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TEHNOLOGII PENTRU CONTROLUL FITOSANITAR ÎN VITICULTURĂ
Miron I.-C., Stefan V., Marin A.M., Popa L., Olteanu B.G.
AGRIDRONES, THE USE OF UAV DRONES AS UAS OPERATIONAL TOOLS IN PRECISION AGRICULTURE. A REVIEW
AGRIDRONE, UTILIZAREA DRONELOR UAV CA INSTRUMENTE OPERAŢIONALE UAS ÎN AGRICULTURA DE PRECIZIE.
O TRECERE ÎN REVISTĂ
Constantin (Marin) A-M., Caba I-L., Vladut V., Matache M., Voicea I., Bracacescu C., Vîlcu C., Gheorghe G., Fătu V.
PHYSICOCHEMICAL, ANTIMICROBIAL AND ANTIOXIDANT PROPERTIES OF CHITOSAN/TEMPO BIOCOMPOSITE
PACKAGING FILMS
PROPRIETĂȚILE FIZICO-CHIMICE, ANTIMICROBIENE ȘI ANTIOXIDANTE ALE FILMELOR DE AMBALARE A
BIOCOMPOZITULUI CHITOSAN/TEMPO
Olteanu B.-G., Miron I.-C., Constantin (Marin) A.M.
FINITE ELEMENT ANALYSIS OF THE EQUIPMENT USED FOR MODELING AND COMPARTMENTALIZING WATERING
FURROWS WITH OPTIMIZED AND UNOPTIMIZED ROTOR
ANALIZA CU ELEMENT FINIT A ECHIPAMENTULUI PENTRU MODELAT ȘI COMPARTIMENTAT SOLUL ÎN BRAZDE DE
UDARE CU ROTOR OPTIMIZAT ȘI NEOPTIMIZAT
Constantin A.M., Popa L., Stefan V., Biriș S.S., Miron I.C., Olteanu B., Tabarasu A.M., Gheorghe G., Grădilă M.
POLLUTION REDUCTION THROUGH WASTE CO-PROCESSING IN ROMANIAN CEMENT PLANTS
REDUCEREA POLUĂRII PRIN CO-PROCESAREA DEȘEURILOR ÎN FABRICILE DE CIMENT DIN ROMÂNIA
Ciobanu C., Voicu Gh., Istrate I.A., Tudor P.
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CFD SIMULATION OF AN INNOVATIVE SYSTEM FOR HEMP SEEDS DRYING
SIMULAREA CFD A UNUI SISTEM INOVATIV PENTRU USCAREA SEMINȚELOR
DE CÂNEPĂ
Olan M., Cârlescu P., Vlăduț V., Păun A., Trotuş E., Popa D., Bunduchi G., Zaica Al., Chiriță Al. P.
AERATION SYSTEMS USED FOR THE OPERATION IN OPTIMAL PARAMETERS OF FISHING PONDS
SISTEME DE ARERARE UTILIZATE PENTRU FUNCȚIONAREA ÎN CONDIȚII OPTIME A BAZINELOR PISCICOLE
Stanciu M.M., Nenciu F., Petre A.A., Vanghele N.A., Matache A.
ASPECTS REGARDING THE TECHNOLOGICAL PROCESS OF CARDBOARD WASTE BALING
ASPECTE PRIVIND PROCESUL TEHNOLOGIC DE BALOTARE A DEȘEURILOR DIN CARTON
Lazea M., Voicu Gh., Constantin G.- Al., Tudor P.
ASPECTS REGARDING THE TECHNOLOGICAL MANUFACTURING PROCESS OF MATURED CHEESES
ASPECTE PRIVIND PROCESUL TEHNOLOGIC DE FABRICAȚIE AL BRÂNZETURILOR MATURATE
Pana G.F., Voicu Gh., Ciric Al., Duțu I.C., Ipate G.
RESEARCHES REGARDING CHARACTERIZATION OF GRANULATED ORGANO-MINERAL FERTILIZERS BASED ON
BIOSOLIDS
CERCETĂRI ÎN VEDEREA CARACTERIZĂRII ÎNGRĂȘĂMINTELOR ORGANO-MINERALE GRANULARE PE BAZA DE
BIOSOLIDE
Nagy E. M., Cioica N., Mihalache M.A, Fechete-Tutunaru L.
RECOVERY OF ORGANIC WASTE BY VERMICOMPOSTING
VALORIFICAREA DEȘEURILOR ORGANICE PRIN VERMICOMPOSTARE
Mănăilă A.E., Rusănescu C.O.
STUDIES AND RESEARCH REGARDING THE EFFICIENCY OF THE OPERATION OF A BIOHUMUS PRODUCTION
INSTALLATION
STUDII ȘI CERCETĂRI PRIVIND EFICIENȚA FUNCȚIONĂRII UNEI INSTALAȚII DE PRODUCERE A BIOHUMUSULUI
Laza E-A., Caba I. Stroescu Gh., Păun A., Bălțatu C., Zaica A., Zaica Al., Naie M.
USE OF BIOFUELS IN AGRICULTURE
UTILIZAREA BIOCOMBUSTIBILILOR ÎN AGRICULTURĂ
Mihalache D.B., Petre A.A., Vanghele N.A., Matache A.
RESEARCH REGARDING THE GRAIN DISCHARGE SYSTEMS DESIGN
CERCETĂRI PRIVIND PROIECTAREA SISTEMELOR DE EVACUARE A CEREALELOR
Petre A.A., Vlăduțoiu L., Vanghele N.A., Stanciu M.M., Mihalache B.D., Matache A., Grigore A.I., Dumitru D.N.
ARTIFICIAL INTELLIGENCE FROM THE PERSPECTIVE OF THE LEGAL SYSTEM
INTELIGENȚA ARTIFICIALĂ DIN PERSPECTIVA SISTEMULUI JURIDIC
Dumitru D., Curuia N., Stoian M.A., Tăbărașu A-M.
RESEARCH ON INCREASING THE PERFORMANCE OF COMBINE HARVESTERS BY DEVELOPING AND
IMPLEMENTING INTELLIGENT PARAMETER ADJUSTMENT SYSTEMS
CERCETĂRI PRIVIND CREȘTEREA PERFORMANȚELOR COMBINELOR DE RECOLTAT CEREALE PRIN DEZVOLTAREA
ȘI IMPLEMENTAREA UNOR SISTEME INTELIGENTE DE REGLARE A PARAMETRILOR
Marin F., BirișS.Șt.
LEVEL INDICATOR OF LIQUIDS IN BASINS AND TANKS USING ARDUINO UNO
INDICATOR DE NIVEL AL LICHIDELOR ÎN BAZINE ȘI REZERVOARE UTILIZÂND ARDUINO UNO
Cristea M., Matache M., Vladutoiu l., Grigore A.I., Biriș S. S., Ungureanu N., Cristea R.D., Sefu St.
MOBILE SYSTEM FOR THE PRODUCTION OF ELECTRICITY FROM ALTERNATIVE SOURCES (SOLAR + WIND)
SISTEM MOBIL PENTRU PRODUCȚIE DE ENERGIE ELECTRICĂ DIN SURSE ALTERNATIVE (SOLAR + EOLIAN)
Cristea L-C., Mateescu M., Preda D., Duran B., Cristea O-D., Brăcăcescu R-V
INNOVATIVE SYSTEM FOR RECOVERY THE MOISTURE FROM AIR FOR IRRIGATION OF CROPS FROM A VEGETABLE
GREENHOUSE
SISTEM INOVATIV DE VALORIFICARE A UMIDITĂȚII DIN AER DESTINAT IRIGĂRII CULTURILOR DINTR-UN SOLAR
LEGUMICOL
Manea D., Marin E., Mateescu M., Gheorghe G-V., Baltatu C., Dumitrașcu A., Șovăială Gh.
PROOF OF CONCEPT OF AN AUTOMATED SYSTEM USED FOR PRE-COMPOSTING ORGANIC WASTE
EVALUAREA CONCEPTULUI FUNCȚIONĂRII UNUI SISTEM AUTOMATIZAT UTILIZAT PENTRU COMPOSTAREA
DEȘEURILOR ORGANICE
Stanciulescu I., Vlad H., Gabur A., Nenciu F.
FIELD CROPS PROTECTION SYSTEM USING AN AIRCRAFT WITHOUT A PILOT (AGRICULTURAL DRONE)
SISTEM PENTRU PROTECȚIA CULTURILOR DE CÂMP CARE UTILIZEAZĂ O AERONAVA FĂRĂ PILOT (DRONĂ
AGRICOLĂ)
Gheorghe G-V., Marin E., Manea D., Mateescu M., Baltatu C., Dumitrașcu A., Constantin A.M., Tabarasu A.M.
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NOVEL SUBASSEMBLY ASSOCIATED TO CYLINDRICAL SIEVES, USED FOR SEPARATING SEED GRAIN BY SIZE, IN
ORDER TO OBTAIN CERTIFIED REFERENCE MATERIALS (CRM)
NOU SUBANSAMBLU ASOCIAT SITELOR CILINDRICE, FOLOSIT PENTRU SEPARAREA CEREALELOR ÎN FUNCȚIE DE
DIMENSIUNE, ÎN VEDEREA OBȚINERII MATERIALELOR DE REFERINȚĂ CERTIFICATE (MRC)
Mircea C., Nenciu F., Şerbancea F.
INTERLABORATORY TESTING PRACTICES BENEFITS AND THEIR IMPLEMENTATION
BENEFICIILE PRACTICILOR DE TESTEARE INTERLABORATOARE ȘI IMPLEMENTAREA ACESTORA
Nenciu F.
PROFICIENCY TESTING SCHEMES FOR QUALITY MANAGEMENT SYSTEMS USED IN FOOD INDUSTRY
SCHEME DE TESTARE A COMPETENTELOR LABORATOARELOR PENTRU SISTEMELE DE MANAGEMENT A
CALITĂȚII UTILIZATE ÎN INDUSTRIA ALIMENTARĂ
Nenciu F.
SOLUTIONS FOR POULTRY INDUSTRY WASTE TREATMENT WITH ENERGY RECOVERY
SOLUȚII DE TRATARE A DEȘEURILOR DIN INDUSTRIA AVICOLĂ CU RECUPERARE ENERGETICĂ
Stan C., Apostol T., Streche C., Cocârță D.M., Pasztai Z., Nenciu F.
PRINCIPLES AND METHODS USED FOR FISH FARMING USING POLYCULTURE
PRINCIPII ȘI METODE DE CREȘTERE A PEȘTILOR UTILIZÂND POLICULTURA
Nenciu F., Voicea I.
EQUIPMENT AND TECHNOLOGIES USED IN WALNUT PROCESSING
ECHIPAMENTE ȘI TEHNOLOGII UTILIZATE ÎN PROCESAREA NUCILOR
Dumitru I., Nenciu F., Vladuț V., Voicea I., Oprescu R., Teliban G.C., Grădilă M.
CONSIDERATIONS REGARDING THE HARVESTING AND PROCESSING OF WALNUTS
CONSIDERȚII PRIVIND RECOLTAREA ȘI PROCESAREA NUCILOR
Dumitru I., Nenciu F., Vladuț V., Voicea I., Oprescu R., Dumitru C.
HEMP CULTIVATION IN ROMANIA. PRESENT AND FUTURE
CULTURA DE CĂNEPĂ ÎN ROMÂNIA. PREZENT ȘI VIITOR
Stroescu Ghe., Păun A., Bunduchi G., Dumitrașcu A., Olan M., Epure M., Dumitru I., Cristea M.
REDUCING THE CONSUMPTION OF RAW MATERIALS THROUGH PREDICTIVE MAINTENANCE AND COMPONENT
REMANUFACTURING OF FLUID POWER EQUIPMENT
REDUCEREA CONSUMULUI DE MATERII PRIME PRIN MENTENANȚĂ PREDICTIVĂ ȘI REMANUFACTURAREA
COMPONENTELOR HIDRAULICE
Radoi R., Dumitrescu C., Sefu St., Tudor B. , Anghelache D.
DESIGNING A HYBRID SUPPLY SYSTEM FOR POWERING A RECIRCULATING FISHING POND
PROIECTAREA UNUI SISTEM ENERGETIC HIBRID PENTRU ALIMENTAREA UNUI BAZIN DE PESCUIT CU
RECIRCULARE
Nenciu F., Voicea I.
