum and the juice obtained largely depends on the time of harvest. The
sweet sorghum crop, intended for obtaining the juice, must be harvested in the phase in which the highest sugar
content is recorded. The literature mentions that as the plant advances to maturity, the quality of the juice improves
by increasing the percentage of sucrose and decreasing the glucose (Antohe I. et al., 1991, Yuvraj Ramandeep
Kaur and Harinder Singh Oberoi, 2013). Increasing the percentage of sucrose offers the possibility to extract
sugar from the sweet sorghum plant, in addition to syrup.
The results obtained by Babeanu Cristina, 2017 and Matei Gh., 2016., in some sweet sorghum hybrids
cultivated in southwestern Romania, show a high soluble sugar content. Total sugar varied between 14.02% and
15.87%, of which a higher percentage 67.74% to 79.43% is non-reducing sugar. Ya Li Zhao et al., 2009, in a
study conducted in northern China, showed that the effects of each biotic or abiotic factor (Ex: harvest time or
genotype studied), have a decisive influence on biomass, on the production of carbohydrates and ethanol. They
recommend starting to harvest sweet sorghum at the early maturity of the varieties about 20 days after anthesis.
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Research conducted in Kenya by Moses et al., 2017, highlights the harvest season as a determining
factor in the production of bioethanol, by harvesting at intervals of 7 days after flowering, until physiological
maturity.
Chlorophyll, biomass, absolute ethanol volume, juice volume and sugar yield showed significant differences
between genotypes and harvesting stages. The results of this study showed that the harvesting of sweet sorghum
from 104 to 117 days after planting results in a high production of juice (22976 l / ha) and ethanol (1062.78 l / ha)
in the EUSS 10 genotype, that there was a percentage of 16.21% sugar.
MATERIALS AND METHODS
The research was carried out at Research Development Station for Plant Culture on Sands Dabuleni, in
the period 2018-2020 and aimed at the influence of the harvesting season on the components involved in the
production of biomass for sweet sorghum, grown in sandy soils in southern Oltenia.
The experiment was placed according to the randomized block method, in 3 repetitions.
Three harvest variants were studied in the BMR Gold sweet sorghum hybrid:
V1 - flowering phase of plants
V2 - milk wax phase of the grain
V3 - the physiological maturity phase of the grain
The sweet sorghum crop was placed under irrigated conditions on a sandy soil with a marked chemical
unevenness. Soil quality analyzes, revealed a nitrogen content between 0.035% and 0.13%, values that indicate
a low state of soil supply, an extractable phosphorus content between 59 ppm and 115 ppm, values that
characterize the soil as being well supplied in phosphorus and a percentage of 24 ppm and 62 ppm in
exchangeable potassium, which shows a low to medium supply state. Organic carbon showed values in the range
of 0.19% - 0.65%, which indicates a low state of soil supply of organic matter, and soil pH ranged between 4.83
and 6.13, values that show a strongly acidic to slightly acidic reaction. Under these conditions, the nutrient
requirement of the plant was ensured by fertilization with N150P80K80.
During the vegetation period of the plant, observations and determinations were made on plant size, stem
diameter, biomass production components (stems, leaves, panicles), percentage of sugar in the stem, leaf surface
index, leaf chlorophyll, water and dry matter from leaves, total biomass production, using different working
methods, as follows:
❖
The leaf area was determined using the Area Metter AM 300.
❖
The water and the dry matter from the leaves were determined gravimetrically, by drying in an
oven at a temperature of 105 oC, for 3-4 hours.
❖
The chlorophyll content index (CCI units) was determined using the CCM-200 instrument.
❖
The sugar concentration in sorghum plants was determined with a Hand type refractometer.
Refractometer has a scale 0 - 32% BRIX and temperature compensation in the range of 10-30 degrees
Celsius.
The obtained results were analyzed by analysis of variance (ANOVA) and with the help of mathematical
functions.
RESULTS
The analysis of climatic conditions, recorded during the vegetation of sweet sorghum (May-Auguat),
shows the accentuation of the drought phenomenon, by increasing by 1.7 0C the air temperature compared to the
multiannual average, which corroborated with the recorded rainfall, led to thermohydric stress during this period
(Table 1).
The amount of 249.4 mm of precipitation, registered in the period 2018-2020, was insufficient, in relation
to the requirements of the sweet sorghum plant, being necessary the application of 3-4 waterings with norms of
300 m3 water / ha. Through the biological properties of the plant, regarding the increased resistance to drought
and the reduced requirements for soil fertility, sweet sorghum is an alternative to be introduced in crop rotations
on sandy soils, instead of maize (Drăghici I. et al., 2019). Sweet sorghum can thus be considered a crop of
universal value, as it can be grown on all continents, in tropical, subtropical, temperate regions, as well as in poor
quality soils and in semi-arid regions (G. Grassi, 2004). The results obtained regarding the height of the plant and
the diameter of the stem in sweet sorghum showed differentiations depending on the harvest season (Figure 1).
Thus, the highest values regarding the height of the plant were registered when the sweet sorghum was
harvested at the physiological maturity of the grain (248.20 cm), and the diameter of the stem registered the
maximum in the flowering phase of the plants (20.37 mm).
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Plant size has a major role in achieving biomass production in sugar sorghum (Sanyukta Shukla et. al.,
2017). The analysis of some indices of plant physiology, highlighted decreasing values of the total water content
of the leaves and of the chlorophyll content, with the advancement in vegetation (Table 2).
Table 1
Climatic conditions registered at the weather station of RDSPCS Dăbuleni
Monthly climatic elements / period
Average
monthly
temperature
(0C)
Rainfall
(mm)

14.5
11.9

18.4
17.1

22.6
21.6

24.0
23.0

25.1
22.6

Average /
Amount
May-August
20.9
19.3

2.6
37.5
46.6
-9.1

1.3
59.0
62.8
-3.8

1.0
70.2
70.5
-0.3

0.9
50.7
56.1
-5.4

2.5
32.1
33.1
-1.0

+1.7
249.4
269.0
-19.6

April

2018-2020 Period
Multiannual period (1956-2020)
Deviation from the multiannual
2018-2020 Period
Multiannual period (1956-2020)
Deviation from the multiannual

May

June

July

August

The chlorophyll content showed values between 40.3-54.3 CCI, the total water was between 67.374.92%, and the dry matter between 25.08-32.70%. Also, the leaf surface index was differentiated from the
harvest season, registering maximum values in the flowering phase (8.69). The value of the leaf surface index,
determined at the physiological maturity of the bean, decreased by 17% compared to the flowering phase,
because part of the leaf apparatus went into decline.

Fig. 1.- Results on plant growth and development,
according to the time of harvest of sweet sorghum

Table 2
Physiological properties of the sweet sorghum plant harvested in different phases of vegetation
Dry matter
Total
Chlorophyll
Leaf area
Harvest time
(%)
water (%)
(CCI units)
index
Flowering of the plant

25.08

74.92

54.30

8.69

The milk-wax phase of the grain

29.33

70.67

45.50

7.75

Physiological maturity of the grain

32.70

67.30

40.30

7.21

The biomass production achieved at the sweet sorghum, in of sandy soils conditions, registered a maximum
at the harvest in the milk phase of the grain wax (80.62 t / ha), with a production difference of 13.93 t / ha,
insignificant compared to the harvest in the flowering phase (Figure 2). The analysis of the production on its
component elements (stems, leaves, panicles), highlighted high values of the production resulting from the stems,
which represented 71.2-80.5% of the total production, depending on the harvest season, followed of leaf
production, with values of 14.47-17.23% and panicle production with values of 4.44-12.53% of the total biomass
production. The percentage of strains in the total biomass registered the highest value at the physiological maturity
of the grain, with a percentage of 80.5%, the percentage of leaves registered the highest value at flowering
(17.23%), and the percentage of panicles recorded the highest value of 12.53% in the milk-wax phenophase of
the grain.
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Fig. 2. - Total biomass production and the percentage of participation of plant components in its realization,
depending on the time of harvest of sweet sorghum

Between the components of the production obtained from sweet sorghum, the leaf surface index and the
dry matter from the leaves, there are distinctly significant functional links, established with the help of polynomial
functions of degree II. Thus, the percentage of strains, compared to the total biomass production, was positively
correlated with the dry matter and negatively with the value of the leaf surface index, because, as the plant
advances in vegetation, a large part of the leaves dries (Figure 3).

Fig. 3. - Correlations between the percentage of strains in the total biomass production
with the dry matter and the leaf area index

Total biomass production was negatively correlated with the dry matter and positively correlated with the
leaf surface index. The best balance between biomass production, leaf surface index and dry matter was achieved
by harvesting the sweet sorghum in the milk-wax phase of the grain, when 80.6 t / ha of biomass were recorded,
at a percentage of 29 , 33% dry matter and a leaf surface index value of 7.75 (Figure 4).

Fig. 4.- Correlations between total biomass production
with dry matter and leaf area index recorded for sweet sorghum
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The percentage of sugar, extracted from the stem, correlated positively with the dry matter and negatively
with the leaf surface index, which recorded the maximum value by harvesting the sweet sorghum in the
physiological maturity phase of the grain, the phase in which the leaf surface index is minimal and the dry matter
has maximum value (Figure 5). The literature mentions that as the plant advances to maturity, the quality of the
juice improves, by increasing the percentage of sucrose and decreasing the percentage of glucose (Antohe I. et
al., 1991).

Fig. 5. - Correlations between sugar content with dry matter and leaf surface index
recorded for sweet sorghum

In determining the harvest season, its destination is pursued. If we follow the biomass production,
intended for animal feed, it is recommended to harvest in the milk-wax phase of the grain, and if we follow the
sugar production, then the harvest is good to do in the physiological maturity phase of the grain, when the
percentage of sugar in strains is maximum (19.2%), achieving 10.88 t / ha of sugar (Table 3). The results obtained
in China showed that 100 liters of ethanol are produced per ton of strains, where 0.46 grams of ethanol was
generated for each gram of sugar (Sanyuan Tang et al., 2018). Sweetr sorghum has a higher ethanol production
potential than maize. Research published in the literature has highlighted that a crucial role in increasing the
production of ethanol obtained from sorghum, is the efficiency in the use of soil, nutrients and solar radiation
(Fischer-Filho et al., 2014).
Table 3
Biomass and sugar production obtained from sweet sorghum, by harvest season
Total biomass Strains (% of total Strains
Sugar
Harvesting phase
(t/ha)
biomass)
(t/ha)
(%)
66.69
78.33
52.24
11.9
Flowering of the plant
The milk-wax phase of the
80.62
71.2
57.40
17.3
grain
Physiological maturity of the
70.38
80.5
56.66
19.2
grain

Sugar
t/ha
6.22
9.93
10.88

CONCLUSIONS
Sweet sorghum capitalizes with good results the pedoclimatic conditions in the area of sandy soils in
southern Oltenia. Aweet sorghum recorded decreasing values of the total water content of the leaves (from
74.92% to 67.3%) and the chlorophyll content (from 54.3 CCI units to 40.3 CCI units), with the advancement in
vegetation. Leaf area index it differed according to the harvest season, registering maximum values in the
flowering phase (8.69). Biomass production, recorded a maximum at harvest in the milk phase of the wax grain
(80.62 t / ha),
The analysis of the production, on its component elements (stems, leaves, panicles), revealed high values
of the production resulting from the strains, which represented 71.2-80.5% of the total production, depending on
the harvest season. The best balance between biomass production, leaf surface index and dry matter was
achieved by harvesting sweet sorghum in the milk-wax phase of the grain, when 80.6 t / ha of biomass were
recorded at a percentage of 29.33 % dry matter and a leaf surface index value of 7.75.
The percentage of sugar extracted from the stem was positively correlated with the dry matter and
negatively with the leaf surface index, which recorded the maximum value by harvesting the sweet sorghum in
the physiological maturity phase of the grain, the phase in which the leaf surface index is minimal and the dry
matter has maximum value.
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ABSTRACT
The production of quality seeds without additional costs, has a good impact on the production of fodder
and hay - animal feed, implicitly stimulates the livestock sector, even in hilly areas, where there is no large
agricultural production. Obtaining high and quality yields are possible by using seeds with high biological qualities
(purity, germination degree and resistance to diseases and pests, etc.). In order to ensure the physical purity of
alfalfa and clover seeds, with the possibility of extending the Cuscuta removing technology to the seeds of other
crops, such as: carrot, onion, lettuce, etc., an innovative technology can be applied. The technology consists of
the equipment for removing any physical impurity from the seeds (foreign bodies, remains of seed plants or fruit,
soil, stones, dead insects, weed seeds, etc.) – the Seed conditioning installation-ICS (or MCSL seed conditioning
module) and for removing Cuscuta seeds - the Machine for removing Cuscuta – MD 400. The paper presents the
results obtained in experiments under operating conditions, using the technology mentioned above.
REZUMAT
Producerea unor seminţe de calitate şi fără costuri suplimentare, are un impact bun asupra producerii de
nutreţuri şi fânuri – hrana de bază a animalelor, implicit stimulează sectorul zootehnic, chiar şi în zonele de deal,
unde nu există marea producţie agricolă.Obţinerea unor producţii mari şi de calitate sunt posibile prin utilizarea
unor seminţe cu calităţi biologice ridicate ( puritate, grad de germinare şi rezistenţă la boli şi dăunători etc.) Pentru
asigurarea purităţii fizice a seminţelor de lucernă şi de trifoliene cu posibilitatea de extindere a tehnologiei de
decuscutare şi la seminţele altor culturi, cum ar fi: morcov, ceapă, salată, etc.se poate aplica o tehnologie
inovativă. Tehnologia cuprinde un echipament de care constă în separarea de orice impuritate fizică a seminţelor
(corpuri străine, resturi de plante semincere sau de fructe, pământ, pietre, insecte moarte, seminţe de buruieni,
etc.) Instalaţie de condiţionat seminţe ICS şi pentru separarea seminţelor de cuscută -Maşina de decuscutat. În
cadrul lucrării vor fi prezentate rezultatele obţinute în cadrul unor experimentări în condiţii de exploatare utilizând
tehnologia care include Instalaţia de condiţionat seminţe ICS (sau Modulul de condiţionat seminţe MCSL) şi
Maşina de decuscutat MD 400.
INTRODUCTION
The migration of the population from the village to the city, a phenomenon that can be seen in our country
as well, leads to an increase in animal products that must be provided by livestock farms, but with higher
productive capacities. This leads to an increased demand for fodder from perennial legume crops or grasslands.
The population growth implicitly leads to the increase of the production capacities of the animal husbandry,
respectively the extension of the feeding possibilities provided by the perennial forage legumes, such as clover,
the alfalfa and the bird’s-foot trefoil, or by the grasslands. The seeds of fodder plants, and generally any seeds,
are in a mixture of 5÷34% with other foreign bodies. These are of two categories:
•
mineral bodies such as: soil, gravel, sand, etc.
•
parts of plants, other cultivated seeds, weed seeds, seeds that are damaged, crushed or attacked by insects.
The first condition for obtaining a high yield is the use, when sowing, of a seed with germination power as
high as possible, as clean as possible, free of any mixture with other seeds, especially weeds and in particular
parasitic weeds.

814

INTERNATIONAL SYMPOSIUM

The most dangerous parasitic weed that infects our crops is Cuscuta (dodder) which, if in the past attacked
fodder plants (clover, alfalfa, bird’s-foot trefoil, etc.) or industrial plants (flax, hemp), today we find it in crops of
legumes, sorghum, maize, cotton, sugar beet, and even in potatoes (Ciobanu V.G., et al, 2017). In case of pest
infestations of forage legumes, or other legumes, Cuscuta seeds invade the seed mass of the basic crop, risking
their reproduction with the respective cultures in the following year.
Herbivores, consuming plants that have been infested with Cuscuta, become factors for spreading it
through manure, because Cuscuta seeds pass freely through the animal’s digestive tract and are scattered in the
field with manure. Cuscuta is part of the group of parasitic weeds, with a very high power of spreading and
destroying plants in infested crops. The most common way of propagating and spreading and at the same time
even more dangerous is through seeds (Hălălău, et al, 1980). That is why a great emphasis is put on the
conditioning of alfalfa, leguminous trifolium and industrial plant seeds. At reception, clover seeds are analysed to
determine foreign bodies, impurities of foreign weed seeds and the number of Cuscuta seeds per kg. Although
Cuscuta infests a large number of plants, in the agriculture of all countries were considered only the losses caused
by perennial forage legumes: alfalfa, clover, bird’s-foot trefoil, common sainfoin, mixtures for cultivated grasslands
and natural grasslands (PN 06-20 03 07 2007, INMA). Apart from these crops, Cuscuta appears and infests
vegetable plants: onions, chives, tomatoes, carrots, spinach, etc.; fibre plants: flax, hemp; industrial plants: potato,
beet; ruderal plants on the side of roads, highways, railways, on the side of canals and near the yards of
households in villages, etc.
This paper will present some results obtained using a technology that includes installation for removing
foreign bodies, impurities of foreign weed seeds and a machine for removing the Cuscuta seeds that were not
removed in the cleaning process.
MATERIALS AND METHODS
Obtaining quality seed material for legumes: perennial fodder: alfalfa, clover, bird’s-foot trefoil, vegetable
plants: onions, chives, tomatoes, carrots, spinach, etc.; fibre plants: flax, hemp; industrial plants: potato, beet, was
a very important research topic for INMA Bucharest. In this sense, in order to respond to this need, INMA has
made three machines, figure 1- Seed conditioning installation - ICS, figure 2 - Machine for removing Cuscuta MD 400 and figure 3 - Seed conditioning module for vegetable species - MCSL, machines on which the innovative
technology in figure 4 is based.

Fig. 1 -Seed conditioning installation ICS
(Păun et al, 2019; Păun et al, 2017)

Fig.2- Machine for removing Cuscuta MD 400
(https://inma.ro/; https://ciproma.ro/

Fig.3 -Seed conditioning module for vegetable species MCSL (Mircea et al, 2017; Stroescu et al, 2019)
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3

1

2

Fig.4. -Technology for removing impurities and parasitic weed seeds
1-ISC; 2-MD 400; 3-MCSL

According to the technology in Figure 4, the impurities in the mass of product undergoing pre-cleaning can
be removed using one of the installations: position 1-ICS or position 3-MCSL, and then the pre-cleaned product
is introduced in the Machine for removing Cuscuta - MD 400. The Seed conditioning installation - ICS, figure 1,
uses in the process of pre-cleaning the cereal seeds two combined principles: the countercurrent suction of the
product to be processed and the separation on cylindrical sieves (Păun A., et al. 2017).
The product introduced in the seed pre-cleaning module is uniformized with the help of the feed roller and
the adjusting flap, reaching the main sieve drum where the separation, as plus material, of coarse foreign bodies
takes place (large lumps, paper, strings, chaff, etc.). The coarse foreign bodies are led to a second sieve drum
where the product grains left in the plus material of the first sieve drum are recovered. Coarse impurities are
removed from the machine by an exhaust funnel, and the pre-cleaned product from both drums is subjected to
intensive suction with the help of the fan built into the machine. The air is directed through a side nozzle to a
purification plant outside the machine (cyclone, bag filter, etc.), belonging to the beneficiary, or can be expelled
directly into the atmosphere, if allowed by ecological conditions (Mircea C., et al. 2017).
The product, pre-cleaned of coarse foreign bodies and light impurities, reaches the cylindrical sieve where
the separation takes place in several fractions. The cylindrical sieve consists of a drum on which are mounted
three adapted and interchangeable sieves, with different hole diameters, those with smaller dimensions being
mounted towards product supply, depending on technological requirements. If the processed seed comes from
an area where Cuscuta was found, the good fractions from ISC outlet will be passed through the Machine for
removing Cuscuta - MD 400, figures 2 and 4, position 2.
Determinations of processed product and obtained products quality (Păun A., et al. 2018, ).
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The samples were taken at the input and at the output of the module MCSL and the following determinations
were made:
-Product humidity;
-Physical purity, of which;
-Light foreign bodies (weeds, dust, husks, plant debris, peels + dry seeds being less than 1.5 mm thick)
(Csui and Csue):
-small foreign bodies ( Csmi and Csme);
-large foreign bodies (CsMi and CsMe);
-ferromagnetic;
-hectolitre mass.
The MD 400 machine consists of: 1. Feed hopper, 2. Seed dispenser, 3. Adjusting valve, 4. Mixer, 5. Water
dispenser, 6. Iron powder dispenser, 7. Screw conveyor, 8. Vibrating table, 9. Upper magnetic drum, 10. Lower
magnetic drum, 11. Sort C funnel, 12. Rotary brush. The mixer has two screws with adjustable vanes, placed
parallel. The seed dispenser, humidifier and powder dispenser are mounted on the mixer cover (Ciobanu V.G., et
al.2015).
The magnetic drum selection system consists of a screw conveyor, two vibrating tables, two magnetic
drums and sorts’ collectors. The seed supply is made in the feed hopper, by discharging the seed bags on the
hopper sieve, which prevents the entry of straw or other coarse foreign bodies into the machine.
By means of the seed dispenser, clover seeds get into the pre-mixer where they are moistened with water
and where the iron powder is also dosed, according to a pre-established “recipe”, which imposes certain quantities
of seed, water and iron powder, depending on the degree of seed infestation.
The seed mass thus treated passes through the mixer and is then taken over by a screw conveyor which
discharges the seeds onto the first vibrating table which feeds the upper magnetic drum, where the first separation
takes place:
▪ seeds of the basic crop are further directed to the second magnetic drum, to extract any Cuscuta seeds, sand
or sharps that were not separated by the first magnetic drum;
▪ BACK B sort seeds that have a predominantly Cuscuta, weed and sharps seed content, are directed through
a collector (funnel) to a sack mouth;
▪ C sort seeds with a predominant content of Cuscuta, weeds and iron powder are also directed through a
collecting funnel to another sack mouth;
▪ the recovery of the iron powder is done in a special vessel.
Passing the seeds over the second magnetic drum generates a new separation:
▪ FRONT B sort seeds, with a high content of good seeds, but there are also sharps, Cuscuta and weeds in a
relatively low percentage;
▪ A sort seeds, with a very high content of good seeds in which sometimes there are also Cuscuta and weed
seeds.
The B FRONT and B BACK sorts can be reintroduced in the Cuscuta removing process, in order to recover
the good seeds left within. If sort A is not “free of Cuscuta”, it is introduced into the machine as many times as
necessary, until the results of laboratory tests are favourable.
The number of passes of a seed for Cuscuta removing can vary depending on the purity, number of Cuscuta
seeds per kg, water and powder dosages, flow rate, etc. In general, seeds are passed through the machine 2–4
times.Sort C is no longer recovered, it is part of the technological losses. The principle of Cuscuta removing is
based on the difference that appears in the skin of Cuscuta and in the that of trifoliums. By mixing the seeds with
water and iron powder, iron powder particles are glued to the rough skin of Cuscuta seeds. The mixture of seeds,
water and powder is passed over a rotating magnetic drum, where the trajectories of the seeds will be different
depending on the amount of powder glued to the skin. Any seed that is in a magnetic field is subject to its action.
The magnetic force of attraction or repulsion is determined by means of the relation:

F=
where:
F – attraction force;
m1, m2 — the magnetic masses of the poles;
d — distance between poles;
 — permeability of magnets.
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For the seed selection process, the magnetic flux dispersed at the surface of the working cylinder is used.
Experimentally it has been established that for the satisfactory cleaning of the seeds (the iron powder being of
normal quality), a magnetic induction on the working surface of the drums of 50 mT is required.
The size of the magnetic induction on the working surface of the drum depends on the properties of the
seeds and the powder used, the peripheral speed of the drum and the thickness of the seed layer that slides on
the drum.
The force of the magnetic field T acting on the seeds attracted by the drum, covered by the magnetic
powder, is given by the relation:
T=α

Bm1
,
l2

(2)

where:
 — the magnetic permeability coefficient of the powder, which depends on its magnetic properties;
B — magnetic induction;
m1 — powder mass;
l — the distance from the centre of the seed to the working surface of the drum.
The magnetic attraction force of small dust particles is proportional to the product of the magnetic field
intensity and the magnetic field gradient at the given point according to the relation:

T=kmH

dH
,
dr

(3)

where:
k — coefficient of proportionality;
m — powder mass;
H — magnetic field intensity;

dH
— magnetic field gradient;
dr
The determination of the magnetic attraction force of the seed that contains iron powder on the skin can be
done by the grapho-analytical method, starting from the equation of the magnetic field energy.
The Seed conditioning module for vegetable species - MCSL sorts the seeds having the same size, but
with different shapes, weights and roughness in three fractions, simultaneously with the elimination of light
impurities in two fractions (Stroescu, et al 2019).
These operations can be carried out by one or more passes of the useful fractions through the machine,
depending on the degree of infestation with impurities, pre-cleaning and the destination of the seeds. Under the
influence of the ascending air current, within the limits of the floating velocities, the heavier bodies fall to the lower
part obtaining the fraction F1, the lighter ones go up to the first orifice where the fraction F2 is separated, to the
second orifice where the fraction F3 is separated or leave the column at the top, entering the decanting chamber
where the fraction F4 of light bodies (impurities) is deposited.
The air sucked from the decanting chamber is expelled by the fan into the second decanting chamber where
the dust and other very light impurities that form the F5 sort (fraction) is separated.
The five fractions (three useful) pass through the discharge hopper and the two locks in the exhaust pipes
and then in bags or in MD 400.
RESULTS
The main objective of the experimental research was to demonstrate the usefulness of the technology
presented in Figure 4, in conditioning alfalfa seeds infested with Cuscuta. For testing, in operation alfalfa seed
with an initial amount of 85 Cuscuta seeds/kg was used. In the first case, Cuscuta was removed from unselected
seed and then, comparatively, from the same batch, Cuscuta was removed from the seed passed through the
selector in order to extract weeds and foreign bodies, improving the purity and facilitating Cuscuta removal
process.
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After each pass, the sorts discharged from the machine were determined quantitatively and qualitatively.
For the correct evaluation of the experimental results, the characteristics of the raw material subjected to the
conditioning operation were determined in the laboratory. The values obtained are shown in Table 1.
Table 1
The characteristics of the raw material
Den.
no.

Characteristic

U/M

0

1

2

1

Physical purity

%

2

Light foreign bodies (weeds, dust,
husks, plant debris, peels + dry
seeds being less than 1.5 mm
thick) (Csui and Csue)

%

3

Large foreign bodies (CsMi and
CsMe) - outlet after the last drum

%

4

Sharps (organic)

%

5

Humidity

%

6

Small foreign bodies
(Csmi and Csme)

7

Cuscuta seeds

%

Sample
no.
3
TI / P1
TII / P2
TIII / P3I
Mean
TI / P1
TII / P2
TIII / P3
Mean
TI / P1
TII / P2
TIII / P3
Mean
TI / P1
TII / P2
TIII / P3
Mean
TI / PI
TII / P II
TIII / P III
TI / P1
TII / P2
TIII / P3
Mean

Pcs./kg

Parameter value
Product inlet to
ICS installation
4
85.2
85.8
85.3
85.43
2.44
2.36
2.7
2.5
0.92
0.92
0.55
0.79
10.1
9.6
10.3
10
12.6
12.4
12.7
12.56
1.28
1.32
1.15
1.25

Product outlet from
ICS installation
5
99.2
99.13
99.13
99.15
0.1
0.12
0.17
0.13
0.1
0.15
0.1
0.12
0.50
0.56
0.54
0.53
12.4
12.3
12.6
12.43
0.04
0.04
0.06
0.047

85

Analysing the data in table 2, it is found that the water dosage is optimal between 0.7÷1 l / 100 kg of seed,
and that of iron powder can vary within the limits of 0.5-1.0 kg/100 kg of seed, depending on seed purity, the
number of Cuscuta seeds and powder quality.
The usual seed flows passing through the machine were in the range of 170-250 kg/h. Mixing time can vary
within 5-6 minutes, depending on the inclination of the paddles in the pre-mixer and mixer.
For the tests, the paddles were adjusted so that the mixing time was set to a value of 6 minutes. Table 2
shows three cases of Cuscuta removing processes in the same seed batch. Following the tests, the following
were found:
-I : Sort A, at the first pass, has 100% good seeds and 0 Cuscuta seeds; Sort B has 99.85% good
seeds and 0.15% weeds, Sort C is non-existent;
-II: Sort B, at the first pass, has 100% good seeds and 0 Cuscuta seeds; Sort B has 99.88% good
seeds and 0.12% weeds, Sort C is non-existent;
-III: Sort C, at the first pass, has 100% good seeds and 0 Cuscuta seeds; Sort B has 99.77% good
seeds and 0.09% weeds, Sort C is non-existent.
The quantitative and qualitative working indices presented in table 2 are good because the seed with a
purity of 85% and 85 Cuscuta seeds/kg had the Cuscuta seeds removed in 2 passes. Weeds and foreign bodies
were completely extracted.
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38.8

28.7

25.26

28.7

25.26

I

II

III

IV

V

(kg)

No. of
passes
through
Amount
the
machine

86

67

86

67

125

(kg/h)

Flow
rate

1

0.6

99.13% purity,
0.31% weeds,
85
Cuscuta
seeds/kg,0.56
% organic

99.13% purity,
0.33% weeds,
85 Cuscuta,
seeds / kg
0.54% organic

96.4%
seed
2% minerals
1.6% weeds
0.6

1

0.7

99.2% purity,
0.24% weeds,
85
Cuscuta
seeds/kg,0.56
% organic

85% purity
10% cracked
5% weeds
85
Cuscuta
seeds/kg

(l/h)

Flow
rate

%

Seed
composition

SEED SUPPLIED TO THE
MACHINE
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0.69

1.49

0.69

1.49

0.56

0.5

1

0.5

1

0.8

0.58

1.49

0.58

1.49

0.64

(kg/100kg)

Powder
Amount
Flow
per 100
rate
kg. seed

(l/100kg) (kg/h)

Amount
per 100
kg. seed

Water

DOSAGES
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6

6

6

6

6

(min)

Mixture
type

21.5

25.26

21.5

25.26

34.85

(kg)

Amount

99.9%
purity
0.1%
weeds
0 Cuscuta
seeds
96.4%
purity, 2%
minerals,
1.6%
weeds 3
Cuscuta
seeds/kg
99.9%
purity
0.1%
weeds
0 Cuscuta
seeds

100%
seed
0 Cuscuta
seeds

100%
seed
0 Cuscuta
seeds

%

3.6

2.67

3.76

3.44

3.95

(kg)

SORT C

32%
seed
68%
weeds and
impurities

98%
weeds
2%
seed

99.77%
seed
0.09%
weeds

99.88 %
seed
0,12%
weeds

99.85%
seed
0.15%
weeds

%

0.2

0.80

nonexisten
t

nonexisten
t

nonexisten
t

(kg)

Sorted seed
was used

Observations

Table 2

Seed that was not
pre-cleaned was
14% seed
used
86%
weeds

Seed that was
99.6%
not pre-cleaned
weeds
was used
0.4% seed

-

-

-

%

Seed
Seed
Amount
composition
composition

SORT B

Seed
Amount
composition

SORT A

Operating indices
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CONCLUSIONS
The peripheral speed of the magnetic drums is especially important in the Cuscuta removing process,
because the ballistics of the seeds differ drastically depending on the speed. In order to study how this variation
of the seed trajectory occurs in contact with the working surface of the drums and to determine the optimal
peripheral working speed, a frequency inverter was fitted to drive the drums. The optimization of the seed
trajectories made it possible to reduce the specific energy consumption and increase the efficiency of the Cuscuta
removing process materialized in diminishing the necessary number of passes through the machine. It has been
found from experiments that the use of a technology as the one shown in Figure 4 leads to a reduction in the
number of passes of the seed mass containing Cuscuta through the MD 400 machine.
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ABSTRACT
This paper presents the creation of a mathematical model based on a multiple regression function between
several variables obtained as a result of a survey applied to several managers of agricultural enterprises. The
objective of the study is the research of the connection between the educational factors, such as practical
experience, initial and continuous education of the managers and the performance of their enterprises in the form
of the profit rate.
REZUMAT
Această lucrare prezintă crearea unui model matematic bazat pe o funcție de regresie multiplă între mai
multe variabile obținute în urma unui sondaj aplicat mai multor manageri de întreprinderi agricole. Obiectivul
studiului este cercetarea legăturii dintre factorii educaționali, cum ar fi experiența practică, educația inițială și
continuă a managerilor și performanța întreprinderilor lor sub forma ratei profitului.
INTRODUCTION
The entrepreneurial environment in Romania has an extremely original characteristic, especially regarding
the agricultural domain. Because the main occupation of a lot of inhabitants from rural areas is still the subsistence
farming, a developed agriculture is an objective that is currently pending. The main objective of this paper is to
create a linkage between some of the educational characteristics of managerial human resources and the
performance of the entrepreneurial environment in the agricultural domain. These connections will be made using
statistical and mathematical methods based on a survey made amongst the managers of some agricultural
businesses.
In order to achieve the main objective of the paper, it will contain references regarding the methods used
and the methodology followed in order to create the linkage. In this matter, section Material and Method will
contain the description of the results from the literature, in addition to the description of the survey, its structure,
its process of construction and the method of application. Also, this section will contain the description of the
methodology used to plan, build, test, apply the survey and then process the results in order to obtain significant
data regarding the objective of the paper, as well as the description of the regression process that will be applied.
Afterwards, section Results and discussions will contain some processed data regarding the survey and
the main interpretation of the results after the appliance of the survey and the regression process results of the
processed information.
Basically, the paper presents the determination of a regression function based on the correlation between
the dependent variable, compressed in the form of the performance of the enterprise, and the independent
variables, comprised in the form of some educational background variables that will be described at large in the
next sections.
MATERIALS AND METHODS
The influence of the educational background on the domain of activity for an individual is a topic that has
been studied in the literature. Firstly, educational issues and transdisciplinary characters of education and its
influence on the working and industry domains is based on connection between concepts (Popescu D.A. and Bold
N., 2017).
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From these connections, optimization in agriculture can be developed by using connections (Bold N.,
Nijloveanu D., 2016; Rahoveanu A.T., et al., 2011). Systems that optimize the activity need the transdisciplinary
characteristic in agriculture (Popescu D.A. and Bold N., 2014). Also, a great importance on the managerial activity
within an agricultural enterprise is made based on the personality traits of the manager, as shown in (Eeden Van
R., et al., 20018).
These personality traits lead to a certain pattern of managerial decisions within the enterprise (Goldberg L.
R., 1993). A local geographical economy, especially in the primary domain of the economic activity, is greatly
influenced by the individual entrepreneurial decision processes (Călugărescu A.G., 2020). All these influences
form an economic climate, based on managers and their education, based on processes quality (Salvaggio A.N,
2007), marketing, technological, economic, domain-based (agricultural) and entrepreneurial concepts (Seol B.M.,
2020).
In this matter, the literature comprises several studies regarding the linkage between parts of the
educational aspects and agricultural domain (Tiwari A., 2020).
However, the novelty brought by the study described in this paper is due to the specific domain, agriculture,
and all the types of education taken into consideration, both past, present or previsioned. In this matter, the types
of education considered in the study in respect to chronological landmarks and national legislative classifications
were:
- the initial education, represented by secondary and higher levels of formal education;
- the continuous education, represented by formal training courses in key domains, as agriculture,
technology and management;
- the informal education, which consists mostly in work specialization.
The main material used in the study was the survey entitled „Study on the influence of educational factors
on the Romanian agricultural entrepreneurial environment”, whose structure was built in order to take into
consideration a broad range of variables while it would not appear as capacious to the final user. In this matter,
the survey consisted in the appliance of a questionnaire with 64 questions structured in 9 sections in respect to
several aspects of the activity of the enterprise. The structure and the relationships between the sections can be
observed in Fig. 1.