INTEGRATED MULTITROPHIC AQUACULTURE SYSTEMS AS A MEANS OF IMPROVING PRODUCTIVITY AND WATER
QUALITY
SISTEME DE ACVACULTURĂ MULTITROFĂ INTEGRATĂ UTILIZATE CA MIJLOC DE ÎMBUNĂTĂȚIRE A
PRODUCTIVITĂȚII ȘI A CALITĂȚII APEI
Nenciu F., Voicea I.
THE EFFECTS OF INCLUDING MILK THISTLE CAKE OR CORIANDER CAKE IN WETHERS’ DIETS ON THEIR RUMINAL
METABOLISM
EFECTELE INCLUDERII TURTELOR DE ARMURARIU SAU TURTELOR DE CORIANDU ÎN RAȚIA BATALILOR ASUPRA
METABOLISMULUI RUMINAL AL ACESTORA
Oancea Al.G., Dragomir C., Cismileanu A.
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IMPROVING THE ENERGY EFFICIENCY OF WIND TURBINES USING HYDRAULIC DRIVE
ÎMBUNĂTĂȚIREA RANDAMENTELOR ENERGETICE ALE TURBINELOR EOLIENE FOLOSIND ACȚIONĂRILE
HIDRAULICE
Baciu I-M., Chiriță Al.-P., Rădoi R-I., Drumea P., Voicea I.
SCREW CONVEYOR FOR BIOMASS
TRANSPORTOR CU ȘNEC PENTRU BIOMASĂ
Șovăială Gh., Matache G., Preda D., Duran B., Manea D.
OPTIMIZING CONSUMPTION IN AGRICULTURAL MACHINES AND INSTALLATIONS BY USING DIGITAL HYDRAULICS
OPTIMIZAREA CONSUMULUI ÎN MAȘINI ȘI INSTALAȚII AGRICOLE PRIN UTILIZAREA HIDRAULICII DIGITALE
Șefu Șt. M., Tudor B. Al., Rădoi R. I, Bălan I., Cristea M.
INSTALLATION FOR THE PRODUCTION OF THERMAL ENERGY WITH BIOMASS GASIFICATION
INSTALAȚIE PENTRU PRODUCEREA ENERGIEI TERMICE CU GAZEIFICAREA BIOMASEI
Dumitrescu C., Rădoi R., Pavel I., Șovăială Gh., Dulgheru V., Găgeanu I.
INTELLIGENT DRIVE INSTALLATION FOR BIOMASS CONVEYOR
INSTALAȚIE DE ACȚIONARE INTELIGENTĂ PENTRU TRANSPORTOR BIOMASĂ
Matache G., Barbu V., Pavel I., Ionel M., Olan M.
COMBUSTION TEST EQUIPMENT IN LOW POWER TLUD GASIFIERS
ECHIPAMENT DE TESTARE A ARDERII ÎN GAZOGENELE TIP TLUD
DE PUTERE MICĂ
Pavel I., Chiriță Al. P., Matache G., Popescu A.-M., Caba I.
ECOLOGICAL DESIGN OF SYSTEMS
PROIECTAREA ECOLOGICĂ A SISTEMELOR
Dulgheru V., Dumitrescu C., Popescu A.-M., Mateescu M.
THE INFLUENCE OF MORPHOLOGICAL PARTICULARITIES OF HEMP PLANTS ON
TECHNICAL EQUIPMENT DURING THE HARVESTING PROCESS
INFLUENŢA PARTICULARITĂŢILOR MORFOLOGICE ALE PLANTELOR DE CÂNEPĂ ASUPRA ECHIPAMENTELOR
TEHNICE, ÎN PROCESUL DE RECOLTARE
Păun A., Stroescu Ghe., Bunduchi G., Olan M., Milea D., Epure M., Zaica A.
MODERN METHOD FOR OPTIMIZING TECHNOLOGICAL FLOW FOR MANUFACTURING METAL PARTS BY USING
LASER CUTTING EQUIPMENT
METODĂ MODERNĂ DE OPTIMIZARE A FLUXULUI TEHNOLOGIC DE FABRICARE A PIESELOR METALICE PRIN
UTILIZAREA UNUI ECHIPAMENT DE DEBITARE CU LASER
Anghelache D., Tăbărașu A-M., Persu C., Dumitru D., Bălțatu C., Radoi R.
ASPECTS REGARDING THE EVOLUTION OF ORGANIC AGRICULTURE IN ROMANIA AND WORLDWIDE
ASPECTE PRIVIND EVOLUȚIA AGRICULTURII ECOLOGICE ÎN ROMÂNIA ȘI ÎN LUME
Grigore A. I., Vladutoiu L., Sorică C., Cristea M., Petre A.A., Sorica E.
CONSIDERATIONS ON THE OBJECTIVES, PRINCIPLES AND NORMS OF ORGANIC FARMING
CONSIDERȚII PRIVIND OBIECTIVELE, PRINCIPIILE ȘI NORMELE AGRICULTURII ECOLOGICE
Grigore A. I., Vladutoiu L., Sorică C., Cristea M., Petre A.A., Sorica E.
USING AN EQUIPMENT WITH VIBRATING SIEVES FOR SEPARATION OF GRAPE SEEDS FROM MARC
UTILIZAREA UNUI ECHIPAMENT CU SITE VIBRATOAREA PENTRU SEPARAREA SEMINȚELOR DE STRUGURI DIN
TESCOVINĂ
Bălțatu C., Milea D., Păun A., Biriş S.Şt., Vlăduţoiu L., Grigore A.I.
THE IMPORTANCE OF MOISTURE IN EXTRACTING OILS FROM OILSEEDS - A REVIEW
IMPORTANȚA UMIDITĂȚII IN EXTRAGEREA ULEIURILOR DIN SEMINȚE OLEAGINOASE- A REVIEW
Bălțatu C., Mateescu M., Anghelache D., Tăbăraşu A-M.
CONSTRUCTIVE OPTIMIZATION BY THE FINITE ELEMENT ANALYSIS METHOD (FEA) OF THE HEMP HARVESTING
EQUIPMENT
OPTIMIZAREA CONSTRUCTIVĂ PRIN METODA DE ANALIZĂ CU ELEMENTE FINITE (FEA) A ECHIPAMENTULUI
PENTRU RECOLTAT CÂNEPǍ
Bunduchi G., Olan M., Pǎun A., Vladuṭ V., Zaica Al., Popa L.-D., Panda A.O.
MODERN TECHNOLOGIES FOR ESTABLISHING ORCHARDS WITHIN FAMILY FRUIT FARMS
TEHNOLOGII MODERNE DE ÎNFIINȚAT PLANTAȚII POMICOLE ÎN CADRUL FERMELOR POMICOLE FAMILIALE
Dumitraşcu A., Stroescu Gh., Bălţatu C., Gheorghe G.
THE IMPACT OF TECHNOLOGY IN PSYCHOLOGICAL COUNSELING
IMPACTUL TEHNOLOGIEI ÎN CONSLIEREA PSIHOLOGICĂ
Dumitru D., Curuia N., Stoian M.A., Anghelache D.
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ASPECTS REGARDING THE TESTING OF TECHNICAL EQUIPMENT FOR HEMP STALK HARVESTING AND BINDING
ASPECTE PRIVIND EXPERIMENTAREA ECHIPAMENTULUI TEHNIC PENTRU RECOLTAREA TULPINILOR DE CÂNEPĂ
ŞI LEGAREA ȊN SNOPI
Nedelcu A., Ciupercă R., Popa L-D., Mihai M., Zaica A., Olteanu B-G.
ENERGY HARVESTING USING THERMOELECTRICITY FOR A HUMIDITY AND TEMPERATURE SENSOR
RECOLTAREA ENERGIEI FOLOSIND TERMOELECTRICITATEA PENTRU UN SENZOR DE TEMPERATURĂ ȘI
UMIDITATE
Ionescu A., Păun A., Cristea M., Anghelache D., Dumitru I
EXPERIMENTAL RESEARCH ON THE EXTRACTION OF VOLATILE OILS WITH THE HELP OF E.D.A.S.U.P EQUIPMENT
CERCETĂRI EXPERIMENTALE PRIVIND EXTRACȚIA DE ULEIURI VOLATILE CU AJUTORUL ECHIPAMENTULUI
E.D.A.S.U.P
Vladutoiu L. C., Voicea I., Sorica C., Cujbescu D., Cristea M., Grigore I.A., Sorica E., Petre A.A.
STUDY ON METHODS FOR COMBATING FALLING OF HAILSTONE
STUDIU PRIVIND COMBATEREA CĂDERILOR DE GRINDINĂ
Vladutoiu L.C., Sorica C., Cristea M., Grigore A.I., Petre A.A., Cristea O.D., Sorica E., Dumitru I., Badila D.
CAPITALIZATION OF COVID-19 IMPACT ANALYSIS RESULTS IN ROMANIA RELATED TO THE DANUBE S3 CLUSTER
PROJECT
CAPITALIZAREA REZULTATELOR ANALIZEI IMPACTULUI COVID-19 ÎN ROMÂNIA AFERENTE PROIECTULUI DANUBE
S3 CLUSTER
Condruz P., Găgeanu I., Cristea O.D., Muraru S.L.
CONSIDERATIONS REGARDING FISH FARMING USING POLYCULTURE SYSTEM
CONSIDERAȚII PRIVIND CREȘTEREA PEȘTILOR ÎN SISTEM DE POLICULTURĂ
Stanciu M., Voicea I., Petre A.
TECHNICAL EQUIPMENTS FOR SUSTAINABLE CLEANING OF FLOATING FISH NURSERIES. A REVIEW
ECHIPAMENTE TEHNICE PENTRU CURĂŢAREA SUSTENABILĂ A VIVIERELOR FLOTABILE DIN PISCICULTURĂ.
REVIEW
Popa L., Ştefan V., Constantin A. M., Miron C.
EXPERIMENTAL RESEARCH WITH PLANTS SOWING TECHNICAL EQUIPMENT
CERCETĂRI EXPERIMENTALE CU ECHIPAMENTUL DE SEMĂNAT
PLANTE TEHNICE
Zaica A., Ciupercă R., Nedelcu A., Zaica Al., Popa L., Stefan V., Marin A.M., Miron I.C., Olteanu B.G., Popa L-D.
ECOLOGICAL METHOD FOR PESTS CONTROL IN VITICULTURE
METODA ECOLOGICĂ DE COMBATERE A DĂUNĂTORILOR ÎN VITICULTURĂ
Ștefan V., Artem V., Popa L., Marin A.M., Miron I.C., Olteanu B.G., Lixandru M.
IMPORTANCE OF MATERIALS USED IN CAR BREAKING SYSTEMS. REVIEW
IMPORTANȚA MATERIALELOR UTILIZATE ÎN SISTEMUL DE FRÂNARE AL AUTOVEHICULELOR. REVIEW
Cristescu A., Filip I., Stefan V., Popa L., Ipate G., Voicu Gh.
CAR BRAKING SYSTEM. GENERAL ASPECTS. REVIEW
SISTEMUL DE FRÂNARE. ASPECTE GENERALE. REVIEW
Cristescu A., Filip I., Stefan V., Popa L., Ipate G., Voicu Gh.
TECHNOLOGIES AND TECHNICAL EQUIPMENT INTENDED FOR OBTAINING GREEN ENERGY
TEHNOLOGII ŞI ECHIPAMENTE TEHNICE DESTINATE OBŢINERII
DE ENERGIE VERDE
Zaica Al., Zaica A., Stroiescu Gh., Anghelache D., Ionescu Al.
ROOTSTOCK - SCION COMPATIBILITY AT SIRIANA F1 AND ALAMINA F1 TOMATOES CULTIVATED IN ROMANIA
ASPECTE PRIVIND COMPATIBILITATEA ALTOI - PORTALTOI PENTRU ROȘIILE SIRIANA F1 ȘI ALAMINA F1
CULTIVATE ÎN ROMÂNIA
Dobre M., Vapor C., Toma M., Vintilă M., Iordache B., Sterian A. Moise D. Tănasă V.
TECHNOLOGIES AND EQUIPMENT USED IN THE CONDITIONING OF SEA BUCKTHORN FRUIT
TEHNOLOGII ŞI ECHIPAMENTE UTILIZATE ÎN PROCESELE DE CONDIŢIONARE A FRUCTELOR DE CĂTINĂ
Milea D., Brăcăcescu C.*, Ciupercă R., Păun A., Zaica A., Ştefan V., Stroescu Gh., Bălţatu C.
UNEMPLOYMENT TRENDS BETWEEN 2015 AND 2020
EVOLUȚIA ȘOMAJULUI ÎNTRE ANII 2015 ȘI 2020
Cruceru C., Nijloveanu D.
INFLATION EVOLUTION BETWEEN 2015 AND 2020
EVOLUȚIA INFLAȚIEI ÎNTRE ANII 2015 ȘI 2020
Cruceru C., Nijloveanu D.
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ASPECTS OF THE USE OF OZONE IN FRUIT PROCESSING TECHNOLOGY
ASPECTE ALE UTILIZĂRII OZONULUI ÎN TEHNOLOGIA PRELUCRĂRII FRUCTELOR
Vintilă M., Toma M., Sorică C., Dumitrescu I.L., Manole N., Mohora A., Veringă D.
CHEMICAL WEED CONTROL ON JERUSALEM ARTICHOKE CROP
COMBATEREA CHIMICĂ A BURUIENILOR LA CULTURA DE TOPINAMBUR
Matei Gh., Vlăduț V.N., Paraschivu M., Pânzaru R. L., Popa D.
RESEARCH ON THE ACHIEVEMENT OF A FORTIFIED PASTRY PRODUCT WITH ARONIA MELANOCARPA POMACE
POWDER
CERCETĂRI PRIVIND REALIZAREA UNUI PRODUS DE PATISERIE FORTIFIAT CU PULBERE DIN TESCOVINĂ DE
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Keywords: Doina garden beans, diatomaceous earth, diseases and pests.
ABSTRACT
In order to carry out the activities provided in the implementation plan of the complex project PN III 0659 LEGCLIM,
in 2020, at VRDS Buzau, the Project Manager set up a Doina field bean culture. The experiment was placed in the
research field of the VRDS Buzau, plot 32. As a precursor plant for field beans cultivation in 2020 was the bell
pepper culture Buzau 10, in 2019. The current study presents the results of an experiment that aimed at combating
diseases and pests in Doina field bean culture after treatments with solid and liquid diatomite. The analysis of the
results showed that compared to the control variant, which was not treated with diatomite, variants V2 and V3 had a
lower degree of attack.
REZUMAT
In vederea realizarii activitatilor prevazute in planul de realizare al proiectul complex PN III 0659 LEGCLIM, in anul
2020, la SCDL Buzau, Conducatorul de Proiect, a infiintat o cultura de fasole de camp Doina. Experimentul a fost
amplasat în câmpul de cercetare al SCDL Buzău, tarlaua 32. Ca planta premergatoare pentru cultura de fasole de
camp din anul 2020 a fost cultura de ardei gras Buzau 10, in anul 2019. Actualul studiu prezinta rezultatele unei
experiente care a avut in vedere combaterea bolilor si a daunatorilor din cultura de fasole de camp Doina in urma
tratamentelor efectuate cu diatomite solida si lichida. Analiza rezultatelor a evidentiat faptul ca prin comparatie cu
varianta martor, care nu a fost tratata cu diatomita, variantele V2 si V3 au avut un grad de atac mai scazut.
INTRODUCTION
Vegetable farming, as a sector of the production of agri-food goods, is important both for the national
economy and the agricultural one in particular, as well as for the economic agents involved: producers, trading
processors.
Vegetables play a special role in ensuring and maintaining the health of the population, bringing an
important nutritional intake for the human body. Vegetables cover about a third of the fiber needed in the diet, the
richest in such substances being: beans, peppers, peas, celery, cabbage, cauliflower and broccoli. The biochemical
composition rich in vitamins, sugars, minerals, enzymes, amino acids and organic acids recommends for
consumption vegetable species such as beans and allows to ensure the health and good functioning of the immune
system.
Vegetables are juicy foods with a high water content. The dry substance, varying between 4 and 30%,
consists of carbohydrates, proteins and lipids, with a plastic and energetic role, but also of vitamins, minerals and
other substances with a bioactive role in the diet.
In many parts of the world there have been fluctuating quantitative and qualitative vegetable productions in
recent years, fluctuations largely due to climate change.
Diatomite is a sedimentary rock with a high silica content (23% quartz and clay minerals up to 77%, SebeRadoi et al., 2017). By mechanical processing of diatomite are obtained particles that reach sub-micron dimensions
creating amorphous powders with specific properties of nanomaterials.
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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 due to the condensation of water vapor on the surface of the
particle.
The influence of diatomite treatments on Doina bean plants.
Diatomite treatment has positively influenced the harmonious development of plants, leaf mass, disease
and pest reduction. At the same time, these operations represent an environmentally friendly option, because they
do not pollute the groundwater.
Doina beans are a variety of beans for grains. The plant has no anthocyanin coloration of the hypocotyl and
has an erect growth. The height of the plant is among 33.1-46.3 cm. The intensity of the green color is medium, as is
the roughness of the leaves. The size of the terminal lobe is on average 11.6 mm and the width is 8.4 mm and has a
rhombic shape.
The vegetation period is 100-110 days after sowing, and the first flowers appear after 43-48 days. The mass
of pods on the plant has an average value of 48.89 g. The grains are easy to boil, buttery and have a specific aroma.
MATERIALS AND METHODS
The efficacy of 3 diatomaceous earth graduations was tested for the influence of this product on the
pathogens and pests of bean plants.
The experimental sole had the following characteristics: Field area: 3,000 sqm; Density: 70,000 plants/ha;
Row length: 70 m; Medium height of the plant: 47 cm.
Sowing scheme: The land was modeled in raised furrows, with 94 cm at the top of the furrow and a width of
1.40 m, two rows per furrow were sown, with a distance between rows of 70 cm and 12-20 between plants per row,
and at the left-right edges 12 cm.
The experiment was placed on the same plot on which in the previous year the experience with diatomite
was placed, with the precursor culture of Buzau 10 bell peppers, in 2019.
The soil within VRDS Buzau, the agrochemical analysis found a weak alkaline pH (8.20), medium supplied
in humus (2.57) soil favorable for vegetable cultivation through a value of total nitrogen (0.151%), total phosphorus
(0.183 %) and mobile potassium ppm (> 268) bioavailable to plant growth. (VRDS Buzau report, internal document)
The Doina field bean variety (Phaseolus vulgaris) is a creation of VRDS Buzau, approved in 2020, CSD
biological category. (VRDS Buzau, Product catalog)
In the Doina field bean crop, the crop technology specific to this species was used, adapted to the climatic
conditions of 2020, which were as follows: the average temperature varied in April between 9.5-14.1 0C, in May
between 9.1-15.4 0C, in June between 19.6-23.1 0C, in July between 21.1 and 25.0 0C, in August between 22.6 and
24.7 0C, in September between 17.4-22.2 0C. In April-September were the following precipitations (April - 0.3 l / sqm,
May -27.7 l / sqm, June - 67.4 l / sqm, July - 83.0 l / sqm, August - 33.4 l / sqm, September -3.4 l / sqm).
The bean crop was established by direct sowing in the field, in the place established for the experiment on
29.04.2020.
The mass emergence took place on 10.05.2020 (meaning a number of 11 days from sowing).
The experience was set up in 4 variants with 4 repetitions, the surface of the repetition plot being 25 sqm.
Table 1
Scheme of placement of variants and repetitions for the experience with diatomite
graduations in the Doina field bean variety