Fig.1 – The structure of the questionnaire and its main sections

In this matter, the sections referred to topics related to the next areas:
- the educational background of the manager, which comprises the proficiency, expressed as the
number of years of experience, the graduated levels of education, the continuous education and the
perception regarding the importance of education within the managerial activity;
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-

the managerial aspects of the enterprise, structured depending on the five functions depicted in the
management theory, known as prevision, organization, staff, leading and control, and some general
managerial characteristics of the enterprise;
- the performance of the enterprise, formulated as the turnover and revenue for a period of five years;
- the social aspects of the enterprise, related to employees, their characteristics and approximate levels of
educations amongst them.
The survey was conducted using the general rules of statistics theory. Thus, a number of 49 preliminary
responses were obtained and these results will be presented in section „Results and discussions”.
In order to complete the study, several steps were followed. Thus, the methodology of the research
contains the next steps:
1.
The planification of the survey. This step consisted in defining the research main objective,
scoping and planning the questionnaire as the main tool of the survey. Several methods from management
theory were used, such as strategic planification, time management tools and target group analysis. This step
also contained the activity of choosing an appropriate method in order to process the results and reach several
conclusions.
2.
The construction of the questionnaire. This step consisted in building and testing the
questionnaire. In this matter, methods from the communication and marketing theories were considered, in
order to comply with the best principles of statistical designing of the questionnaire.
3.
The completion of the questionnaire. This step consisted in launching the questionnaire,
disseminating it amongst the target group and collecting the responses. This step was carried out using an
electronic form of the questionnaire using specific tools.
4.
The processing of the results. This step consisted in applying the method chosen at step 1 to
process the resulted data. The method was based on a regular multiple regression and consisted in:
a. the conversion of non-numerical data into numerical indexes, accordingly with structures from
literature; in this matter, educational levels were converted to ISCED-L levels, yes/no answers to
binary (0 for no and 1 for yes) etc. The conversion will be detailed in section „Results and
discussions”. Also, the performance of the enterprise will be determined as the profit rate in
respect to the turnover;
b. the determination of a preliminary correlation by determining Pearson coefficients between
several variables; the correlation coefficient will be calculated using the formula from the
literature:

(1)
where:
n = the sample size
x = the individual values of the variable x (independent variable)
y = the individual values of the variable y (dependent variable)
x ̅ = the mean of all x values
y ̅ = the mean of all y values
sx = the standard deviation of all x values
sy = the standard deviation of all y values
sxy = the covariance
sxsy = the total variance
c. the creation of a simple model in the form of the determination of a multiple regression function
between the dependent variable (the performance of the enterprise as the profit rate) and the
independent variables (variables related to educational background), using the least squares
method;
d. the determination of the statistical significance of the regression using a t-test and, thus, the
closeness of the created model to the reality.
5. The interpretation of the processed results and the formulation of the conclusions. This step consists in the
formulation of the main conclusions and several final lines.
The methodology can be graphically visualised in Fig. 2.
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Fig.2 – The methodology of the study

Also, the variables that form the independent part of the regression are shown in Table 1.
Table 1
The description of the independent variables of the study
Preliminary variable

Abbreviation

SKU

Type of converted
variable

Age
Experience
Highest level of education
Management training courses
ICT training courses
Domain training courses
Tech and economic training
courses
Marketing training courses
Perceived effectiveness
Perceived usage

Y
XP
EL
MT
TT
DT

years
years
ISCED-L level
number
number
number

rational
rational
integer
binary
binary
binary

ET

number

binary

MkT
PE
PU

number
%
%

binary
rational
rational

Value range of
converted
variable
{0, …, 100}
{0, … 100}
{0, 1, …, 8}
{0, 1}
{0, 1}
{0, 1}
{0, 1}
{0, 1}
[0, 1]
[0, 1]

The dependent variable has also been modelled by collecting data from a history of five years. The relevant
data was considered to be the turnover and the profit from 2016 to 2020 (for 2020, estimated data was
considered). The performance of the enterprise was considered appropriate in the form of the rate of profit
reported to the turnover, as calculated using the equation (2).

(2)
where: RP is the general profit rate; P is the profit; CA is the turnover; n is the number of years.
RESULTS
After the questionnaire was implemented, the sample size was established at 49 responses, which were
processed and data regarding education and enterprise performance was extracted. Information regarding the
structure of the respondents is shown in Fig. 3.
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(b)

(a)

(d)
(c)
Fig. 3 – Respondents structure and data regarding enterprises efficiency:
(a) age distribution chart; (b) experience distribution chart; (c) correlation between the age and the years of experience;
(d) profit rates for the enterprises.

(b) ISCED-L levels histogram

(a) Training courses made in various domains

(c) Responses related to perceived usage of competences in practice and competences achieved at the workplace
Fig. 4 – Respondents answers related to education

Regarding data related to the characteristics of the respondents and their enterprises, we can observe a
classical distribution regarding age ranges. Most of the ages of the respondents are situated in the (30; 40]
interval, which reaches almost the half of the participant’s number.

826

INTERNATIONAL SYMPOSIUM

Another interesting fact is related to the experience of the respondents, which is lower than 11 years for
half of them, showing a moderate experience for the target group. Also, the correlation between the age and the
experience as manager is close to strong, the R square coefficient being close to 0,75, which can be graphically
verified, as the correlation plot shows that the points cloud has a specific form. The profit rates have also a normal
distribution, their average being close to 0,26%. Regarding data for the educational section, some facts are shown
in Fig. 4.
Regarding the regression described in section Materials and Methods, the results were obtained by
establishing a general multiple regression function between the age, experience, ISCED-L levels and the
continuous education as independent variables and the profit rate as the dependent variables, as shown in
equation (3).
(3)
After the regression was applied using statistical software, the data presented in Table 2 was obtained.
Table 2
The coefficients of the multiple regression function and their statistical significance
Coefficients
Standard Error
t Stat
P-value
Intercept
4,529343
1,721203
2,631498
0,011677
X Variable 1
0,549397
1,475211
0,372419
0,711369
X Variable 2
-0,05399
0,041552
-1,29939
0,200576
X Variable 3
0,012873
0,056593
0,227476
0,821107
X Variable 4
-0,42407
0,17722
-2,39293
0,021048
After the regression was applied, the function in the equation 4 was obtained.
(4)
The regression characteristics are presented in Table 3.
Table 3
The coefficients of the multiple regression function and their statistical significance

Regression
Residual
Total

df

SS

MS

4
44
48

33,74896
160,4153
194,1643

8,437241
3,645803

F
2,314234

Significance
F
0,072291

As we can observe, the defining characteristic of the regression is the R square coefficient, which has a
fairly low value of 0,17, showing that the linkage between the variables is not strong.

Multiple R
R Square
Adjusted R Square
Standard Error
Observations

df
0,416913
0,173817
0,098709
1,909399
49

However, this is a fairly common occurrence for the behaviour of variables in a socio-economical context.
From all the four independent variables, the closest to the dependent variables and which has the greatest
influence is the educational level.
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CONCLUSIONS
As shown in the section Results and Discussions, the linkage between the considered variables is not
strong. However, the significance of the results leads to further analyses regarding the research related to the
connection between the independent educational variables and the economical dependent variable.
We must also say that the accuracy of the results depends on the essential economic data provided by the
respondents. Future work is related to the continuity of the research regarding the obtained variables and the
values related to other sections of the questionnaire.
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ABSTRACT
Ecological viticulture is an important sector for crop production and involve new methods of ecological
weed control with no pesticides. Weeds reduce the plant vigor and also compete with grapevines for water
and nutrients. In this paper is presented a thermal method for weed control consisting in hot water drop on
weeds, these being thermally shocked and killed.
REZUMAT
Ecological viticulture is an important sector for crop production and involve new methods of ecological
weed control with no pesticides. Weeds reduce the plant vigor and also compete with grapevines for water
and nutrients. In this paper is presented a thermal method for weed control consisting in hot water drop on
weeds, these being thermally shocked and destroyed.
INTRODUCTION
Organic viticulture, like other organic industries, entails the production of high quality food products
from agricultural systems that rely upon more natural approaches to crop nutrition, pest and disease control,
and management of natural resources such as soil.
The principles of organic viticulture include:
• the development and maintenance of good soil structure, fertility and biological activity
• the exclusion of most viticultural chemicals.
Weed management is one of the most challenging issues faced by grape growers adhering to these
principles (Mildura, 2007).
Since organic agriculture does not allow using synthetic pesticides, organic producers must use
alternative methods for weed control. Mechanical control caused by tillage lead to CO2 loss and can destroy
soil structure, reducing the water infiltration level. Weeds reduce farm and forest productivity, invade crops,
smother pastures and some can harm livestock. Land and water managers incur material and labor costs to
control weeds - these costs are passed on to the consumers through higher prices for products. Because the
weed compete with the plants for water, space, nutrients and sunlight these should be eliminated. During time,
weeds became very resistive to pests and diseases that would normally control them, and sometimes grow
faster than the native plants. In some cases, weeds also cause human health problems such as respiratory
problems or skin irritations.
It is very important to have a correct weed management program because not all the weeds are
harmful for vineyards. For example, grasses are often encouraged in cool climate vineyards on fertile soils
where their competition for nitrogen is used to reduce excess vine vigor. On naturally poor soils of some hot,
dry regions however, summer grasses tend to be discouraged, because they compete for water and nutrients
– major issues for some regions (Mildura, 2007). Because of these differences, it is important that grape
growers assess the weed status of plants in their own particular situation.
During time, new methods for weed control were developed and implemented in all areas of
agriculture. Thermal weed control is based on transferring energy (heat) to the plant to distort the plant's cells.
The researchers compare hot water, steam and hot air and found that the hot water can transfer up to 23-27
times more energy than hot air or stem.
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Also, due to the gravity, water flows downwards and reach the plant quickly while hot air and stem rise
before it gets to the plant. Microwave and liquid nitrogen methods are less commonly used due to their high
costs according to Heatweed Technologis ( https://heatweed.com/hot-water-weed-control/).
Young plants containing 95% water are very sensitive to high temperatures, so a temperature of 7080 degrees C causes protein coagulation and weed destruction, even if at this temperature they are not burned.
And at temperatures lower than 50-60 degrees C maintained for a longer period of time the sensitive weeds
are destroyed. Heat control of weeds is recommended in the following situations: in greenhouses and
solariums; on wet lands where harrowing and plowing cannot be applied; in fruit growing and viticulture; for
heat-resistant crops (onions, leeks) if they have not sprouted but there are weeds; for hoeing crops (corn).
According to Hansson and Mattsson (2002, 2003), efficacy (in terms of reduction in above-ground
biomass) is influenced by drop size, water flow, water temperature, presence of a wetting agent, rain and
drought just before treatment, but not by air temperature in the range 7–18°C.
There are many reports (Hansson and Ascard, 2002, Kempenaar and Spijker, 2004; Vermeulen et al.,
2006; Rask et al., 2013) on the number of hot water treatments required during an entire season (mostly
ranging between 3 and 5 treatments) to keep weeds under control.
In general, sensitivity to hot water declined with increasing plant age, and according to Ascard, 1995,
thicker wax layers and a higher degree of lignification in ageing plants may be responsible for this
Hot water, which is applied directly to the weeds, can be used under varying weather conditions and
has a low fire risk with the absence of flame. It also can be applied under windy or rainy conditions with no
concern for drift, runoff, or loss of efficacy (Riley, 1995). According to Kolberg and Wiles (2002) who compared
hot water with herbicides on Amaranthus retroflexus L. (redroot pigweed), Chenopodium album L. (common
lambsquarters) and Setaria viridis L. (green foxtail), the effectiveness of hot water depends on weed species,
driving speed and plant growth stage. Although hot water is more effective than weeding by hand (Sirvydas et
al., 2004), its major shortcomings include its requirement for large amounts of very hot water and steam and
the need for repeated applications for better control of most weeds
MATERIALS AND METHODS
Thermal weed control methods include two principles: Hot dry and Hot wet.
- Hot dry methods include infrared radiations, flame and hot air, having propane as heating source.
This methods have the disadvantage of not penetrating the crown of the plant but only the top of it. Evan the
temperature are high (in the vicinity of 1300°) the heat transfer is slow because the air cool the flame or the
other radiant source that is moving. The flame must be held a long time on the plant so the soil around the root
to heat up (https://www.weedtechnics.com/does-steam-weed-control-actually-work/0 ).
Infrared weeders are a further development of flame weeding in which the burners heat ceramic or
metal surfaces to generate the infrared radiation directed at the target weeds. In general, flame weeders are
considered to be more effective because they provide higher temperatures, but burner height and plant stage
are important too. Infrared weeders cover a more closely defined area than those of the standards flame
weeder, but may need time to heat up.

Fig. 1 - Thermal weed control methods
(https://www.weedtechnics.com/does-steam-weed-control-actually-work/0 )
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- Hot wet methods include steam and hot water. The hot wet methods are superior to the dry methods
because the hot water (95°) is not evaporating and retches the roots immediately.
Even if the roots are not destroyed immediately, the weeds are weakened by reapplying hot water
treatments. When started applying hot water treatments, the re-growth of the plants will be tempered and there
will be no need for frequent subsequent applications of the treatments, in the next year. As a general rule,
three to four treatments are needed in a year.
A benefit of thermal weeding is that it does not disturb the soil. Organisms below the soil surface are
generally not affected, as the heat does not penetrate far into the soil. A disadvantage of thermal weeding is
its high energy cost – it is usually based on fossil fuel such as diesel or bottled gas. It is also a relatively slow
operation to achieve a good weed kill.

Fig.2 - Hot water - the only chemical-free method that reaches the roots.
(https://www.kaercher.com/int/weed-control.html)

Eco GP solutions designed by VEGEMAC (Italy) (https://www.vegemac.be/nl/alternatieveonkruidbestrijding), are suitable for fitting of inter-row steam booms. All versions are equipped with 90 kW
boiler for use with 1 boom or 150 kW boiler for use with 2 booms. The equipment are available in 3 versions:
• TRACTOR MOUNTED with three-point linkage and stainless steel tank of 500L or 800L.
• ARTICULATED delivered without tank, with towing bar for wheeled tank .
• TRAILED delivered with tanks of 500 or 1000L and articulated drawbar.

Fig. 3 - ECO GP with double interrow boom
https://www.vegemac.be/nl/alternatieveonkruidbestrijding

Fig. 4 - ECO GP with inter-row
boom
https://www.vegemac.be/nl/alternatieveonkruidbestrijding

831

Fig. 5 - 40 cm manual boom for steam
weed control and washing
https://www.vegemac.be/nl/alternatieveonkruidbestrijding
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Table 1
Main characteristic of thermal equipment
(https://www.vegemac.be/nl/alternatieve-onkruidbestrijding)
Code

Type

M60208112
M60200A

tractor
mounted
articulated
trailed with
articulated
drawbar
mounted on
tractor 3-point
hitch

M60201IT2
MM ECO
GP 800 HY

Tank
(l)

12 V
boiler

Pump
engine

Flow
(l/min)

Pressure
(bar)

Temperature
(°C)

Dimensions
(cm)

800

150 kW

hydraulic

18

100/10

80°/140°

102x150x170

90 kW

hydraulic

18

100/10

80°/140°

102x70x150

1000

150 kW

hydraulic

18

100/10

80°/140°

120x280x160

800

90

hydraulic

18

100

125°/140°

150 x 102 x
170

The horticulture trailer SW900 developed by Weed Technics is the custom narrow trailer which has
external width of 150cm, length of 350cm and 1,500 kg carrying capacity(https://www.weedtechnics.com/wpcontent/uploads/2018/05/Trailer-Package-5.pdf).
SW900 delivers 10L of saturated steam/minute and therefore has the ability to run 2 or more applicator
heads simultaneously. The Hydra-Boom gives you control of Rowtech 55 application from the seat of the
tractor. Height, tilt and width are all hydraulically controlled. Manual berm /slope setting provides flexibility for
vines and berry production. Breakaway arms allow for close and gentle contact to pots, vines, berries and
posts. The auto-rewind reel is powered by a 12 V battery that can be charged overnight and/or be supplied
with a solar PV charging system to ensure the battery is charged even in remote or off-grid areas.
Table 2
The horticulture trailer SW 900 range characteristics
(https://www.weedtechnics.com/wp-content/uploads/2018/05/Trailer-Package-5.pdf).
Characteristics
water usage
600 l/h
Petrol pump motor
1.9 l/h
Diesel burner
7.5l/h
Weight
250-350 kg
Length
102 cm
Width
58 cm
Heigh
106cm

Fig.6 - Horticulture Trailer SW900
(https://www.weedtechnics.com/wpcontent/uploads/2018/05/Trailer-Package-5.pdf).

Fig.7- Horticulture Trailer SW900 used in vineyards
(https://www.weedtechnics.com/wpcontent/uploads/2018/05/Trailer-Package-5.pdf).
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RESULTS
Experimental tests made by Oliatec Company (France) with their ecological weeding machines, shows
that the weeds are destroyed entirely after hot water application. The machines use running water, rain water
or even drilled water with no chemicals added, and also run on electricity with rechargeable batteries which
makes the machines silent and clean.

Fig. 8 – Weed control with hot water (https://www.oeliatec.com/)

The experimental tests conducted at University of Ghent shows that the hot water method is superior to
the propane burner and hot air method, as we can see in fig. 9.

Fig 9 - Aspects of weed 7 days and 21 days after application of three different methods
(https://heatweed.com/hot-water-weed-control/ )

A study carried out at the University of Copenhagen shows that treatment with hot water produces
the lowest weed cover – even with the lowest treatment frequency.

Fig.10 - Weed density obtained with different hot weed control methods
Heatweed Technologies AB Norwey Avaible from: http://heatweed.com/;
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The energetic indices obtained at 100 ° C for hot air, hot water and steam are shown in table 3. The
results are in agreement with experimental results.
Table 3
Energetic indices
(Heatweed Technologies AB Norwey Avaible from: http://heatweed.com/;)

CONCLUSIONS
Research into thermal weeding continues, and new advances in technology will help make it a more
economical and practical weed management option for organic grape growers. The ideal time for thermal weed
control is in the early stages of growth. Thermal weeded control equipment’s can be used in many fields such
as public maintenance, vegetable growing, wine growing, fruit growing.
The plant and root tissues are destroyed by the heat, causing instant shock. Within a day or two, the
plant withers and dies. Any weed seeds the hot water touches will be killed, with boiling water killing the seeds
that may lay dormant in the soil.
Thermal weed control options are attractive because they do not leave chemical residues in the crop,
soil and water and can control herbicide-tolerant or resistant weeds, and provide rapid weed control.
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ABSTRACT
Agricultural waste represents an important share of the total biomass potential. From a theoretical point of
view, all agricultural residues can be used as fuel, but their range is practically limited by the possibilities of
production, compaction, transport and use. The following varieties of agricultural residues are taken into account:
straw, corn stalks and combs, vines, biomass resulted from the cleaning of orchards, yards, parks, etc., biomass
from the cutting and cleaning of trees from forestry, stalks of hemp and flax. The paper will present some biomass
processing technologies that aim to transform it so that it can be used for energy purposes.
REZUMAT
Deșeurile agricole reprezintă o pondere importantă din totalul potențialului de biomasă. Din punct de
vedere teoretic toate resturile agricole pot fi utilizate drept combustibil, însă gama acestora este limitată practic
de posibilitățile de producere, compactare, transport și utilizare. Se iau în considerare următoarele sortimente
de resturi agricole: paie, tulpini de porumb și ciocălăi, corzi de viță de vie, biomasă provenită din curățarea
livezilor, curților, parcurilor, etc., biomasă provenită din tăierea și curățarea copacilor din exploatațiile silvice,
tulpini de cânepă și in. În cadrul lucrării vor fi prezentate câteva tehnologiile de procesare a biomasei care
urmăresc transformarea acesteia astfel încât să poată fi utilizată în scop energetic.
INTRODUCTION
Currently, energy is mostly obtained from mineral energy resources: coal, oil, natural gas. The reserves
of these fuels are exhaustible. Their irrational use is one of the causes of air pollution. When fuel is burned,
carbon dioxide is released into the atmosphere (Danciu A., et al., 2009b).
The increase in concentration of carbon dioxide in the atmosphere causes the so-called "greenhouse
effect". In the combustion process, in addition to carbon dioxide, sulphur and nitrogen oxides are emitted into
the atmosphere (Borza, 2012). These compounds react with other gases and water vapours and acid rain
occur as a result.
In the process of coal burning, dust, soot, sulphur, chlorine, fluorine, zinc, lead, nickel, etc. are eliminated
in the atmosphere. In large cities, as well as in industrial centres, these discharges form smog. All these effects
with a negative impact on the environment and human health can be diminished if alternative energy sources
that are beneficial to man and the environment are found.
The rapid reduction of energy resources derived from fossil fuels (coal, oil, natural gas), in parallel with
the continuous increase in energy demand, requires increased efforts in the field of research for the
development of new renewable energy sources (Găgeanu I., et al., 2015; Matache M., et al., 2011).
Biomass is considered to be a source of energy with a high degree of global availability, especially due
to its variety, therefore it is a renewable energy (Danciu et al, 2009a; Găgeanu I., et al., 2016a; Gürkan G., et
al., 2016; Postelnicu E., et al., 2012).
In the process of obtaining and converting biomass (Găgeanu I., et al., 2016c; Găgeanu I., et al., 2016d;
Găgeanu I., et al., 2017a; Găgeanu I., et al., 2017b; Olan M. et al., 2019; Sorică E., et al., 2017; Voicea I., et
al., 2013; Voicea I., et al., 2014b; Voicea I., et al., 2014c; Voicea I., et al., 2016), the oxygen in the atmosphere
combines with the carbon in its chemical composition and water and CO2 are formed, and the energy absorbed
and stored in the chemical bonds is released being converted into other forms of energy (Dincă M., et al.,
2017; Dincă M., et al., 2018).
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Thus, the process of biomass formation and conversion is cyclic - the carbon dioxide resulting from the
conversion is available to be used again in the process of photosynthesis, as shown in figure 1.
Due to the cyclicity of production and conversion processes, biomass is considered a renewable energy
source with a positive impact on the environment. The chosen biomass source is influenced by the form of energy
one wishes to obtain, and the properties of the biomass influence the conversion process that will be applied.

Fig.1 - Biomass – energy cycle (Borza, 2012)

The physical properties characterizing biomass mainly influence the efficiency of the biofuels production
stage, especially the energy consumption of transport and handling activities (Ungureanu N., et al., 2016b;
Ungureanu N., et al., 2018; Vlăduţ V., et al., 2010; Voicea I., et al., 2013; Voicea I., et al., 2014; Găgeanu I.,
et al., 2016b), while the chemical properties have an influence especially on the conversion process,
respectively on the environment through the resulting emissions (Vlăduţ V., et al., 2011; Şumălan, 2017). All
the main types of fuels can be obtained from biomass: liquid and gaseous fuels; thermal and electrical energy.
There is a wide variety of energy sources in the world (Murad E., et al., 2011). These energy sources can be
classified into two broad categories: renewable and non-renewable (conventional).
Non-renewable energy is a natural resource that cannot be produced, grown, regenerated or reused in
quantities corresponding to consumption. The most important sources of renewable energy are biofuels,
hydroelectric energy, solar energy, wind energy and geothermal energy.
Figure 2 summarizes the situation and contribution of fossil and renewable fuels used in all areas of
activity.

Fig. 2. Energy sources

MATERIALS AND METHODS
Energy plants are considered renewable resources and are promoted through crops dedicated for obtaining
energy, but respecting the economic rules, regarding obtaining large productions with minimum inputs.
In order to meet the growing energy requirements, INMA Bucharest promoted a series of projects, on various
programs, through which it sought to establish energy plant crops (lignocellulosic): willow, poplar, miscanthus, crops
grown as an alternative to obtaining renewable energy.
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Energy plants (lignocellulosic crops) can be grown on agricultural land that is not used in agriculture (usually
land that is taken out of the circuit for various reasons or land considered unsuitable for growing food plants).
Miscanthus, sometimes called "elephant grass", can grow up to 3.5 m in one season.
The annual dry mass yield per hectare reaches 25 t. By using Miscanthus in the combustion process, carbon
dioxide emissions are reduced and methane emissions released from deposits are eliminated.
In this regard, a series of technologies have been developed within the institute: for the establishment,
maintenance and harvesting of energy plants (Miscanthus, energy willow and energy poplar) shown in figure
3, for the conversion of energy from biomass, shown in figure 4, for the recovery of biomass and a series of
technical equipment (related to them).

Fig.3. - Technology for valorising Miscanthus rhizomes (https://inma.ro/)

The removal of Miscanthus rhizomes from the ground (figure 3) for replanting is done at maximum 24 hours
before planting and is a difficult operation because they are found at a depth of 20-25 cm in a compact soil that must
be separated from the rhizomes.
For this operation, INMA Bucharest has developed a specialized equipment called: Technical equipment for
harvesting Miscanthus rhizomes – ERR (figure 4), which is of the type carried on the three-point suspension
mechanism of 70-80 HP tractors on wheels and works on lands with a slope accessible to tractors.

Fig.4. Technical equipment for harvesting Miscanthus rhizomes ERR (https://inma.ro/)

The process of obtaining energy from biomass comprises three major stages, each stage being
associated with specific technologies, namely (Furkann et al, 2020):
- biomass production;
- biomass processing;
- biomass conversion.
Figure 5 presents a biomass conversion technology. The methods for converting biomass into solid
biofuels can be:
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- thermochemical conversion: includes all conversion processes based on thermal energy - direct
combustion, pyrolysis, gasification - generally applied to dry biomass (<20% moisture) to obtain thermal
energy, electricity, synthetic gases, coke and liquid fuels.

SunlightSunl
ight

Fig.5. Technology for the recovery of solid biomass (https://inma.ro/, Voicea, 2015)

- biochemical conversion: includes biological phenomena necessary for the conversion of biomass such
as: fermentation, anaerobic and aerobic digestion, etc.- is generally applied to wet biomass (> 80% moisture)
to obtain liquid biofuels (ethanol, methanol by fermenting agricultural waste with high sugar content, or biogas
through anaerobic conversion of manure).
- physico-chemical conversion: the processes of vegetable oil production and the esterification of this oil
in methyl-ester acid as a substitute of diesel fuel.

Fig.6. Technological line for the production of pellets / agro-pellets and briquettes (https://inma.ro/)
1 – inclined conveyor with belt and dryer, TIBU- 0; 2 – dimensional sorter, SD 2630;3 – belt conveyor, TB 240; 4 – buffer hopper
BT; 5 – pelleting equipment, EP-0; 6 – inclined conveyor with belt TIB-0; 7 – sawdust briquetting equipment, IBR.

â
Fig.7. Installation for obtaining vegetable oils (Danciu et al, 2009)

Installation of extracting vegetable oils is a complex installation consisting of several TE specific to seeds
processing: preparing seeds, extracting oil and purifying it. The installation of extracting vegetable oils is used
to obtain vegetable oils out of oil plants seeds by cold pressing process.
Figures 8, 9 and 10 present technologies for capitalizing on Miscanthus and energy willow crops.
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Fig. 8. Technology for the recovery of the Miscanthus energy crop (Voicea I., et al., 2014a)

Solar panels can be integrated in the heating system in order to optimize the production of thermal energy.
The solar installation provides the thermal energy necessary for the installation for dehydrating medicinal and
aromatic plants (dryer), which is in the endowment of the agricultural farm, only during the summer months.
The heating installation by capitalizing on the Miscanthus energy plant produces thermal energy from
biomass, especially from the mixture of chopped stems Miscathus and other components such as wood waste,
kernels, pellets, chopped corn stalks, sunflower, etc. and it is indicated to be used for heating houses, stables,
greenhouses, as well as for the installation for dehydrating of medicinal and aromatic plants (dryer) located in
an agricultural farm (Păun et al, 2015; Voicea et.al, 2014a).

Fig.9. - Technology for obtaining pellets from energy willow
(Găgeanu et al, 2016, Ionel, 2009; Paun, 2015)

Straws is a large source of agricultural biomass. Every year, a large part of the amount of straws left
after harvesting crops is burned or buried in the ground with ploughing. However, straws and other cereal
residues are the most accessible and efficient alternative energy sources.
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Fig.10. - Technology for obtaining pellets and briquettes from Miscanthus and forest residues
(Voicea et al, 2014; https://inma.ro/)

Heating systems based on burning straws (boilers, heat generators) are used to heat houses, schools,
farms, greenhouses, to dry grain, etc. They operate on solid biofuels (rolls of straw, bales weighing up to 50
kg, briquettes and pellets) to produce hot air, water and hot steam. Arguments in favour of using straws for
heating are multiple: for heating, local straw resources are used; the heating system does not require a gas
pipeline or the transport of other types of fuels; the problem of unauthorized burning of surplus straws in the
field is solved.
RESULTS
The technologies presented above are made on the basis of technical equipment related to technology
operations. Experiments using these technologies also involved testing the technical equipment. Thus, when
harvesting Miscanthus, the towed combine was used to harvest Miscanthus strains on the experimental field
cultivated with Miscanthus of INMA Bucharest and the values of the chopping presented in table 1 were obtained.
Table 1
Qualitative work indices
Den.
No.