Furrow 1
V4R1
V3R1
V2R1
V1R1

Furrow 2
V2R2
V1R2
V4R2
V3R2

Furrow 3
V1R3
V4R3
V3R3
V2R3
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Furrow 4
V3R4
V2R4
V1R4
V4R4

INTERNATIONAL SYMPOSIUM

The placement of the experimental variants was performed in 4 repetitions, randomly, in Latin
square. The treatment was carried out by dusting the soil with the dose specified for each variant and
incorporation, on 10.06.2020 (meaning a number of 30 days from sunrise).
The experimental variants were: V1 - control sample, V2 - 52.5 g diatomite, V3 - 105 g diatomite, V4
- 210 g diatomite. On 14.07.2020 (meaning a number of 64 days from emergence) on variants V2, V3, V4
was administered a suspension of 83 grams of carboxymethylcellulose (CMC) in 10 l water + 10 g of
diatomite powder. The diatomite used in the experiment was calibrated to a granulation of 500 microns.
RESULTS
The following pathogens were observed in bean culture:
Xanthomonas campestris pv. phaseoli - the common bacterial blight of beans had a significant
degree of attack, and Bean common mosaic virus - the common bean mosaic had an insignificant degree of
attack in bean culture (Figure 1).

Fig. 1 Details on the appearance of Xanthomonas campestris (left) and Bean common mosaic virus (right), in
field bean culture, Doina variety

Following the administration of diatomite on each variant, it was found that on variant V3 the degree
of disease attack was the lowest (2.7%) followed by variant V2 (2.9%), compared to variant V4 where the
degree of attack was the largest (8.75%).
The degree of attack of Xanthomonas campestris disease in Doina bean culture
Variant
Degree of attack (%)
V1
V2

Table 2

4,57
2,9

V3

2,7

V4

8,75

Among the pests reported in the bean experiment were: Aphis fabae, Tetranychus urticae and Trips
tabaci. (Figure 2)

Aphis fabae
Tetranichus urticae
Trips tabaci

The intensity of the pest attack, in bean culture Doina
Pests
V1
V2
+++
+
Legend: weak (+); middle (++); strong (+++)

Table 3

V3
+
+++
+

Fig. 3 Aspects of Doina bean culture with pests: Trips tabaci (left) and Aphis fabae (right)
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Compared to the untreated control V1, the total number of harmful fauna was the lowest in the case
of variant V2, in which diatomite was administered at a dose of 52.5 g/repetition.
Following the experiences within the Vegetable Research and Development Station Buzau, it was
found that diatomaceous earth can also be used to protect plants, to fight diseases and pests, because it
offers protection against them.
CONCLUSIONS
The administration of diatomite has had a positive influence on the culture and is a non-polluting
solution for the environment.
The use of diatomite in field crops benefits the useful fauna of the soil and helps the plants to have a
harmonious growth.
Following the use of solid and liquid diatomaceous earth, we noticed an increase in production and
an optimization of expenses with phytosanitary treatments.
The study was relevant from a phytopathological point of view because solid diatomite reduced the
number of diseases compared to 2019, making the bean plants more resistant and with a larger leaf canopy.
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ABSTRACT
The varieties taken into study were Muscat Ottonel and Cabernet Sauvignon, which are very valuable in view
of the oenological aspect for obtaining wines with low alcoholic grade : 5.5% vol., 8.5% vol. and 12.5% vol.
(function of sugar concentration of must 60 g/l, 95 g/l, respectively 145 g/l). The experimental results
obtained showed that for Cabernet Sauvignon wines, the content in anthocyanins and phenolic compounds
decreased by 68.1-59.6% (5.5% vol. alcohol) and 24.4-38.2% (8.5% vol. alcohol). The freshness of the
aromas and the color of the wine are maintained by the presence of total SO 2 , which for Muscat Ottonel wine
at an alcoholic strength of 5.5% vol. is in a higher quantity 84.6 mg/l and at 12.9% vol. 46.7 mg/l.
REZUMAT
Au luate în studiu soiurile Muscat Ottonel și Cabernet Sauvignon, care sunt foarte valoroase sub aspect
oenologic pentru obținerea vinurilor cu grad alcoolic scăzut: 5,5% vol., 8,5% vol. și 12,5% vol. (funcție de
concentrația zahărului din must 60 / l, 95 g l, respectiv 145 g/l). Rezultatele experimentale obținute au arătat
că, pentru vinurile Cabernet Sauvignon, conținutul în antociani și compuși fenolici a scăzut cu 68,1-59,6%
(5,5% vol. alcool) și 24,4-38,2% (8,5% vol. alcool).
Prospețimea aromelor și culoarea vinului sunt menținute de prezența SO 2 total, care pentru vinul Muscat
Ottonel la o tărie alcoolică de 5,5% vol. 84.6 mg/l și la 12,9% vol. 46.7 mg/l.
INTRODUCTION
The increase of temperatures in recent years have influenced the quality of grapesand implicitly
obtaining wines with high alcohol content.
The factors determining the alcohol content of wines are: varieties of vines; the soil on which the vine
is grown (calcareous soils generally giving the most alcohol-rich wines); the climate of the vineyard and the
way climatic factors evolve during the year; technological conditions and especially fermentation of must
(Dokoozlian N., 1996; Tardea C., 2007).
The concentration and composition of phenolics in a wide range of environmental and management
factors such as climate, soil conditions, canopy management factor (Gurak PD., 2010; Martinez de Toda,
2011; Jackson D. I., Lombard P. B., 1993; Sanchez P., 2007).
MATERIAL AND METHODS
The research was carried out in 2020 on the Muscat Ottonel and Cabernet Sauvignon varieties,
grafted on the BerlandierixRiparia Kober 5BB rootstock.
The planting distances are 2 x 1 m and the driving form Bilateral cordon, with the fruit load distributed
on fruit links consisting of ropes with a length of 10-12 eyes and replacement plugs (2 eyes), the fruit load
being 12-15 eyes/square meter the fruit load practiced in order to obtain quality to the detriment of quantity.
The dynamics of grape ripening were followed and the anthocyanins were determined by
spectrophotometric evaluation of the color variation at the addition of sulfur dioxide (Ribereau-Gayon P.,
2006). Phenolic compounds are responsible for the browning reactions of wines and are considered as
essential elements in the processes of maturation and aging of wines (Ozturk, 2012; Ribereau-Gayon, 1965;
Vivas et al., 2008).
RESULTS
The year 2020 was characterized by a higher heliothermal regime, against the background of a
deficient rainfall regime.
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The vegetation period (April) started with higher average temperatures than the multiannual average
(12.7oC compared to 12.6oC), compared to the multiannual averages.
The average air temperatures recorded during the ripening period of the grapes show positive
oscillations between 0.3 oC (August) and 2.0 oC (September) compared to the multiannual average.
The volume of rainfall was very low in the winter months, when 12.8 mm were recorded in December
compared to 46.9 mm for the multiannual average during the flowering period (64.8 mm compared to 84.4
mm for the multiannual average recorded in June), but it became surplus in July (85.6 mm compared to 80.3
mm multiannual average), thus favoring the development of cryptogamic diseases (Table 1).
Table 1

The viticultural climate of the vegetation period
Month

Air temperature

Rainfall
(mm)

Average temperature
(oC)

Minimum temperature
(oC)

Maximum temperature
(oC)

April

12.7

-1.6

27.7

14.8

May

16.5

5.8

30.2

71.4

June

21.7

5.5

34.4

64.8

24.2

13.3

36.6

85.6

August

24.4

15.4

36.4

17.8

September

20.8

9.7

34.8

38.0

July

In 2020 year, the ripeness of the grapes was slow, the growth rate of the grain weight being 1.58
g/day (Muscat Ottonel) -1.72 g/day (Cabernet Sauvignon) and the accumulation of sugars of 4.48 g/l/day
(Muscat Ottonel) -2.87 g/l/day (Cabernet Sauvignon).
The Muscat Ottonel variety presented an average number of 26 grapes per vigne, while for the
Cabernet Sauvignon variety the value of this parameter is 23, in parallel with an average grape mass higher
by 5.2 g (Table 2). The production of grapes per vigne in the case of the Muscat Ottonel variety was 3.83
kg/vigne, with an average production per hectare of 12.81 t.

Variety

Elements of productivity of genotypes studied in 2020
Number of The average Effective
Calculated
grapes /
mass of a production, production,
Repetition
Vigne
kg/but
t/ha
grape, g
1
2
3

Muscat Ottonel

4
5
Media
1

Cabernet Sauvignon

24

116.8

2.803

10.62

28

126.6

3.545

13.43

22

124.8

2.746

10.40

32

136.8

4.378

16.58

26

132.4

3.442

13.04

26

127.48

3.383

12.81

128.15

2.178

8.25

140.48
127.25

4.081
3.054

15.45
11.57

132.16
135.20
132.65

2.379
3.921
3.123

9.01
14.85
11.83

17

2

27

3
4

24
18
29

5
Media

23

19
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The average production per vigne was 9.3% higher in the case of the Muscat Ottonel variety (3.442
kg/vigne) compared to the Cabernet Sauvignon variety (3.123 kg/vigne). The accumulation potential of
sugars in must, a characteristic of the variety, influenced by climatic factors during the ripening period of the
grapes, was variable from 220 g/l at Muscat Ottonel to 221.5 g/l (Cabernet Sauvignon), (Table 3).
Table 3
The quality of the harvest in the studied varieties
Date of harvest
of the grapes

The average
mass of the
grape (g)

Sugars
(g/L)

Total acidity (g/L
acid tartric)

Muscat Ottonel

04.09

127.48

232.1

3.9

Cabernet Sauvignon

21.09

132.65

221.5

5.6

Variety

The processing of black grapes in terms of sugar content influenced the alcohol concentration,
anthocyanin content, assimilable nitrogen content, color intensity, tint, polyphenol content, and the quality of
the wines obtained.
The assimilable nitrogen content of wine grapes influences the production of yeast biomass and the
fermentation rate. For complete fermentation, of good quality, the must has a content between 105.6 -128.30
mgN assimilable/l at Muscat Ottonel and 122.5-152.7 mg N assimilable/l. Without these nitrogen levels in the
must there is a reduced capacity to produce alcohol and fermentation is slow or blocked (Table 4).
Table 4

The chemical characterization of the musts obtained by staggered harvesting of grapes in the Valea
Calugareasca viticultural center
Variety

Muscat Ottonel

Cabernet
Sauvignon

Date of
harvest

Sugars
(g/L)

Potential
alcoholic
strength (% vol.)

Total acidity
(g/L ac.
tartric)

pH

Assimilable
nitrogen
(mg/L)

05.08.20

max. 100

5.5

6.9

3.10

128.30

20.08.2020

max. 150

8.5

4.6

3.21

116.80

04.09.2020

max. 220

12.5

2.9

3.46

105.60

07.08.2020

max. 100

5.5

16.3

2.89

152.70

22.08.2020

max. 150

8.5

11.6

3.12

138.60

21.09.2020

max. 220

13.0

7.6

3.48

112.50

The alcoholic strength of Muscat Ottonel and Cabernet Sauvignon wines depends on the amount of
sugar accumulated at harvest and is between 5.5-12.5% vol (Figures 1 and 2).
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Fig. 1 Evolution of alcoholic concentration during the maceration-fermentation at Muscat Ottonel

Fig. 2 Evolution of alcoholic concentration during the maceration-fermentation at Cabernet Sauvignon

The freshness of the aromas and the color of the wine are maintained by the presence of total
SO 2 ,which for Muscat Ottonel wine at an alcoholic strength of 5.5% vol. Is in a higher quantity 84.6 mg/l and
at 12.9% vol. 46.7 mg/l, and for wine Cabernet Sauvignon SO 2 is present in an amount of less than 46.7%
(5.5% vol.) and 39.5 mg/l (13.0% vol.) (Table 5).
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Table 5

Preliminary characterization of wines obtained by staggered grape harvesting in the Valea Calugareasca
viticultural center
Wine
Alcool
Total acidity Volatile acidity SO 2 free SO 2 total Sugars
pH
sample
(% vol.) (g/L ac. tartric) (g/L ac. acetic) (mg/L)
(mg/L)
(g/L)
5.5
6.46
0.35
28.22
84.64
2.15
3.10
6.5
6.32
0.28
28.12
83.57
2.21
3.13
Muscat
7.5
6.24
0.23
26.24
81.26
2.48
3.18
Ottonel
8.5
5.90
0.21
25.65
76.95
2.64
3.21
12.9
5.80
0.28
24.65
46.69
2.80
3.46
5.5
7.20
0.24
39.51
46.68
2.28
2.89
6.5
6.90
0.27
38.46
44.24
2.34
3.02
Cabernet
7.5
6.60
0.32
37.52
42.04
2.65
3.06
Sauvignon
8.5
6.46
0.36
34.26
41.22
2.82
3.12
13.0
6.22
0.41
32.92
39.51
2.96
3.48

Anthocyanins are the compounds that give color to red wines. The content of wines in anthocyanins is
very variable, depending on the variety of vine and the technology used to obtain the wine. For Cabernet
Sauvignon wine, the total amount of anthocyanins varies depending on the time of harvest and the alcoholic
strength of the wine, respectively 326 mg/l (5.5% vol.) and 1021 g/l (13.0% vol. alcohol), (Tables 6 and 7).
The content in anthocyanins, tannins and phenolic compounds of Muscat Ottonel wines
Wine
Alcohol Phenolic compounds Anthocyanins
Tannins Proanthocyanidins
D280
sample
(% vol.)
(mg/l)
(mg/l)
(mg/L)
(mg/L)
5.5
112
12
0.14
0.11
6.5
118
17
0.18
0.14
Muscat
7.5
122
21
0.24
0.17
Ottonel
8.5
156
26
0.36
0.22
12.9
234
32
0.48
0.34

The content in anthocyanins, tannins and phenolic compounds of Cabernet Sauvignon wines
Wine
sample

Alcohol (% Phenolic compounds Anthocyanins
vol.)
(mg/l)
(mg/l)

Cabernet
Sauvignon

Table 6

Table 7

D280

Tannins
(mg/L)

Proanthocyanidins
(mg/L)

5.5

1086

326

26

2.96

5.24

6.5

1124

522

32

3.21

6.82

7.5

1256

715

38

3.46

7.95

8.5

1660

772

47

3.69

8.23

13.0

2690

1021

51

4.18

9.83

The color intensity and color tint express the chromatic characteristics of red wines. The color intensity
and color tint increase as the alcohol content increases, from 3.42 (5.5% vol. alcohol) to 4.24 (13.0% vol.
alcohol) at Cabernet Sauvignon and at Muscat Ottonel from 1.242 (5.5% vol. alcohol) at 1.260 (12.5% vol.
alcohol), (Table 8).
Chromatic characteristics of Muscat Ottonel and Cabernet Sauvignon wines
Alcohol
Coloring
Tent
Wine sample
d 420% d 520 % d620 % dA%
(% vol.)
intensity (Ic)
(T)
Muscat
Ottonel

5.5

1.242

5.153

52.33

42.67

4.99

8.6

6.5

1.230

5.203

52.46

42.62

4.92

12.3

7.5

1.240

5.242

53.92

41.18

4.90

28.6
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Wine sample

Cabernet
Sauvignon

Alcohol
(% vol.)

Coloring
intensity (Ic)

Tent
(T)

d 420%

d 520 %

d620 %

dA%

8.5

1.260

5.397

57.74

36.31

5.95

32.7

12.5

1.260

5.476

58.54

35.37

6.10

32.8

5.5

3.420

8.119

40.35

46.49

13.16

14.45

6.5

3.670

8.679

40.33

46.05

13.62

15.23

7.5

3.820

8.757

40.84

45.55

13.61

15.59

8.5

4.000

8.966

41.00

44.75

14.25

15.92

13.0

4.240

9.162

38.68

47.64

13.68

17.96

The percentages of absorbances at different wavelengths (420,520,620 nm) are within normal limits,
as at red wavelengths 520 nm are read the red compounds in wine, so that Cabernet Sauvignon wine has
the highest values 46.49% (5.5% vol.) and 47.64% to 13.0% vol.
CONCLUSIONS
The accumulation potential of sugars in must, a characteristic of the variety, influenced by climatic
factors during the ripening period of the grapes, was variable from 220 g/l at Muscat Ottonel to 221.5 g/l
(Cabernet Sauvignon).
The alcoholic strength of Muscat ottonel and Cabernet Sauvignon wines depends on the amount of
sugar accumulated at harvest and is between 5.5 and 12.9-13.0% vol .;
The freshness of the aromas and the color of the wine are maintained by the presence of total SO 2 ,
which for Muscat Ottonel wine at an alcoholic strength of 5.5% vol. is in a higher quantity 84.6 mg/l and at
12.9% vol. 46.7 mg/l, and for wine Cabernet Sauvignon SO 2 is present in an amount of less than 46.7%
(5.5% vol.) and 39.5 mg/l (13.0% vol.).
For Cabernet Sauvignon wine, the total amount of anthocyanins varies depending on the time of
harvest and the alcoholic strength of the wine, respectively 326 mg/l (5.5% vol.) and 1021 g/l (13.0% vol.
alcohol).
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ABSTRACT
The viticulture is dependent upon climatic conditions during the growing season, as well as from year to
year, variations that induce the “vintage effect,” year-to-year variations in yield and quality.
The research works in 2020 has shown that the quality of grapes and wine depends on ecological and
technological factors. Through the correct zoning of the grape varieties for the table (Muscat Adda) and wine
(Columna, Mamaia, Feteasca neagra 4 Vl, Negru aromat and Grasa de Cotnari), the natural resources of the
viticultural center are exploited in optimal conditions. The highest yields were obtained in the case of the
varieties Grasa de Cotnari (5.916 kg/vigne), Mamaia (5.181 kg/vigne) and only 3.321 kg/vigne for the variety
Feteasca neagra 4 Vl.
REZUMAT
Viticultura este dependentă de condițiile climatice în timpul perioadei de vegetatie, precum și de la an la an,
variații care induc „efectul vintage”, variații de la an la an în randament și calitate.
Lucrările de cercetare realizate în 2020 au arătat că calitatea strugurilor și a vinului depinde de factori
ecologici și tehnologici. Prin zonarea corectă a soiurilor de struguri pentru masă (Muscat Adda) și vin
(Columna, Mamaia, Feteasca neagra 4 Vl, Negru aromat și Grasa de Cotnari), resursele naturale ale
centrului viticol sunt exploatate în condiții optime. Cele mai mari producții s-au obținut în cazul soiurilor Grasa
de Cotnari (5.916 kg / vigne), Mamaia (5.181 kg / vigne) și doar 3.321 kg / vigne pentru soiul Feteasca
neagra 4 Vl.
INTRODUCTION
The viticulture is highly dependent upon climatic conditions during the growing season. The climatic
conditions vary from one year to the other. These variations induce the “vintage effect,” year-to-year
variations in yield, quality, and typicity (Van Leeuwen C., 2016). Grape acidity, in particular the malic acid
content, decreases in high temperature (Coombe B.G., 1987). The main measurable effect of climate
change is a steady increase in temperature. Grapevine phenology was modified, all phenological stages are
shorter, except bud burst which became late. The shorter period of ripening grape berries has changed the
composition of grapes sugar, the concentration has significantly increased and the acidity decreased.
Sugar accumulation increases with temperature, but certain secondary metabolites, like anthocyanins,
are negatively affected by high temperature (Kliewer M. and Torres R., 1972). Grape acidity, in particular the
malic acid content, decreases in high temperature (Coombe B.G., 1987). The main measurable effect of
climate change is a steady increase in temperature (Dejeu L. 2007, Jones G.V. 2005, Serdinescu A., 2013).
MATERIAL AND METHODS
The study was realized in 2020 year, in DOC Dealu Mare-Valea Calugareasca viticultural area
specialized in the cultivation of black grapes. The analysis was performed on Olivia, Negru aromat, Mamaia,
Feteasca neagra 4 Vl, Columna, Grasa de Cotnari 4 Pt varieties. The soils in the experimental polygons is
eutricambosols mollic, horticultural antrosols and reddish preluvosols.
The viticultural climate parameters analyzed were: air temperature, precipitation and insolation.
Soil water supply, vegetative phenophases and physiological processes were also monitored.
The grapes were harvested at technological and phenological maturity and analyzed in terms of
soluble sugar content and total acidity.
RESULTS
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There is a great variability of the soil trophic properties, which determines different degrees of
favorability for the vine culture and implicitly the obtaining of productions in quantitative and qualitative
aspect very differentiated according to the vinifera / rootstock combinations cultivated.
Regarding the trophic properties, there is a good supply of humus for reddish preluvosols (0.963.31%), eutricambosols (1.85-2.50%) and low for horticultural anthrosols (0.36-0.95%).
The humus content is positively correlated with the total nitrogen content, which has the highest
values for reddish preluvosol (0.135-0.182%) and the lowest for horticultural anthrosols (0.051-0.070%).
Regarding the supply of mobile phosphorus (P 2 O 5 ), its content in the unclogged horizon is low on
average ranging between 3.5-10.4 mg/100 g soil in reddish preluvosols; between 1.9-7.4 mg/100 g soil in
horticultural anthrosols and between 10.0-12.0 mg/100 g soil in eutricambosols.
The supply of mobile K 2 O in the muddy horizon is characterized by values ranging between 8.8-24.7
mg/100 g soil in reddish preluvosols, 8.1-19.7 mg/100 g soil in horticultural anthrosols and 17.4-28.4 mg/100
g soil in eutricambosols.
In general, horticultural anthrosols are poorly medium supplied with mobile potassium, while reddish
preluvosols, vertical preluvosols are medium to well supplied.
Overall, the year 2020 (January-October) was a year with high heliothermal resources amid low water
resources, especially during the grape ripening period. A specific feature of this year was the very high air
temperatures recorded in the summer months, where they frequently exceeded 35°C and even 40°C. Also,
the time interval in which these temperatures were present often exceeded 7-12 days.
The vegetation period (April) started with higher average temperatures than the multiannual average
(12.7°C compared to 12.6°C), compared to the multiannual averages.
The average air temperatures recorded during the ripening period of the grapes show positive
oscillations between 0.3 oC (August) and 2.0 oC (September) compared to the multiannual average.
The volume of rainfall was very low in the winter months, when 12.8 mm were recorded in December
compared to 46.9 mm for the multiannual average during the flowering period (64.8 mm compared to 84.4
mm for the multiannual average recorded in June), but it became surplus in July (85.6 mm compared to 80.3
mm multiannual average), thus favoring the development of cryptogamic diseases (Table 1).
Table 1

The viticultural climate of the vegetation period
Month

April
May
June
July
August
September

Air temperature

Rainfall
(mm)

Average
temperature (oC)

Minimum
temperature (oC)

Maximum
temperature (oC)

12.7

-1.6

27.7

14.8

16.5

5.8

30.2

71.4

21.7

5.5

34.4

64.8

24.2

13.3

36.6

85.6

24.4

15.4

36.4

17.8

20.8

9.7

34.8

38.0

Absolute maximum air temperatures in the summer months exceed the critical threshold by 0.3-6.4°C
in August and 0.1-4.8°C in September.
The low volume of precipitation in the summer months caused the water supply in the soil to decrease
starting with August below the minimum level of 50% of the active humidity index (ranging between 22.5
cubic meter/ha (depth 50-100 cm) and reaching very low values in September 204.7 cubic meter/ha (depth
0-20 cm), (Table 2).
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Table 2

Soil water deficit in the vegetation period of 2020
Luna
Depth cm

IV

V

VI

VII

VIII

IX

m3/ha

%

m3/ha

%

m3/ha

%

m3/ha

%

m3/ha

%

m3/ha

%

0 – 20

+193.3

7.0

+164.1

5.9

+93.4

3.4

+132.1

4.8

+79.6

2.9

-204.7

7.4

20 – 50

+155.9

5.6

+140.2

5.1

+79.6

2.9

+151.4

5.5

+38.2

1.4

-94.3

3.4

50 - 100

+130.7

4.7

+115.3

4.2

+60.3

2.2

+140.3

5.1

+16.1

0.6

-22.5

0.8

100 - 150

+101.9

3.7

+88.4

3.2

+10.6

0.4

+93.4

3.4

-0.4

0.0

-50.1

1.8

The low reserve of water in the soil corroborated with the very high air temperatures made the
phenomenon of grape wilting occur frequently in the vineyards in September.
The initial reserve of water in the soil at the start of vegetation of the vine was above the upper third of
the active humidity range (between the withering coefficient (CO) and the field capacity for water (CC)),
which indicates a very good supply with soil water (Table 3).
Table 3

Moisture accessible from the soil during the vegetation period of 2020
Luna
Depth cm

cm).