1

Specification
The range of
Miscanthus
0-15
15,1-30
30,1-50
50,1-70
70,1 -90
90,1-100
>100
Total

UM
length

Test I

Values
Test II
Test III

Average

mm
%
%
%
%
%
%
%
%

22.7
45.3
12.3
10.3
7.6
1.2
0.6
100

24.9
46.2
8.6
10.9
6.9
1.9
0.6
100

23.5
44.4
12.2
11.1
7.1
1.1
0.6
100

23.7
45.3
11.0
10.8
7.2
1.4
0.6
100

Using the chopped Miscanthus obtained with the towed combine, in the heating installation by
capitalizing on the Miscanthus power plant, IIVM (fig.8), the following results were obtained:
- Power:
75 kW
- Maximum hot water temperature:
95°C
- Hot water tank capacity:
1500 l
- Solar panel collection area:
2.55 m2
The installation for dehydration of medicinal and aromatic plants - IDPM, included in the technology in
figure 8 used the thermal agent (hot water) produced by burning the chopped Miscanthus in the installation
obtaining the following results:
- Production capacity:
250 ÷ 350 kg plants / 24 h
- Drying mode:
convective, in batches, on trays
- Drying surface:
about 10 m2
- Drying agent:
hot air
- Thermal agent:
hot water
- Thermal agent temperature at the inlet:
about 90°C
- Air temperature at outlet:
40°C ÷ 70°C (adjustable)
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- Maximum amount of water extracted:
- Specific energy consumption:

200 ÷ 250 kg / 24 h
10.000÷14.000 kJ / kg evaporated water

CONCLUSIONS
The use of technologies such as those presented, ensures a number of advantages of biomass energy:
- the energy from renewable sources contributes to reducing greenhouse gas emissions and preventing
environmental pollution;
- reduces the dependence on imports, thus improving the country's energy security;
- biomass is a form of energy that can be transformed when energy is needed;
- all the main types of fuels can be obtained from biomass: liquid and gaseous fuels; thermal and electrical energy;
- the transformation of biomass into energy contributes to the well-being of rural communities, because this
energy can be used to heat public buildings, homes, farms, etc.
The continuous increase of primary energy consumption is an acute issue because currently worldwide
more than 50% of primary energy consumption comes from conventional energy sources. Thus, biomass
becomes a vital source of energy again. Biomass represents a very promising renewable energy source for
Romania, both in terms of potential and in terms of possibilities of use. This type of clean energy is practically
inexhaustible, on the medium and long term.
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ABSTRACT
The paper aims to study two genotypes of monoecious hemp, in order to identify a genotype with
productive potential focused on the three directions of use (stems, inflorescences, seeds for consumption), as
well as the effect of applying cuttings on the agroproductive capacity. The experiment was carried out in the
experimental field of the Agricultural Research and Development Station Secuieni-Neamț, during the year
2019. The results obtained indicated the highest stem, inflorescence and seed yields in the case of genotype
Z2017, compared to the control variety Succesiv. At the same time, the research highlighted the differentiated
effect of the application of cuttings, depending on both the number of cuttings applied and the specificity of the
yield. In terms of cannabinoid content, the new genotype is distinguished by higher values of CBD and CBDT
(cannabidiol and total cannabidiol).
REZUMAT
Lucrarea își propune studiul a două genotipuri de cânepă monoică, în vederea identificării unui genotip
cu potențial productiv axat pe cele trei direcții de utilizare (tulpini, inflorescențe, sămânță de consum), precum
și efectul aplicării retezărilor asupra capacității agroproductive. Experiența a fost derulată în câmpul
experimental al Stațiunii de Cercetare – Dezvoltare Agricolă Secuieni Neamț, la nivelul anului 2019.
Rezultatele obținute au indicat cele mai ridicate producții de tulpini, inflorescențe și sămânță în cazul
genotipului Z2017, comparativ cu soiul martor Succesiv. Totodată, cercetările au evidențiat efectul diferențiat
al aplicării retezărilor, în funcție atât de numărul de tăieri aplicate, cât și de specificitatea producției. Din punct
de vedere al conținutului în cannabinoizi, noul genotip se distinge prin valori mai ridicate ale CBD și CBDT
(cannabidiol și cannabidiol total).
INTRODUCTION
For centuries, hemp has been a source of fiber and oilseeds used worldwide to produce a variety of
industrial and consumer products. The global hemp market consists of more than 25000 products, focusing on
the different areas of hemp applicability: fibers and hemp shives for bio composites, construction and paper,
cannabidiol as a food and pharmaceutical supplement, hemp seeds, oil and protein, agriculture and processing etc.
Industrial hemp disappeared almost completely after World War II and, despite a ban by the United
Nations, Canada, China and the European Union are cultivating it again. In 2018, industrial hemp recorded
record cultivation figures in Europe (48605 ha), Canada and China, registering a total of 150 000 ha (EIHA
Conference, 2020). Incidentally, cultivation has also begun in the US (EIHA Conference, 2019).
The size of the demand comes from the food sector, as well as from the pharmaceutical and food additives
sectors. There is also an increase observed in the fibers market, the hemp fibers’ technological properties such
as strength, extensibility, spinning capacity, but also long length (Șandru, I. et al., 1996) determining their use
in large quantities for light construction in the automotive industry, in all types of bio composites, in insulating
materials, fine fabrics and for the manufacture of thin, tear-resistant paper (Small E., Marcus, D., 2002).
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Hemp shives, the woody part of the stem, is used as a building material (Zhijian, L. et al., 2004) and
bedding for animals. In this segment, the market is already established, registering a moderate and constant
growth from a quantitative point of view. The hemp husks remaining after harvesting brings an additional supply
of nitrogen, phosphorus, potassium and calcium (Șandru, I. et al., 1996 quoted by Leonte, A., 2017).
Another impetus came with the launch of the cannabinoid CBD, which has mild calming and
concentrating effects. This is a major constituent of the plant, having the highest prevalence in industrial hemp,
being non-psychoactive and thus can increase the overall well-being of the body, without inducing negative
effects. CBD is legal in most countries and can be used as a treatment for a wide range of medical conditions.
The benefits of its use include: slowing the growth of cancer cells, reducing tremor from Parkinson's disease,
relieving pain, reducing vomiting and nausea, antibacterial and neuroprotective properties etc. It can be
obtained from hemp leaves and inflorescences. This segment also, based on extracts, has grown rapidly in
recent years (EIHA Conference, 2019).
Taking into account these aspects, in order to integrate into a sustainable market system, the paper
aims to identify a genotype that could be folded in the three directions of use: stems, inflorescence, seed for
consumption. Agro-productivity is assessed in correlation with the application of cuttings, the effect being
differentiated, depending on both the number of cuttings applied and the specificity of the yield.
MATERIALS AND METHODS
The experiment was carried out during the year 2019, in the experimental field of the Agricultural
Research and Development Station Secuieni Neamț. The experimental device used was of the subdivided
plots type, with three repetitions, corresponding to the studied factors: factor A = type of cutting, with three
graduations (a1 = un-cut, a2 = one cutting, a3 = two cuttings); factor B = the genotype studied, with two
graduations (b1 = Succesiv, b2 = Z2017).
The biological material consisted of two genotypes of S.C.D.A. Secuieni monoecious hemp: the
Succesiv variety and the Z2017 line under testing. Succesiv is a variety approved in 2017, the length of the
plant in the seed crop reaching 1.3 - 2.2 m. It is characterized by precocity, the vegetation period being 90 110 days. The mass of a thousand grains is between 16.0 and 18.0 g, being suitable for both the main crop
and the successive system.

Fig. 1 - Aspects from the fields with Succesiv and Z2017, respectively

In autumn, after harvesting the preceding plant (sunflower), plowing was performed at a depth of 25 cm.
In spring, when preparing the germination bed, a levelling work was performed with the disc harrow, followed
by a round with the cultivator.
The soil type was represented by a typical chernozem, with a pH in water of 6.29, a humus content of
2.3%, nitrogen index of 2.1%, mobile P2O5 of 39 ppm and K2O of 161 ppm. Hemp is demanding when it
comes to the nutrient content of the soil, so that on April 2, 2019, complex fertilizers were administered, N: P:
K 16:16:16, in quantities of 250 kg/ha and NH4NO3, in quantities of 100 kg/ha.
The crop was established on April 8, 2019, the sowing being followed by a herbicide application using
Dual Gold, at a dose of 1.5 l/ha. The sowing norm in the comparative crop was of 6 kg/ha, achieving an average
density of 33 plants∙m-2, the distance between the rows of plants being of 70 cm. During the vegetation period,
the herbicides Fusilade (for monocotyledons) and Lontrel (for dicotyledons) were administered.
The first cutting, for T1 and T2, was applied at a height of 27 cm, on May 27, 2019. The second cutting
was made at a height of 43 cm, approximately three weeks after the application of the first cutting.
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The agricultural year 2019 was characterized by an early beginning of spring, as a result of the average
positive temperatures recorded during March (6.8ºC). The vegetation period can be characterized as normal,
exceeding the multiannual average by 0.9ºC, while, from a pluviometric point of view, it was excessively dry,
registering a deficit of 65.2 mm compared to the multiannual average.
Data on the weather conditions recorded in 2019 at S.C.D.A. Secuieni are presented in table 1.
Table 1

2019
14.8
Rainfalls
(mm) multiannual
20.1
average

Veg. period
characterization

-3.8
Average 2019
temp. multiannual
-3.9
(°C)
average

Deviation

Jan.

Average of veg.
period

Temperature and rainfall recorded at A.R.D.S. Secuieni weather station (2019)
Months

0.9

6.8

9.7

15.3

21.3

20.1

21.2

16.2

17.3

0.9

normal

-2.2

2.8

9.5

15.4

18.8

20.4

19.5

15.0

16.4

-

-

21.0

4.2

38.0

95.0

55.8

46.6

20.4

64.8

320.6 - 65.2

19.5

26.9

46.9

65.7

85.0

82.3

60.2

45.7

385.8

Feb. March April

May

June

July

Aug.

Sept.

-

excessively
dry
-

The samples were collected manually, in the second decade of August, the experimental data obtained
being statistically processed by methods specific to bifactorial experiments. The recorded yield increases were
assessed by calculating the limit differences (Jităreanu G., 1999).
RESULTS
In the first months of 2020, biometric and agroproductivity determinations (seed, inflorescences, stems
and fiber) were performed on the samples collected from the experimental field of 2019. As observed in the
table below, the number of cuttings applied has influenced the size of the plants, the diameter of the stems
and the fiber content, whose value decreased at the same time as the number of cuttings increased. At the
same time, a direct correlation can be noticed between the number of plant branches and the cuttings applied.
In terms of size, fiber content and number of branches, the genotype Z2017 recorded higher values compared
to the Succesiv variety.
Table 2
Biometric and agroproductivity determinations for the two hemp genotypes
Size
Genotype name
No. of plants at harvest No. of branches % fiber Average Ø
(cm)
NT
Succesiv

180

28

-

26.1

8.0

Z2017

220

28

-

28.3

8.0

48
50

24.3
26.9

5.5
6.5

T1
Succesiv
Z2017

130
180

28
28

Succesiv

130

28

64

22.0

5.0

Z2017

140

28

66

24.7

5.5

T2

For both the Succesiv variety and the Z2017 genotype, determinations were performed regarding the
content in the main psycho- and non-psychoactive compounds in monoecious hemp, for 2019, the results
being summarized in table 3.
In the Z2017 genotype, compared to the Succesiv variety, higher values can be noticed at the level of
CBD and CBDA content, the result being an almost double value of the total cannabidiol content (CBDT 0.28%). The rest of the cannabinoids registered values below 0.01%, including the THC content, which
remained below the legal limit of 0.2% (according to Romanian legislation), a sign of a selection rigorously
made.
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Table 3
Cannabinoids content in the genotypes studied in 2019

Cannabidiol
(CBD)

Cannabiger
ol (CBG)

Cannabinol
(CBN)

Δ9
Tetrahydroc
annabinol
acid (THCA)
Total
cannabidiol
(CBDT)

Variant

Δ9
Tetrahydroc
annabinol
(THC)
Cannabichr
omene
(CBC)
Cannabidiol
acid (CBDA)

Active principles of plants (Cannabinoids) (%)

Succesiv

0.04

<0.01

<0.01

<0.01

<0.01

0.14

<0.01

0.16

Z2017

0.06

<0.01

<0.01

<0.01

<0.01

0.25

<0.01

0.28

The influence of the cuttings on the stem yield generated results that varied between 4690 kg/ha,
following the application of two cuttings and 7075 kg/ha in the uncut variant (table 4). The inflorescence yield
recorded by the two genotypes studied varied depending on the number of cuttings applied. Thus, the variant
with two cuttings determined very significant positive yield differences (+ 1310 kg/ha) compared to the uncut
control variant, while the application of a single cutting generated yield values (5110 kg/ha) with negative
significance compared to the uncut variant (5750 kg/ha).
According to the table below, the cutting generated seed yields between 1330 kg/ha (NT) and 1550
kg/ha (T2). The cuttings applied to the hemp crop positively influence the obtained yield, the application of two
cuttings determining very significant increases (220 kg/ha) compared to the uncut control variant. Slightly lower
yield increases, but also statistically supported at a very significant level, were also recorded by the variant to
which a single cutting was applied (T1).
Table 4
The cutting influence on yield
differences compared Difference
No.
% compared
Variant kg/ha
to the Control
significance
to the Control
1.
2.
3.

4.
5.
6.

7.
8.
9.

Stems yield
NT
7075
100.00
0
Ct
T1
6000
84.81
-1075
000
T2
4690
66.29
-2385
000
DL 5% = 102.4 kg/ha; DL 1% = 149.0 kg/ha; DL 0.1% = 223.4 kg/ha
Inflorescence yield
NT
5750
100.00
0
Ct
T1
5110
88.87
-640
000
T2
7060
122.78
1310
***
DL 5% = 78.1 kg/ha; DL 1% = 113.6 kg/ha; DL 0.1% = 170.5 kg/ha
Seed yield
NT
1330
100.00
0
Ct
T1
1505
113.16
175
***
T2
1550
116.54
220
***
DL 5% = 10.9 kg/ha; DL 1% = 15.9 kg/ha; DL 0.1% = 23.8 kg/ha

The influence of the genotype revealed the highest yields in the case of genotype Z2017, which recorded
very significant yield increases, both for the stem and inflorescence yields, compared to the control variety
Succesiv (Table 5).
Table 5
The genotype influence on yield
% compared Differences compared Difference
No. Variant kg/ha
to the Control
to the Control
significance
Stems yield
1. Succesiv 5370
100.00
0
Ct
2. Z2017
6473
120.54
1103
***
DL 5% = 19.9 kg/ha; DL 1% = 45.9 kg/ha; DL 0.1% = 146.0 kg/ha
Inflorescence yield
3. Succesiv 5733
100.00
0
Ct
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% compared Differences compared Difference
to the Control
to the Control
significance
Z2017
6213
108.37
480
***
DL 5% = 58.5 kg/ha; DL 1% = 135.0 kg/ha; DL 0.1% = 429.7 kg/ha
Seed yield
Succesiv 1440
100.00
0
Ct
Z2017
1483
103.01
43
*
DL 5% = 21.6 kg/ha; DL 1% = 50.0 kg/ha; DL 0.1% = 159.0 kg/ha

No. Variant kg/ha
4.

5.
6.

For the stem yield, the increase compared to the control was 1103 kg/ha, 20.54% respectively, and for
the inflorescence yield, the increase was 480 kg/ha, 8.37% respectively. Regarding the seed yield, the Z2017
genotype registered a yield increase, compared to the control, of 43 kg/ha, 3.01% respectively, which is
considered statistically significant.
The combined influence of the two factors generated stem yields that varied between 4340 kg/ha (T2 x
Succesiv) and 7700 kg/ha (NT x Z2017). The NT x Z2017 variant registered very significant yield increases,
with a difference of 1410 kg/ha, 22.14% respectively, compared to the control variant of the experiment, namely
the NT x Succesiv. On the other hand, very significant negative differences compared to the control variant of
the experiment were registered in the case of the variants T2 x Succesiv, T2 x Z2017 and T1 x Succesiv, with
percentage differences compared to the control of 31.87%, 20.88% and 15.23% respectively ( table 6).

Table 6
No.

1.
2.
3.
4.
5.
6.

7.
8.
9.
10.
11.
12.

13.
14.
15.
16.
17.
18.

The cutting x genotype influence on yield
% compared differences compared Difference
Variant
kg/ha
to the Control
to the Control
significance
Stems yield
NT Succesiv 6370
100.00
0
Ct
NT Z2017 7700
122.14
1410
***
T1 Succesiv 5400
84.77
-970
000
T1 Z2017 6600
103.61
230
**
T2 Succesiv 4340
68.13
-2030
000
T2 Z2017 5040
79.12
-1330
000
DL 5% = 144.0 kg/ha; DL 1% = 210.7 kg/ha; DL 0.1% = 316.0 kg/ha
Inflorescence yield
NT Succesiv 5630
100.00
0
Ct
NT Z2017 5870
104.26
240
**
T1 Succesiv 4700
83.48
-930
000
T1 Z2017 5520
98.05
-110
T2 Succesiv 6870
122.02
1240
***
T2 Z2017 7250
128.77
1620
***
DL 5% = 110.5 kg/ha; DL 1% = 160.7 kg/ha; DL 0.1% = 241.1 kg/ha
Seed yield
NT Succesiv 1310
100.00
0
Ct
NT Z2017 1350
103.05
40
*
T1 Succesiv 1480
112.98
170
***
T1 Z2017 1530
116.79
220
***
T2 Succesiv 1530
116.79
220
***
T2 Z2017 1570
119.85
260
***
DL 5% = 23.9 kg/ha; DL 1% = 47.4 kg/ha; DL 0.1% = 128.1 kg/ha

Regarding the inflorescence yield, the combined influence between the two factors determined very
significant yield increases in the case of applying two cuttings, for both genotypes studied. The yield increases
for the two variants, T2 x Z2017 and T2 x Succesiv, were 1620 kg/ha - 28.77%, and 1240 kg/ha - 22.02%
respectively. The seed yield obtained in the case of the combination of the two factors studied was higher for
all the variants compared to the control of the experiment - NT x Succesiv, this fact demonstrating, on the one
hand, the superiority of the Z2017 genotype compared to the Succesiv genotype, and on the other hand, the
need to apply the cuttings.
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In view of this fact, we mention the very significant yield increases obtained by the combinations: T2 x
Z2017 - 260 kg/ha (19.85%), T2 x Succesiv – 220 kg/ha (16.79%), T1 x Z2017 - 2020 kg/ha (16.79%), T1 x
Succesiv - 170 kg/ha (12.98%). Also, the NT x Z2017 variant registered a yield increase of 40 kg/ha (3.05%),
which is considered statistically significant.
CONCLUSIONS
The application of cuttings to the hemp crop, for the two genotypes studied, had a negative effect on
the stem yield, positively influencing, instead, the seed yield. At the same time, the impact on the inflorescence
yield was negative following the application of a single cutting, and positive in the case of variants with two
cuttings applied.
At the level of the year 2019, the research carried out demonstrated the superiority of the Z2017 line
over the Succesiv variety, the registered increases being very significant for the stem and inflorescence yields,
and significant for the seed yield.
The combination of the two factors studied in the experiment generated the highest stem yield in the
case of the NT x Z2017 variant, as well as the highest inflorescence and seed yields for the variant established
using the Z2017 genotype, to which two cuttings were applied.
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ABSTRACT
The present paper presents two methods of evaluation the mechanical impacts by means of digital
devices to which the fruits and vegetables are subjected. The first method involves the use of impact spheres
and the second one uses a digital device called electronic potato. In this context, the computer is useful both
for processing information obtained from digital devices and for drawing on a specific scale, the altitudinal
profile related to the processing lines, with the help of computer-assisted graphics programs.
REZUMAT
Lucrarea de fata prezinta doua metode de evaluare cu ajutorul dispozitivelor digitale a impacturilor
mecanice la care sunt supuse fructele si legumele. Prima metoda implica utilizarea sferelor de impact iar a
doua, un dispozitiv digital denumit cartof electronic. In acest context, calculatorul s-a dovedit util atat pentru
procesarea si vizualizarea informatiilor cu privire la impacturi, cat si pentru desenarea profilului altitudinal
corespunzator liniei studiate.
INTRODUCTION
The flow of conditioning of fruits and vegetables involves crossing a path in which they interact with
hard impact surfaces, thus being exposed to mechanical shocks. The effect of these interactions consists in
mechanical injuries of fruits and vegetables and implicitly in diminution of their quality. When the contact
between the product and the surface is a low intensity one, such as abrasive rubbing, mechanical injuries can
take the form of detachments of portions of the epidermis. This type of injury is specific to roller conveyors, or
to the sorting systems of slotted tubers, the products moving by rolling and sliding.
A higher intensity of the interactions between the products and surfaces, generates external forces
resulting in the occurrence of the injuries of striking and pressing. These are the most common types of injuries,
are due to static and quasi-static loadings and produce physical changes in texture, color, and appearance.
The mechanical injuries can also take the form of some rays starting from a point, generally the point
of collision, in case of strong impacts, or of penetration by breaking the epidermis, as a result of puncturing
with sharp bodies. In the case of potato tubers, the successive processing of the material taken for sorting,
following the mechanized harvesting, imposes on the tubers, a resistance corresponding to the mechanical
loadings exerted on them (generally in the form of collisions), by the active surfaces of the separation systems
(conveyors), separators, smooth or profiled rollers, drums, brushes, etc.).
As a result of the multitude of potato varieties, cultivated abroad and in the country, with their varied
geometric shapes, with resistance to different mechanical demands and closely dependent on the
characteristics of the soil in which they are grown, (from sandy to clay), the collision of tubers with the active
organs of the installations in the process of sorting and calibration, leads, finally, to qualitative results of the
work, very different.
As a result, between the variety of the tuber, the biological period, in which the mechanized harvesting
was carried out and then, the sorting operation, the kinematic working regime of the active organs, either of
the combinations with which the tubers were harvested, or of the sorting plant as well as the type their
constructive, we notice an interdependence, whose knowledge is able to lead to the assurance of a technicaleconomic optimum.
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Regardless of the form in which they appear, mechanical injuries cause significant economic losses
worldwide and their analysis, in order to find methods of diminishing the negative effects, constituted and is a
concern of the researchers in the field. Among the research worth mentioning in this regard are those of 1960
year, when the impact model between a rigid body with a spherical contact area and a viscoelastic half-space
represented by a respective equation of motion is developed. In the 1970 year as a result of further research
in the field, details are obtained regarding the impact between two identical fruits, based on the rheological
investigation of the tension and deformation in the vicinity of the contact area. The material was considered to
have linear viscoelastic properties (Timoshenko,S.et al., 1970).
The year 1986 marks the study of the level of kinetic energy at which the mechanical injury of potato
tubers occurs (Stroppe, H., P. et al 1982). In the year 1992, the researchers demonstrate that the damage due
to the impact on the potato tubers is manifested by the appearance of dark areas in the case of small fall
heights (Tao Y.et.al., 1990) . The year 1999 meant for researchers in the field of mechanical injuries the
theoretical and experimental highlighting of the effect of multiple impacts on the subcutaneous discoloration of
potato tubers using a computer-controlled pendulum (Tao,Y.et.al. 1995).
In 2000, German researchers used an equivalent rheological model to describe the impact between a
tuber and the contact surface. The year 2003 marks the study of the effects of cyclic stresses on the
mechanical properties of vegetative tissues. The applied procedure consisted in the use of vibrations to
determine the effects of specific frequencies, applied within a well-defined time interval, on the mechanical
properties of biological materials. More recent research focuses on the use of digital impact spheres and
electronic tubers for shock size assessment. The latest achievement in the field of mechanical injury study at
the level of 2017 belongs to Israeli researchers. They have developed an application called Clarifruit that can
be installed on the smartphone and receives information from a molecular sensor regarding the quality of fruits
and vegetables harvested.
MATERIALS AND METHODS
Assessment of mechanical impacts on vegetables and fruits using digital devices. Highlighting the
mechanical impacts in certain "hidden areas" of the potato tuber handling flow between the different phases
of the transport, storage, and harvesting process was a concern of the researchers in the field of the
mechanical injury study of vegetables and fruits. On the other hand, it appeared as a necessity to evaluate the
mechanical impacts directly in the flow of manipulation, in order to highlight unresolved issues from the
research carried out in the laboratory. The use of impact triaxle sensors as the main component of impact
bodies built in different forms has solved many of the expectations of the researchers in the field.
The first digital devices used by the researchers had a spherical shape. The US and German
researchers have developed two models of spherical impact bodies fitted with sensors: the IS 100 model and
the PMS-60 model. The IS 100 model is a sphere with a diameter of 89mm and a mass of 290g and the impact
is recorded by a triaxle accelerometer located inside sphere that can record acceleration values between 0
and 400 m / s2. Using a software package on a computer, the data acquired by the IS 100 sphere are analyzed
and processed. The maximum values of the impacts are expressed in units of gravitational acceleration (g =
9.81 m / s2). The software package allows to highlight the occurrence and duration of the impact but also to
determine the integral of the acceleration curve (Cerruto E.,et al., 2001).
In the case of the PMS-60 model, the sphere has a diameter of 62 mm and a mass of 180 g. The
measurement principle is based on the evaluation of the impact pressures, these having values between 0
and 130 KPa. There is an interface also in this case for analyzing the data obtained.
To highlight the efficiency of using the two IS -100 and PMS-60 models, the researchers conducted
experiments in a potato processing line with a working capacity of 18 t / h.
The altitudinal profile of the installation is shown in figure 1. The handling flow involves the use of
conveyor belts for the passage of potato tubers between the areas of pre-washing, pre-selection, washing and
drying. The crossing between the points of the flow means drops of the products transported from quotas
greater than 60 cm (Tao et al.,
Each sphere introduced into the processing line immediately after prewashing was accompanied by a
stopwatch. This it was possible to record the time when the spheres were in certain processing areas. Recovery
of the two spheres from the processing line was done after they had crossed the entire line.
The data acquired by the spheres were transferred to the computer, where by subsequent analysis with
the help of the software, the points where the stress appear could be highlighted.
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The results obtained with PMS-60 showed that the most stressful operation is washing and subsequent
drying. Examination of the IS 100 results showed that the highest number of impacts, including strong impacts,
occurs during preselection.

Fig.1. - The altitudinal profile of the handling line and timing points
along the sphere’s passage (Cerruto E., et al., 2001)

The laboratory simulation of the behavior of fruits and vegetables at mechanical loads by impact with
the help of the PMS60 sphere was performed by German researchers who determined the typical impact
forces of a processing chain using a hydro pulse programmable simulator. It allows a sine wave motion
vertically. The following figure shows the impacts recorded with the PMS sphere 60 using the hydro pulse
simulator (Winkelman I., et al, 2000).
Figure 2, shows the time variation curve of the force with which the hydraulic piston of the hydraulic
system is actuated to generate movements identical to those of the devices in the tubing processing plants.

Fig. 2. The working time of the hydraulic pump plunger in
depending on its driving force (Winkelman I., et al, 2000)

Another device for assessing mechanical impacts on vegetables and fruits is the so-called electronic tuber.
The electronic potato is an acceleration measurement device (as IS 100 impact sphere). This device records impact
forces received while moving with real potatoes in the harvesting and processing chain.
The digital potato quickly locates many damage-causing parts in all types of potato handling machinery
(including washers). Another noteworthy aspect is that the digital potato can focus on very specific levels of
damage-causing problems. All information obtained on the stream can be recorded and downloaded to a PC.
This information about problems in different machines or the same machines at different times can be identified
and analyzed; and change its sensitivity to suit different potato varieties or even other fruits and vegetables
(Dănilă D. M, 2005).
Like the impact spheres, the digital potato contains tri-axial shock sensors. In addition to these, the
potato has a radio transmitter and a battery. When the potato receives a shock of sufficient strength to register
an electronic signal, this signal is transmitted to the 'Receiver'.

852

INTERNATIONAL SYMPOSIUM

The signal is heard on the headphones plugged into the receiver, it registers on the receiver's display
as it occurs and it is logged into the receiver's memory. The digital potato registers shocks within a specific
range. This range encompasses the levels of shock that will bruise potatoes but also includes very low levels
of shock which will bruise more sensitive fruit and vegetables. In figure 3 is presented the way of the impact
signal from shock location to computer graphics.

Fig. 3.- The way of the impact signal
1-The digital potato, 2-The impact surface

The electronic potato used in the experiments was provided by the company Lishman, which in the
documentation supplied with the product itself, made detailed specifications on how it works and works with
this device. Some of these instructions along with the accompanying pictures are presented below [3]. On the
receiver display are presented several information. For example, the figure 4 shows the normal Ready display
during operation of the potato.

Fig. 4. - Normal display during every Run (Lishman M., 2000).

The number of the current run, R - is generated automatically and also when the potato is switched
on the serial number of the potato is shown. At the same time the average of the peak strength of the shocks
received by the potato during a number of runs is shown by letter A (Lishman M., 2000).
The number of runs to be used for the average can be pre-set according to the machinery testing
procedure being followed, this number is shown adjacent to A and counts down the runs before the average
is then displayed. The letter T - shows the time, in seconds, that the current run has taken (Lishman M., 2000).
In the line 3 is shown the magnitude of each shock received by the potato as it occurs. This can be compared
against the scale in line 4. Each of these shocks also generates an audible signal which is heard in the
headphones exactly as the shock occurs. Stronger shocks generate a longer sound in the headphones
(Lishman M., 2000). To the left of line 4 shows one of 10 possible scale magnification levels between 41 and
100.
This number describes the percentage of the potato’s full range of response to shock which will be
displayed on the screen as a shock occurs.
This percentage is displayed as the whole scale on the screen, as shown by the scale marks in the
center of line 4. The number can be adjusted according to the strength of shocks being investigated. For typical
potato bruising investigation it is likely that 100% of the scale will be required. For very sensitive potato varieties
or for delicate fruit such as apples perhaps only 41% of the scale will be required. Stretching this 41% over the
whole scale has the advantage of showing the run in greater detail.
In order to initialize, the Potato is held in the left hand, against the left-hand side of the receiver so that
the yellow spot on the potato is directly against the green shaded start area, and the Start button has to be
pressed. The digital potato is now ready for operation. This can be confirmed by looking at the run timer on
the screen.
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The digital counter next to the T mark should be counting the time, in seconds, since the potato was
switched on. The word ready at the top left of the screen will change to the serial number of the potato. The
procedure of switching the digital potato off can only be carried out whilst the receiver is switched on.
The same instruction used when the potato was initialized will be followed by pressing the Stop button
instead. This can be confirmed by looking at the run timer on the screen, which should now have stopped. It
will then be displaying the total time, in seconds, that the potato was switched on.
Once a run has been completed and the stop button has been pressed, A will show the average peak
strength of shock over the preset number of runs, including the current run, as a percentage of the full scale.
When the line 1 from receiver shows letter P, this shows the peak strength of shock during the current run as
a percentage of the full scale. The peak and average figures are percentages of the scale used.
The run number advances automatically by 1 immediately after the stop button is pressed. The peak
shock strength (P) and average shock strength (A) after the current run will show in ready until the next run is
completed and stop is pressed.
The bottom three lines of the display show the shocks recorded during the run compressed into a vertical
bar chart. The vertical bar lines correspond with the individual horizontal bar lines which momentarily appear
on the ready display as a run progresses.Their magnitudes are the shock strength measured as a percentage
of the scale magnification level. The full vertical height of the bottom three lines of the display corresponds to
the full range at each scale magnification level. For example, at the 41% scale sensitivity level a shock
producing a bar line half of the way up the full range will equal 50% x 41 = 20.5% shock strength.
If the shocks received by the potato are consistently registering the maximum on the scale at, for
example, the 41% scale magnification level, it is likely that many of the shocks are higher than this level so the
41% level is too low to give an accurate picture of the shocks taking place. Changing the scale magnification
level to a higher setting will give a more appropriate picture of the shocks being received.
RESULTS
In this chapter are presented some results obtained with the electronic potato following laboratory
tests. All the data obtained from these tests, were treated and analyzed in order to obtain useful information
concerning the impact forces that are exerted on the potato when falling on the different surfaces in different
situations. Following the procedure given by Lisman company and explained in the previous chapter a lot of
useful impact information were obtained using the digital potato.
This date were recorded by the receiver. After the data were downloaded from the receiver in the
computer, there were exported by the PTR200 program as text files. The next step was to transform these text
files into Excel files. When the potato hits the surfaces, the energy of impact was absorbed by a condenser
placed inside the potato.
Due to constructive defects, the entire energy was not always discharged at once. So there were
different delays between several shocks. In the dynamic situation, when the delay between two peaks was
less than 0,4 s the shocks were added. When the delay between two peaks was more than 0,4 s the shock
were considered to be different. In the static situation, all shocks of the same run were added. This data were
used to calculate the impact force value withe the next formulas (Van Canneyt, T, 2003).
Every run resulted in a number of forces. Then, the mean and the standard deviation for these forces
were calculated. After that, the t-test was used to statistically analyze the impact forces.
The potato was released from a fixed position at a height of 40 cm, colliding with some materials
encountered in the conditioning flow.
( 1)
where: g(x)=ln(PEAK) , x=F [N]
(2)
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The average values of the impact forces presented in the figure 5 were obtained after replacing in the
above formulas of the values obtained experimentally, including statistical elements. The highest impact force
was obtained when falling on a flat steel surface and the lowest value on the EB surface.

Fig 5.- Static comparison for 400 mm height

CONCLUSIONS
All devices using triaxle impact sensors, both the IS 100, PM60 spheres and the electronic tuber
developed by the Lishman Company have proved very important in the study of mechanical injuries by impact
on vegetables and fruits. The usefulness and efficiency of the impact spheres were highlighted by the results
obtained by the researchers in the field both on the conditioning flow and in the laboratory. Regarding the
electronic tubercle, it has proved its efficiency in the laboratory tests by obtaining information on the average
impact forces occurring at the contact between the electronic tubercle and the tested surfaces.
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ABSTRACT
Pelargonium plants are widely used for decorative purposes, both inside and outside our homes. The
genus Pelargonium comprises about 300 species and varieties of perennials, most of which are native to South
Africa. These plants are part of the Geraniaceae family. The geranium is a plant, able to bloom continuously
from May until the appearance of the first autumn frosts, provided that they benefit from a strong sunshine and
a moderate watering.
REZUMAT
Pelargonium plants are widely used for decorative purposes, both inside and outside our homes. The
genus Pelargonium comprises about 300 species and varieties of perennial plants, the majority of the species
being native to South Africa. These plants are part of the Geraniaceae family. The fly is a plant capable of
continuously flowering from May until the appearance of the first autumn frosts, provided that they benefit from
a strong sun and moderate watering.
INTRODUCTION
The geraniums are rich in flowers, brightly colored, with rounded leaves and slightly fragrant. These
are known scientifically as Pelargonium. It is distinguished by the fact that it has irregularly shaped flower buds,
fewer fertile stamens and a tube of nectar, compared to other species in the Geraniaceae family.
The flies are of different sizes, from 30 to 100 cm high, with various shapes of flowers and leaves,
more intense or less colored. Licorice can have the scent of mint, pine, cinnamon, lemon, pineapple, orange,
etc. The genus Pelargonium (The Geraniaceae family), with more than 200 species, has considerable
economic importance on the ornamental plant market (García-Sogo et al., 2012). Geraniums are popular pot
plants with attractive flowers, a wide range of colors, flowers, blooms and leaves (Kheenizy, 2016).
Pelargonium, as balcony plants, has a relatively high nutrient requirement (Farkas Zsuzsa et al., 2018).
The family groups numerous grass species, which have aerial organs covered with glandular bristles,
which produce ethereal oils with repellent effect against biotic factors (phytophagi) (Tomescu, 2020).
Pelargonium species are important in the perfume industry and are grown and distilled for their fragrance
(García-Sogo et al., 2012). The stems are branched, swollen at knots, erect or ascending, with alternating or
opposite leaves, simple or composed, accompanied by stipes. Flowers are actinomorphic or zigomorphic,
hermaphrodite, type 5, solitary or arranged in umbels (Tomescu, 2020).
Geraniums multiply vegetatively through cuttings of stems (Toma, 2020). The cuttings are obtained
from the mother plant by segmenting the stems, being under observation for a period of time, with a view to
rooting (Molenaar et al, 2017). The absence of symptoms of senescence in the leaves of Pelargonium cuttings,
their ability to root, grow and develop harmoniously and not in the end the absence of diseases and pests,
represent the impoetante quality criteria (Mutuia et al., 2012).
The storage of cuttings in dark areas for certain periods of time had no effect on the percentage of
rooting and the number of roots. In some species, dark storage reduced the total root lengths and reduced the
mass of the fresh root (Mutui et al. 2010).
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The addition of zeolite induced a considerable increase in Tagetes sp and improvement of germination,
number of plants and flowers to hybrids of Gladiolus sp. (Kolar et al 2010) Buzău is located in the southeastern
region of Romania, in the central area of Buzău County, on the right bank of the Buzău River, at an altitude of
101 m above sea level, with coordinates 45°09" north latitude and 25°5" east longitude
(https://www.primariabuzau.ro).
Calliope Dark Red, the specific color of this geranium is dark red, large, round plant, flower shape is of
very rich medium size, compact semi-flowing growth with a very good branching (Toma, 2014). It is a hybrid
of geranium, super vigorous plant, particularly attractive in suspended pot, loves light. Flowering is extremely
abundant. Dress the edges very well (Toma, 2014).
The establishment of the experiment was intended to obtain a culture technology of these plants, as
optimal as possible, in order to provide scientific information, mainly to flower producers, but also to enthusiasts
of this branch.
MATERIALS AND METHODS
The experiment was set up at the Buzau Vegetable Research and Development Station in the fall of
2019. This experiment involved making twelve cuttings of Pelargonium Calliope Dark Red, which were placed
in different soil substrates, as follows: water, biostimulator solution - Atonik, perlite, perlite + Micoseeds
(prepared for rooting stimulation), sand + peat + perlite + Micoseeds, sand + peat + perlite, sand + Micoseeds,
sand + peat + Micoseeds, sand, peat + sand, peat + Micoseeds, peat. The plants were exposed to the following
environmental factors: temperature 18-20 degrees Celsius, moderate humidity, positioned in a very well lit
area. Observations were made on the twelve plants 25 days after the establishment of the experiment.