IV

V

VI
m3/ha

VII

m3/ha

%

m3/ha

%

%

m3/ha

0 – 20

602.2

21.8

573.1

20.8

502.3 18.2 541.0

20 – 50

564.8

20.5

549.1

19.9

50 - 100

539.6

19.6

524.2

100 - 150

510.8

18.5

497.2

VIII
%

m3/ha

IX
%

m3/ha

%

19.6 488.5 17.7

204.2

7.4

488.5 17.7 560.3

20.3 447.1 16.2

314.6

11.4

19.0

169.2 17.0 549.2

19.9 425.0 15.4

386.4

14.0

18.0

419.5 15.2 502.3

18.2 408.9 14.8

358.8

13.0

The final supply of water in the soil oscillates between 204.2 m3/ha (0-20 cm) and 386.4 m3/ha (50-100

These changes in the viticultural climate determined an earlier development of the vegetative
phenophases, especially of the leech phenophases and the maturation of the grapes (by about 7-14 days),
which influenced especially the quality of grape production, also finding uniformity of the vegetative
phenophases to all varieties studied.
Due to the lower temperatures compared to the multiannual average parga, respectively the
maturation started around the calendar data recorded as multiannual average (07.08-20.08), respectively
(07.09-27.09).
Also, the intensity of the photosynthesis process varied between 4.33 CO 2 /m2/s and 7.01 µmol
CO 2 /m2/s. The photosynthetic activity was more intense at the Columna variety (5.43 µmol CO 2 /m2/s at the
beginning of the flowering phenophase: 10.62 µmol CO 2 /m2/s at the beginning of the development
phenophase) and 4.99 µmol CO 2 /m2/s at the veraison phenophase.
Regarding the disruptive impact of climate change on the quality of grape production, it was
particularly pronounced on the acidity of the must, which had very low values, which made the
glucoacidimetric index take high values, well above the optimal values for a production quality to ensure the
production of wines with a high degree of quality and typicality.
The differentiated completion of the vegetative phenophases also determines a differentiated
accumulation of sugars and organic acids in grapes, with major implications on the alcoholic strength and the
quality of the obtained wines.
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The quality of grape production (expressed by the sugar content in grapes and the gluco-acidimetric
index) showed high values for the varieties Negru aromat (227 g/l), Feteasca neagra 4 Vl (221.7 g/l) and
Olivia (217.3 g/l ), (Table 4).
Chemical composition of must in the studied genotypes
Genotype
Muscat
Grasa
Negru
Columna
Olivia
Adda
Cotnari 4 Pt
aromat

Determined items

Table 4

Mamaia

FN 4 Vl

Date of harvest of the grapes

02.09

10.09

04.09

05.09

05.09

10.09

15.09

The average mass of a grape, g

238.2

136.6

155.6

121.0

105.0

157.0

123.0

Effective production,kg/vigne

4.975

3.825

5.913

3.267

2.940

5.181

3.321

Calculated production,tons/ha

18.8

13.0

20.2

11.2

10.0

17.7

11.3

Sugars, g/L

171.8

185

213.0

217.3

227.0

196.4

221.7

Number of grapes/vigne

36

28

38

27

28

33

27

Total acidity g/L C 4 H 6 O 6

5.8

5.6

4.3

4.1

3.6

5.1

4

pH-ul

3.06

3.19

3.39

3.50

3.71

3.35

3.62

Glucoacidimetric index

29.62

33.04

49.5

53.0

63.06

38.51

55.43

Soluble dry matter (°Brix)

18.5

19.8

22.4

22.8

23.8

20.8

23.3

Anthocyanins mg/L

-

-

-

1054

677

753

1195

Total anthocyanic potential

-

-

-

1155

823

1411

1762

Total polyphenols, g/L galic acid

-

-

-

1027

1622

957

1277

Total polyphenolic index (IPT)

-

-

-

76.5

73.0

43.2

66.7

The grape production obtained was in line with the productivity of the vine.
The highest productions were obtained in the case of the varieties Grasa de Cotnari (5.916 kg/vigne),
Mamaia (5.181 kg/vigne) and only 3.321 kg/vigne for the variety Feteasca neagra 4 Vl.
Regarding the anthocyanin content, the highest values were obtained for the varieties Feteasca
neagra 4 Vl (1195 mg/kg) and Olivia (1054 mg/kg), and the lowest for the varieties Negru aromat (677
mg/kg) and Mamaia (753 mg/kg).
The vegeto-productive equilibrium index (IEVP) can also be used to express the relationship between
growth and fruiting.
This indicator, which expresses the ratio between growth and fruiting, highlights the percentage
contribution of the vegetative part, expressed by the weight of the wood removed at cutting to the production.
The presented data suggest values of the Ravaz index between 3.2-6.8, considered ideal, for the
varieties Grasa de Cotnari 4 Pt., Negru aromat, Columna, Olivia and values higher than 15.4 (Mamaia), 18.6
(Muscat Adda 5 Pt) and 22.3 ( Feteasca neagra 4 Vl.), values that indicate maturation delays and quality
reduction, and are consistent with the literature, (Betiga L.J., 2003,Celotti E., 2000, Kliewer W.M., 1997),
(Table 5).
Table 5
Vegeto-productive indices
Ravaz's index

Olivia

6.8

Vegeto-productive
equilibrium index
12.7

Negru aromat

3.6

21.6

Genotype
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Mamaia

15.4

Vegeto-productive
equilibrium index
6.1

Columna

3.9

20.3

Muscat Adda 5 Pt

18.6

5.1

Grasa de Cotnari 4 Pt

3.2

24.0

Feteasca neagra 4 Vl

22.3

4.3

Genotype

Ravaz's index

The values of the vegeto-productive equilibrium index (weight of wood removed at cutting x 100/ grape
production + wood removed), oscillate depending on the vinifera variety with values between 4.3 (Feteasca
neagra 4 Vl), 12.7 (Olivia), 20.3 (Columna) and 24.0 ( Cotnari 4 Pt).
The leaf area required for the production of one gram of grapes in the conditions of maximum
accumulations of sugars when harvesting Olivia grapes was 11.86 square centimeter/vine, (Table 6).

Variety

The relationship between leaf area / production
Leaf area square
Area required for ripening
meter
one gram of fruit (square
centimeters / g)