A

B

Fig. 1- Preparing Calliope Dark Red Geranium Cuttings at SCDL Buzau, 2019

For the purpose of experimenting, it was chosen to choose vegetable matter, a hybrid with a semiflowing port, with flowers of an intense red and a rich bloom (Calliope Dark Red).
As can be observed in Figure 1 A, the experiments have made plant propagation material (mother
plants), these being the source of obtaining new plants by a well-established process, as can be seen in Figure
1 B and C., the end of the process being the obtaining of quality cuttings, from a plant protection and vegetative
point of view. Prepare the Calliope Dark Red geranium cuttings by cutting. A cutting, according to the quality
standards of the plant propagation material, was between 8-10 cm long or about 3 knots. Basically, cut about
60-70% of the plant (Toma, 2014).
RESULTS
Based on research carried out on the vegetative propagation plant material of the genus Pelargonium,
it was found that cuttings belonging to this genus root in a shorter period of time, in the following substrates or
combinations of substrates, in the order presented 1. Sand + peat +perlite; 2. Peat +micoseed, 3. Peat, 4.
Sand. (Fig No 2).
Fig. 2 Rooting of Calliope Dark Red geranium cuttings, using the following substrate variants/substrate
combinations: water, biostimulator solution - Atonik, perlite, perlite + Micoseeds (prepared for rooting
stimulation), sand + peat + perlite + Micoseeds, sand + peat + perlite, sand + Micoseeds, sand + peat +
Micoseeds, sand, peat + sand, peat + Micoseeds, peat.
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Fig. 2.- Rooting of Calliope Dark Red geranium cuttings

In order to obtain healthy plants, according to the quality standards of the plant propagation material,
research has been done on the establishment of the most optimal environment and substrate of culture to
shorten the period of rooting of cuttings, a process that influences the period of plant vegetation. Following the
establishment of optimal conditions and substrates for the rapid rooting of cuttings the recovery period, which
is very important for manufacturers is considerably reduced.

(a)
Fig. 3- Geranium seedlings (a) (Toma, 2019).

(b)
(b) Detail geraniums (Toma, 2019).

After performing the process on the mother plants, the new cuttings were obtained which were planted
in alveolar pallets, benefiting from a nutrient substrate suitable for the new plants, a factor that helps the optimal
vegetative development of the plant, as can be seen in image 3A. The post-walking work of this process is
successive transplantation into vessels suitable for the size of the plant, as shown in image 3B.

Fig 4- Rooted geranium cuttings, ready to plant in pots (Toma, 2019).

The optimal time of transplantation of rooted cuttings is determined according to several characteristics:
when their roots begin to develop circularly at the base of the vessel and when the leaf surface begins to
develop, as can be seen in the image above (Figure 4). In the case of cuttings with very long and thin roots,
the cutting work is carried out, which helps to catch and develop the new plant.
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CONCLUSIONS
Observations were made on the twelve types of plants 25 days after the establishment of the experiment.
Pelargonium cuttings have visibly taken root 25 days after planting, in certain substrates, the root being
vigorous and with visible signs of branching (over 1 cm in root length).
The experiment was set up to establish a substrate (or combination of severMal substrates), suitable for
a more efficient rooting of these plants, which can be used frequently by growers.
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ABSTRACT
The aim of the study was to determine in rigorous experiments the obvious influence of two important
factors in sweet sorghum technology: sowing density and fertilization level. In this sense, a bifactorial
experiment was placed with the follow factors: crop density (variants with 10, 15 and 20 seeds/sq.m.) and
fertilization variants (unfertilized, N50, N50P40, N50P40K40, N75P80K80, N100P80K80 and N150P80K80). Related the
influence of A factor - the elements of biometrics and the level of biomass yields obtained in the cultivation of
sweet sorghum registered an increasing trend from the density of 10 seeds/sq.m. to that of 15 seeds/sq.m.
and 20 seeds/sq.m. At ARDS Caracal, the average at the variant of 10 gs/sqm was 59.51 t / ha total fresh
biomass, and at the densities of 15 seeds/sq.m and 20 seeds/sq.m the total biomass productions were 67.15
t/ha and respectively 76.4 t/ha. Regarding the factor B - the level of fertilization, compared to the unfertilized
variant, the production increased from the N50 variant to the variant with the maximum level of application of
mineral fertilizers of N150P80K80. In these conditions the maximum production of 101.16 t / ha of green mass
was registered at variant N150P80K80 - sown at 20 seeds/sq.m.

REZUMAT
Scopul studiului a fost determinarea în cadrul unor experiențe riguroase a influenței manifestă de doi
factori importanți în tehnologia sorgului zaharat: densitatea de semănat și nivelul de fertilizare. În acest sens
a fost amplasată o experiență bifactorială cu următorii factori: densitatea culturii (variante cu 10, 15 și 20 boabe
germinabile/mp) și variante de fertilizare (nefertilizat, N50, N50P40, N50P40K40, N75P80K80, N100P80K80 și
N150P80K80). Referitor la influența factorului A – desimea de semănat - elementele de biometrie și nivelul
producțiilor de biomasă obținute la cultura sorgului zaharat au înregistrat un trend crescător de la densitatea
de 10 b.g./mp la cea de 15 b.g./mp și 20 b.g./mp. La SCDA Caracal, media la varianta de 10 b.g./mp a fost de
59,51 t/ha masă verde totală, iar la densitățile de 15 b.g./mp și 20 b.g./mp producțiile totale de biomasă au
fost de 67,15 t/ha și respectiv 76,4 t/ha. În ceea ce privește factorul B – nivelul de fertilizare, comparativ cu
varianta nefertilizată, producția a crescut de la varianta N50 până la varianta cu nivel maxim de aplicare a
îngrășămintelor minerale N150P80K80. La SCDA Caracal producția maximă, de 101,16 t/ha masă verde a fost
înregistrată la varianta N150P80K80 - semănat la 20 b.g./mp.

INTRODUCTION
Sorghum (Sorghum bicolor L. Moench) is an annual herbaceous plant of type C4, with a high
photosynthetic level, with a high ecological plasticity, which makes it possible to grow in tropical, subtropical,
temperate and semi-arid regions, where it capitalizes on a wide range of soils, from those with low natural
fertility, such as sandy soils to the most fertile, structured and rich in organic matter. Sweet sorghum is widely
recognized as an extremely promising energy crop for biomass with the special potential to complement
sugarcane production in diversified cropping systems (Kun-Jun Han et al., 2012). From the agronomic point of
view, the location of sorghum in a rational crop rotation leads to a decrease of the infections pressure with
various pathogens, thus increasing the production capacity of cultivated genotypes (Paraschivu Mirela, 2008).
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Due to the high content of sweet juice in the stems and the high proportion of starch in the grains, this
species is one of the most important agricultural sources used for the production of biomass that can be
processed and converted relatively easily into a type of fuel (bioethanol, gas synthesis), vegetable proteins,
animal feed or green manure (Reddy B.V.S. et al. 2005, Almodares A., 2009, Matei Gh., 2011, Antohe I., 2006,
Dihoru, 2003, Niţă Simona et al., 2015).
Sweet sorghum has a powerful reaction to the fertilizers applied, especially to nitrogen. A study
conducted by Oluwatoyin Olugbemi and Yekeen Abiola Ababyomi (2016), in two locations in South Guinea
Savannah in Nigeria: Ilorin and Ejiba emphasizes the effect of nitrogen fertilizer on the growth and production
of ethanol in four varieties of sugar sorghum (NTJ-2, 64 DTN, SW Makarfi 2006 and SW Dansadau 2007).
Five levels of N fertilizer were used (0, 40, 80, 120 and 160 kg/ha). The results obtained highlight the influence
of the application of nitrogen fertilizer on plant height, leaf area index, production growth rate and other growth
indicators.
With a rapacious root system and a specific biological and physiological mechanism, sorghum is a plant
that resists very pronounced episodes of water and heat stress, due to an almost double number of absorbent
hairs, compared to corn, giving it the opportunity to exploit very well the soil to meet the needs of minerals and
water. As a result, this crop provides a moderate production cost, but very important, ensures good yields in
harsh crop conditions (drought, low fertility soils, low technological level, etc.), which gives it a great advantage
over other cereals.
Similar results were obtained in the conditions of the Republic of Moldova, which highlights a good
stability of grain crops and biomass in sweet sorghum. The results obtained by Alexandru Jolondcovschi, 2012,
emphasize the good productivity of sweet sorghum (selection Republic of Moldova), highlighting a biomass
production of 80-100 t/ha, and from this amount of biomass was extracted 40-50 tons of juice with a sugar
content of 12-16%. Also, going further with the calculation, the author mentions the realization of 17 tons of
renewable energy source (bioethanol), food vinegar, citric acid, food alcohol, vitamins, natural dyes, etc.

MATERIALS AND METHODS
The research was carried out at ARDS Caracal, during the 2018 year in the conditions of a chermozem
soil, medium rich in nutrient and with a humus content which varied between 3% to 4%. The soil in the arable
layer (0-20 cm) has a lutearic texture with a clay content (particles below 0.002 mm) of 36.2%, an apparent
density of 1.42 g/cm3, a total porosity of 47% and one medium penetration rate (penetration resistance of 42
kg/cm2). From the point of view of the hydric features in the superficial layer, the wilting coefficient records the
value of 12.3%, the field capacity 24.5% and the hydraulic conductivity is 9.2 mm/h.
The main aim of the research was to establish the most valuable variant of fertilization on the best
density on sweet sorghum. As experimented genotype we use sweet sorghum hybrid SAȘM 1, a hybrid from
Republic of Moldavia, with high capacity to produce fresh biomass. As a previous plant we use winter wheat.
The crop was sowing on 3th of May 2018. The cultural hygiene was ensured by the treatment with Casper
herbicide applied in the first stage of plant development.
The experiment had two factors:
• A factor – crop density - with three graduations:
o a1 – 10 seeds/square meter;
o a2 – 15 seeds/square meter;
o a3 – 20 seeds/square meter.
• B factor - fertilization - with five graduations:
o b1 – unfertilized variant;
o b2 - N50;
o b3 - N50P40;
o b4 – N50P40K40;
o b5 – N75P80K80;
o b6 - N100P80K80;
o b7 - N150P80K80;
The collected data in the field were analyzed using statistical program of ANOVA.
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RESULTS
Climatic conditions (figure 1) – during the experiment, the climatic conditions had an important
influence on the evolution of grain sorghum crop. The data shown in Figure 1 certify that the 2018
agricultural year was an excessively warm year. Compared to the normal area, an average temperature
of 12.6°C was achieved, with 2.0°C, higher than the multiannual average of 10.6°C.
Regarding the months of the warm period of the year (April - September), we find that in no month
were recorded temperatures lower than the multiannual average. The deviations were positive, ranging
from 0 to 5.2°C.

Fig.1 - Climatic condition on 2018 year registered at ARDS Caracal

April is remarkably hot, recording a thermal surge of 5.2°C, the highest temperature ever recorded
in April from this area. Daily average temperatures exceeded 32°C in the middle of the month. Also in
May were exceptional temperatures, with monthly deviation of + 3°C, all of which led to a record: the
warmest spring since there were meteorological records in the area. It is remarka bly hot in August and
September, with a thermal surplus of +2.4°C and respectively +2.0°C.
From the point of view of precipitations, the 2018 year was on with a high level of rainfall,
especially in the second part. The precipitation in this agricultural year totals 843.6 mm, with 306.2 mm
higher than the multiannual average of 537.4 mm.
The results recorded this spring crop was influenced, in the first phase, negatively by extreme
temperatures in April, temperatures that led to cumbersome processing and rapid drying of the prepared seed
bed, with negative effects on the growth of the culture. In the second phase, the excessive precipitations
recorded in June and July, of 134.2 mm and respectively 147.8 mm, led to good results in the cultivation of
sweet sorghum. The yield of the sorghum grown under such conditions depends largely on rainfall during the
vegetation season and the soil water stored in the previous rains (Xin et al., 2008).

Fig.2 - The height of sweet sorghum plants under the influence of A x B factors
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The results obtained at SCDA Caracal, during the year 2018, related the height of the plants (figure
2), show that the hybrid SASM 1, reach on every density tested, plants with over 3.30 m, having averages of
3.74 m on density of 10 seeds/sq.m.,3.88 m on density of 15 seeds/sq.m and 3.92 m on the highest density,
of 20 seeds/sq.m.
The limits of the observed character range between 3.34 m at the unfertilized variant on smallest
density and 4.11 m registered on the highest density, of 20 seeds/sq.m, on the variant of N150P80K80. The most
powerful factor proved to be the level of fertilization, the nitrogen, unilateral applied or in combination with
phosphorus and potassium lead to very significant increases of plant’s height on each density.
Stalk diameter was another feature of the biomass plants that we registered, and from this point of
view on the experimented factors we obtained differences between tested variants. Thus, on the experiment
the stalk diameter ranges between 205 mm at the unfertilized variant on highest density of 20 seeds/sq. m and
253 mm at variant with N150P80K80 on the first density of tested variant of 10 seeds/sq.m. It can easily observe
in figure 3 the influences of the combined factors (density and fertilization) on the observed character.

Fig.3 - The variability of stalk diameter of sweet sorghum plants under the influence of A x B factors

The average of stalks diameter on the tested density decrease as follow: 232 mmm on the 10
seeds/sq.m, 222 mm on the second density of 15 seeds/sq.m to 214 mm obtained on the last level of density,
of 20 seeds/sq.m (figure 3).
On each density, the level of applied fertilizers had an obviously influence to the stalk diameter in order
to increase the values of this feature starting on the unfertilized variant to the highest level of N150P80K80, which
on the entire variants conduct to an average values of value of 223 mm.

Fig.4 - The BRIX levels of sweet sorghum plants under the influence of A x B factors

In our experiment, we determined values of BRIX (%) which ranged between 17.5% and 20.1%, with
an evolution of accumulation of dry soluble substance in a relationship inversely proportional to the level
fertilization (figure 4).
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Sweet sorghum production capacity is powerful influenced by the climatic conditions and nitrogen level.
However, in drought conditions, sorghum does not react significantly to the application of nitrogen fertilizers
(Cosentino et al. 2012). Research conducted by Kim M, DF Day, (2011) at the Audubon Sugar Institute,
Louisiana State University Agricultural Center, found in sweet sorghum a sugar content of 11.8%, 45%
cellulose, 27% hemicellulose, and 21% lignin and a theoretical ethanol production of 5804 kg/ha. Looking on
the results we can say that the level of BRIX decrease in the same time with the increase the level of fertilizers,
from the N50 to the level of N150P80K80, situation which is present of every density tested. Also, the average of
the BRIX accumulation on the density variants has the same tendencies to values decrease due the increase
of the number of plants/sq.m. From this point of view, the best density proved to be those with a large nutritional
space for plants, of 10 seeds/sq.m., where the average of BRIX indicator was of 19.3%.
Related to the influence of the A factor - density of sweet sorghum plants - to the fresh biomass
yield (figure 5) - we can see that the level of registered production had large limits, from 59.51 t/ha at the level
of 10 seeds/sq.m to 76.04 t/ha on the variant with 20 seeds/sq.m.

Fig.5 - The influence of A factor - density - to the biomass yield on sweet sorghum

The increases in production related the Control (10 seeds/sq.m.) were statistically point of view ensured
as significant for density of 15 seeds/sq.m. (+7.64 t/ha) and very significant for the density of 20 seeds/sq.m.
(+16.53 t/ha). Those data shown us that the sweet sorghum has the capacity to produce a large amount of
fresh biomass even in the condition of a high density of plants/sq.m., but in a year with very favorable
conditions, especially due the rainfall regime.
The second factor - B - Fertilization level - has also an obvious influence to the results of the sweet
sorghum crop cultivated in the main related conditions (figure 6).

Fig.6 - The influence of B factor - fertilization - to the biomass yield on sweet sorghum

. The plus productions, in comparison with Control variant, were observed at all variants and they ranged
between +6.52 t/ha at the variant when the nitrogen was applied singular, of N50, and +38.63 t/ha to the variants
with highest level of fertilizers - N150P80K80. The increases in production were appreciated as significant for the
variant of N50P40 (+10.77 t/ha), distinct significant for variant of N50P40K40 (+15.94 t/ha) and very significant for
the rest of tested levels where the rate of nitrogen, phosphorus and potassium had large amount of active
substances, with 25.64 t/ha to 38.63 t/ha fresh biomass over the Control yield
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20 g.s./qm

15 g.s./qm

10 g.s./qm

A Factor
DENSITY

B Factor
FERTILIZATION
Unfertilized
N50
N50P40
N50P40K40
N75P80K80
N100P80K80
N150P80K80
Average/Density 1
Unfertilized
N50
N50P40
N50P40K40
N75P80K80
N100P80K80
N150P80K80
Average/Density 2
Unfertilized
N50
N50P40
N50P40K40
N75P80K80
N100P80K80
N150P80K80
Average/Density 3
Average/Experiment
LSD 5%
LSD1%
LSD 0,1%

BIOMASS YIELD
T/ha
Diff.
Signif.
44,70
-22,87
OOO
47,48
-20,09
OOO
54,05
-13,52
OOO
55,56
-12,01
OOO
69,28
1,71
70,67
3,10
74,85
7,28
**
59,51
-8,06
OO
49,02
-18,55
OOO
56,22
-11,35
OOO
59,27
-8,30
OO
67,22
-0,35
71,12
3,55
79,79
12,22
***
87,42
19,85
***
67,15
-0,42
53,82
-13,75
OOO
63,40
-4,17
OO
66,52
-1,05
72,57
5,00
*
84,05
16,48
***
90,78
23,21
***
101,16
33,59
***
76,04
8,47
**
67,57
0,00
Control
4,75
6,02
9,84
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T/ha
38,42
39,66
44,79
46,60
58,45
58,86
63,08
49,99
40,96
45,75
48,29
55,20
57,37
65,48
72,40
55,07
44,65
51,16
53,04
58,11
68,56
74,02
83,26
61,83
55,63
3,51
4,69
6,17

STALKS
Diff.
-17,21
-15,97
-10,84
-9,03
2,82
3,23
7,45
-5,64
-14,67
-9,88
-7,34
-0,43
1,74
9,85
16,77
-0,56
-10,98
-4,47
-2,59
2,48
12,93
18,39
27,63
6,20
0,00
Signif.
OOO
OOO
OOO
OOO
***
OO
OOO
OOO
OOO
***
***
OOO
O
***
***
***
***
Control

T/ha
2,07
2,61
3,51
2,55
3,76
3,79
3,95
3,18
2,27
2,72
2,83
3,27
4,23
5,22
6,28
3,83
2,69
3,88
4,85
4,82
5,76
6,96
7,87
5,26
4,09
0,80
1,40
2,09

PANICLES
Diff.
Signif.
-2,02
OO
-1,48
OO
-0,58
O
-1,54
OO
-0,33
-0,30
-0,14
-0,91
O
-1,82
OO
-1,37
O
-1,26
O
-0,82
O
0,14
1,13
*
2,19
***
-0,26
-1,40
OO
-0,21
0,76
0,73
1,67
**
2,87
***
3,78
***
1,17
**
0,00
Control
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T/ha
4,21
5,21
5,75
6,41
7,07
8,02
7,72
6,34
5,78
7,75
8,15
8,75
9,52
9,08
8,74
8,25
6,47
8,35
8,61
9,63
9,70
9,79
10,07
8,95
7,85
0,50
1,30
2,15

LEAVES
Diff.
Signif.
-3,64
OOO
-2,64
OOO
-2,10
OO
-1,44
OO
-0,78
O
0,17
-0,13
-1,51
OO
-2,07
OO
-0,10
0,30
0,90
*
1,67
**
1,23
**
0,89
**
0,40
-1,38
OO
0,50
*
0,76
*
1,78
**
1,85
**
1,94
**
2,22
***
1,10
*
0,00
Control

Table 1
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In table 1 it was presented the combined influence of the two factors (A x B) to the production capacity of
the tested hybrid - SASM 1 in the climatic conditions of Caracal Plain during 2018 year.
The yields registered were different as the factors varied, both as total fresh biomass, but also as fractions
of it. Between the evolution of the most important elements followed and registered - total fresh biomass and
stalks yields - similarities were found as follow in the next comments.
The smallest level of fresh biomass production was obtained at the unfertilized variant on the first density
of 10 seeds/sq.m. of 44.70 t/ha, and in opposite side, the highest fresh biomass yield was registered at the variant
with high doses of fertilizers, of N150P80K80, at the density of 20 seeds/sq.m. of 101.16 t/ha. Related to the
average/experiment, of 67.57 we obtained the follow increases in productions:
• on the density of 10 seeds/sq.m. a plus production of 7.28 t/ha fresh biomass was statistically point of
view considered as distinct significant;
• on the density of 15 seeds/sq.m. we observed only at the last two variants of fertilization increases of
12.22 t/ha for variant of N100P80K80 and 19.85 in case of the variant of N150P80K80.
• on the density of 20 seeds/sq.m. the number of the variants were the increases in production were
ensured from statistically point of view was larger than the previous and starts with a significant increase at the
moderate level of N50P40K40 (+5.0 t/ha) and continues with differences of +16.48 t/ha, +23.21 t/ha and +33.59 t/ha
for variants of N75P80K80, N100P80K80 and respectively N150P80K80.
The largest component of the total fresh biomass were stalks, with over 80% share of participation in
the formation of yield. The registered situation for the stalks component shows that the above differences
between factors in case of fresh biomass were registered even in the stalk productions.
Those were grown as average from the first density were had a values of 49.99 t/ha, to the second density,
with a value of 55.07 t/ha to the third density with a highest level of yield of 61.83 t/ha stalks. The
average/experiment was of 55.63 t/ha and related to the fresh biomass yields that means a percentage of 82.32%
of it.
In case of panicles and leaves (table 1), looking on the collected data we can conclude that the
average/densities, in comparison with the Control, shown us the higher rate of those components on the second
and third densities, with important increases on the variants 4th to 7th: N50P40K40, N75P80K80, N100P80K80 and
N150P80K80.
CONCLUSIONS
From the above presented data, we can highlight, as most important conclusions, the follows:
• Sweet sorghum had very good climatic conditions for growth and development of the plants in 2018
in the tested area of ARDS Caracal;
• The production results obtained under the influence of fertilization and densities of plants/sq.m
emphasize an average value of plant height of 3.85 m, with limits between 3.34 m and 4.11 m;
• Stalk diameter ranges between 205 mm at the unfertilized variant on highest density of 20
seeds/sq. m and 253 mm at variant with N150P80K80 on the first density of tested variant of 10
seeds/sq.m.;
• The percentage of BRIX accumulation in the stalks, determined with the portable electronic
refractometer, showed values between 17.5% and 20.1%, with an average on the entire experiment
of 19.1%;
• Both tested factors - density and level of fertilizers - had a powerful influence to the capacity of
production of sweet sorghum;
• Related the density, we conclude that the sweet sorghum supports density up to 20 seeds/sq.m,
with high capacity of fresh biomass yields, of 76.04 t/ha in average on the experiment for the
mentioned variant;
• Being a plant with high needs for nutrients, sweet sorghum cultivated in the Central area of Oltenia
had a very good capacity to capitalize on the allocated fertilizers, generating productions of over
100 t/ha of fresh biomass;
• The most valuable variants proved to be those with significant amount of fertilizers, starting with
N75P80K80, N100P80K80 to N150P80K80, variants which gave very significant increases in production in
comparison with Control on all tested densities.
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ABSTRACT
The research carried out in this paper aimed to highlight how the production of sorghum juice (and strained
by stems) varies, sorghum harvested from different areas of the country (Caracal and Dăbuleni), which have
different soil and climatic conditions, influenced by soil specificity in the region. respectively.
REZUMAT
Cercetările realizate în cadrul acestei lucrări au urmărit să evidenţieze modul cum variază producţia de
suc din sorg (şi impicit de tulpini), sorg recoltat din zone diferite ale ţării (Caracal respectiv Dăbuleni), care au
condiţii pedoclimatice diferite, influenţate de specificul solului din regiune respectivă.

INTRODUCTION
Sweet sorghum is one of the technical plants with high energy potential due to the fact that the yields
obtained / hectare are very high (80-120 t / ha), the juice content of the stems (when the sorghum reaches
maturity) is high and therefore the primary products and secondary results obtained from them (juice, syrup,
alcohol, bagasse, etc.) are high compared to those obtained from other cultures (Grigore I., et al., 2018).
The products and by-products obtained from sugar sorghum can be used in human food, animal, chemical,
food, energy industry, they have a very wide use in the economy (Olan M., et al., 2018; Vlăduţ V., et al. , 2019a).
Although it is an unpretentious payment to the soil and climate conditions in our country, the production
obtained per hectare depends largely on these factors, especially in the emergence period when it is important
for the plant to have the necessary water resources to grow.
After this period, the sugar sorghum crop has no special needs for water, nutrients (other than normal), but
if prolonged periods of severe drought occur, it must be irrigated (like any other crop), otherwise production may
be compromised.
Basically, sugar sorghum can be an alternative for Romanian farmers, especially in the context of climate
change (Caba I., et al., 2018; Jinga V., et al., 2018), which can be grown in almost all areas of Romania: Oltenia,
Moldova, Dobrogea, Banat and even Transylvania, taking into account the soil and climatic conditions of the soil
(Isticioaia S., et al., 2019), the cultivation technologies used (Matei Gh., Et al., 2020; Isticioaia S., et al. al., 2018;
Isticioaia S., et al., 2020), hybrids used (Matei Gh., et al., 2019), fertilization mode (Matei Gh., et al., 2018), harvest
period (Isticioaia S., et al., 2018), etc.
The main product that results from sugar sorghum is juice, which is extracted using various extraction
equipment and technologies (Olan M., et al., 2018; Oprescu M., et al., 2018; Vlăduţ V., et al., 2019a), from which
alcohol can be obtained (Vlăduţ V., et al., 2019b).
The pressed strains can be used in feed recipes for animal feed (shredded) or for obtaining compost /
vermicompost (Caba I., et al., 2019; Laza E., et al., 2019; Voicea I., et al. , 2019) together with the other residues
and by-products resulting from sorghum: leaves, tips, etc., this compost being then used for fertilizing agricultural
lands.
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Fig. 1. Sweet sorghum culture (INMA Bucharest)

MATERIALS AND METHODS
The sugar sorghum subjected to experiments in order to extract the juice was harvested from three
geographical areas: Caracal, Dăbuleni and Bucharest, the productions obtained in each location being influenced
by the harvest period, cultivated variety, fertilization (whether applied or not), respectively if it was irrigated (as
appropriate) - figure 2.

Fig. 2.- Harvesting sugar sorghum stems from the three plots
cultivated in the area: Caracal, Dăbuleni, Ilfov

For experiments, a 3-roll press (fig. 3) was used in which only the sorghum sorghum strains were inserted,
after they had been previously cleaned of leaves and panicle (the upper part of the stem).

Fig. 3. Press for obtaining sugar sorghum juice

RESULTS
The sorghum varieties grown in the three locations were harvested as follows:
• from Dăbuleni - 2 varieties: SASM2; BMR Gold (Fig. 4);
• from Caracal - 4 varieties: BRM Gold, Supersile 20, SASM 1 and SASM 2 (fig. 5);
• from Bucharest - 2 varieties: SASM2; BMR Gold (Fig. 6).
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Fig. 4. Harvesting sugar sorghum from Dăbuleni

Fig. 5. Harvesting sugar sorghum from Caracal

Fig. 6. Harvesting sugar sorghum from Bucharest

Sugar sorghum stalks were processed using a sorghum stalk pressing plant (IPTS), according to an
experimental methodology established in pralable. Aspects during IPTS experiments under operating conditions
are shown in Figure 7.
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Fig. 7. Extracting the juice from the sorghum stalks

The synthesis of the experimental data is presented below, so in table 1 we have an analysis per 100 pieces
of strains for 4 different varieties of sugar sorghum cultivated and processed using IPTS.
Table 1

Total amount harvested (stem + leaves + panicles)

Variety 1:
BMR Gold
90
kg

Average plant height Table 100

1.35

m

25.7

kg

17.9

23.5
2.2
13.6
9.9
11.12
2.48
8.6
38.5
52.9
9.6

kg
kg
kg
kg
kg
kg
%
%
%
%

8.6
45.62
9.6

Items analyzed

The weight 100 pcs total plant (stems + leaves +
panicles / top)
The weight 100 pcs plant without top
The weight 100 pcs sorghum panicles (tip only)
Analysis The weight 100 stems (without leaves and panicles)
Leaf table for 100 pcs
for 100
Bag after squeezing 100 pcs
pcs
Juice obtained from 100 plants
Panic percentage of total (calculated for 100 pcs)
Percentage of leaves in total (calculated for 100 pcs)
Percentage of strains in total (calculated for 100 pieces)
Percentage of juice in total (calculated for 100 pcs)
Juice obtained from the whole quantity (including
the 100 pcs)
Bag after total squeezing (including the 100 pcs)
Percentage of juice for the entire amount
Brix Index

21.5
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Variety 2:
SUPERSILLE
98
kg
1.25 (30%
of the total)
m
1.75 (70%
of the total)

Variety 3: Variety 4:
SASM 2
SASM 1
122 kg 220 kg
2.3

m

2.5

m

kg

32

kg

37

kg

15.2
2.7
12.9
2.3
10.2
1.99
15.1
12.8
72.1
11.1

kg
kg
kg
kg
kg
kg
%
%
%
%

27.2
4.8
23.3
3.9
20
4
15.0
12.2
72.8
12.5

kg
kg
kg
kg
kg
kg
%
%
%
%

35
2
31
4
26
4.74
5.4
10.8
83.8
12.8

kg
kg
kg
kg
kg
kg
%
%
%
%

kg

12.32

kg

14.75 kg

26.3

kg

kg
%
gr.
Brix

50.7
12.6

kg
%
gr.
Brix

75.5
12.1

19.4

16.5

kg 117 kg
% 12.0 %
gr.
gr.
Brix 15.5 Brix
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✓

✓

Determination of construction parameters: length, width, height. The measuring instruments and the
elements used for the determinations are: concrete platform or tracing table (as the case may be), roulette,
calipers, micrometer, lead wire, graduated ruler, optical reporter. The determinations are performed according
to STAS 13042 / 1-91, chap. 3, point 3.1. Thus, following the determinations, the following values were
obtained: L x W x H [2025 x 1825 x 1460] mm.
Determining the mass of the machine. It was performed according to STAS 13042 / 1-91, chap. 3, points 3.3.1
and 3.3.3, determination of the mass of the machine by weighing the whole machine on a platform scale RW-10P,
0 -10,000 kg, tolerance error 0.1%. In particular cases the mass can be determined by components. Determined
mass: 1040 kg.

Fig. 8. Determining the constructive parameters
✓

Determination of rotation frequencies. The speeds of the components of the kinematic scheme were
measured, using the tachometer, according to STAS 13042 / 1-91, point 3.11. The measurement accuracy is
2%. Following the determinations, the following value of the roller speed was obtained.
Crt. no.
1.

✓

✓

U.M.
rot/min

Determined value
18

Determining the working capacity of the sorghum stem pressing plant - IPST. The working capacity of the
IPST is determined on the basis of the test results. Time the duration of the sample, which must be at least 30
seconds, collect it separately and weigh the fractions resulting from the processing. No adjustment is made to the
machine during the determination of the working capacity. The following characteristics will be determined: Working
capacity (kg / h); Degree of extraction%; Pressing yield (%). The following qualitative work indices were obtained,
following the determinations:
Nr.
crt.
1.
2.
3.

✓

Feature
Roller speed

Caracteristica
Capacitatea de lucru
Gradul de extractie
Randamentul de presare

Valoarea parametrilor determinaţi la încercări
P.I
P.II
P.III
Media
410
445
430
428,3
11,8
12,6
12,2
11,6
22,1
23,5
22,6
22,7

U.M.
kg/h
%
%

Determining the electricity consumed. Measure the power consumed (Pc) (absorbed from the mains), the
electricity consumed being calculated with the formula: W = (Pc xt) / 3600 [kWh], where: Pc - power consumed
(absorbed from the mains) by the motor electric drive [kW]; t - operating time (s).
Determination of specific electricity consumption. The specific electricity consumption is calculated with the
formula: 𝑞 =

𝑃𝑐
𝑞𝑚𝑒

[kWh/t], where: Pc - power consumed [kW]; Q - the quantity of processed product [t/h]; ηme - the

efficiency of the electric drive motor.
The following values were obtained, following the determinations:
Crt. no.
1.
2.
3.

Characteristic
Rated motor power
Electricity consumed, W
Specific electricity consumption, q

U.M
kW
kWh
kWh/t
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Determined values
7.50
8.37
0.02
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CONCLUSIONS
The yield obtained by extracting the juice from the sorghum sorghum strains depends on the pedoclimatic
conditions (especially the climatic ones) where it was cultivated but especially the application of some fertilizers
or irrigations in the periods with prolonged drought.
The highest yield was obtained when the crops were irrigated but it influenced to some extent the Brix index
which had a lower value than that obtained for non-irrigated crops (harvested at the same time of year).
As it is not a very demanding plant in climatic conditions, it is recommended to carry out irrigation only when
the climatic conditions require it (prolonged drought).
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ABSTRACT
At VRDS Buzau, within the Laboratory of Physiology, Agrochemistry and Ecological Cultures, together
with the acclimatization of the species and the registration for testing of a line of Stevia rebaudiana, for
homologation, patenting and introduction into culture, the researches regarding the elaboration of an adequate
cultivation technology were intensified, starting with the multiplication by seeds, fact considered until now
particularly difficult, continuing with the production of seedlings and specific types of nutrient mixtures, until the
multiplication by cuttings and marcote. The most effective physical and chemical methods of seed treatment have
been established to improve the germination rate and several recipes for nutrient mixtures have been optimized
for the production of sweet Stevia seedlings. Also, determinations were made regarding the technical and
environmental parameters characteristic of the Stevia rebaudiana species cultivated in protected areas and open
field, in the area of the Buzau vegetable basin.
REZUMAT
La SCDL Buzau, in cadrul Laboratorului de Fiziologie, Agrochimie si Culturi Ecologice, odata cu
aclimatizarea speciei si inscrierea la testare a unei linii de Stevia rebaudiana, in vederea omologarii, brevetarii si
introducerii in cultura, au fost intensificate cercetarile referitoare la elaborarea unei tehnologii adecvate de cultura,
incepand cu multiplicarea prin seminte, fapt considerat pana in prezent deosebit de dificil, continuand cu
producerea de rasaduri si tipuri de amestecuri nutritive specifice, pana la multiplicarea prin butasi si marcote. Au
fost stabilite cele mai eficiente metode fizice si chimice de tratare a semintelor pentru imbunatatirea procentului
de germinare si au fost optimizate mai multe retete de amestecuri nutritive in vederea producerii rasadurilor de
Stevia dulce. De asemenea, au fost efectuate determinari privind parametrii tehnici si de mediu caracteristici
speciei Stevia rebaudiana cultivata in spatii protejate si camp deschis, in arealul bazinului legumicol Buzau.
INTRODUCTION
Consumption of natural products, as well as maintaining a healthy lifestyle have become a priority for the
society in which we live. In the last 10 years, obesity has increased by 10-40% globally. The sweeteners used
today in the diet fall into two main groups: natural sweeteners (caloric and non-caloric) and artificial sweeteners.
Stevia rebaudiana Bertoni (SR) has been used in food by the Guarani people of South America since 1500 years
ago. The active component of steviol glycoside is stable to heating, pH changes, does not ferment and has a
sweetening power 300 times higher than sugar, so a small amount used brings a sweet taste and, implicitly, fewer
calories. Sweet stevia grows as a wild plant in Paraguay, but is also grown in Uruguay, Brazil, Israel, Thailand
and China. The European Union approved its launch in 2011 (Carrera-Lanestosa A., 2017).
Stevia rebaudiana is a plant in the genus Stevia. From sweet stevia leaves are obtained products with
the quality of sweeteners: dried leaves, powder and extract. Sweet stevia is a perennial plant, a shrub that can
grow up to 1 meter. The small, white flowers grow at the top of the foliage. The leaves can be eaten fresh, used
as tea or eaten (Goyal S.K. and Samsher R.K., 2010).
Sweet stevia grows as a wild plant in Paraguay. It is grown in Uruguay, Brazil, Israel, Thailand and China.
Guarani have used sweet stevia in their drinks for 1,500 years.
The Japanese developed a method of separating herbal sweeteners in the 1970s. In the West, it became
popular in the early 2000s. The European Union approved its introduction in 2011.

875

INTERNATIONAL SYMPOSIUM

Stevia is a low calorie plant. The sweet taste of stevia is due to several glycosidic compounds, including
steviosides, steviolbiosides, rebaudiosides A E, and sweeteners. Stevia extracts, such as rebaudioside A, are
found to be 300 times sweeter than sugar. Unlike sugar, stevia extracts have several unique properties, such as
long-lasting storage capacity, high temperature tolerance, non-fermentative and almost zero calorie content (Gliga
M.C., (2010).
The sweet herb S. rebaudiana (Bertoni) has a valuable future and is extensively used in various areas of
the world. Stevia and its metabolites have commercial value in number of countries as sugar substitutes in
foods,beverages and medicines. Studies have reported the health promoting of this natural herb Stevia which is
well known as therapeutic agent and an efficient medication for curing chronic diseases. Researchers need to
work more on Stevia for clinical evidences and demonstration of metabolic pathways regarding benefits to explore
its full potential (Soejarto D.D.,2010; Gupta E., et al, 2013).
MATERIALS AND METHODS
The genetic material used for experiments comes from the collection of plant resources of the "Laboratory
of Physiology, Agrochemistry and Ecological Cultures" from SCDL Buzau.
The experimental variants for establishing a more efficient method of germination of the plant material
(seeds) of stevia were mounted, a series, in the laboratory (V1, V2, V3, V4) and a series (V5, V6, V7, V8, V9), in
the greenhouse, in various substrates, as follows:
▪ Control V1 - germination method in Petri dishes, using filter paper as substrate. The seeds were kept in
a thermostated oven at a temperature of 250C for 12 days;
▪ Control V2 - germination variant with pre-cooling of the seeds for 10 days, in the refrigerator, at + 40C;
▪ Control V3 - the germination variant on rolls, using as substrate rectangular pieces of filter paper on which
the seeds were placed, the paper was then moistened with distilled water, by spraying; the rolls were then
covered with plastic wrap, at which openings were left on the sides for ventilation. The seeds were
germinated in a thermostated oven at 250C;
▪ Control V4 - the germination variant on rolls (prepared as in V3) with thermal shocks applied to the seeds.
Thus, for 16 hours the rolls were kept in a thermostated oven at 200C, then another 8 hours at 300C, for
12 days;
▪ Control V5 - the following germination variants were mounted in the greenhouse, in the substrate of: peat
(V5), sand (V6), peat-sand (4: 6) (V7), peat-sand-perlite (3: 6: 1) (V8), peat-sand-perlite (3:6: 1) and with
spraying the seeds with Previcur and Atonik solution in a dose of 0.1%, respectively 0.05% (V9).
A method of vegetative propagation was tested, by cuttings, with the placement of cuttings in a substrate
composed of peat and sand (4: 6) and multiplication by seed production, in annual seed crops, established in
protected areas and in the field. In the case of these methods, experiments will continue to establish the most
effective methods of vegetative propagation and seed production.
RESULTS
This plant presents a novelty and a confrontation of the cultivators, because a culture technology has not
been found as optimal and beneficial as possible, adapted to the Romanian climate.

Fig.1- Planting scheme for Stevia rbaudiana (SR)

Currently, specialized studies inform us that the cultivation of Stevia rebaudiana plants in Romania has an
advantage (Eng. Gheorghe Teodorescu from Calarasi County states: "Tested in the Netherlands, the stevia
leaves produced in Romania proved to be three times richer and more aromatic than those most cultivated by
foreigners" (.https://agrointel.ro).
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Table.1
Bionetric data seedling plant's Stevia rebaudiana BERTONI
Specification
Data:
15.10.2020

Seedling plant's
60 days aged

Repeat

Plant
height
(cm )

Plant
diameter
(cm)

Stem
diameter
(mm)

Number
of leaves

L (length/
leaf
(cm)

l (width/
leaf
(cm)

1

11,5

10,8

16

0,15

4,8

2,7

2

12,5

8,8

14

0,16

5,41

2,2

3

9,8

10,3

14

0,13

5,1

2,3

4

7,5

11

11

0,19

5,2

2,6

5

12,3

10,3

16

0,2

5,2

2,7

Xm

10,72

10,24

14,2

0,166

5,142

2,5

Experiments were performed to find a more efficient method of germination of stevia plant material
(seeds). Regarding the germination method in Petri dishes, considered the control variant, in which the filter paper
was used as a substrate for germination, it was found that the seeds germinated in a percentage of 30%.
The best germination variant was the one in which the seeds placed on rolls were subjected to thermal
shocks (V4) at which, at the last reading, on the 12th day, a germination percentage of 42.7% was registered.
Regarding the variants with direct sowing on the substrate, the best germination was recorded in the V8
variant with peat-sand-perlite (20%) compared to the V7 variant with peat and sand (4: 6).
Biometric observations and determinations were also performed on plants, following which 4 biotypes
were selected which were studied by comparison with a control purchased from the Romanian market
(Constanta).
In these biotypes, determinations of soluble dry matter content, expressed as a percentage of sucrose,
glucose, fructose and invert sugar from the analyzed product (in this case Stevia rebaudiana leaves and flowers)
and RI (refractive index) were performed.
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Table 2
BRIX and RI determinations for the four biotypes, compared to the control variant
RI
Xm

Name

BRIX (%)
Xm

V1 MARTOR

1,3887

34,4

FLORI V1 Martor

1,3824

34,4

Biotip B1

1,3884

34,1

FLORI B1

1,3831

31,3

Biotip B2
FLORI B2

1,3913
1,3824

36,3
30,7

Biotip B3

1,3906

35,4

FLORI B3

1,3828

31,0

Biotip B4

1,3884

34,1

FLORI B4

1,3823

30,7

40
35
30
25
20
15
10
5
0

RI Xm

BRIX (%)
Xm

Fig 8. Diagram of BRIX and RI determinations for the four biotypes,
compared to the control variant

As can be seen from table no. 2 Biotypes 2 and 3 have a higher sugar content than the control V1 (B2 36.3%, B3 - 35.4%, respectively 34.4% in the control).
CONCLUSIONS
The experiments carried out in 2020 at S.C.D.L. Buzau allowed the identification of some key elements in
the production technology of Stevia rebaudiana seedlings, such as:
• optimal methods of seed treatment in order to obtain a better emergence: seeds germinated on rolls;
• optimal germination methods: V4 - seeds germinated on rolls, treated in a thermostated oven with thermal
shocks, 16 hours at 200C, then another 8 hours at 300C, for 12 days;
• optimal methods for producing V7 seedlings on the substrate, in peat and sand substrate (4: 6).
Two biotypes of Stevia rebaudiana valuable in terms of sugar content, B2 and B3, have been identified.
The B3 biotype was registered with ISTIS for approval in 2020. The experiments will continue, in order to clarify
all aspects related to culture technology, in order to develop a well-structured technology, optimized and adapted
to the climatic conditions of our country.
This technology will allow Stevia rebaudiana plants to retain their useful characteristics:
• valuable chemical composition - content in specific sugars;
• perennial plant (in conditions of protected spaces);
• medicinal and food plant;
• companion plant because it can help pollinate plants from the basic crop (vegetable plants).
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ABSTRACT
In 2019, the VRDS Buzau, within the Complex Project PN-III-P1-1.2-PCCDI-2017-0301/Contract
28PCCDI/2018-“SEDMAGRO”, carried out research activity with 4 variants: V1-control; V2-mixed bacterial
preparation applied: A-for seeds; B-at planting, 2.5g granules at the base of the plant; V3-fungal preparation based
on Trichoderma sp. applied to the seed; V4-with seedlings obtained from bacterialized seeds (V2), and no
treatment at the time of planting. The experiment was carried out in the ecological polygon, on an area of 350m2.
The applied culture technology was unitary, also the treatments applied for the prevention and control of
phytopathogens. The tomato variety used was BUZAU 1600 cultivar.
REZUMAT:
În anul 2019, SCDL Buzău, în cadrul Proiectului Complex PN-III-P1-1.2-PCCDI-2017-0301/Contract
28PCCDI/2018-"SEDMAGRO", a desfășurat activități de cercetare cu 4 variante: V1-control; Preparat bacterian
amestecat cu V2 aplicat: A-pentru semințe; B-la plantare, 2,5 g granule la baza plantei; V3-preparat fungic pe
bază de Trichoderma sp. aplicat semințelor; V4-cu răsaduri obținute din semințe bacteriene (V2), și nici un
tratament la momentul plantării. Experimentul a fost realizat în poligonul ecologic, pe o suprafață de 350m2.
Tehnologia culturii aplicate a fost unitară, de asemenea, tratamentele aplicate pentru prevenirea și controlul
fitopatogenilor. Soiul de tomate folosit a fost BUZAU 1600 cultivar.
INTRODUCTION
Treatments with mixed bacterial preparations or with Trichoderma spp., applied to seeds, can have a
beneficial influence on the growth and development of organically grown vegetable species, according to studies
conducted over time, “all strains of Trichoderma spp. have been able to stimulate the growth parameters of the
plants, in different degrees”, (Paica A., 2020) both in the country and abroad, “the growth potential of the plants
induced by the species of Trichoderma spp. can be 20% higher than the control” (Baker R., 1988).
Trichoderma spp. is a saprophytic (non-pathogenic) fungus, among the strongest in the category of
antagonistic microorganisms, characterized by a great capacity for adaptation and rapid growth (Ceausescu et
al, 1979; Jitareanu G.,1999). Trichoderma spp. introduced into the soil improves the health of plants and increases
disease resistance without eliminating other beneficial microorganisms. Trichoderma also stimulates plant growth
and the production of phytohormones. (Sbîrciog, 2017).
Council of Agriculture (COA) held various seminars as well as workshops on the application of biofertilizers,
so that farmers would have the opportunity to understand the effects of biofertilizers and are willing to use them
(Levandovschi at al., 2017).
Farmers were invited to inspect the growth of AMF, Rhizobial or PSB inoculated crops in the fields and
were encouraged to participate in workshops after viewing the successful outcomes of using biofertilizers.
The application of inorganic chemical fertilizers was thus significantly reduced to 30-50% (Aggani S. L.,
2013; Raja, 2013).
Biological fertilization techniques are pertinent strategies for an efficient and rational use of agricultural
resources with minimal generation of adverse environmental impacts that may affect water resources, ecosystems
or the quality of human life.
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In addition, biological fertilizers provide a wide range of possibilities for the development of conservative
agriculture (CA) in different geographic, economic, and cultural backgrounds (Carvajal-Muñoz and CarmonaGarcia, 2016). In order to support farmers in these fields, new organic products have appeared on the Romanian
market meant to be used in the agro-zoo-veterinary field: biofertilizers, silage agents, probiotics and
immunomodulators (Toader G. et al, 2019).
MATERIALS AND METHODS
During the second stage of the SIMPLANT project, the biological material used for the establishment of the
experimental plot was represented by the tomato variety BUZAU 1600.
Characterization of the biological material: The BUZAU 1600 tomato variety was approved in 1977, being
one of the most important creations of the Vegetable Research and Development Station Buzau. It is a semi-late
variety (120-130 days), with undetermined growth, high vigor, tolerant to the attack of the main pathogens of
tomatoes.
The fruits are spherical, weighing 180-200 g, the average height of the fruit is 6.6 cm, the average diameter
of the fruit is 7.7 cm, the number of seminal lodges is 5-6 and the color of the fruit is uniformly red at maturity
(without green cover). The tomato variety BUZAU 1600 can be grown in the open field (in a palisade system), in
all areas of the country favorable for tomato cultivation.
The batch of tomatoes established on 20.05.2019 was organized in four experimental variants and the
arrangement of the experiment was in randomized blocks, with 4 variants and 3 repetitions each. The surface of
a rehearsal was 7.5 m2:
Variant 1 - was the control variant, tomato variety BUZAU 1600, without biostimulation;
Variant 2 - was the variant in which biological treatment with mixed bacterial preparation was applied, created
and inoculated by ICDPP Bucharest, applied in two stages (seed and planting), to the BUZAU 1600 tomato
variety;
Variant 3 - was the variant in which biological treatment was applied to the seed with fungal preparation based
on Trichoderma spp., created and inoculated by ICDPP Bucharest, for the tomato variety BUZAU 1600;
Variant 4 - was established with seedlings obtained from bacterialized seeds (V2), but to which the mixed
bacterial biopreparation was not applied at the time of planting.
The land preparation started in the autumn of 2018 when the works for the chopping of the previous culture
and the leveling of the land were executed. In the spring of 2019, the land was prepared with the cultivator and
modeled on 140 cm (94 cm at the canopy) furrows. The production of the seedling was done in the greenhouse
multiplier.
The seedling was produced by sowing in a germination bed. The sowing was performed on 01.04.2019 in
3 (three) variants. The culture started to emerge on 09.04.2019. The seedling was transplanted on April 22, 2019,
in alveolar pallets, using sterile peat as substrate.
The care works applied to the seedling were: directing the vegetation factors at the optimal level for the
growth and development of the seedlings. The ventilation of the space plays a very important role in the prevention
of diseases, knowing that high atmospheric humidity favors the appearance of diseases in this culture
environment, rational irrigation and the application of treatments to prevent and combat diseases and pests with
ecological substances.
Before ten days planting the seedling in the field, it was hardened by gradually lowering the humidity,
temperature and progressive aeration of the seedling production space.
RESULTS
Biometric measurements were performed on the seedling before the culture was established. As can be
seen in table no. 1, following the measurements, differences were found between the 3 variants in terms of
seedling height and root development:
-V2 - tall seedling, with well-developed root, with an average number of leaves;
-V3 - seedling with a more vigorous growth, lower seedling height, very well developed root, and an average
number of leaves.
Establishment of the culture: the planting of the seedling was done manually, on 20.05.2019, the planting
distances were 70 cm between rows and 35 cm between plants / row, setting up 1,500 plants / solarium, the
experimental variants were placed and the mixed bacterial preparation was applied to the base of the plant (2.5
g granules / plant) at V2 (photo no. 1)
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Tabel 1
Differences were found between the 3 variants in terms of seedling
No.
Var.
V1
V2
V3

Height
plant cm

Root
length
/cm
8,63
13,1
12,4

28,6
35,5
25,5

G.M.V.
Root
/g
1,11
0,55
0,87

G.M.U
Root
/g
0,07
0,04
0,06

Height
stem
/g
18,3
24,1
15,7

G.M.V
Stem
/g
2,4
2,9
2,0

G.M.U
Stem/
/g
0,1
0,1
0,1

No.
leaves
6,4
6,1
5,6

G.M.V
leaves
/g
2,9
2,9
2,5

G.M.U
leaves
/g
0,2
0,2
0,2

40
30

Height plant cm

20

Length cm
No. leaves

10
0
V1

V2

V3

Fig. 1 – Differences between biometric determinations to V1, V2, V3

Fig.2- Trichoderma spp., created and inoculated by ICDPP Bucharest

Immediately after planting, the crop was irrigated by the installed drip system (photo no. 2). After 3 days
from planting, the gaps were filled, manually, with seedlings of the same variants and of the same age as the one
initially used. During this stage of the project were followed the growth and development of plants, under the
influence of seed treatment as well as tolerance to the appearance of phytopathogens and the evolution of
pathogens in tomato culture BUZAU 1600.
The experiment took place against natural infections. After the establishment of the culture and the filling
of the gaps, the care works applied to the tomato culture were the general works, the irrigation of the culture being
carried out whenever it was necessary (Fig. 3).

Fig.3- Detail of the infinited culture

After 14 days from planting, the palisade and shoots removal were carried out. Manual weeding was done
4-5 times to destroy weeds and loosen the soil. Shoot removal was repeated periodically at about 14 days.
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Given the location of the experiment (in the ecological polygon), the treatments for preventing and
combating phytopathogens and pests were also ecological. After 7 days from planting, the first pest that appeared
in the tomato crop Buzau 1600 was the common red mite (Tetranichus urticae), which has a very aggressive
attack on plants.
The treatments administered at its signaling were Laser, applied in a dose of 0.05% and Metab, in a dose
of 0.25% (it was microactivated with the Nutryaction product). These products have managed to reduce the degree
of attack of this pest until it is completely stopped. The treatment based on Bordeaux Juice was applied on
05.07.2019 in a dose of 0.5%, when signaling the appearance of the phytopathogenic agent Phytophthora
infestans (tomato blight).
On 17.07.2019, the biological insecticide based on Beauveria bassiana was applied in a dose of 15 ml/m2,
when signaling the occurrence of the pest Tuta absoluta (tomato moth). On the same day, an organic fertilizer
based on NPK (from SIRIO ORGANIC) was incorporated.

Fig.4. Evolution of phytopathogenic agents
in the Buzau 1600 tomato crop in the ecological crop (%)

During the vegetation period, ecological products based on microorganisms, biological insecticide based
on Beauveria bassiana from the project leader, the Research and Development Institute for Plant Protection
Bucharest, Bordeaux Juice and Laser were administered.
The determination and monitoring of the attack of pathogens and pests was performed by means of
indicators of frequency, intensity and degree of attack. For this purpose, dynamic observations were made, every
10 days, on the frequency of the attack (F%) and the intensity of the attack (I%), on the background of natural
infestation. The degree of attack (GA%) was calculated with the obtained data. Biometric determinations were
performed at 15 days, on each repetition being retained for observations and determinations 5 (five) plants.
In figure no.4 shows the evolution of the three phytopathogenic agents, Phytophthora infestans having a
stronger degree of attack than the other pathogens. By administering Actiseed and Clonotri organic products, this
disease has been greatly diminished, until it is completely stopped. The highest number of pests were Tuta
absoluta and Aphys gossypii. Under the action of applied bioinsecticides, they were reduced to total cessation
(Fig. 5).

Fig.5 -Evolution of pests in tomato crop Buzau 1600
planted in the ecological polygon (%)
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Regarding the growth and development of plants, based on the results of biometric measurements and
phenological observations, the following conclusions were reached: After the establishment of the culture, the
plants developed normally, with small differences between the experimental variants in terms of average plant
height, noting V3 (which used seeds with biological treatment based on Trichoderma sp).
Regarding the number of leaves per plant, it is found that V2 (the variant with bacterized seeds to which
the mixed bacterial preparation was applied at the time of planting) had a richer foliar growth compared to the
other variants. Regarding the number of inflorescences on the plant, it is observed that V4 (without the application
of the mixed bacterial preparation at planting) has better results, but due to the high temperatures in July and
August, the 3rd and 4th order inflorescences aborted in 75%, the 5th order inflorescences aborted in 50%, which
greatly influenced the production (Fig. 5).

120
100

TOMATO PLANT HEIGHT

80

NUMBER OF LEAVES ON THE
PLANT

60

PLANT DIAMETER
40
NUMBER OF FLOWERS ON
THE PLANT

20
0
V1 Mt.

V2

V3

V4

Fig.- 6 Growth and development of tomato plants Buzau 1600, SIMPLANT project

The fruit productions obtained on each variant following the harvests performed are presented in Fig. 6.

25

20
NUMBER OF FRUIT
HARVESTED / V

15

NUMBER OF FRUIT
HARVESTED / V

10

HARVEST FRUIT WEIGHT / V

5

0
V1

V2

V3

V4

Fig.-7 Productions obtained for the Buzau 1600 tomato variety

The harvests were carried out on 12.08.2019 (first harvest), 29.08.2019 (second harvest) and on
12.09.2019 the last harvest was made in the tomato crop, Buzau 1600 variety.
The production was much diminished due to abortion of flowers formed between June 20 and August 30.
Very high temperatures and atmospheric drought resulted in a 45% loss of production.
The first 2 (two) inflorescences normally bore fruit on average 3 fruits / inflorescence, on the third
inflorescence the abortion phenomenon occurred and on average 1 fruit / inflorescence was harvested (Fig. 7).
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3
2,5
2

V1

1,5

V2

1

V3
V4

0,5
0
NUMBER OF
FRUITS
HARVESTED / Pl.
MEDIA

AVERAGE FRUIT /
PLANT WEIGHT

AVERAGE WEIGHT /
FRUIT

Fig. 8- Presentation of the variation of the number of fruits / plant
and of the average weight of the tomato fruits, Buzau 1600 variety

CONCLUSIONS
The fourth and fifth floors were 70% aborted, and the fruits formed were small, uncharacteristic of the
variety. In the sixth floor the formed fruits reached the consumption maturity on average 3 fruits/inflorescence, but
the average weight of the fruit was 85 g. In these conditions the variant with the most fruits harvested on the plant
was V4. Regarding the average weight of the fruits, there were no significant differences between the 4
experimental variants, the main reason being the stressful climatic conditions in the summer months.
So, based on the main growth, development and productivity indices followed in the experiment, the degree
of utility of the bacterial biopreparation applied to both seed and planting (V2) and of the fungal preparation based
on Trichoderma sp. (V3) compared to the control (V1) without applied biostimulation treatment, the conclusions
of the experience are the following:
In the seedling phase the experimental variant V3 was distinguished by strong plant vigor, short internodes,
strongly developed root, compared to V2 where the seedling was tall, with long internodes;
After the establishment of the culture in the ecological polygon, the plants had a uniform growth and
development, without big differences between the 4 experimental variants.
Climatic factors, especially high temperature and atmospheric drought have caused significant losses in fruit
production. In these conditions, regarding the production obtained on the plant and the number of harvested
fruits, Variant V4 was highlighted.
The applied culture technology was of unitary and general character, the treatments applied for the prevention
and control of phytopathogenic agents also had a general and unitary character (it was not necessary to apply
different treatments on variants).
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ABSTRACT
The research conducted in this paper aimed to highlight unmanned underwater vehicles, sometimes
known as underwater drones, which are able to operate underwater without a human occupant. UUVs are
commonly used in ocean research for purposes such as measuring current and temperature, mapping the ocean
floor and detecting hydrothermal water.
REZUMAT
Cercetările realizate în cadrul acestei lucrări au urmărit evidenţierea vehiculele subacvatice fără pilot,
uneori cunoscute sub numele de drone subacvatice, care sunt capabile să funcționeze sub apă fără un ocupant
uman. UUV-urile sunt utilizate în mod obișnuit în cercetarea oceanică, în scopuri precum măsurarea curentului și
a temperaturii, cartarea fundului oceanului și detectarea apei hidrotermale.
INTRODUCTION
Climate change and growing urbanization are causing rapid changes in aquatic systems, such as affecting
ecological services, increasing soil impermeability, or rapidly increasing available nutrients. Monitoring water, soil
and ecological quality is important for understanding, modeling and predicting hydrological processes and for
ensuring proper environmental management and decision-making to meet the various challenges and problems
in each region (https://www.simulyze.com/blog/from-land-to-sea-5-ways-drones-are-impacting-underwateroperations).
While in recent years there has been a rapid development of unmanned instruments and sensors for
environmental monitoring and inspections, it is not yet clear whether the use of these methods by water managers
in their daily practice and the extent to which they can replace or supplement existing techniques should be further
explored. It seems that there are still technical, social, legislative and operational limitations and barriers to the
widespread use of this technology (Lin Meng, et al., 2018).
Underwater drones are playing an increasingly important role in many industries and have a constant
impact on underwater operations. Fortunately, operational intelligence (IB) technology can help ensure the safety
of drones and provide unprecedented information above and below water. Technology ensures safety and
efficiency for multiple operations by aggregating various data sources to provide greater awareness of the
situation (https://www.simulyze.com/blog/from-land-to-sea-5-ways-drones-are-impacting-underwater-operations).
Unmanned underwater vehicles are robotic and can be divided into two categories of remotely operated
underwater vehicles (ROUVs), which are controlled by a remote human operator and autonomous underwater
vehicles (AUVs), which operate independently of direct human input. Sometimes only vehicles in the second
category are considered a kind of autonomous robot, but those in the first category are also robots, although they
require a remote operator, similar to surgical robots. To ensure the conservation of water resources and ecological
habitats, European regulations (eg the Water Framework Directive) require extensive monitoring and classification
of water bodies on the basis of environmental indicators and set high standards for compliance.
Data accessibility and availability for use are crucial to enable real-time water management. There is a
growing demand for innovative and effective methods and approaches that can take advantage of the high
potential of new technologies that are increasingly accessible to professionals in various fields. Underwater
drones have opened up a whole new world of underwater exploration. With these underwater vessels, scientists
can have a look at what is beneath the surface without ever venturing into the water.
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Today, not only scientists and engineers, but anyone with an interest can explore the depths of the ocean
with commercial underwater drones (Qiu Sumin and Cui Weicheng, 2019).
MATERIALS AND METHODS
Underwater drones can provide better methods for acquiring and recording data that improve the quality,
cost-effectiveness and safety of traditional inspections (Rui L. Pedroso de Lima et al., 2020).
Inspection of underwater assets is currently a difficult task worldwide. The Netherlands has extensive
underwater infrastructure that needs to be maintained and therefore there is a strong need for innovative solutions
that can provide cost-effective information on the status of underwater assets. The most common method of
inspection is the deployment of divers, which involves high operating costs and requires the implementation of
safety measures. Due to high costs, inspections are often not performed at all. The use of underwater drones for
this purpose could become an innovative and potentially cost-effective way to gain a dynamic understanding of
water bodies. UUV-s are commonly used in ocean research for purposes such as measuring current and
temperature, mapping the ocean floor and detecting hydrothermal water. Unmanned underwater vehicles use
seabed mapping, bathymetry, digital cameras, magnetic sensors and ultrasound imaging (Rui L. Pedroso de Lima
et al., 2020).
RESULTS
Unmanned Surface Vehicle (USV) and Unmanned Underwater Vehicle (UUV) drones are just as useful
and sometimes indispensable for certain operations as aerial drones (Lin Meng, et al. 2018).
AquaSmartXL is a small "smart" unmanned boat equipped with a video camera for surveillance and control
operations. Real-time images are transmitted in order to observe from the water surface any potential danger. As
the drone sends real-time video information, "the inspector can see, from a safe and comfortable location, exactly
what the drone sees in all directions." It replaces direct visual inspection, saves time, reduces costs and increases
safety. With drones you can inspect the concrete structures of an oil terminal, wharves, bridges and others, places
where it is difficult or dangerous for a human crew, and where 3D images are transmitted.
At collection points (Drone Dock or Drone Port) USV can recharge its batteries at stations powered by solar
panels. Many bridges, for example, act as homes for electricity, gas, high-speed data and other utilities. Inspection
and maintenance of these utilities is essential to maintain service and avoid hazards to navigation. Today, a
surveillance and imaging system can be mounted on an ROV or AUV to inspect the deepest structures and
bridges (Rui L. Pedroso de Lima et al., 2020).
AUVs are self-propelled instrument carriers, sensors and information, enabling them to perform missions
without human intervention. ROVs are controlled by operators or pilots via an umbilical or remote control, and
most ROVs are connected. In contrast, AUVs are not linked. AUVs make up a large part of UUVs, and UUVs
make up a large part of submarines. There are two main types of submarines, namely UUVs and man-occupied
vehicles (HOVs). For UUVs, there are four main types, namely, AUVs, gliders, hybrid ROVs and AUVs (HROVs)
and remote operated vehicles (ROVs). There are four types of HOVs, namely manned submarines, diving suits,
lifebuoys and deep sea rescue vehicles (Qiu Sumin and Cui Weicheng, 2019).
Lin Meng and colleagues developed an underwater drone that combines the latest keywords in today's
drone technology: "360-degree panoramic camera", "underwater drone", "fish recognition", "deep learning" and
"open hardware" source”. Their model is designed based on open-source hardware, is equipped with a 360degree panoramic camera function and has the ability to recognize fish based on deep learning (Lin Meng et al.,
2018).
The ability to take 360-degree panoramic images and the underwater drone were developed with opensource software. The computing modules have been extended to a Raspberry Pi computing module. The body
was designed using a free software application to create solid 3D computer-aided design objects. (OpenSCAD).
The printed circuit board was designed with MakePro. For 360-degree panoramic imaging, the underwater drone
was equipped with two 235-degree fish-eye lenses, the OpenGL ES2 was used to distort 180-degree fish-eye
images. The purpose of this research was to use the underwater drone to investigate and observe lakes, sea, etc.
It is currently being tested for fish species in a natural lake to help protect the original environment (Lin Meng et
al., 2018).
Figure 1 shows the drone diving into a lake: (a) it shows the image of our drone, (b) it shows the drone
floating in the water, (c) it shows the drone sinking in the water and (d) it shows the drone achieving a certain
level of depth. The drone in Figure 1 (b), (c) and (d) is the old version that is taken in Lake Biwa. Figure 1 (a) is
the latest version released. Therefore, the color of the photos is different (Lin Meng et al., 2018).
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a (drone large)

b (preparation step)
C (diving examople one)
d ( diving exemple two)
Fig. 1. - Images of scuba diving (Lin Meng et al., 2018)

UAV’s can be divided into two types, ie lighter than aerial UAVs, which are lifted by buoyancy and heavier
than aerial UAVs, lifted by relative movement against the air. Lighter than air UAVs: UAVs lighter than air include
aircraft, balloons, etc., the main parts of which are airbags filled with a lighter gas larger than air, such as helium,
hydrogen or hot air. Due to the weight of the air it moves, it is larger than its own mass, so it can fly. Heavier than
air UAVs: Heavier than air UAVs should find ways to push air or gas down to produce reactions to push the aircraft
up. There are two ways to produce dynamic upward traction, namely aerodynamic lifting and motorized lifting in
the form of traction of the engine.
Aerodynamic lifting is one of the most common ways to produce momentum. To fly, air must flow over the
wings to generate lift. Fixed-wing UAVs and rotor craft usually use this mode to generate lift. Motorized lifting is
produced by directing the motor force vertically downwards. Heavier than aerial UAVs usually have three main
types: UAVs with fixed wings (airplanes, gliders), UAVs with rotor wings (helicopters) and UAVs with fluttering
wings.
Torpedo shapes can meet most needs and there are many numerical analyzes on torpedo design. But this
does not diminish the importance of shape design, as a poorly designed shape could increase the power
requirements for engines, even causing UAVs to fly at low speed. In order to design a good shape, aerodynamic
endurance is important. It is a function that combines frontal area, speed, air density and traction coefficient.
During the take-off process, the angle, density and coefficient of aerodynamic resistance can be considered
constant, so that the aerodynamic resistance becomes a function of speed, which makes it difficult to design the
shapes of UAVs.
Research has been done to design a shape that can greatly reduce resistance. A good way to design a
low-strength body is to use a natural design. Some low resistance bodies of some birds fit the aerodynamic needs
that can be used as a reference for the design of the shape of UAVs. By scanning their bodies and making models,
researchers can get a primary design of the fuselage. Then, using the fluid dynamics calculation (CFD) method
to check if the qualities of the scanned model meet the need and some adjustments are made. The body of a
duck was scanned by special machines and the aerodynamic properties of the model were calculated, which can
inspire a lot.
Wing design: UAVs can be divided into four main types of wings, namely quadcopter UAVs, fixed wing
UAVs, transformer wing UAVs and winged UAVs. Both aquatic UAVs and UAVs share the same classification
method. The UAV has known a long period of development. From fixed-wing UAVs to rotor-wing UAVs to
quadcopter UAVs. Currently, UAV models vary widely. Figure 2 combines some information and shows the
development history of UAVs (Qiu Suming et al., 2019).