Olivia

4.16

11.86

Negru aromat

2.94

9.32

Feteasca neagra 4 Vl

3.58

9.92

Mamaia

3.92

9.45

Columna

3.44

9.62

Grasa Cotnari

3.56

10.56

Table 6

For the Fetească neagră 4 Vl. variety, the leaf area of 3.58 square meter/vine can ensure the
maturation of a production of 3.321 kg of grapes, the leaf area necessary to achieve a gram of ripe fruit
having value of 9.92 square centimeters/ g, at a sugar content of 221.7 g/l of must.
The leaf area of varieties has been reduced with 6.42% (Olivia), 11.73% (Negru aromat), 16.02%
(Feteasca neagra) and 18.84% (Mamaia).
The vine varieties studied showed a very good resistance to attack by Plasmopara viticola, Uncinula
necator and Botrytis cinerea, the values of attack degrees are less than 1%.
CONCLUSIONS
High temperatures and precipitation in lower quantities have affected grape production and vegetative
growth is lower.
The low reserve of water in the soil corroborated with the very high air temperatures made the
phenomenon of grape wilting occur frequently in the vineyards in September.
The grape production and must content are influenced by climate change.
The highest production was obtained in the case of Feteasca neagra 4 Vl variety (3.321 kg/vine)
followed by Grasa Cotnari 4 Pt variety (5.913 kg/vine).
In order to achieve the production of 3.321 kg/vinethe Feteasca neagra 4 Vl varirty requires a leaf area
of 3.58 square meter/vine.
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Potential accumulation of sugars, a characteristic of the variety, was variable, with values between
221.7 grams/litre (Feteasca neagra 4 Vl) and 213 grams/litre (Grasa Cotnari 4 Pt). The sugar content
increased with 1.46% (Negru aromat), 4.69% (Feteasca neagra 4 Vl) and 5.89% (Columna).
Regarding the anthocyanin content, the highest values were obtained for the varieties Feteasca
neagra 4 Vl (1195 mg/kg) and Olivia (1054 mg/kg), and the lowest for the varieties Negru aromat (677
mg/kg) and Mamaia (753 mg/kg).
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ABSTRACT
The research carried out in the experimental field of Research and Development Station for Plant Culture on
Sandy Soils Dăbuleni, aimed at assessment of the biological activity of some herbicides in the sweet potato
culture (Ipomoea batatas), on sandy soils. The main problem weeds were the annual dicotyledonous:
Ambrosia artemisiifolia, Erigeron annuus, Chenopodium album, Veronica spp. and the perennial
monocotyledonous Agropyrum repens. Two herbicides were applied: Dual Gold 960 EC pre-emergent
immediately after planting and Fusilade Forte post-emergent when the couch grass was 10-15 cm high. The
experimental block also included samples in which pre-emergent treatments were applied followed by the
application in vegetation of post-emergent treatments in different rates. Observations were made at 14, 28
and 42 days after herbicide application and focused on weed density, % of soil cover, control effectiveness
and crop plant selectivity (yellowing, browning, chlorosis, necrosis, stunting, delayed flowering, reproductive
organs, tuber deformities). The pre-emergent applied Dual Gold 960 EC herbicide was very effective in
controlling annual dicotyledonous at 14 days after application, the best results being obtained at the rate of
1.5 l/ha. Following assessments confirmed the excellent efficacy in controlling annual weed, but due to the
fact that no post-emergent treatments were applied, A. repens species developed excessively so that after 4
weeks of application the efficacy was lower, especially at the dose of 1.0 l/ha. In the sample in which only
post-emergent treatment was applied, the invasive annual species developed excessively, finding favorable
conditions due to the fact that Fluazifop-p-butyl has a very good efficacy in controlling A. repens. The best
results were obtained by combining pre-emergent herbicides with post-emergent herbicides applied during
the active weed growth period, which managed to protect the sweet potato crop during its critical period of
sensitivity to weed competition, respectively 4-6 weeks after planting. No phytotoxicity phenomena were
observed in the experimental field.
REZUMAT
Cercetările realizate la Staţiunea de Cercetare pentru Cultura Plantelor pe Nisipuri Dăbuleni, au avut drept
scop evaluarea activității biologice a unor erbicide în combaterea buruienilor din cultura de cartof dulce
(Ipomoea batatas), pe soluri nisipoase. Principalele buruieni problemă au fost dicotiledonatele anuale:
Ambrosia artemisiifolia, Erigeron annuus, Chenopodium album, Veronica spp. iar dintre monocotiledonatele
perene specia Agropyrum repens. Au fost aplicate două erbicide: Dual Gold 960 EC preemergent, imediat
dupa plantare și Fusilade Forte postemergent când pirul avea 10-15 cm înălțime. Blocul experimental a
inclus și variante cu tratamente preemergente urmate de aplicarea în vegetație de tratamente
postemergente în diferite doze. Observațiile efectuate la 14, 28 și 42 de zile de la aplicarea erbicidelor, au
vizat densitatea buruienilor, procentul de acoperire a solului, eficacitatea în combatere și selectivitatea față
de planta de cultură (îngălbeniri, brunificări, cloroze, necroze, piticiri, întârzieri la înflorire, la apariția
organelor de reproducere, deformări ale tuberculilor). Erbicidul Dual Gold aplicat preemergent a avut o
eficacitate bună în combaterea dicotiledonatelor anuale la 14 zile de la aplicare, cele mai bune rezultate fiind
obținute la doza de 1,5 l/ha. Următoarele observații au confirmat excelenta eficacitate în combaterea
buruienlor anuale, dar datorită faptului că nu s-au aplicat tratamente postemergente, specia A. repens s-a
dezvoltat excesiv astfel încât, după 4 săptămâni de la aplicare eficacitatea a fost mai scăzută, în special la
doza de 1,0 l/ha. În varianta în care s-a aplicat doar tratament postemergent speciile anuale invazive s-au
dezvoltat în exces, găsind teren favorabil datorită faptului că Fluazifop-p-butil are o eficacitate foarte bună în
combaterea pirului. Cele mai bune rezultate s-au obținut prin asocierea erbicidelor aplicate preemergent cu
erbicide aplicate postemergent în perioada de creștere activă a buruienilor, acestea reușind să protejeze
cultura de cartof dulce în perioada critică de sensibilitate față de concurența buruienilor, respectiv 4-6
săptămâni de la plantare. Nu au fost observate fenomeme de fitotoxicitate în câmpul experimental.
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INTRODUCTION
The sweet potatoe [Ipomoea batatas (L.) Lam.], belongs to the Convolvulaceae family, it is original
from South America and it is cultivated on large areas in China, India, Japan, in south-eastern Asia and in
Africa. It is also cultivated in southern Russia, the USA, South America and even in the Mediterranean areas
of Europe. It ranks 7th among the world’s major food crops (Korieocha et al., 2009). This species is among
the most important food crop in the world with more than 133 million tonnes in annual production (BovellBenjamin, 2007; Aywa et al., 2013; Laurie et al., 2015; Pradhan et al., 2015). Its culture can be found on all
continents, in over 95 countries with an area of over 9.5 million hectares, the largest in China (Dinu and
Soare, 2015). Sweet potato is a nutritions food for humans and animals (Woolfe, 1992; Yamakawa and
Yoshimoto, 2001; Ishiguro et al., 2007; Kidmose et al., 2007).
Weed management is a critical, costly and a major constraint to successful sweet potato production
since weeds compete with the crop for nutrients, water and sunlight causing losses as high as 50–60%
(Stall, 2010). Weed control is necessary during the first 2 months when plant growth is slow (Unamma, 1984;
Lewthwaite and Triggs, 2000). Integrated weed management (IWM) approach such as mechanical, cultural
and use of herbicides for crops grown on large acreages is needed to effectively control weeds during early
stages of growth when competition is high to enhance production (Mwanda, 2000). Hand weeding is
generally done by the farmers but due to scarcity and unavailability of labourers during peak period,
increasing labour wages, time consuming and cumbersome operations, it becomes imperative to go for
chemical weed control (Mischler, 2009; Singh et al., 2014). Unfavorable conditions like rainy periods soon
after transplanting may make the weed control measures ineffective, causing severe yield losses due to
weed competition (Harrison and Jackson, 2011). Furthermore, weed control in sweet potato production is
difficult because of the vine-like growth habit of sweet potato, and the availability of only a few registered
herbicides for this crop and evidence of herbicide injury in certain cultivars (Seem et al., 2003).
Weed research of sweet potato has been insufficient over the past decade. Most weed management
strategies were developed for large scale agriculture. As a result, these are either not applicable or
affordable to small-holder farmers. The extension arid areas with visible accents of desertification,
determines the orientation in using sandy soils towards new species of plants and establish their cultivation
technology in order to mitigate negative effects of climate change. In Romania there are about 439.000 ha of
sandy areas and due to more and more frequent changes of climate, it is necessary to find some species
and varieties, which can withstand the thermohydric stress. In this respect, during the period 2015-2017, at
Dăbuleni, located in southern Oltenia, Romania we have studied five sweet potato varieties of Korean origin,
with different growing seasons: Yulmi, Juhwangmi, Hayanmi, KSP 1 and KSC 1 (Drăghici and al., 2013;
Drăghici and al., 2017; Diaconu and al., 2019). The objective of this research was to evaluate the efficacy
and selectivity of two herbicides applied in pre-emergence and in post-emergence for weeds control in the
sweet potato.
MATERIAL AND METHOD
The research was carried out during the period 2015-2017, at the Research and Development
Center for Agricultural Plants on Sands, Dabuleni, by ADER Project 2.2.2., within the Sectoral Program
2015-2018, financed by the Ministry of Agriculture and Rural Development of Romania. The experiment was
carried out on a sandy, poorly supplied nitrogen, well supplied with phosphorus, reduced to a medium
supplied with potassium, low in organic carbon, and a weakly acidic pH to neutral.
The experiment was established in the field, through shoots obtained by planting sweet potato tubers
in a dual-shielded solar plant between March 20-25. The shoots were harvested at 35-40 days of vegetation
(May 10-15), stored for 24 hours at room temperature (20°C), and were planted in the field, on billy ground,
and drip irrigation on 2nd day, after 17 hours. The planting density was 60.000 plants/ha. Prior to planting
was efectueted the fertilization of the sweet potato culture with N150 P80 K80. Also, in vegetation was
applied two foliar fertilizations with the product Timasol in a concentration of 1%, having N15 P15 K30 + 13
microelements.
Two herbicides were applied: Dual Gold 960 EC (S-metolachlor 960 g/l) pre-emergent immediately
after planting and Fusilade Forte (Fluazifop-p-butil 150 g/l) post-emergent when the couch grass was 10-15
cm high. The experimental block also included samples in which pre-emergent treatments were applied
followed by the application in vegetation of post-emergent treatments in different rates. The experiments
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were in randomized complete blocks design, with plot area of 30 m2, in four replications. Each experimental
block included an untreated plot. The previous crop was wheat. The herbicide S-metolachlor was applied at
1.0 and 1.5 l/ha and Fluazifop-p-butil at 1.5 l/ha.
Weeds density was assessed in ground % and in number of plants per square meter. Observations
were focused on weed density, soil cover, control effectiveness and crop plant selectivity (yellowing,
browning, chlorosis, necrosis, stunting, delayed flowering, reproductive organs, tuber deformities)
Determination of segetal flora was performed on one square meter using a metric frame. The herbicide
efficacy was recorded on the 14th, 28th and 42th day after treatments by the 10 score scale for efficacy of
EWRS (European Weed Research Society), in % control compared to untreated plots. Statistical data processing of the assessments was based on the analysis of ARM-9 software (P=.05, Student-NewmanKeuls. 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 sweet potato plants.
RESULTS
On the sandy soils of southern Oltenia the sweet potato finds favourable conditions of culture,
although in the summer months the maximum air temperature exceeds 40°C on many days, and the periods
during which the rainfall is missing may exceed 30 days. From a climatic point of view, the four years of
study have differentiated both as temperature values and as rainfall values. The warmest years were 2017
and 2018, with average temperatures during the vegetation period of 20.8°C in 2017 and 21.0°C in 2018.
The year 2016 was considered the driest for sweet potato culture 345.9 mm), and 2018 was the richest in
rainfall (498.2 mm). In all four years the amount of precipitation was very unevenly distributed during the
vegetation period, from 1mm in August 2016 to 195.2 mm in June 2017 (Drăghici and al., 2017).
The yield potential of sweet potato is seriously affected by weeds competing for nutrients, water, light
and space. Weed control in sweet potato fields is critical for the first four to six weeks following transplanting.
After this establishment period, most sweet potato crops will cover the ground completely and effectively
shade out weeds. The critical issue is how to control weeds prior to the crop covering the ground completely
(Brandenberger et al.,2014).
Because in Romania there are no approved herbicides for weed control from the sweet potato crop
based on the specialized works and based on the experience regarding the weed control from various crops,
we selected from the approved herbicides Dual Gold 960 EC (S-metolachlor 960 g/l) and Fusilade Forte
(Fluazifop-p-butil 150g/l). S-metolachlor is a preemergent herbicide used for the control of annual grasses
and small-seeded broadleaf weeds in more than 70 agricultural crops worldwide (Zemolin et al.,2014).
S-metolachlor {2-chloro-N-(2-ethyl-6-methylphenyl)-N -[(1S)-2-methoxy-1-methyethyl] acetamide} is a
nonionic compound belonging to the chloroacetamide herbicides resulting from a proprietary breakthrough in
the catalyst system of the manufacturing process for metolachlor, which is comprised of 50% R and 50% Sisomers (Shaner et al., 2006; Senseman, 2007). S-metolachlor is physically and chemically equivalent to
metolachlor, but it was enriched with the S-isomer that increases its herbicidal activity in susceptible plants
(Blaser and Spindler, 1997; Spindler et al., 1998; Senseman, 2007). This enrichment resulted in a
substantial reduction of risks to applicators, consumers and the environment since application rates in
agricultural crops were reduced by 35% (Shaner et al., 2006). This herbicide inhibits very-long-chain fatty
acids that have more than 18 carbon atoms, impairing cell division and shoot development in susceptible
plants (Götz and Böger, 2004; Senseman, 2007). In annual grasses, S-metolachlor is absorbed by shoot
tissues as they grow through the treated soil (Lebaron, 1988) and general symptoms are characterized by
malformed and twisted seedlings where leaves are tightly rolled in the whorl and cannot unroll properly
(Senseman, 2007). In broadleaf weeds, root absorption is an important pathway for herbicide uptake
(Lebaron et al., 1988) and symptoms are typically crinkled leaves with heart shaped appearance
(Senseman, 2007). Depending on crop and variety, S-metolachlor can be applied in preplant incorporated,
preemergence or early postemergence of tolerant plant species with minimal crop injury under certain
conditions (Liebl, 1995; Porter 1990; Parker et al., 2005; Senseman, 2007; Bollman et al., 2008).
Fluazifop-p-butyl is a herbicide with systemic activity in grass weeds. This herbicide belongs to the
chemical family aryloxy-phenoxy propionate, which is a strong inhibitor of the enzyme acetyl-coenzyme A
carboxylase (ACCase). Inhibition of ACCase by fluazifop precludes the synthesis of malonyl-CoA, the
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committed step of fatty acid biosynthesis in plants, thus controlling the grass weeds (Cieslik et al., 2013.
Cieslik et al., 2017). Fluazifop-P-butyl was ineffective on broad-leaved weeds.
In experimental field the main problem weeds were the annual dicotyledonous: Ambrosia artemisiifolia
L., Erigeron annuus (L.) Pers., Chenopodium album L., Veronica spp., and the perennial monocotyledonous
Agropyrum repens (L.) P. Beauv., sin. Elymus repens (L.) Gould., sin. Elytrigia repens L. There were also
present Echinochloa crus-galli (L.) Beauv, Amaranthus retroflexus L., Convolvulus arvensis L. Setaria spp.,
Galinsoga parviflora Cav. and Portulaca oleracea L. but they had a low density on square meter. When the
pre-emergent treatment was applied immediately after planting (A) the weeds were not emerging. Density of
weeds and % of soil cover before application treatment B (postemergence) are presented in table 1.
(Table 1)

Density of weeds and % of soil cover before application treatment B (postemergence)
Treatment
Appl
Ambrosia
Chenopodium
Erigeron
Veronica
Agropyrum
name
Code
artemisiifolia
album
annuus
spp.
repens
D*
G**
D
G
D
G
D
G
D
G
(m2)
(%)
(m2)
(%)
(m2)
(%)
(m2)
(%)
(m2)
(%)
Untreated