Fig. 2.- Evolutions of UAVs (Qiu Suming et al., 2019)
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Fixed-wing aquatic UAVs: For fixed-wing aquatic UAVs, body lifting can be used to help get out of the water,
which can reduce the amount of energy required.
In 2002, NASA developed a prototype fixed-wing UAV called the Amphibious Freight Transport (ACAT),
which can take off and land on the ground and surface of the water. In 2007, a fixed-wing aquatic UAV called a
flying fish was developed (Fig. 3-a). It can take off and land on water autonomously, but cannot sink in water.
From 2007 to 2012, researchers worked to improve it. Route planning, fault tolerance of the air data system and
aerodynamic configuration are studied in detail. It has two navigation modes, namely high-wave mode and flight
mode. To save energy, the engines would be switched off in high-wave mode. When the batteries run out, they
can float on the surface of the water and use solar cells on the wings to charge the batteries.
Flying fish is an attempt to achieve the goal of "persistent ocean surveillance". In 2018, a fixed-wing UAV
developed by the University of Michigan (Fig. 3-b) almost reached the goal of aerial and underwater work, as well
as the goal between areas. It can manage buoyancy passivity using floodable compartments in the fuselage,
allowing neutral buoyancy in water and at the same time minimizing the weight of the vehicle. Their work
characterized a fixed-wing vehicle capable of air and underwater operations. In 2018, another UAV with fixed
wings (Fig. 3-c), which was developed by Joseph, also achieved the goal in several areas. A successful water-air
transition is made using an electric motor and a single propeller, using positive buoyancy. Due to the lifting surface,
it could achieve a higher resistance than quadcopter UAVs.

(b) UAV acvatic al Universității Michigan,
(c) UAV Successful water-air
which can achieve the goal of aerial and
transition aquatic
underwater operation
Fig.3.- UAV aquatic with fixed wings called flying fish (Qiu Suming et al., 2019)

(a) Aquatic UAV fixed wings

Aquatic UAVs with morphing wings: In the late 1950s and early 1960s, the XB-70 supersonic bomber
(Figure 4 a, b, c, d) successfully incorporated wing morphing out of plane. The outer panels of the XB-70 wings
have been folded down by almost 30 degrees to increase L ∕ D (lift / pull) at both subsonic and supersonic speedsThe XB-70 surpassed Mach 3 and operated in an extremely high environment. Although the weight for the
reinforcements and structural actuators required several tons of material, the design of the XB-70 remains the
most successful multiMach number, the surface of the morphing wings out of plane. Later, Lockheed made
another morphing wing UAV, which can change its configurations (Fig. 4 b) and wing areas, taking the interior
panels of the wings into the fuselage. This design allows it to achieve high speed movement. They can also
provide inspiration in aquatic UAVs.
In 2014, Beihang University built an unmanned submersible flying boat that can fold its wings to increase
underwater maneuverabilityIn 2016, R. Siddall et. al. developed a plane with morphing wings and its wings can
rotate around the pivot from 0-90 degrees. In 2019, MIT produced a bimodal UAV whose wings can be folded to
65 degrees to achieve low resistance for underwater cruising and a high aspect ratio for long air resistance (Fig.
4 c).
This bimodal UAV also involves an integrated propulsion system comprising a compressed gas propellant
to exit the water. The UAV produced by Beihang University in 2014 is called the mini-spear (Fig. 4 d), which
mimicked the morphology of a living sultan, and the folding wings were made by variable wings in the back.
The pivot point of the wing root is a vital element of the UAV and must have adequate safety to withstand
the impact load. Strength, rigidity, functional reliability and anti-lock qualities are extremely complicated, as the
variable rear-back wings constrain all pivot aerodynamic loads and produce a massive concentration of stresses.
Last but not least, some transformation wings can also be used as a jumping mechanism.
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(a) XB-70 in the late 1950s
and early 1960s was a UAV
with morphing wings
successfully launched

b) Conceptual design by
Lockheed

(c) Bimodal UAV produced
by MIT in 2019

(d) Spear-shaped UAV
developed by Beihang
University

Fig. 4- Aquatic UAVs with morphing wings (Qiu Suming et al., 2019)

Quadcopter aquatic UAVs. There are many quadcopter UAVs that can operate in water and air. Quadcopter
UAVs generate lift by rotating several rotors. The flight is stable and the maneuverability is good, but the
quadcopter aquatic UAVs have a low energy efficiency and a short battery life. Compared to other UAVs,
quadcopter UAVs are relatively easy to get in and out of the water, but propellers do not have to touch the surface
of the water. Once reached, the speed is reduced, which will cause the UAV to shake violently and fall into the
water. There are two models to ensure that aquatic UAVs come out of the water safely and quickly, ie doublelayered wings and single-layered wing.
Single-layer aquatic UAVs. One question about quadcopter aquatic UAVs is whether air propellers can also
be used underwater for propulsion. The authors proposed a preliminary feasibility study of the use of a single set
of fixed propellers with fixed underwater fixed pitch. They tested a wide range of pitch angles for propellers that
otherwise have the same diameter and aerodynamic profile.
The experimental results showed that air propellers can operate efficiently underwater at a low rotational
speed (around 180 rpm) without cavitation, providing sufficient thrust for movement and maneuver, while providing
a high air pressure / power ratio. Properly sized propellers were selected to meet the requirements during the
continuous development of an aerial quadrotor with underwater capabilities.
The University of Auckland has developed a single-layer UAV calle Looncopter (Fig. 5). An adjustable
buoyancy device was used to adjust the buoyancy of the aircraft so that the UAV could float constantly on the
surface of the water and the blades were not affected by water. The aircraft uses a single row of propellers above
or below the surface of the water, and the depth is regulated by a depth adjustment system consisting of a water
depth sensor and a water discharge buoyancy device. The speed of the propellers is sufficient to satisfy the
underwater movement of the aircraft (Qiu Suming et al., 2019).

Fig.5.- UAV single-layer aquatic (Qiu Suming et al., 2019)

Two-layer aquatic UAVs. Rutgers University has developed a two-layer aquatic UAV called the Navigator
(Fig. 6). When floating on the surface of the water, the lower row of blades rotates slowly, so that the UAV is in a
favorable attitude to take off on the surface of the water.
The eight propellers are small in size, which can better perform air flight, underwater navigation and
seamless waterless passage. However, due to obstacles in the communication of water and air, the Navigator
must be connected to the device receiving the signal from the water surface via cables. The low flight speed and
low load capacity are two of its challenges (Qiu Suming et al., 2019).
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Fig.6- UAV double layer aquatic (Qiu Suming et al., 2019)

Aquatic UAVs beating from propellers. Most of the aquatic UAV wings mimicked natural creatures. In 2019,
the Wyss Institute at Harvard launched a quadratic bionic robot (Fig. 7 a and b). At first, it was powered by a
lithium-ion battery, which weighed more than 4 times the mass of the vehicle. The current batteries are insufficient
for the vehicle. However, solar cells offer a promising alternative and have been used in several autonomous
vehicles. The new design raises the efficiency to 30% and allows the vehicle to do it working 3 minutes with a
load of 370 mg (Qiu Suming et al., 2019).

(a) UAV Insect-inspired
(b) UAV inspired by jellyfish
Fig. 7. - Aquatic UAVs - quadratic bionic robot (Qiu Suming et al., 2019)

The robot uses bimorphic piezoelectric actuators to actively control the movement of the wing stroke, while
the movement of the wing pitch is passively mediated by a polyimide flexure. To verify whether UAVs can achieve
air-water qualities, some research has been conducted.
By comparing the fluttering flight in water and air through 3D CFD simulations and experiments, they found
that a favorable liability can be achieved using an identical design of the wing hinges, whether in air or water (Qiu
Suming et al., 2019).
An aquatic UAV with jellyfish-inspired fluttering wings was also designed (Figure 8 b). The main body is
made of carbon fiber and the wings are made of plastic. The design is based on an alternative concept that has
intrinsic stability using single wings that fly alone. Unlike back and forth movements adapted to other robots, this
pattern of input and output movements provides strong damping of body movements necessary for stability. Four
plastic wings can keep it upright without sensors or feedback controls, while other insect-shaped aquatic UAVs
need smart sensors and complex algorithms to maintain balance. Due to their appearance, they can also make
movements underwater.
There is another insightful design for jellyfish that a jellyfish designed for tissues has been developed, and
the combination of algorithms with physiological performance suggests that this strategy can be applied to simple
life forms that pump to survive. Although the swimming movement of tissue-built jellyfish is limited to a single
stereotypical mode of execution due to the lack of fine muscle control and can only function underwater; this
prototype can still be used as inspiration to develop UAVs with aquatic wings designed for tissues.
The design of aquatic UAVs must take into account the transfer modes of the rotor algorithms, the lifting
and traction coefficients in both environments and the ballast system. The first aquatic quadcopter UAV is called
the Loon Copter and has made a new seamless transition between areas, using the ballast system that improves
the stability of the vehicle under water and reduces energy consumption. For a two-layer aquatic quadcopter UAV,
the way to maintain balance is simple.
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During the water-air transition process, as shown in Figure 8, the top layer will rotate faster to provide force
out of the water, and the bottom layer of the blades will rotate slowly to provide buoyancy, rather than use an
adjustable buoyancy mechanism. And during the air-to-water transition, the fuselage can sink directly into the
water if it is heavier than water (Qiu Suming et al., 2019).

Fig.8- The water-air transition process for a quadcopter aquatic UAV (Qiu Suming et al., 2019)

To build an aquatic UAV, there are many obstacles to overcome and balances that must be achieved.
Quadcopters can make steady movements in the air and in the water. Transition processes are also easy to
design. In addition, technologies have been developed a lot in terms of drones, so that aquatic UAVs can be easily
made in the form of quadcopters. But there are also many problems with quadcopter aquatic UAVs. The X-shaped
drone does not have a simplified shape, so underwater and air movement is limited compared to simplified aquatic
UAVs. Most aquatic UAV quadcopters need to use batteries to provide power, and this is a problem in the design
of aquatic UAVs because flight time is very limited. Air and submarine aquatic UAVs are two main types of aquatic
UAVs (https://www.theexplorer.no/solutions/underwater-drones-for-ocean-inspection-and-exploration/).
Aquatic Drones. Operating ships and sending divers to inspect ports and other marine facilities is very
costly, so these inspections may not be as thorough as necessary to predict maintenance needs. Aquatic Drones
works to combine a fleet of small and medium-sized autonomous boats with data services. The global unmanned
aerial vehicle (SUV) market will grow from $ 470.1 million in 2017 to $ 938.5 million by 2022. Rotterdam-based
Aquatic Drones uses open-source technology , modular and self-developed. It offers its autonomous vehicles and
data collection, processing and modeling under a robotics model as a service-RaaS (figure 9).

Fig.9 -. Aquatic platform
(https://www.aquaticdrones.eu/post/aquatic-drones-bouwt-dataservice-voor-europa-en-daarbuiten)

Aquatic Drones has followed an unusual path towards the development, financing and marketing of its data
services through a RaaS model. The company has developed autonomous systems for the safe use of the port,
applied machine learning to the analysis of various hydrological data and maintained a value of social
responsibility. The company's founder, on his own initiative, built a maritime and offshore innovation platform,
including a ship of the future with automatic components, predictive maintenance in the control room and VR on
the bridge, as well as aquatic robotics ", namely six prototypes.
Aquatic Drones responds to maritime needs with intelligent technology and includes the following
components: multiple multiple, small and medium surface vessels, with a wide range of integrated sensors, an
operating system for detecting and avoiding autonomous objects and cooperating with several robots and data
analysis by applying machine learning for interpretation and predictive maintenance models.
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The platform has a length of 4.5 meters [14.7 ft], with a depth of 70 centimeters [27.5 in] for inland waters
and shallower and deeper ports. A second platform has been developed for maritime purposes - the case
Business is very expensive for more detailed inspection off the seas and oceans.

Fig.10.- Aquatic Drones surface platform
(https://www.aquaticdrones.eu/post/aquatic-drones-bouwt-dataservice-voor-europa-en-daarbuiten)

These platforms use lithium-ion batteries and can now operate for up to 16 hours, but it is possible to
upgrade for up to 24 hours. They are smart devices that can be loaded quickly and can collect data twice or three
times more than a normal ship. One of the most difficult challenges was system integration and software
development for autonomy in various circumstances. The platform benefits from a whole line of systems, from
GPS data from several satellites and inertial navigation to water quality measurement. For example, sonar moves
faster in salt water than fresh water.
There are also infrared cameras above the water combined with a point cloud from underwater sonar.
Therefore, its platform and software should comply with other government requirements around the world and
their maintenance models and programs, such as GIS.
The multifunctional platform has been tested in severe weather conditions and can detect both large and
small inflatable boats. Raw data on the depth and condition of the structures can be collected. Algorithms are
used to process an automatic inspection that would normally take several divers.

Fig.11- Autonomous ship Aquatic Drones
(https://www.aquaticdrones.eu/post/aquatic-drones-bouwt-dataservice-voor-europa-en-daarbuiten)

By combining maintenance data with new data on ship movement dynamics, Aquatic Drones generates
models that can predict water levels and use and when maintenance should be performed in a more cost-effective
way.
Automation for the entire inspection operation is carried out with the help of a ground station and
operations can be carried out from own offices with minimal human interference. As more data is collected,
machine learning can be used to make Aquatic Drones more autonomous and its models more accurate and selfimproving, according to Ruyssenaers. Aquatic Drones are responsible for updating robotic systems, data
modeling, and development goes so fast that they could not update or maintain the systems.
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Fig.12.- Hydrographic survey data presented graphically
(https://www.aquaticdrones.eu/post/aquatic-drones-bouwt-dataservice-voor-europa-en-daarbuiten)

In terms of hardware, Aquatic Drones works on a large scale and a small scale to reach three types of
autonomous ships. The startup's autonomy software is already being tested, but is still validated to better avoid
obstacles, he added. Aquatic Drones also works to increase the confidence of the human-machine interface and
to mimic the behavior of the drone for other shippers.

Fig. 13. - Data on bathymetry
(https://www.aquaticdrones.eu/post/aquatic-drones-bouwt-dataservice-voor-europa-en-daarbuiten)

In terms of data modeling, bathymetry is already completed, and Aquatic Drones is working on water quality
and various key materials until next year. Robotics is innovative, it shows how efficient and sustainable the
interventions it makes with the ecosystem are. Aquatic drones are 10% to 20% more efficient than current models.
Today's challenges in maintaining rivers, ports and the sea are complex and require a multidisciplinary approach.
Aquatic Drones is part of the "Technology for Human Progress" holding company, whose main objective is to
develop sustainable solutions in open collaboration with technical leaders, customers and development partners.
Autonomous surface vehicles (ASVs) have recently been introduced in the persistent large-scale
monitoring of water in aquatic environments, due to their ability to effectively support traditional manual sampling
approaches (Dunbabin M., 2017; Codiga D.L., 2015).
The data set presented here is a six-track collection with multiple sensors generated in independent data
acquisition campaigns (also called experiments in the following). A comma-separated value (CSV) file was
provided for each campaign.
Table 1 summarizes the main properties of each experiment, namely, the sequential ID assigned to the
campaign, the name of the campaign, the location of the campaign, the type of pool (eg river or lake) where the
campaign takes place, the start date / time, and end, duration (in minutes) of the campaign and the number of
samples available for the campaign. The general data set contains 20,187 samples for a total of 5.6 hours of
navigation. The sampling frequency is 1 Hz. The variables ie the columns in the CSV files available for each
campaign are eleven and are described in Table 1 (Castellini A., 2020).
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Tabel 2
Summary of data campaigns (Castellini A., et al., 2020)
Id

The name of
the
campaign

1

ESP2

Râul Ter, Torellò, Barcelona,
Spania

R

31/03/2017, 10:15:13
31/03/2017, 11:02:06

47 ′

2814

2

ESP5

Râul Ter, Manlleu, Barcelona,
Spania

R

31/03/2017, 07:28:33
31/03/2017, 08:28:33

60 ′

3601

3

ESP4

Pantà de Sau, rezervorul Sau,
Barcelona, Spania

L

2017-03-30, 08:22:25
2017-03-30 09:01:58

39 ′

2374

4

GARDA3

Lacul Garda, Verona, Italia

L

2017-05-09, 09:43:17
2017-05-09, 10:24:07

40 ′

2451

5

ITA1

Iazul de pescuit Atlantide,
Verona, Italia

L

2017-04-20, 09:15:21
2017-04-20, 11:16:03

121 ′

7243

6

ITA6

Iazul de pescuit Atlantide,
Verona, Italia

L

2017-03-07, 09:52:49
2017-03-07, 10:21:12

28 ′

1704

Campaign location

The
lake /
river

Date /
Campaign time

Term

Samples

Fig.14. Geolocation and shape of data acquisition paths
(Castellini A. et al., 2020)

As a descriptive analysis of the data set, we display two figures, one showing the geolocation and shape in
a route map for each campaign (see Fig. 14) and another showing the main statistics of water parameters and
drone parameters for each campaign. Image no. 1 also shows, for example, the label "drone in / out of the water"
by the color of the route, where red indicates samples taken outside the water (for example, before or after the
start of the campaign) and light blue indicates samples taken inside water.
Figure 14 provides a useful understanding of the shape of the pathway and the type of environment in
which the purchase was made (A. Castellini 2019). Figure 2 instead provides boxplots for water parameters (e.g.,
ec, temp, do) and drone parameters (e.g., voltage, m0_current, m1_current, heading) in different experiments.
The purpose of this figure is to give the reader an overview of the parameters related to drone and water, with
specific emphasis on how they vary in different experiments. (A. Castellini, M. Bicego 2019)
These diagrams show, in an intuitive way, the median (red horizontal lines), the lower quartiles (Q1) and
the upper quartiles (Q3) (the upper and lower ends of the cassettes), the interquartile range (IQR = Q3-Q1), the
data range ( whiskers at the bottom: Q1 - 1.5 * IQR and whiskers at the top: Q3 + 1.5 * IQR), previous values
(defined as points in the whiskers), minimum and maximum values, for each variable and for each experiment
therefore provides valuable information about the dataset in a very concise way.
Sensor data generated by intelligent systems, such as autonomous robots, intelligent buildings and other
systems based on artificial intelligence, are valuable sources of knowledge in today's data-driven society because
they contain information about the situations these systems face during their operation.
These data are usually multivariate time series, because modern technologies allow the simultaneous
acquisition of several signals over long periods of time.
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The monitored variables refer to both the internal state of the drone (eg, battery voltage, GPS position and
signals to the propeller) and the state of the water (eg, temperature, dissolved oxygen and electrical conductivity).

Fig 15.- Water parameter fields and drone parameters
(voltage, m0_current, m1_current, heading) for each campaign (Alberto Castellini et al., 2020)

Researchers in applied disciplines related to time series data analysis can benefit from this data because
they can use it to (i) investigate the behaviors of real aquatic drones (e.g., battery discharge, GPS location,
movement in different environments), (ii ) investigation of water properties in real basins. The data were collected
in the context of the EU-funded INTCATCH project, Horizon 2020 (http://www.intcatch.eu) which aims to develop
a new paradigm for monitoring water quality in river basins. Drone manufacturers could also benefit from this data
by analyzing the behavior of drone equipment and identifying a possible improvement in the performance of such
equipment (eg propellers, batteries).
Remote sensing aerial drone for monitoring the aquatic environment. The detection methods available for
oils are mainly designed for airborne or satellite applications. Passive image cameras are largely dependent on
sun conditions. Laser-based aerial systems for fluorescence monitoring are complex and demanding. Although
an individual lidar system in the air can be applied at considerable intervals, it is bulky and not easy to use
(Svanberg S., 1995).
This is closely related to the fact that pulsed lasers are commonly used, leading to heavy and expensive
systems, even if recently lighter solutions, adaptable to the operation of unmanned aerial vehicles (UAVs), as
analyzed in Nakamura S. 2015, now seem feasible.
Remote sensing of oil pollution using fluorescence was followed almost exclusively by pulsed laser
systems, for which background radiation can be conveniently suppressed using a closed and intensified detector.
With the development of blue and UV CW lasers based on semiconductor materials (Gustafsson U., 2000), it has
become possible to create simplified fluorosensors, first for laboratory studies (Brydegaard M., et al., 2016) and
then also for remote sensing fluorescence applications (Gao F. 2017). Discrimination of oil pollution by a CW
laser-based Scheimpflug hyperspectral lidar system has been demonstrated in the laboratoryr (Zhao G.Y., et al.,
2016), using a system similar to that used previously for the resolute monitoring of the distance of algae and
zooplankton in water (Wang X., et al., 2018).
Figure 16 (a) shows the integrated system with a drone. We use a commercial drone (DJI M600 Pro) with
a maximum lifting capacity of 6.2 kg. It has six rotors and carries our laser-induced fluorescence system in a
downward arrangement. An industrial computer is used to control the system and store data. Figure (b) shows a
diagram of the laser-induced fluorescence system. A continuous wave (CW) diode laser with an output power of
1000 mW at a wavelength of 412 nm is used as an interesting source (Xinrui, model 412).
The receiving telescope has a diameter of 50 mm and a focal length of 200 mm. A 425 nm long-pass filter
(Edmund Optics # 84-742) was in some experiments placed before the detection system to suppress the elastic
scattering signal by a factor of 100, while completely passing the fluorescence light.
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A compact spectrometer (Ocean Optics USB 4000) is used to detect spectral signals continuously. The
spectrometer operates with a slit width of 200 µm, resulting in a spectral resolution of 10 nm.
The spectral detection response was calibrated using a standard tungsten light source. The drone is
equipped with batteries for drone propulsion and LIF operation and allows 25 minutes of continuous detection.
The total weight of the fluorosensor is 1.5 kg.

Fig. 16. - Drone with fluorosensor system (a)
b) diagram of the laser-induced fluorescence recording system (Zheng Duan et al., 2019)

The method of processing the recorded data is illustrated in Fig. 17 (c) (F500) is the fluorescence of the oil
at 500 nm. A (F480) is the fluorescence intensity at 480 nm and B is the stand-alone water Raman signal. The
increasing ratio between F500 and F480 is observed in Fig (b), where the 10 ml and 20 ml data points were
measured in a separate test. The ratio is saturated with more added oil. In the evaluation of the oil fluorescence,
presented in Fig. (C), the fluorescence intensity at 500 nm is used directly, because the DOM contribution
becomes very small for the thicker layers.
To obtain the absolute maximum (independent) intensity of Raman water from our measured results, we
first set the intensity values at the characteristic Raman water band (470-490 nm) to zero. We then used the
interpolation method in the curve suitable for the non-Raman parts of the composite spectrum, taking into account
the fluorescence of the filter, to achieve a background spectrum.
The resulting background spectra were subtracted from the measured spectra to obtain the absolute
Raman peak. The result is shown in Fig.17. To compensate for the different exposure time to get everything on
the same scale, the spectral intensities are normalized to the different exposure times used, as mentioned at the
beginning of the second.2.1.
We notice that, even for relatively thick oil films, the fluorescence of the oil continues to increase and there
is a remaining water signal, reflecting the fact that the oil has a relatively low absorption at the wavelength of 412
nm. The curves have some irregularities, most likely due to a possible instability in the experimental configuration
that reaches over three floors of construction (Zheng D., et al., 2019).

(a)

extraction of the stand-alone water Raman
signal in the presence of DOM / oil and filter
fluorescence
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(b) bar graph of the ratio between 500 and 480 nm
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(c)

bar graph of oil fluorescence at 500 nm

(d) (d) the absence of oil is due to the weak DOM
signal d bar graph of water intensity remain at
480 nm
Fig. 17.- Method of processing recorded data (Zheng D., et al., 2019)

The underwater drone with panoramic camera demonstrates that the underwater drone can take a picture
of a 360 degree scene in the lake, sea or aquarium and transferred / displayed the 360 degree scene on a 5 inch
screen and a web browser on a PC or a smartphone over the network. The reason for using the web browser is
that the Internet of Things (IoT) is widely used in all types of domains.

Fig. 18. - Underwater drone block diagram (Lin Meng et al., 2018)

Figure 18 shows a block diagram of the underwater drone and peripheral equipment. Picam 360-CAM
shows the diagram of the main body of the drone. Picam 360-FPV is part of the peripheral equipment with 360
degree images made by the underwater drone on a 5 inch screen. PC / Smartphone shows 360-degree images
on a web browser such as those used on a PC or smartphone.
Mini Gladius underwater drone. Gladius Chasing M2 (fig.19.) Provides support for several mounts, such
as GOPRO, laser stirrups, robotic arms and external LED lights. While the maximum speed is 3 knots, dept
measures 100 meters. The maximum horizontal radius is 200 meters. The drone was used to inspect the water
pump and also to conduct underwater search and rescue operations in Lianjiang, Fuzhou. The Gladius Chasing
M2 drone will be very useful for searching underwater during tragedies and boat accidents.

Fig. 19. - Drone in the aquatic environment-Gladius Chasing M2 (https://www.chasing.com/)
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Poseidon underwater drone. The outstanding design of the six TITAN thrusters ensures 360 ° altitude
control, withstands strong currents. Easy and precise navigation in six directions, such as down, up, forward,
backward, left and right. Built-in position sensor with live video power: The TITAN wireless transmitter uses a 2.4
GHz frequency to connect to control devices. Stream live underwater travel directly to your smart devices and
make it possible to view epic moments in real time.

Fig.20. Poseidon underwater drone
(https://images-na.ssl-images-amazon.com/images/I/719YneqdJdL._AC_SL1500_.jpg)

Self-stabilizing underwater drone is preferable to neutral buoyancy. This means that the mass of the object
is the same as the mass of the displaced water. This will prevent the ROV from sinking and retreating on its own,
which would otherwise require constant adjustment of the thrusters to keep it in position. Horizontal thrusters allow
the basics of rotation and acceleration.

Fig.21.- The final shape of the prototype ( Rahmanian S. et al., 2019)

Autonomous AUV drone. Development and design of autonomous underwater vehicles (AUVs) offer
unmanned self-propelled vehicles, which are usually deployed from a surface vessel and can operate
independently for periods of several hours to several days. (Haniff M., et al., 2021).
The movement of the AUV is controlled by two thrusters for horizontal movements and two thrusters for
vertical movements. A Pixy CMUcam5 is used as a vision sensor for AUV, which is used to recognize an object
by its specific color signatures. The camera recognizes an object using the color-based filtering algorithm,
calculating the color (hue) and saturations of each red, green, and blue (RGB) pixel derived from the built-in image
sensor (Hanif M., et al., 2021).

Fig.22. - AUV circuit design using Fritzing (Haniff M., et al., 2021)
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The objective of the project is to design and develop an AUV equipped with object recognition and a
successful independent tracking system. Finally, improvements to be considered in future projects include the
use of a high-end visualization system that can monitor a diver in real time. As a room that can operate in many
types of water, so that AUV is not limited to clean water, but also to muddy water.
CONCLUSIONS
Applications that have been refined in sectors such as oil and gas bring new benefits in terms of technical
safety, time and cost savings and improvements in maintenance and repair regimes. All this means that UAV
technology is destined to become a vital component for companies in the water industry. Unmanned aerial
vehicles or "drones" seem to offer a flexible, accurate and accessible solution to some of the technical challenges
of monitoring nature conservation and law enforcement.
Drones will soon become indispensable. The same cost-effectiveness and efficiency benefits that have
historically made drones attractive to the military are now applicable to a wide range of business and civilian
government functions. Only now are we reaching the top of the iceberg in terms of harnessing the true power of
drones for commercial operations and new ways of doing business. The versatility of UAV inspection and control
and the technical data it provides make it a truly compelling technology for the water and wastewater industry.
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ABSTRACT
The paper presents the influence of droplet size resulting from the spraying process on treatments to control
diseases, pests and weeds in agricultural crops on the quality of the work, on the consumption of solution but also
influence on the environment. the range of variation of the droplet dimensions being very wide and depending on
the physico-chemical properties of the liquid, the spraying procedure used and the working pressure also influence
the drop detection of the chosen position to carry out the treatment. the uniformity of the dispersion sa studied by
the qualitative analysis of a jet of dispersed liquid, by the distribution of the drops by size classes according to the
working pressure, the volume of liquid contained by the drops in each class and their speed at different points of
the jet section. , and jet deviation depending on air currency during treatment.
REZUMAT
În lucrare este prezețtată infuența dimensiunii picăturilor care rezultă în urma procesului de pulverizare la
tratamentele pentru combaterea bolilor, dăunătorilor si buruienilor in culturile agricole asupra calitatii lucrării,
asupra consumului de solutie dar si inflenta asupra mediului ambiant. plaja de variație a dimesiunilor picăturilor
fiind foarte largă și depinzând de proprietățile fizico-chimice ale lichidului, de procedeul de pulverizare folosit și
de presiunea de lucru influenteaza si modul devdeviere a picaturilor fata de pozitia aleasa de realizare a
tratamentului. uniformitatea dispersiei s-a studiat prin analiza calitativă a unui jet de lichid dispersat, prin repartiția
picăturilor pe clase de dimensiuni în funcție de presiunea de lucru, a volumului de lichid conținut de picăturile din
fiecare clasă și respectiv, a vitezei acestora în diferite puncte ale secțiunii jetului, si deviatia jetului in fuctie de
viteza curentilor de aer in timpul tratamentului.
INTRODUCTION
The diameter of the droplets resulting from the spraying process is not constant, the range of variation of
the droplet dimensions being very wide and depending on the physico-chemical properties of the liquid, the
spraying process used and the working pressure. The uniformity of the dispersion can be studied by the qualitative
analysis of a jet of dispersed liquid, by the distribution of the droplets by size classes according to the working
pressure, the volume of liquid contained by the droplets in each class and their speed at different points of the
section. jet (Rus F. et al., 2000; Stahli W., 2003).
The value of the diameter of the droplets also determines the duration of their drying as well as the speed
of movement of the droplets towards the proposed target, for given conditions of temperature, relative humidity,
the presence or absence of air currents, etc. Very small droplets have the disadvantage that they dry very quickly
and thus do not allow the active substance to enter the plant (Stahli W., 2003).
The value of the diameter of the droplets also determines the duration of their drying as well as the speed
of movement of the droplets towards the proposed target, for given conditions of temperature, relative humidity,
the presence or absence of air currents, etc. Very small droplets have the disadvantage that they dry very quickly
and thus do not allow the active substance to enter the plant (Stahli W., 2003).
The lower limit of liquid particle size is estimated to be 50 µm. Particles with a size below this value remain
suspended in the air mass, can be easily entrained by drafts and moved out of the combat site (they disappear
before reaching the target, due to the phenomenon of evaporation of water from the drops) .
The kinetic energy stored by very small droplets is very low, requiring additional sources and means for
their entrainment and transport to the target (Costahe N., 1982; Rus F. et al., 2000; Stahli W., 2003).
The increase of the spraying degree allowed the significant reduction of the liquid norm and implicitly the
corresponding increase of the effectiveness of the spraying treatments.
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The solutions used in this case have a higher concentration of active substance, but the dose of active
substance must remain constant regardless of the amount of water distributed. Thus, it can be considered that a
given treatment can be performed in equal conditions at different liquid rules per hectare, if the minimum number
of drops on the previous square content is achieved. The parameter that changes in this case is the diameter of
the droplets (Dagendorff N., 1991; Rus F. et al., 1990; Rus F. et al., 2000; Stahli W., 2003).
However, the reduction of liquid norms per hectare is possible only in the conditions of maintaining an equal
or greater agro-availability of the spray solution, by using studied spray systems, where the size of the drops can
be controlled and directed, as well as their distribution on plants (Dagendorff N., 1991; Rus F. et al., 1990; Stahli
W., 2003).
Ensuring a uniform number of drops uniformly on the whole treated surface, with well-known dimensions
depending on the type of nozzle used, the working pressure and the solution norm per unit area, requires a very
good knowledge of these elements and at the same time their use and the environmental conditions during the
treatment, otherwise it is necessary to increase the liquid rate per hectare, to compensate for the inherent fluid
losses that occur in the work process, an increase that can lead to the phenomenon of phytotoxicity on plants and
soil.
MATERIALS AND METHODS
• Nozzles Lechler TR 80-04;
• Nozzles Lechler TR 120-06 nozzles
• Spraing machines Atom 1000
• Water-sensitive paper (WSP)
• Anemometer (AlecoAir; Model BA 15
The experiments were performed in an apple orchard, with a distance between rows of 5.0 m. In order to
determine the number of drops per unit area treated (respectively the degree of drop coverage (based on image
analysis), the water-sensitive paper (WSP) cards were placed on a test panel.
The location of the water sensitive paper cards (with active surface S=19.76 cm2) was made (on each test
panel) at 3 values of the spray height: H1=0,9 m; H2=1,75 m; H3=2,5 m.
The test panels on which the water-sensitive paper (WSP) cards were mounted were located at a distance of 2,5
m from the longitudinal axis of symmetry of the machine), at the three different spray heights from the ground (in
vertical plane), corresponding to the values of angles of 200, 350 and 450, compared to the horizontal. Watersensitive paper cards were placed on four test panels.
The arrangement of the test panels (with WSP samples) is shown in fig.1

Fig.1 Way of working to determine the number of drops per unit area treated
(respectively the degree of drop coverage) at different working heights

To determine the number of drops per unit area treated (respectively the degree of coating with drops
(based on image analysis) two tests were performed during the experiments (with nozzles of different calibers
and different peak angles of the droplets provided: 800 espectively 1200):
Test 1: the spraying machine is equipped with 6 + 6 nozzles Lechler TR 80-04;
Test 2: the sprayer is equipped with 4 + 4 Lechler TR 120-06 nozzles.
904

INTERNATIONAL SYMPOSIUM

This mode of operation, which uses in the two tests a different number of nozzles with different calibers
(but which ensures the same total working flow Q = 45 l/min, at the same working pressure p=17 bar) it was
adopted in order to ensure a coarser droplet spectrum in test 2, to avoid losses of toxic solution by drift or
evaporation (even if theoretically the degree of coverage decreases with increasing diameter of the droplets).
An anemometer (AlecoAir; Model BA 15) with a flexible element 40 m long (Fig. 2) was used to determine
the airflow velocity under working conditions for the different sample heights. The instrument was each positioned
perpendicular to the direction of the air flow from the fan.

Fig. 2.- AlecoAir anemometer; Model BA 15.

RESULTS
The results obtained on the distribution of the number of drops on the samples of water-sensitive paper
(WSP), respectively the degree of coverage, in case of equipping the spraying ramp with 6+6 nozzles TR 80-04,
within the spraying on one row are presented in table 1.
Table 1
Distribution of the number of drops/cm2 and the percentage (degree) of coverage during the spraying on one row
(spraying ramp equipped with 6+6 nozzles TR 80-04)
WSP spray height / sample position
Nr. test
Indicators
H=0,9 m
H=1,75 m
H=2,5 m
panel
Base
Middle
Top
The surface of the drops /cm²
0,070
0,043
0,006
P1
(mm²)
Number of drops /cm² (buc)
93
74
27
Coverage percentage (%)
6,97
4,31
0,57
The surface of the drops /cm²
0,062
0,039
0,008
P2
(mm²)
Number of drops /cm² (buc)
104
68
28
Coverage percentage (%)
6,22
3,85
0,82
The surface of the drops /cm²
0,061
0,044
0,006
P3
(mm²)
Number of drops /cm² (buc)
103
83
29
Coverage percentage (%)
6,14
4,45
0,59
The surface of the drops /cm²
0,076
0,040
0,006
P4
(mm²)
Number of drops /cm² (buc)
114
86
26
Coverage percentage (%)
7,65
4,04
0,51
Average number of drops
103
78
28
The total number of drops
414
311
110
The legend:
values falling under the recommendations in the literature
values that do not fit into the recommendations made in the literature

The analysis of the obtained results highlights the following:
the values resulting from the experiments are positive concerning the droplet density per cm2, for
the spray height H = 0,9 m; the comparison of the data obtained from the researches, with those
recommended by Berthound, Hardi and Lechler (which recommends ensuring an optimal minimum
number of drops of about 70...80 drops/cm2 in the case of fungicides) indicates that the values
include the minimum number optimally drops/cm2 are even exceeded in this case, being in the
range of 93...114 drops/cm2; also, the degree of coverage with drops falls within the limits
recommended by the literature (5...20%), which has values in the range (6,14...7,65%);
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the values resulting from the experiments are positive concerning the droplet density per cm2 for
the spray height H=1,75 m; the concerning the minimum number of drops/cm2 are ensured, being
included in the interval 68...86 drops/cm2; the degree of coverage with drops does not fall within
the limits recommended by the literature (5...20%), it having values in the range (3,65...4,45%);
- the values resulting from the experiments are not positive concerning the droplet density per cm2
for the spray height H = 2.5 m; the values concerning the optimal number of
drops/cm2 are not
2
ensured, being included in the interval 26...29 drops/cm ; even in this case, the degree of coverage
with drops does not fall within the limits recommended by the literature (5...20%), which has values
in the range (0,51...0.,59%).
The results obtained on the distribution of the number of drops on the samples of water-sensitive paper
(WSP), respectively the degree of coverage, in case of equipping the spraying ramp with 6+6 nozzles TR 80-04,
within the spraying on one row are presented in table 2.
Table 2
Distribution of the number of drops/cm2 and the percentage (degree)
of coverage during the spraying on one row
(spraying ramp equipped with 4+4 nozzles TR 120-06)
Nr. test
panel
P1

P2

P3

Indicators
The surface of the drops
/cm² (mm²)
Number of drops /cm² (buc)

WSP spray height / sample position
H=0,9 m
H=1,75 m
H=2,5 m
Base
Mijloc
Vârf
0,059
0,061
0,040
99

83

64

Coverage percentage (%)

5,91

6,10

3,97

The surface of the drops
/cm² (mm²)
Number of drops /cm² (buc)

0,062

0,043

0,059

104

89

99

Coverage percentage (%)

6,22

4,32

5,91

The surface of the drops
/cm² (mm²)

0,059

0,044

0,043

Number of drops /cm² (buc)

128

83

89

5,87
0,060

4,45
0,070

4,32
0,033

82
5,97
103
413

93
6,97
87
348

77
3,26
82
329

Coverage percentage (%)
The surface of the drops
P4
/cm² (mm²)
Number of drops /cm² (buc)
Coverage percentage (%)
Average number of drops
The total number of drops

The legend:
values falling under the recommendations in the literature
values that do not fit into the recommendations made in the literature

The analysis of the results obtained if the spray ramp is equipped with 4+4 nozzles TR 120-06 highlights
the following:
thus at the spray height H=0,9 m all samples fit in the recommendations (both in terms of the
optimal minimum number of drops/cm2 and the degree of coverage);
at the spray height H=1,75 m, all test samples fit in the recommendations on ensuring the optimal
minimum number of drops/cm2 (two of which are also in compliance with the limits recommended
by the literature concerning the degree of coverage;
for the spray height H=2,5 m, three of the WSP samples are within the tolerances allowed to ensure
the optimal minimum number of drops/cm2; the values of the degree of coverage with drops
increased significantly (3,26...5,91%) compared to the first working variant, being close to the lower
limit imposed by the regulations in force (5%), one of the samples falling into recommendations.
The values of the air flow rate discharged by the axial fan, under working conditions (for the 3 heights of
location of the sample samples, at a distance of 2.5 m from the longitudinal axis of symmetry of the machine) are
shown in the graph in Figure 3.
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Fig. 3 The values of the air flow rate discharged by the axial fan,
for the 3 heights of the sample location

CONCLUSIONS
In order to try to obtain values that fall within the allowed limits (respectively 70...80 drops per cm 2 and
5...20% for the coverage percentage) it is advisable to use nozzles which ensures a coarser droplet spectrum in
test 2, to avoid losses of toxic solution by drift or evaporation (even if theoretically the degree of coverage
decreases with increasing diameter of the droplets).
The total area of the drops received on the test panels is directly proportional not only to the size of the
drops, but also to the working flow; by using nozzles that provide higher working flows and implicitly a coarser
droplet spectrum (for the treatment of the upper floors of the foliar apparatus) certain deficiencies specific to the
treatments provided by space sprayers can be corrected to some extent.
Another important factor which causes a significant decrease of the coverage percentage with drops is the
decrease of the air flow speed, especially at high spray heights, as well as the risk of a more pronounced
occurrence of the drift phenomenon.
In view of these aspects, in order to ensure precise and stable sliquid norms, as well as to considerably
reduce environmental pollution, it is recommended to apply these treatments in the conditions of the smallest
possible distances from the row of trees, as well as to use some types of sprayers that ensure a coarser droplet
spectrum.
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ABSTRACT
The aim of this study was to determine the behaviour of five varieties of plums to the convective dehydration.
The research summarizes the results of last two years. The plum trees cultivation has followed the rules and
regulations of Organic Farming in the E. U. In order to find out the differences between the fruits organically
cultivated and the fruits conventionally cultivated, as concern the dehydration process, two varieties of plums from
both organic and conventional cultivation were analysed. Pitted plums have been convectively dehydrated, at the
temperature of 50°C, as entire fruits or divided into half. Various comparisons have been made, as regard the
type of cultivation and year of production, varieties, kind of division, time of dehydration, level of humidity, tissue
structure, main bio-chemical indicators (dry matter, carbohydrates, acidity, vitamin C and total phenolics). Notable
differences have been observed, highlighting the changes at the level of the appearance (colour & texture) and
as regard the energy saving and health benefits, as well.
REZUMAT
Acest studiu și-a propus să determine comportarea a cinci cultivaruri de prune la deshidratarea
convectivă. Cercetarea de față sintetizează rezultatele obținute în ultimii doi ani. Cultura prunilor a respectat
regulile și reglementările Agriculturii Ecologice în cadrul U.E. Pentru a detecta diferențele dintre fructele cultivate
ecologic și cele cultivate convențional, în ceea ce privește procesul de deshidratare, au fost analizate două
cultivaruri de prune provenite atât din cultura ecologică, cât și din cea convențională. Prunele (fără sâmburi) au
fost deshidratate convectiv la temperatura de 50°C, sub formă de fructe întregi sau jumătăți. S-au realizat analize
comparative referitoare la tipul de cultură și anul producției, cultivaruri, tipul de divizare, gradul de umiditate,
structura țesuturilor, principalii indicatori bio-chimici (substanța uscată, zaharuri totale, aciditate, conținutul de
vitamina C și de fenoli totali). S-au observat diferențe notabile ce au evidențiat modificările apărute la nivelul
aspectului vizual (culoare & textură), precum și în privința economisirii de energie și a beneficiilor aduse sănătății.
INTRODUCTION
The plum tree cultivation is the second in Romania, after apple cultivation, and the fourth - internationally,
after apples, citric fruits and peaches, as concern the orchard surface and the market demand (Cepoiu, 2012).
The plums are very nutritious fruits, rich in minerals & vitamins (including vitamin A, B, C, K and P), carbohydrates,
fibres, proteins, enzymes and so on, making this fruit a valuable option for an intelligent nutrition
(https://www.healthline.com/nutrition/benefits-of-plums-prunes). Can be consumed as fresh fruits or processed
(e.g. jam, jellies, alcoholic drinking). Among the drying techniques, the most commonly used in the food industry
is the traditional air-drying method, done by convective dehydration. This method has a long-time performance,
extending the shelf-life of the dried fruits. Fruit dehydration is the technological process to reduce water content
to a certain level in order to prevent or slow down the activity of microorganisms, without destroying fruit tissues
or depreciating their nutritional value (Petkovic et al., 2019). Excess of water to be removed by dehydration varies
depending upon the nature of the raw material, as well as the capitalization direction. Dehydrated fruits must
follow the parameters of the nutritional components and the appearance of the fresh fruits. Consumption of
dehydrated fruits offers great effects to our body, such as: tonic (mineralization); laxative & diuretic (detoxification);
alkaline blood reaction.
MATERIALS AND METHODS
Five plum varieties (Figure 1) have been analysed at the Institute of Research - Development for Processing
and Marketing of Horticultural Products - “Horting”, Bucharest, as follows: Anna Späth (analysed in 2019),
Centenar (2020), Jojo (2019), Stanley (2019 & 2020) and Tita (2020). The organic fruits have been supplied by
the Institute of Research - Development for Fruit Cultivation, Mărăcineni Pitesti Arges.
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Fig. 1. -Plum varieties analysed in the study

After reception (Figure 2), the plums were sorted, weighted (Figure 3), washed and spread on the dryer
trays (Figure 4).

Fig.2. Plums reception

Fig. 3. Weighting plums

Fig. 4. Fresh plums on tray

For plums dehydration the Professional Dryer B. Master (https://www.taurodryers. com/en/b-master-line/bmaster), as appears in Figures 5 and 6 has been used. Inside dryer, the temperature has varied inversely
proportional with the humidity (Figure 7).

Fig. 5. Entire and halved plums on the dryer’s trays

Fig. 6. B Master Professional Master

Fruit dehydration is an ancient method of fruit preservation by heat which retards cell oxidation and inhibits
the natural ageing and discoloration that can occur during food preparation, such as the enzymatic browning
reaction (Yadav and Singh, 2014) which appears after cutting different kinds of fruits. In case of organic fruits,
especially those with light colour of pulp, the browning phenomenon requests a specific attention.
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Enzymatic browning is also caused by the presence of phenolic compounds, especially tannins, tyrosine
and chlorogenic acid (e.g. freshly cut fruit oxidizes under the action of polyphenol oxidase), but to inactivate the
enzymes is hard to control. The browning phenomenon could be limited by the judicious management of the
parameters of the drying process. Of them, the main parameter is represented by the drying temperature which
can be set at maximum 50°C for the organic fruits. Le Maguer (1988) and Ponting et al. (1966) have however
reported enzymatic browning and flavour deterioration above 49° C.

Fig. 7. Variation of temperature & humidity inside dryer in the first 20 hours of plums dehydration
Legend: blue line: temperature (T°); red line: humidity (U°)

Fresh fruits contain about 70-90% water, while the maximum moisture of the finished product is about 1025%, determined by its destination. The water must be partially and gradually removed, not suddenly, because,
this case, will appear irreversible qualitative degradations. The usual agent used to dehydrate the fruit is the hot
air which serves both for the transfer of heat from the heating source to the product and for the circulation of
evaporated water.
The tissues structure of the dehydrated plums was observed at the microscope with camera adapter. The
main factors influencing the drying process are: raw material, shape and crushing degree of the raw material,
drying methods, dehydration time, temperature, humidity, speed, air distribution & circulation.
The nature of the raw material and the mode of division (cubes, slices, noodles, halves or slices, etc.),
particularly influence the drying rate and, therefore, the time of this operation. The dried or convectively
dehydrated plums are called prunes. The main bio-chemical indicators (Table 1) analysed in 2019 and 2020 of all
five varieties of organic plums were: dry matter, acidity, sugars, vitamin C and phenolic compounds (last indicator
only to Anna Späth, Jojo and Stanley).
Table 1
Main bio-chemical indicators of organic plums – at the initial stage (fresh fruit)

RESULTS
In 2019 have been dehydrated both entire and halved plums (Figures 8 and 9). Drying of uncrushed fruit will
keep a higher level of antioxidant bio-active components then drying the crushed fruits (Oszmianski & Lachowicz,
2016).
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Fig. 8. Halved plums on trays

Fig. 9. Entire pitted plums on trays

In 2020, comparative analyses were performed at Centenar, Stanley and Tita cultivars, analysing the
values obtained to the organic farming plums with those of conventional cultivation system (Tables 2-3).
Table 2.
Main bio - chemical indicators of fresh plums (in 2020)

The study noticed that the values of final humidity depended mainly on the fruit division type (Table 4). The
dehydration characteristics related to the plum varieties used in the study are presented in the Tables 5 -7 and
Figure 10.
Observations:
1. Whole dehydrated plums (pitted) had a higher moisture content than halved fruits. The halved plums required
shorter drying time, due to the fact that water distance in the fruit, to reach the evaporation surface is shorter.
Table 3.
Dehydration differences between organic and conventional plums (in 2020)

Table 4.
Organic prunes humidity varying with the division type
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Table 5.
Dehydration characteristics of the organic plums

Table 6.
Plums weight reduction in the dehydration process)

Table 7.
Plums water loss in the dehydration process

Fig. 10. Prunes humidity upon the cultivation system
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2. The organic plums needed less time of dehydration comparing to the conventional plums (see the
Tables 3-5). Oppositely, after same number of hours inside dryer at the constant temperature of 50º C, the
organic plums obtained lower levels of humidity.
3. At Centenar variety, a comparison was made between organically and conventionally cultivated
plums.Drying the same quantity of fruits (5 kg of fresh plums, near 1 kg/ tray) at the constant temperature of 50°
C, after 50 hours in the professional dryer B. Master, the organic plums were faster dehydrated than conventionally
ones.
Thus, after same number of hours inside dryer, 710 g of prunes were obtained from the sample of organic
plums, while 340 g of prunes were obtained from the sample of conventional plums, less than half compared to
the first ones. In order to dehydrate all the fruits from the conventional sample, the dehydration was extended with
other 10 hours. In conclusion, the organic plums required 50 h of dehydration and reached a humidity of 19.47%,
while the plums from the conventional sample needed 60 h, reaching a humidity of 17.20%.
In essence, the process of dehydration is faster to the organic plums, with advantages on the dried fruits
quality, since the most valuable bio-compounds do not suffer undesirable changes. A medium drying temperature
and a shorter time of dehydration offer a chemical stability to the bio-compounds. This is an important aspect
concerning the health benefits and the saving of energy.
The main modifications observed after dehydration were: shrinkage of cells, plasmolysis and folding of the
cell wall. The convective dehydration has increased elongation and decreased roundness and compactness
(Mayor et al. 2011), as appear in the Figures 11 and 12.

Fig. 11. Prunes on trays

Fig. 12. Organic prunes whole

Observations
An interesting and notable aspect is represented by the differences between the organic prunes and
conventional ones, concerning their appearance (colour and texture). From a visual point of view, after the
convective dehydration, the plums belonging to the conventional cultivation had glossy & caramelized sugar
aspect, relatively fibrous & quite sticky texture and darker shade than organically grown plums. The texture of
organic prunes was smoother, maintaining tissue elasticity. The comparison refers to the same number of drying
hours at the temperature of 50° C. Visually, their appearance is significantly different, as the Figure 13 shows.

Centenar
a.organic prune

b.conventional prune

Stanley
a.organic prune
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All these differences are due to the physic-chemical processes occurring inside plum tissues and are
based on the intake of chemical pesticides and fertilizers found in the fruits of conventional cultivation system.
After dehydration the prunes have been packed, choosing organic polythene in case of organic fruits.
CONCLUSIONS
The values of final humidity depended mainly on the fruit division type. Whole dehydrated plums gained a
higher level of humidity than halved prunes, after same number of hours inside dryer, at the constant temperature
of 50° C. The organic plums needed less time of dehydration comparing to the conventional plums. After same
number of hours inside dryer at the constant temperature of 50º C, the organic plums obtained lower level of
humidity.
In essence, the process of dehydration is faster to the organic plums, with advantages on the dried fruits
quality. Medium drying temperature and a shorter time of dehydration offer a chemical stability to the biocompounds. This is an important aspect concerning the health benefits and the saving of energy.
The main modifications observed after dehydration were: shrinkage of cells, plasmolysis and folding of the
cell wall. The convective dehydration has increased elongation and decreased roundness and compactness.
Concerning the appearance, the conventional prunes had glossy & caramelized sugar aspect, relatively
fibrous & quite sticky texture and darker shade than organic prunes. The texture of organic prunes was smoother,
maintaining tissue elasticity. The comparison refers to the same conditions of dehydration.
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ABSTRACT
Onions are widely used in the food industry, being eaten fresh or processed into various culinary
preparations, preserved in dehydrated and pickled form. Due to the variety of protein, carbohydrates, lipids and
vitamins, it is also used in the pharmaceutical industry, having the role of preventing many diseases. The research
was carried out at ICDIMPH - HORTING, within the Laboratory for the storage of fresh horticultural products. The
objective of these researches was to keep the „De Buzău” onion variety in cold and ambient conditions. The
results obtained show differences between the variants in terms of shelf life, losses (mass and by depreciation)
and the evolution of some chemical components soluble solids, titratable acidity and total sugar.
REZUMAT
Ceapa are o largă utilizare în industria alimentară fiind consumată în stare proaspătă sau prelucrată în
diferite preparate culinare, conservată sub formă deshidratată și murată. Datorită varietății conținutului de
proteine, glucide, lipide și vitamine este utilizată și în industria farmaceutică, având rol de prevenire a multor boli.
Cercetările au fost realizate la ICDIMPH – HORTING, în cadrul Laboratorului de păstrare produse horticole
proaspete. Obiectivul acestor cercetări a fost păstrarea în condiții frigorifice și mediu ambiant a soiului de ceapă
„De Buzău”. Rezultatele obținute arată diferențe între variante în ceea ce privește durata de păstrare, pierderi (de
masă și prin depreciere) și evoluția unor componente chimice substanță uscată, aciditate titrabilă și zahăr total.
INTRODUCTION
Onion (Allium cepa L.) is the most widely cultivated species of the genus Allium (Bindu B. and Podikunju
B., 2015). The plant portion commonly used is the bulb, which is utilized as a food ingredient to give flavour to a
great variety of dishes (Liguori Loredana et al, 2017).
The onion is a rich source of phosphorous, calcium, sodium and fiber, it is dependent upon several factors
(Khokhar K.M., 2019) and is also considered to be an important component of folk medicine (Tedesco I.,et al.,
2015). The Global production of onion is about 64 million tons, where Pakistan contributes about 2.015 million
tons making it the 8th largest producing country (Nabi G., et al., 2010).
Onion is a seasonal crop therefore bulbs are usually to be stored till next harvest or for a longer period
(Biswas S., et al., 2010). Onion is a low perishable crop, where improper storage occurs deterioration due to
rotting, sprouting, and physiological weight loss (Wang A., et al., 2019). The long-term storage of onion to catch
high off-season prices will result in more benefit (Chattha S. H., et al, 2020).
Onions are an important source of several phytonutrients as flavonoids, fructooligosaccharides (FOS), and
thiosulfinates and other sulfur compounds, recognized as important elements of the Mediterranean diet (Slimestad
R. et al, 2007).
FOS represent another source of phytochemicals in onions bulbs. They are mainly inulin, kestose, nystose,
and fructofuranosylnystose. The health benefits of these carbohydrates have been widely reported in the past
years due to their prebiotic effect (Benítez V., et al, 2011). Onions play an important part in the daily diet for most
populations around the world owing to their nutritional composition and their unique capacity to naturally flavor
dishes. Onions contain quercetin and its derivatives - the predominant flavonoid in onions that exert a great
contribution to the effective bioactive properties of onion, including its derived products (Ren F. et al, 2020).
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Flavonoids are the major phenolics in onions, which can be classified to different subclasses (flavones,
flavanones, flavonols, isoflavones, flavanonols, flavanols, chalcones, and anthocyanins) on the basis of the
degree of unsaturation and the degree of oxidation of the central ring.
Flavonoids subclasses can be further differentiated on the basis of the number and nature of substituent
groups attached to the rings (Pérez-Gregorio R. M. et al, 2010). Flavonols are the most abundant in onions,
present as their glycosides, that is, quercetin and kaempferol (Santas J. et al, 2010), in higher concentration (280–
400 mg/kg) than other vegetables (i.e., 100 mg/kg in broccoli, 50 mg/kg in apple) (Prakash D. et al, 2007).
Anthocyanins, belonging to anthocyanidins, are mainly present in red onions (250 mg/kg), besides having a
composition rich in flavonols as yellow onions (De Ancos B. et al, 2015).
In fact, onions contain high levels of phenolic compounds, which have antioxidant properties besides
beneficial effects against different degenerative pathologies-cardiovascular and neurological diseases,
dysfunctions based on oxidative stress, (Griffiths G., et al, 2002). In onions, sulfur compounds are responsible for
typical odour and flavour and are also active antimicrobial agents (Rose P., et al, 2005). Hence, onions may be
used as natural preservatives to control microbial growth. Furthermore, they have also protective effects against
cardiovascular diseases (Pszczola D. E., 2002).
The precursors of sulfur-containing compounds are S-alk(en)yl-L-cysteine sulfoxides (ACSOs, i.e., methiin,
propiin, and isoalliin) which are hydrolysed by means of alliinase enzyme into pyruvate, ammonia, and a mixture
of both volatile and nonvolatile sulfur compounds, after the breakage of the tissue caused by cutting, mastication,
and cooking (C. Colina-Coca, et al, 2013).
Onions (Allium cepa L.) are a vegetable that is part of the genus Allium widely grown around the world.
Onion varieties differ mainly during bulb harvest, which is a function of the end of the growing cycle and therefore
the ripening time; the latter varies from February to June. In this way, the farmer can provide a fresh product for
a long time on the market, avoiding problems and costs due to conservation (Mennella G. et al, 2005).
Maintaining the quality of horticultural products after harvest, pick still many problems especially for semisubsistence farms, where the technical knowledge and the material are poor. This complex project of research
on the possibilities of improving the technical and working in farms of this type provides study the technical aspects
of storage in different storage conditions of some fruits and vegetables frequently grown (including
onions)(Lagunovshi carte).
Dry onion is a product with high resistance to prolonged storage. It is grown in almost all households and
vegetable farms for their own consumption and / or for sale. The two main factors responsible for maintaining the
quality of onions are: varieties resistance to storage and thermal conditions in storage areas (Vintilă M., et al,
2014).
MATERIALS AND METHODS
The research was carried out in 2019 at the Research and Development Institute for Industrialization and
Marketing of Horticultural Products HORTING - Bucharest within the Laboratory for storing fresh horticultural
products. On the experiments was used the onion „De Buzău” (Fig. 1) supplied by the Station of Research Development in Vegetable Growing, Buzău.

Fig. 1 Detail of onion bulbs of the variety „De Buzău”

Onion „De Buzău”, variety obtained at SCDL Buzău approved in 1977. The variety is semi-late by direct
sowing (166 days), good tolerance to pathogens, needing preventive treatments. The production potential is 5060 t / ha. The onion bulb has an average weight of 168.5 g, almost spherical shape, length 6.5 cm, package
diameter 2 cm, median diameter 6.8 cm, disc diameter 1.5 cm and copper yellow color (***, 2016).
Immediately after harvesting the onion, biometric measurements were performed, using the electronic
caliper, to find out the shape index. The biochemical analyzes of the main components (soluble solids, titratable
acidity and total sugar) were performed both initially and at the end of the onion storage period. In order to carry
out the experiment, the onion was sorted in order to have uniformity on variants, placed in packages (box) and
weighed (5 kg onion / box).
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The experience with „De Buzău” onion includes a number of 2 experimental variants as observed in the
scheme of organizing the experience being shown in table 1.
Table 1

Variant
V1

Variety
De Buzău

V2

Experimental scheme for onion storage
Thermo-hydric storage conditions
Storage conditions
Temperature (⁰C)
Relative humidity (%)
Cold conditions
3-5
90-92
Ambient conditions

20-22

65-75

Fig. 2. Experimental variants of "De Buzău" onions

Also, the mass losses (quantitative) and depreciation (qualitative) suffered by onions during their storage
were quantified.
RESULTS
The biometric characteristics of the onion, determined during the organization of the storage experiment,
are presented in Table 2.
Table 2
Biometric data for onions
Variety
De Buzău

Length (height)
(mm)
69,46

Width (diameter)
(mm)
68,29

Masă medie
(g/buc.)
165,37

Indice de formă
1,02

From the data presented in table 2 it results that the „De Buzău” onion has an almost spherical shape
and the average weight is 165.37g / piece, according to the shape index obtained.
Table 3
Losses during storage of onion bulbs
Variety
V1
V2

Storage
conditions
Cold
conditions
Ambient
conditions

Storage time
(days)
180

Losses
Weight (%)
19,27

Losses
decay (%)
2,56

Losses
total (%)
21,83

Degree of
sprouting (%)
5,95

150

13,90

0

13,90

41,53

From table 3 it results that the storage time of the onion was 150 days in case of storage at a temperature
of 20-22 ⁰C and 180 days for cold conditions at a temperature of 3-5 ⁰C.

2

1
Fig. 3. Final detail experience (1-V1; 2-V2)
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It is also observed from table 3 that variant V1 had the quantitative losses of 19.27% and variant V2
13.90%; so, the losses were higher in refrigeration conditions than in the environment.
At the temperature of the refrigeration conditions, there were losses by damage of 2.56%, compared to
onions kept at ambient temperature where there were no losses by damage. During the storage of onion bulbs, a
rather high percentage was found in terms of the degree of germination of 41.53% in variant V2, compared to
onion bulbs in variant V1, kept in cold conditions, of 5.95%.

Fig. 4. Sprouted onion detail at the end of the experiment

Figure 4 shows that after sprouting onions kept in the environment under natural moonlight conditions, the
leaves were much more numerous, long and intensely colored green due to the process of photosynthesis. And
in onion bulbs kept in cold conditions without light, the leaves were few, very short and the color turned pale
yellow, due to the lack of photosynthesis process, which takes place in the presence of light.
Following the biochemical analyzes performed on onions, results recorded in fig. 5 and 6.

11
10,8
10,6

10,94
10,65

10,4

10,5

10,2
Initially

Cold conditions

Soluble solids (⁰Brix)

Ambient
conditions

Fig. 5. The level and evolution of the dry matter of the onion bulbs before and after storage

From figure 5 shows that the valuesof the dry matter content vary depending on the storage conditions.
Thus, during the whole storage period, the onion bulbs registered increases of the dry matter content, compared
to the samples initially performed. The variant kept in ambient conditions recorded the highest values10.94 ⁰Brix.

0,26
Initially

%

5,82

5,43

5
0,23

0,2

Cold conditions

Titratable acidity

Ambient
conditions

Total sugar

Fig. 6. The level and evolution of some chemical components
of onion bulbs before and after storage

From the data presented in figure 6, it is observed that the values of the biochemical indicators in the
onion bulbs vary. Thus, the titratable acidity decreased depending on the storage conditions, 0.23% for variant
V1 in cold conditions and 0.20% for variant V2 in ambient conditions.
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The sugar content increased during storage in both storage options, 5.43% after storage in refrigerated
conditions and 5.82% after storage in environmental conditions.
CONCLUSIONS
From the researches it was found that after storage in the environment at 20-22 ⁰C for 150 days the onion
bulbs recorded much lower mass losses (13.90%) than those kept 180 days at 3-5 ⁰C in cold conditions (19.27%).
From the point of view of breakdown losses, the best results were obtained for the storage variant in the ambient
conditions, respectively no losses were recorded, compared to the storage variant in cold conditions where there
were breakdown losses of 2.56%.
The evolution of biochemical components differs depending on storage conditions. The soluble solids and
sugar content registered increases in both experimental variants, especially in the variant of keeping „De Buzău”
onion bulbs in ambient conditions. The acidity of onion bulbs suffered a decrease in both storage conditions,
0.23% in refrigerated conditions and 0.20% in the environment.
The differences obtained for „De Buzău” onion bulbs depending on the storage conditions, require the
choice of the optimal storage method depending on their destination, fresh or canned consumption.
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ABSTRACT
The main purpose of the waste management policy is to create the necessary framework for the
development and implementation of an integrated waste management system, which is environmentally and
economically efficient. The central public environmental protection authority has developed, following consultation
with other central and local public authorities, an integrated system at national level of waste disposal facilities,
taking into account the best available technologies, which do not involve excessive costs. This system must
ensure the disposal of waste at national level and fulfill its purpose at local level, taking into account geographical
conditions and the need for specific facilities for certain types of waste. The integrated management system must
enable waste to be disposed of through specific facilities and through the most appropriate methods and
technologies, ensuring a high level of protection of public health and the environment. The paper describes the
aspects regarding waste management in Moldova Nouă, Caraş-Severin county, sanitation activity provided by the
local operator, following the route of waste from collection, transport to recovery or final storage on a compliant
landfill.
REZUMAT
Principalul scop al politicii de gestionare a deşeurilor este acela de a creea cadrul necesar pentru
dezvoltarea şi implementarea unui sistem integrat de gestionare a deşeurilor, eficient din punct de vedere ecologic
şi economic. Autoritatea publică centrală de protecţie a mediului a realizat, în urma consultării cu celelalte
autorităţi publice centrale şi locale, un sistem integrat la nivel naţional al instalaţiilor de eliminare a deşeurilor,
ţinând seama de cele mai bune tehnologii disponibile, care nu implică costuri excesive. Acest sistem trebuie să
asigure eliminarea deşeurilor la nivel naţional şi să îşi îndeplinească scopul la nivel local, ţinând seama de
condiţiile geografice şi de necesitatea unor instalaţii specifice pentru anumite tipuri de deşeuri. Sistemul integrat
de gestionare trebuie să permită eliminarea deşeurilor prin instalaţii specifice şi prin intermediul celor mai
adecvate metode şi tehnologii, care să asigure un nivel ridicat de protecţie a sănătăţii populaţiei şi a mediului. În
lucrare sunt descrise aspectele privind gestionarea deşeurilor din oraşul Moldova Nouă, judeţul Caraş-Severin,
activitatea de salubrizare prestată de operatorul local, urmărind traseul deşeurilor de la colectare, transport până
la valorificare sau depozitarea finală pe un deponeu conform.
INTRODUCTION
Taking into account cost constraints but also environmental ones, efficient waste management in the
context of sustainable development necessarily requires alternative solutions to meet the requirements of at least
two options: waste destruction or recovery of the remaining value. Knowing that any waste that is not recovered
or not neutralized and disposed of pollutes the environment, the solution to sustainable management is integrated
waste management. According to statistics and studies, the quantities of waste generated in each country and
their average level per capita are related to the degree of development and urbanization, the type of technology
applied in production, the specificity and structure of consumption, income level and lifestyle of population. At the
same time, the level of development of society and civilization greatly influences the activity of environmental
protection against waste pollution (Apostol T., Mărculescu C., 2006; Antonescu N.N., Stănescu D.-P., 2006).
Waste management consists of the activities of collection, transport, treatment, recovery and disposal of
waste. One of the many obligations of local public administrations is to organize all activities of collection, transport
and disposal of municipal waste. The following are included in the category of municipal waste: household waste
generated by the population; household waste generated in economic and social units; commercial waste; street
waste; waste from parks and gardens; sludges from urban wastewater treatment as well as construction and
demolition waste (Căpăţînă, Simonescu, 2006; Bold , Mărăcineanu G. A., 2004; Păunescu I., Atudorei A., 2002).
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MATERIALS AND METHODS
The city of Moldova Nouă in Caraş-Severin County is one of the most important cities of the county, being
formed by the component localities Măcești, Moldova Nouă (residence), Moldova Veche and Moldovița, with a
population of over 13,000 inhabitants.
Until 2017, the collection of municipal waste from the population, public institutions and economic agents
was done in a mixed, non-selective way in metal containers with a capacity of 4m3. The collection of municipal
waste from the population was carried out in the block areas with the help of these 4 m3 metal containers located
on the public domain, and in the areas of Moldova Nouă, Moldova Veche, Măcești and Moldovița houses in a
door-to-door system. Over the years, sanitation operator S.C. IONELA S.R.L. together with the City Hall and the
Local Council of Moldova Nouă, they carried out several awareness campaigns for the population, economic
agents and public institutions regarding the separate, selective collection of waste, by waste categories, namely:
recyclable waste (paper / cardboard, plastic / metal, glass), residual wastes, construction and demolition wastes,
bulky wastes and wastes from electrical and electronic equipment.
Starting with 2017, the collection of municipal waste is done selectively, by waste categories, this fact due
to the good collaboration between the sanitation operator and the local public administration, but also the
involvement of civil society, economic sector and public institutions.
RESULTS
The selective collection system implemented since 2017, provided for the replacement of metal containers
with a capacity of 4m3 located on the public domain in the residential area of blocks, with 13 points for selective
waste collection, namely at each collection point are five eurocontainers of 1, 1 m3, of which two are intended for
the collection of residual waste or the wet fraction of household waste and one eurocontainer for each category
of recyclable waste (paper / cardboard, plastic / metal, glass). Their collection is done daily, from monday to
saturday, separately for each fraction.
In the areas of houses, Moldova Nouă, Moldova Veche, Măcești and Moldovița were placed separate
collection points for recyclable waste, namely at each point three eurocontainers of 1.1 m3 (1 for paper / cardboard,
1 for plastic / metal and 1 for glass). The collection is done weekly, according to a schedule established by the
sanitation operator. The collection of residual waste, of the wet fraction of household waste is done in front of the
building according to the collection program, depending on the area of houses, from the 120 l capacity eurobins,
made available to the citizens by the City Hall.
Bulky waste (furniture, large items of long-term use), construction and demolition waste, waste electrical
and electronic equipment and other categories of waste are collected separately in collection campaigns or
through the "on request" system following orders or telephone calls of the generators.
The waste generator informs the operator about the fact that he wants to dispose of a waste, a date and a
time interval in which the operator goes and collects the entire amount of waste is agreed upon. Depending on
the quantity collected, the generator invoice is issued. There are also cases in which some individuals or legal
entities, in order to evade the payment of the collection and transport service of this waste, throw this waste in
illegal areas.
Due to the fact that the selective collection of waste was not fully respected, the sanitation operator together
with the local public administration, started starting with May 2019, a pilot project for the selective collection "from
door to door" of recyclable waste in residential areas. With good results, this collection system is continued today.
For the collection of recyclable waste, differentiated bags are distributed by color (blue bag for paper / cardboard,
yellow bag for plastic / metal and green bag for glass), flyers on selective waste collection and the collection
program established for each area. The recyclable waste collection system is carried out both from gate to gate
and from selective collection points.
Table 1

Nr.
crt.
1.
2.
3.

The year
2018
2019
2020

Quantities of waste collected during 2018-2020 within Moldova Nouă
(Source: according to sanitation operator data)
Residual waste
Recyclable waste (tone)
(tone)
Paper/Cardboard
Plastic/Metal
1309.68
11.85
59.69
1181.39
31.41
83.50
1060.76
57.30
79.30
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Fig. 1 – The situation regarding the collected quantities of residual
and recyclable waste in the period 2018-2020

The quantities collected of residual waste decreased every year, reaching 1060.76 tons in 2020. This
situation could have two main causes, namely: a much better selective collection or a lower generation of waste
from the local community, mentioning here the epidemiological situation of 2020 which led to the reduction or
even cessation of many economic activities and a general decrease in the consumption of material goods by the
population. Regarding the quantities collected of recyclable waste, from the data presented in table 1, we can
observe an increase in general of recyclable waste and especially for paper / cardboard where we have in 2020,
over 57 tons. Certainly, the start in 2019 of the pilot project for the selective collection "from door to door" of
recyclable waste in the areas of houses has influenced this increase in the amounts of recyclable waste.
Given the fact that the non-compliant landfill in Moldova Nouă stopped the storage activity in 2012, and
until September 2020 there was no open landfill in the entire Caraş-Severin county, the problem of waste storage
was a very especially for sanitation operators. Thus, for the sanitation operator from the city of Moldova Nouă,
this situation of being able to find an authorized landfill for the storage of the collected waste, was a real challenge
that lasted for quite a long time. Over the years, he managed to collaborate with several authorized landfills in
other counties, such as the Halânga ecological landfill in Mehedinţi county and the ecological landfill in Oradea,
Bihor county. Due to this situation, there were also cases when these landfills located at great distances from the
place of waste generation and collection, could not receive for final disposal the entire amount of waste collected,
but only a certain amount that was less than collected. In these cases, the sanitation service operator was forced
to resort to crisis solutions, being put in the situation of temporarily storing the collected waste on a concrete
platform, provided by the local public authority.
Despite all the efforts made to resolve these situations, which could endanger the quality of environmental
factors but also the health of the population, numerous controls were carried out by the environmental authorities,
the National Environmental Guard also imposing certain fines.
As for recyclable waste, after it has been collected it is handed over to various recovery, recycling
operators, currently to S.C. Remat Bocşa S.R.L. and S.C. Girexim Universal S.R.L. Even now, the Integrated
Waste Management System (I.W.M.S.) in Caraş-Severin county has not come into operation, although the service
delegation contracts were signed in 2018. The Integrated Waste Management System in Caraş-Severin County
is divided in seven waste collection areas:
➢ zone 1 Reşiţa/Lupac;
➢ zone 2 Bozovici;
➢ zone 3 Pojejena;
➢ zone 4 Oraviţa;
➢ zone 5 Băile Herculane;
➢ zone 6 Oţelu Roşu;
➢ zone 7 Semenic.
The city of Moldova Nouă is part of zone 3 Pojejena, where the waste transfer station is also built, so when
the Integrated Waste Management System (I.W.M.S.) comes into operation, the municipal waste collected
separately on each fraction will be transported separately through the transfer station from Pojejena to the
mechano-biological treatment (TMB) installation of CMID Lupac, Caraş-Severin county.
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The transfer station will be equipped with containers for taking over each type of waste, so after collection
the cars will be unloaded directly in these containers which will later be taken over by the operator of the landfill
according to the county, CMID Lupac.

zone 1
Reşiţa/
Lupac
zone 2
Bozovici

zone 7
Semenic

Integrated
Waste
Management
System
(I.W.M.S.)

zone 3
Pojejena

zone 6
Oţelu Roşu
CraşSeverin
County

zone 5 Băile
Herculane

zone 4
Oraviţa

Fig. 2 – Collection areas according to the Integrated Waste Management System (I.W.M.S.)
from Caraş-Severin county

Due to the fact that the transfer stations are not put into operation, the sanitation operator from Moldova
Nouă transports the collected waste directly to the mechano-biological treatment (TMB) installation of CMID
Lupac, managed by S.C. Girexim Universal S.R.L. The issue of the negative impact on the environment and the
quality of human life, due to poor waste management, is of great interest, especially due to the increase in the
amount of waste generated.
In this context, we must be aware of the consumption of natural resources and try as much as possible
to capitalize on the potential of waste as secondary raw materials in different economic sectors and to minimize
the amounts of waste that need to be disposed of by landfill. According to Directive 2008/98 / EC, Law no.
211/2011 on the waste regime, but also on the National Waste Management Strategy (N.W.M.S. 2014-2020) "the
waste hierarchy must be applied with a focus on preventing waste generation, preparation for reuse, recycling
and recovery, while waste disposal must be interpreted as the last available option corresponding to the highest
level of loss and alteration of resources" (N.W.M.S. 2014-2020).
The investments made in the waste management activity must be understood both in terms of costs and
benefits for the environment, society and the economy. The main measures that need to be implemented at
national level to reach the status of a recycling society are the following:
- "encouraging the prevention of waste generation and re-use for greater resource efficiency;
- developing and expanding separate waste collection systems in order to promote high quality recycling;
- development / implementation of technologies / installations for recycling and / or recovery with high
efficiency of extraction and use of raw materials from waste;
- supporting the recovery of energy from waste, as appropriate, for non-recyclable waste;
- reduction of the quantities of waste eliminated by storage” (according to N.W.M.S. 2014-2020).
In 2015, the European Commission designed a package of measures to move towards a circular
economy. The package of measures contains the following proposals for the revision of the legislative framework
on waste:
- “Preparation for reuse and recycling of 65% of the mass of municipal waste by 2030 (with an intermediate target
of 60% in 2025). To achieve this goal, Romania can benefit from an additional period of five years, provided that
the necessary measures are taken so that, by 2025 and 2030, respectively, the rate of preparation for reuse and
recycling of municipal waste to increase to at least 50% and 60% by weight;
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- Preparation for reuse and recycling of 65% by weight of all packaging waste by 2025 and at least 75% by 2030,
(with an intermediate target of 65% by 2025). Minimum targets are also set for the preparation for reuse and
recycling of specific materials contained in packaging waste for both 2025 and 2030;
- Storage of a maximum of 10% of municipal waste by 2030. Romania may benefit from an additional period of
five years provided that the necessary measures are taken to reduce by 2030 the amount of municipal waste
stored to 20% of the total amount of waste generate;
- Prohibition of the storage of separately collected waste and promoting economic instruments to discourage
storage;
- Economic incentives for manufacturers to place greener products on the market and support for recycling and
recovery schemes (eg for packaging, batteries, electrical and electronic equipment, vehicles- according to the
National Waste Management Plan N.W.M.P. 2017-2025).
CONCLUSIONS
The organization and development by the local sanitation operator with the support of local public
authorities of ecological awareness and education campaigns of the population, contributed greatly to the
observance of the selective collection of municipal waste and to the increase in terms of quantity and quality of
recyclable waste.
A quality sanitation service, contributes to the increase of the quality of life level and to the protection of the
environment. The high degree of coverage of the population, institutions and economic agents with sanitation
services and implicitly the increase of the number of waste collection contracts, lead to the decrease of the
quantities of illegally deposited waste in different unauthorized places.
Capitalizing on the potential of waste as secondary raw materials in different economic sectors and
supporting the recovery of energy from waste to minimize the quantities of waste that require disposal by storage.
The commissioning of the Integrated Waste Management System (I.W.M.S.) in Caraş-Severin County, of the
transfer stations and of all the investments belonging to it, will contribute to a better and efficient waste
management.
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ABSTRACT
Sweet sorghum juice, obtained from low water consuming, drought resistant, short duration and seedpropagated sweet sorghum crop, was explored as a source to obtain syrup which can be used as sugar alternative
for meeting certain requirements of the beverage industry. Nutritional and sensory properties of the developed
beverages showed that the samples were acceptable to the consumers and rated at par with a commercially
available beverage. This work has immense industrial and social significance. The VIDAS UP Salmonella (SPT)
test is a novel recombinant phage protein based enzyme-linked fluorescent assay (ELFA- Enzyme Linked
Fluorescent Assay) for the detection of Salmonella in foods, dry pet food, and environmental samples in as little
as 19 hrs. The novel method utilizes a single primary enrichment in buffered peptone water (BPW) and a
proprietary Salmonella enrichment supplement. The goal of this study was to verify the performance of a rapid
phage ligand assay, the VIDAS UP Salmonella (SPT) method, for detection of Salmonella in 25ml samples of
juice extracted from sweet sorghum.
REZUMAT
Sucul de sorg dulce, obținut din consumul scăzut de apă, rezistent la secetă, durată scurtă și cultură de
sorg dulce propagat prin semințe, a fost explorat ca sursă pentru a obține sirop care poate fi folosit ca alternativă
la zahăr pentru îndeplinirea anumitor cerințe ale industriei băuturilor. Proprietățile nutriționale și senzoriale ale
băuturilor dezvoltate au arătat că eșantioanele erau acceptabile pentru consumatori și sunt egale cu o băutură
disponibilă în comerț. Testul VIDAS UP Salmonella (SPT) este un test de fluorescență ce implică proteine
recombinante bacteriofage (ELFA) pentru detectarea Salmonella în alimente, alimente uscate pentru animale de
companie și probe de mediu în doar 19 ore. Noua metodă utilizează o singură îmbogățire primară în apa
peptonată tamponată (BPW) și un supliment selectiv de îmbogățire a Salmonella. Scopul acestui studiu a fost
verificarea performanței unui test rapid imuno-enzimatic, metoda VIDAS UP Salmonella (SPT), pentru detectarea
Salmonellei în 25 ml probe de suc extras din tulpini de sorg zaharat.
INTRODUCTION
Sweet Sorghum [Sorghum bicolor (L.) Moench] belongs to kingdom Plantae, family Poaceae and genus
Sorghum. Sweet sorghum is similar to sorghum except for the sugary juice rich stalks and suitable for cultivation
worldwide wherever temperatures do not fall below 150 C. Sweet sorghum is a multipurpose crop for simultaneous
production of (i) grain from its ear head used as food (ii) sugary juice from its stalk for making syrup, jaggery or
ethanol and (iii) bagasse and green foliage as an excellent fodder for animals, as biomass for gasification system,
as organic fertilizer or for paper manufacturing (Reddy et al., 2005; Reddy et al., 2009; Srinivasa Rao et al., 2009).
Sweet sorghum is a C4 plant in the grass family belonging to the genus Sorghum bicolor L. Moench, which
also includes grain and fiber sorghum and is characterized by a high photosynthetic efficiency and a high biomassand sugar yielding potential (Liu et al., 2008; Yu et al., 2008).
The recently introduced VIDAS SPT solution utilizes recombinant bacteriophage (phage) proteins, which
offer best-in-class specificity and sensitivity for the targeted capture and detection of Salmonella bacteria in food
and environmental samples. The assay is able to detect low levels of contamination and is one of the most rapid
and easy-to-use diagnostic tools available for the screening of Salmonella in environmental samples, standard
and large-sized food samples.
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The technology provides an extremely simple one-step sample preparation, which reduces laboratory
hands-on time and delivers results in as little as 19 hours, compared to reference methods that require up to three
days (AOAC validated #071101).
Sweet sorghum juice could been at the origin of several salmonellosis outbreaks involving mainly children,
the sweet sorghum juice industry requires rapid and simple methods for faster release of products as well as
sensitive methods for analysis of large sample volumes.
MATERIALS AND METHODS
Samples were enriched as described below.
25 ml juice

18-24h
41,5±10C

Boil 2-3mL (5±1 min
at 95-1000C)

225 ml BPW +
1 ml supp. (green)

Run VIDAS SPT

Results in 48 minutes

Terms and definitions
Salmonella is a genus of gram negative bacilli belonging to the Enterobacteriaceae family and composed
of 2 species, Salmonella bongori and Salmonella enterica. Salmonella is one of the main causes of diarrhoeal
diseases and foodborne illnesses. It can be present in animals and food materials and is robust in that it can
survive several weeks in a dry environment and several months in water.
Salmonella are antigenically complex with over 2 400 serovars differentiated by somatic (O)
lipopolysaccharide and flagellar (H) protein antigens (LE MINOR, L. 1984). Thanks to an innovative technology
involving recombinant phage proteins, the VIDAS® UP Salmonella (SPT) assay enables the specific detection of
Salmonella in human and animal food products and production environmental samples. Both motile and nonmotile Salmonella can be detected.
Risks of Salmonella of the consumer- Salmonella is one of the main causes of diarrhoeal (diarrheal)
diseases and foodborne illnesses with large outbreaks or sporadic cases. Salmonellosis is a disease caused
when a person comes into contact with this bacteria, which is characterised by an acute onset of fever, abdominal
pain, diarrhoea (diarrheal), nausea and sometimes vomiting. For susceptible populations, Salmonella spp.
infections can be severe and even lead to death.
Procedure
1. Only remove the required reagents from the refrigerator.
2. Use one "SPT" strip and one "SPT" SPR® for each sample, control or standard to be tested. Make sure
the storage pouch has been carefully resealed after the required SPR® s have been removed.
3. The test is identified by the "SPT" code on the instrument. The standard must be identified by "S1", and
tested in duplicate. If the positive control is to be tested, it should be identified by "C1". If the negative control
needs to be tested, it should be identified by “C2”.
4. Homogenize the enrichment broth using a vortex-type mixer. If a water-bath is used, heat the enrichment
broth for 5 ±1 minutes at 95-100°C. Cool the tube. Mix the boiled broth and transfer 0.5 ml into the sample
well on the VIDAS® strip.
5. If necessary, mix the standard and controls using a vortex-type mixer and then dispense 500 µl into the
sample well. Note: Do not heat the standard and controls.
6. Insert the SPR® s and strips into the instrument. Check to make sure the color labels with the assay code
on the SPR® s and the Reagent Strips match.
7. Initiate the assay as directed in the User’s Manual. All the assay steps are performed automatically by the
instrument. The results are obtained within approximately 48 minutes.
8. After the assay is completed, remove the SPR® s and strips from the instrument.
9. Dispose of the used SPR® s and strips into an appropriate biohazard receptacle in accordance with
applicable local regulations.
Results are shown in the table below:
Table 1
Results and interpretation
Sample type
sweet sorghum juice harvested in 05.11. 2018
sweet sorghum juice harvested in 19.04.2019

Sample size
25 ml
25 ml
927

Dilution
1/10
1/10

Results
not detected
not detected
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Fig.1. Measurement fluorescence measurement

Once the assay is completed, results are analyzed automatically by the computer. Fluorescence is
measured twice in the Reagent Strip's reading cuvette for each sample tested. The first reading is a background
reading of the substrate cuvette before the SPR® is introduced into the substrate. The second reading is taken
after incubating the substrate with the enzyme remaining on the interior of the SPR® .
CONCLUSION
This study analyzed the effect of the variable values on the microbiological analyzes, in the 2 stages of
obtaining the juice from the sorghum strains of sugar, pressed immediately after harvesting and at interval of 5
months.
VIDAS® UP SPT offers a significant savings in time when compared to the traditional reference methods
by producing presumptive results in less than 24 hours. Following the study, it was found that the juice extracted
from the sorghum stems, was negative for testing for salmonella spp.
The VIDAS SPT method was found to be sensitive for detection of Salmonella in 25ml samples of juice
extracted from sweet sorghum. The method is very easy to learn and provides quicker results compared to the
traditional culture-based method. Negative products are released in one day, resulting in a lower stock need and
cost savings.
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ABSTRACT
Unmanned aerial vehicles (UAV) or drones have come to be used as an everyday tool in precision
agriculture management practice, as they represent a low cost and easy to use tool. Usually these drones are
fitted with powerful multispectral sensors which could record multispectral imagery at cm-level resolution,
depending on the flying height. The multispectral images are then algebraically processed in order to obtain
various vegetation indices which could qualitatively characterize the vegetation vigour and properties of the
surveyed crop. Within this paper are presented the vegetation indices results obtained after mapping a sunflower
crop using an agricultural hexacopter drone fitted with a Survey 3N RGN sensor camera.
REZUMAT
Vehiculele aeriene fara conducator (UAV) sau drone au ajuns sa fie utilizate zilnic ca instrumente ale
practicilor de management in agricultura de precizie, atata timp cat reprezinta un instrument ieftin si usor de folosit.
De obicei aceste drone sunt dotate cu senzori multispectrali puternici care pot inregistra imagini cu rezolutie la
nivel de cm in functie de inaltimea de zbor. Imaginile multispectrale sunt apoi calculate algebraic in scopul obtinerii
unor indici de vegetatie variati care ar putea caracteriza calitativ vigoarea si proprietatile vegetative ale culturii
supravegheate. In cadrul acestei lucrari sunt prezentate rezultatele privind indicia de vegetatie obtinuti dupa
cartarea unei culture de floarea soarelui folosind o drona agricola de tip hexacopter dotata cu o camera Survey
3N RGN.
INTRODUCTION
The use of drones in precision agriculture is done in order to optimize production and reduce costs, thus
reducing pollution by reducing pesticides and fertilizers used. Following the mapping of agricultural lands, maps
with various vegetation indices can be drawn, depending on the multispectral cameras used. Using these maps,
fertilization treatments can be applied where the soil is poorer, lands more affected by drought can be irrigated
and targeted phytosanitary treatments can be applied. This way, considerable potential savings can be achieved,
the plants would be healthy and higher yields of the monitored crops are obtained. This is a model of a situation
that everyone benefits from: a way to practice agriculture using technology. It is an economical and very costeffective way, which contributes to environmental protection and provides food for the entire planet [11].
There are various applications and perspectives of using drones in precision agriculture, almost every
agricultural and forestry domain having perspectives of capitalizing from technology advancements (Cujbescu et al.
2018).
There are researches made in order to compare several vegetation indices performed on vineyard and
tomatoes (Candiago et al. 2015) which highlighted the differences between those. Also, some researchers
measured sunflower nitrogen quality using a drone and made a comparative study of the recorded data with data
measurements made at soil level (Agüera et al. 2011). The results could be used to identify also diseases at crop
level (Mahlein, AK et al. 2012) and help choose the right treatment scheme.
Within this paper are presented the experimental results obtained using UAV photogrammetry in order to calculate
some Vegetation Indices (VI) from multispectral images taken on a sunflower crop.
MATERIALS AND METHODS
One of the management methods in precision agriculture involves the use of vegetation indices, for making
decisions on the amount of fertilizer used, the need for irrigation or for establishing phytosanitary treatments.
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For the measurements, specialized equipment is required, which consists of data acquisition systems from
mono, multi or hyperspectral sensors, respectively systems that move, orient and position the acquisition systems
above the crops on the monitored surface. The data collected will represent inputs of a software system that will
calculate vegetation indices, georeference them (correlate them with the geographical position of the points where
the data were collected) and will be able to generate favorability and risk maps, providing their interpretation. The
researches concretized by experimental model will be the basis for the identification of new vegetation indices
and the verification of the existing ones (Luculescu M. et al. 2017).
When solar radiation encounters a surface, it can be absorbed, reflected or further transmitted to a certain
extent. Each surface will affect the solar radiation differently, in the sense of the three actions mentioned. This
way, each material will have its own imprint associated with the reflectance spectrum defined for a range of
incident wavelengths and can be identified after it, as long as the spectral resolution is high enough to distinguish
between different materials. This principle is the basis for identifying areas with vegetation and even for
determining the state of health or development of this vegetation. Fig. 1 shows the reflectance spectrum for
different materials.

Fig. 1 - Reflectance spectrum for different materials (Ashraf, M.A et al. 2011)

As it can be seen in the figure above, the vegetation has its own imprint that differentiates it from other
elements. The reflectance is low in the blue and red areas of the spectrum, due to the absorption by chlorophyll in
the process of photosynthesis and has a peak in the green area. In Near Infrared (NIR), the reflectance is much
higher than in the visible spectrum (VIS) due to the cellular structure of the leaves, which recommends identifying it
using NIR measurements. The shape of the vegetation spectrum allows to determine the type of vegetation. In Fig.
2 it can be noticed that the dry vegetation will have a higher reflectance in the VIS domain and lower in the NIR. For
example, for the same type of vegetation, the spectrum can be influenced by the water content of the leaves
(noticeable in the field of SWIR - Short Wave InfraRed) and the health of plants, its analysis allowing the highlighting
of water stress or other factors. which can affect plants (Ashraf, MA et al. 2011, Luculescu M. et al. 2017).

Fig. 2 - Characteristics of the reflectance spectrum of plants (Ashraf, M.A et al. 2011)

The experiments were conducted with an agricultural drone, used in the agricultural and forestry field to
perform vegetation assessment flights in the RGNIR spectrum in order to highlight early changes in plant health,
before they become evident in the visible spectrum.
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The agricultural drone type aerial spectral monitoring system consists of the following components:
•
Tilt- Roll camera stabilizing support with brushless motor and vibration damper;
•
Mapir Survey 3 camera with built-in GPS;
•
FAE750H agricultural drone;
•
radio-controlled shutter Mapir Survey 3N RGN multispectral camera;
•
skydroid T12 digital radio station;
•
computer telemetry system of flight parameters and location on the map;
•
radio station battery;
•
laptop with Mission Planner navigation software.

Fig. 3 - FAE750H agricultural drone [10]

Technical characteristics of the agricultural drone type aerial spectral monitoring system:
➢ maximum flight time, without load, 35 minutes until the battery runs out;
➢ recommended payload 1300g (with engines running 43% and maximum flight time 25 minutes);
➢ maximum load 5000g with engines running 80% and maximum flight time 16 minutes;
➢ obstacle-free control distance - 3 km (in case of loss of connection, the drone automatically returns home);
➢ live video connection for remote control - 3 km (without obstacles);
➢ laptop telemetry with the possibility of scheduling the route and station points, software included with an
unlimited number of control points;
➢ telemetry link - 1.5 Km;
➢ complete autopilot model ArduCopter 3.6 with GPS position hold, Altitude Hold, Waypoint navigation,
Auto-landing;
➢ multistandard GPS (Navstar, Glonas, Bai-Dou, Egnos) with error less than 1m and multiple constellations
of satellites (18-20 satellites);
➢ hexacopter diameter: 750 mm between the motor axes;
➢ propeller diameter 13-inch profiled laminated wood;
➢ easily removable propellers for transport (by thread with reverse pitch rotation of the propeller);
➢ construction: folding frame made of 16 mm carbon tube;
➢ mass in flight with battery and recommended load: 3916 g;
➢ power supply: 1 Li-Po battery 10 Amps 6 cells in series;
➢ working temperatures: -10 ºC + 60 ºC;
➢ maximum horizontal flight speed allowed: 50 km / h;
➢ maximum ascending speed: 12 m / s;
➢ stable flight with wind of maximum 50 km / h;
➢ maximum altitude 3500 m.

Fig. 4 - MAPIR Survey 3 Multispectral Agriculture Camera with built-in GPS

The Survey3 N camera includes an external USB GPS receiver to automatically geo-tag each captured
image. Its 12MP sensor and sharp non-fisheye lens allows to easily capture aerial media.
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It captures photos triggered by a PWM signal through the HDMI port. This Red+Green+NIR (RGN, NDVI)
model sees Near Infrared 850nm, Red 660nm, and Green 550nm light. The images from this camera are
commonly calibrated into an index image and then a colored lut is applied to show contrast between healthy and
poor health vegetation [9].
It is applied in order to map the sunflower crop in the RGN spectrum (red R + green G + infrared NIR) in
order to obtain vegetation index maps for its characterization in terms of plant density, surface water changes,
estimation of photosynthesis activity in order to determine the absorption of water and nitrogen.

Fig. 5 - Aspects during the mapping of the sunflower
crop using the agricultural drone

Obtaining a collection of multispectral images
The experiments were conducted on a flowering sunflower crop, located within the experimental plots of
SCDL Buzău.
The flight mission was prepared using the Mission Planner programming software with the following mission
characteristics:
- operating speed: 10 m/s;
- Mapping altitude: 150 m;
- Mapped surface: 109301 m2;
- Distance traveled: 3.15 km;
- Ground resolution: 2.82 cm;
- Number of images: 148;
- Image ground print: 112.7 x 84.5 m;
- Number of rows: 6;
- Flight time: 6.34 minutes;
Figure 6 shows a screenshot with the mission preparation and the realization of the flight grid.

Fig. 6 - Preparing for the flight mission
Figure 7 shows the overlap of the photos taken by the multispectral camera so that the quality of the
orthophotogram obtained is maximum. It can be seen that in the targeted area of the experiment there are at least
5 overlapping photos, due to the fact that a 70% overlapping factor was taken into account during mission
planning.
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Fig. 7 – Manner of overlapping multispectral photos

The mapping flight was then performed. Figure 8 shows raw images from the collection of multispectral
photographs obtained after the flight. Each photograph is georeferenced, this being correlated with information
on its geographical location (latitude, longitude, altitude), in order to subsequently make the orthophotogram
associated with a vegetation index.

Fig. 8 - Multispectral image selection

Determining the state of vegetation of the sunflower crop studied by making maps with vegetation
indices
Vegetation Indices (VI) are computed as algebraic combinations of several spectral bands, in order to
characterize the vegetation properties (Gutierrez-Rodriguez et al.).
Normalized indices of differentiation are expressed in the form of grayscale images, the result of various
arithmetic operations between certain spectral bands. The pixels that make up the new image have values
between -1 and 1. The following methods for obtaining vegetation indices were applied: NDVI, GNDVI, NDWI and
SAVI.
NDVI method
The Normalized difference vegetation index (NDVI) was introduced into the literature by Dr. John Rouse in
1973. The values vary depending on the absorption of radiation by chlorophyll in the red spectral zone and its
reflectance in the near infrared spectral zone.
Values close to +1, meaning light tones, represent a high consistency of vegetation and are specific to
dense deciduous forests, and values close to -1, meaning dark tones, represent land devoid of vegetation, with
soil or rock up to date. Values close to 0, meaning intermediate tones, are associated with grasslands. Gray areas
can be seen in the image, indicating that no change has occurred in the analyzed range because the pixels have
the same values.
The areas that appear in shades of green are the areas where the vegetation, at the beginning of the
analyzed interval, was much more mature or dense, while the areas that appear in magenta tones represent the
areas where the consistency of the vegetation has changed. The discontinuity of the results between the scenes
is also caused by the seasonality: scenes acquired during the spring, together with those acquired in the autumn.
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The calculation formula expresses the differentiation of the spectral signatures at the boundary of the visible
zone (red) with the infrared zone (NIR).
NDVI = (NIR-R) / (NIR+R)
This index is useful in mapping areas with vegetation, vegetation health, its typology or the manner of land
use.
GNDVI method
The Green Normalized Difference Vegetation Index based on green radiation (GNDVI) is a vegetation index for
estimating the activity of photosynthesis and is currently used to determine the absorption of water and nitrogen
in the aerial part of the plant.
GNDVI = (NIR-G)/(NIR+G)
NDWI method
The Normalized difference water index (NDWI) is an index for monitoring changes in surface water content.
The calculation formula of NDWI is a function of the pixels corresponding to the infrared (NIR) and green (G)
bands.
NDWI = (G – NIR) / (G + NIR)
SAVI method
The Soil-adjusted vegetation index (SAVI) is a method that tries to limit the problems of the NDVI method
when applied to areas with a high degree of soil exposure. The formula for calculating the SAVI vegetation index
is the following one:
SAVI = (NIR-R) (1+L)/(NIR+R+L)
where L represents the correction factor of the soil reflectance, which was established through field experiments
at the value of 0.45.
RESULTS
Figure 9 shows a multispectral photograph for which the NDVI vegetation index was calculated and Figure
10 shows the map resulting from the processing of all multispectral photographs in the collection.

Fig. 9 - Image with the NDVI vegetation index

Fig. 10 - Image with the NDVI vegetation index
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An average value of the crop vegetation index of 0.7 can be observed, which is characteristic to agricultural
crops. The crop is healthy and has high productivity potential. However, there are areas with a large area of soil
without plants, which will affect the total quantity produced.
Figure 11 shows a multispectral photograph for which the GNDVI vegetation index was calculated and
Figure 12 shows the map resulting from the processing of all multispectral photographs in the collection.

Fig. 11 - Image with the GNDVI vegetation index

Fig. 12 - Map with the GNDVI vegetation index

It can be observed that the activity of plant photosynthesis is normal in areas covered with crop plants and
is also correlated with the previous NDVI map, so that in areas covered with soil, the lack of plant activity is
observed.
Figure 13 shows a multispectral photograph for which the NDWI vegetation index was calculated and Figure
14 shows the map resulting from the processing of all multispectral photographs in the collection.

Fig. 13 - Image with NDWI vegetation index
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Fig. 14 - Map with NDWI vegetation index

The map created is characteristic to the prolonged period of drought during experiments with high water
deficit at the soil surface.
Figure 15 shows a multispectral photograph for which the SAVI vegetation index was calculated and Figure
16 shows the map resulting from the processing of all multispectral photographs in the collection.

Fig. 15 - Image with SAVI vegetation index

Fig. 16 - Map with SAVI vegetation index

This method is complementary to the NDVI method and is applied when there are larger areas with exposed
soil. The areas with exposed ground can be seen on the map, these being characterized by the lighter colour on
the map.
CONCLUSIONS
In the past, multispectral data was captured through the means of an aircraft with crew or by waiting for a
satellite to fly over the area to be monitored. Both options don’t allow much flexibility, are limited in terms of
resolution and may be affected by cloud coverage that may affect the data. Now, with the rapid expansion of the
commercial drone industry, anyone can fly a multispectral sensor over a crop and very quickly detect stress not
only at the level of monitored crop but also in individual plants.
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The ability to take crop images at high frequencies and resolutions is changing the precision farming
industry. By analyzing multispectral data obtained using drones, farmers can identify on a seemingly healthy field
the areas of stress, disease outbreak or nutrient deficiency. Detecting such problematic areas and treating them
properly means that producers can increase the efficiency, yield and profitability of the monitored crops.
Vegetation indices work by comparing the light that a plant reflects in a single band with the light reflected
in another. For example, the commonly known NDVI index compares the reflection of the red band with that of
the Near-Infrared band. The NDVI index focuses on the "vigour" of a plant or of its "leaf". It is often mistakenly
assumed that vigour means a lack of disease. This is a crucial error and can be the difference between effectively
identifying and treating a disease or letting it spread.
Researches have shown that chlorophyll content must be taken into account in order to truly assess plant
health and not just its vigour. To measure the chlorophyll content, certain light bands must be used. One such
band presented is the Edge Red band, an extremely narrow and precise band of light between Red and NearInfrared. When used in conjunction with other bands and properly analyzed, bands such as Red Edge provide a
more accurate measure of plant health.
Transforming multispectral images into crop health maps that a farmer can use is an extremely complex
process. Thus, obtaining and analyzing data on vegetation indices helps farmers, in particular, to increase the
yield of their crops.
For the correct interpretation of vegetation indices, the existence of information from the soil is necessary:
soil moisture and temperature, plant characteristics and physico-chemical characteristics of the soil. After making
these correlations, vegetation indices can become a particularly valuable tool for establishing the vegetation state
of a crop.
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