-

20

25

8

10

8

10

13

15

20

25

Dual Gold

-

6

8

0

0

2

4

4

8

35

40

Dual Gold

A

2

4

0

0

0

0

2

4

10

15

Fussilade Forte

A

25

30

12

15

6

8

16

20

18

22

Dual Gold+Fusilade
forte

B

8

10

2

4

0

0

6

8

30

35

A+ B

4

6

0

0

0

0

0

0

45

50

LSD P=.05

3.41

2.88

4.69

6.51

1.63

2.58

1.71

2.83

3.59

3.83

Standard Deviation

1.97

1.67

2.71

3.76

0.94

1.49

0.99

1.63

2.07

2.21

Dual Gold+Fusilade
forte

D*= nr weeds/m2; G**=% of soil cover

In such conditions of weeds infestation the pre-emergent applied Dual Gold 960 EC herbicide was
very effective in controlling annual dicotyledonous at 14 days after application, the best results being
obtained at the rate of 1.5 l/ha (Table 2). Following assessments confirmed the excellent efficacy in
controlling annual weed, but due to the fact that no post-emergent treatments were applied, A. repens
species developed excessively so that after 6 weeks of application the efficacy was lower, especially at the
dose of 1.0 l/ha. In experimental field the dominant weeds were A. artemisiifolia and A. repens.
A. artemisiifolia shows a tendency to invade agricultural crops, where it can cause considerable
damage (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). 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 (Rich, 1994), but can even reach 150,000 (Szigetvári and Benkö, 2008).
Quackgrass is a major weed in the temperate regions of the world and is regarded as one of the 10
worst weeds in the world (Holm et al., 1977). Quackgrass is vigorous in growth and is successful in
establishing itself, largely due to its ability to generate new shoots from axillary rhizome buds. The rhizome
buds contribute largely to the persistence of quackgrass (Werner and Rioux, 1977). Thus, for Dual Gold 960
EC herbicide at 1.0 l/ha the effectiveness was: A. artemisiifolia 40.0%, C. album 55.8%, E. annuus 60.3%
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and Veronica spp. 60.2%. At 1.5 l/ha the effectiveness was: A. artemisiifolia 62.5%, C. album 68.5%, E.
annuus 68.0% and Veronica spp. 70.6%. In the sample in which only post-emergent treatment was applied,
the invasive annual species developed excessively, finding favorable conditions due to the fact that fuazifopp-butyl has a very good efficacy in controlling A. repens. The best results were obtained by combining preemergent herbicides with post-emergent herbicides applied during the active weed growth period, which
managed to protect the sweet potato crop during its critical period of sensitivity to weed competition,
respectively 4-6 weeks after planting. Thus, for Dual Gold 960 EC at 1.5 l/ha + Fusilade Forte at 1.5 l/ha the
effectiveness was: A. artemisiifolia 89.2%, C. album 100%, E. annuus 95.2%, Veronica spp. 100% and A.
repens 70.6% (Figure 1). The activity of fluazifop-butyl was affected by low temperature, low humidity and
water stress, all of which reduced the herbicide performance to varying extents.

Figure 1. Aspects from the experimental field

Moderate water stress did not affect the activity significantly, but severe stress led to the plants
becoming more tolerant of the herbicide. The effect of light/shade on foliar activity was not clear, bin showed
a tendency of decreasing with increasing shade. Adverse effects of rain, probably due to wash-off of the
retained spray droplets, reduced the performance of fluazifop-butyl, if rain fell within 6 h of spraying
(Chandrsena and Sagar, 1986).
(Table 2)

The efficacy of herbicides in sweet potato after 42 days of treatment pre-emergence and postemergence
Treatment
name

Dose
L/ha

Untreated (ground %)

Appl
Code

-

Efficacy (% control in comparison with the untreated plots)
Weeds stage majority (BBCH)
48
50
47
47
45
Ambrosia
Chenopodium Erigeron
Veronica Agropyrum
artemisiifolia
album
annuus
spp.
Repens
25

15

12

15

40

0.0

0.0

0.0

0.0

40.0

55.8

0.0
60.3

60.2

-

70.6

-

Untreated
Dual Gold 960 EC

1.0

A

Dual Gold 960 EC

1.5

A

62.5

68.5

68.0

Fussilade Forte EC

1.5

B

-

-

-

-

62.2

1.0+1.5
1.5+1.5

A+ B
A+ B

73.8
89.2
6.10-6.52

79.0
100.0
0.54-3.58

80.1
95.2
2.69-2.83

70.3
100
3.19-3.51

65.6
70.6
3.24-3.86

3.04t

2.44t

1.55t

1.70t

2.33t

Dual Gold + Fusilade forte
Dual Gold + Fusilade forte
LSD P= P=.05
Standard Deviation
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No phytotoxicity symptoms have been shown in the experimental plot. No symptoms of chlorosis, necrosis,
leaf deformation, height reduction, distortion and delay at flowering in plots treated with S-metolachlor and
Fluazifop-p-butyl were seen (*, 2014).
CONCLUSIONS
On the sandy soils of southern Oltenia the sweet potato finds favourable conditions of culture. The
yield potential of sweet potato is seriously affected by weeds competing for nutrients, water, light and space.
Weed control in sweet potato fields is critical for the first four to six weeks following transplanting. The eficacy
and selectivity of Dual Gold 960 EC (S-metolachlor 960 g/l) and Fusilade Forte (Fluazifop-p-butil 150 g/l
were evaluated.
In experimental field the dominant weeds were A. artemisiifolia and A. repens. The best results were
obtained by combining pre-emergent herbicides with post-emergent herbicides applied during the active
weed growth period. No phytotoxicity phenomena were observed in the experimental field.
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PRODUCTION OF ENERGY AND AGRIBIOCHAR WITHOUT RESIDUES AND WITH
NEGATIVE CARBON FOOTPRINT WITH CHAB AND CHPAB CONCEPTS FROM THE
ANNUAL RESIDUAL VEGETABLE AGRICULTURAL BIOMASS FROM ROMANIA
/
PRODUCŢIA DE ENERGIE ŞI AGRIBIOCĂRBUNE FĂRĂ REZIDUURI ŞI CU
AMPRENTĂ DE CARBON NEGATIVĂ CU CONCEPTE CHAB ŞI CHPAB DIN
BIOMASA AGRICOLĂ VEGETALĂ REZIDUALĂ ANUALĂ DIN ROMÂNIA
Murad E.

EKKO AG Inovative Departement

Keywords: residual biomass, agripellet, biochar, heat, power, CHAB, CHBAP, carbon footprint
ABSTRACT
Agriculture is and will be a permanent source of food and residual biomass, but also an energy consumer with
high GHG emissions. In Romania 2018 agriculture consumed 6.05 TWh energy with an emission of 18.32
Tg.CO2e and at a collection level of 67% could be obtained 21Tg.db dry residual vegetable agricultural biomass
with an energy potential of 100 TWh, energy resource untapped. With micro-gasification processes CHAB and
CHBAP from chopped and from agripellets with a lot of ash that cannot be burned efficiently, Energy and Biochar
are produced without residues and with negative carbon footprint. Biochar is also usable as an efficient
agricultural amendment with which economically and safely sequester CO 2 compared to known processes and
with heat, that can be stored more efficiently than power, power is produced - when and as needed - and with
negative carbon footprint. In a plant with CHAB concept from a 1 tonne of dry residual biomass is produced on
average 2.5 MWht of heat and 200 kg of biochar with a minim negative carbon footprint of -400 kg.CO 2 . Annually,
from 20 Tg of agro-pellets with CHAB plants is produced 4 Tg of biochar and 50 TWh of thermal energy and 5.25
Gg of diesel will no be burned, having as ecological effect a negative carbon footprint of -18.25 Tg CO 2 /year
which offsets by 25% the CO 2 emissions of RO agriculture. CHBAP plants produce thermal and electrical energy
with a cogeneration index of 5% and an almost zero carbon footprint with very low heat storage capacities and
accumulator batteries. The fully automated CHAB and CHABAP plants is easy to uses by operators with medium
training, contribute to increasing the level of employment in rural areas, contributing to the decarbonization of the
Romanian economy in a GNDE requirements.
REZUMAT
Agricultura este şi va fi o sursă permanentă de biomasă alimentară şi reziduală, dar şi o consumatoare de energie
cu emisii mari de GES. In România ȋn anul 2018 agricultura a consumat 6,05 TWh energie cu o emisie de 18,32
Tg.CO2e iar la un nivel de colectare de 67% se putea obţine 21 Tg.fa biomasă agricolă vegetală reziduală uscată
cu un potenţial energetic de 100 TWh, resursă enegetică nevalorificată. Cu procedele de micro-gazeificare CHAB
şi CHBAP din tocătură şi din agripelete cu multă cenuşă care nu se pot arde eficient se produce Energie şi
BioCărbune fără reziduuri şi cu emisii negative.de CO 2 . BioCărbunele produs este utilizabil şi ca amendament
agricol eficient cu care care sechestrează CO 2 mai economic şi mai sigur comparativ cu procedee cunoscute, iar
cu căldura, care se stochează mai eficient decât electricitatea, se produce energie electrică - când şi cât este
necesar - cu amprenta de carbon negativă. Cu un agregat CHAB din o tonă de biomasă reziduală uscată se
produce, ȋn medie, 2,5 MWht energie termică şi 200 kg BioCărbune cu o amprentă de negativă de minim -400
kg.CO 2 . Anual din 20 Tg agripelete cu sisteme PCBC se poate obţine 4 Tg BioCărbune şi 50 TWh energie
termică şi nu se arde 5,25 Gg motorină, având ca efect ecologic o amprentă de carbon negativă de -18,25 Tg
CO2/an care compensează cu 25% emisia CO 2 a agriculturi RO. Sistemele CHPAB produc energie termică şi
electrică cu un indice de cogenerare 5% şi o amprentă de carbon aproape zero, asigurând siguranţă şi
independenţă energetică cu capacităţi mici de stocare a căldurii şi electricităţii. Sistemele CHAB şi CHBAP,
complet automate, sunt uşor de exploatat de operatori cu pregătire medie, contribue la creşterea nivelului de
ocupare a forţei de muncă ȋn mediul rural, contribuind la decarbonizarea economiei româneşti.

INTRODUCTION

Agriculture, industry, transportation and home heating consume energy. All low or negative carbon
resources must be used.
On 11 December 2019, the European Commission presented the European Green Pact, a roadmap
designed to ensure the sustainability of the European economy, by turning climate and environmental challenges
into opportunities in all policy areas and by ensuring a fair transition for all and favorable to the inclusion of all.
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The EU executive has set itself the goal of reducing greenhouse gas emissions in the European Union by
at least 40% by 2030 compared to 1990 levels. Agriculture is responsible for about 10% of total GHG emissions in
Europe and 17% in Romania.
The statement "negative emissions" is based on the error that bioenergy is primarily carbon neutral, but Life
Contribution Assessment (LCA) conclude that the production of biofuels, biodiesel and bioethanol, produces even
more GHG emissions than the fossil fuels they replace (Environment Agency Austria, 2017). Experiments show
that emissions from biomass combustion are very high at the point of energy production and in GNDE this activity
will no longer be supported.
Agriculture produces food biomass and residual agricultural vegetable biomass (RABM) that can be
collected and recovered for energy production and biochar with a negative CO2 footprint. The paper estimates the
mass and energy potential of RABM collected annually as well as the production methods of thermal energy,
biochar and electricity with negative carbon footprint and economic and social efficiency.
MATERIAL AND METHOD
- Energy potential of residual agricultural biomass
Vegetable crops have as main objective the production of food biomass (Bal), and as a by-product a large
amount of residual biomass (Bmr) is obtained which a lot of carbon fixed by photosynthesis. Usually this residual
biomass is totally or partially incorporated in the agricultural soil to increases the organic mass. But only 2-3%
carbon remains in the soil, the difference returns to the atmosphere as CO 2 and CH 4 .
Dry vegetable residual agricultural biomass (Bmr.db), with a high carbon content Cbm > 44%, is a large
energy resource, renewable annually, which can be used for the production of thermal energy, electricity and
AgriBiochar with a low or negative footprint of CO 2 e. The achieved LCA confirms that zero or negative emissions
can be produced, which ensures for other processes in agriculture and the food industry a compensation of
emissions produced by energy consumption with a high positive footprint, especially from transport, contributing
massively to decarbonization (low-carbon processes).
In 2018, the vegetal agricultural production in Romania was carried out on 6.85 million ha, 36.72 million
tons of food biomass were produced and about 21 Tg.bmr.db dry residual biomass could have been collected
with an energy potential of 100 TWh / year; to a very small extent capitalized. (Table 1)
Table 1

Culture

Estimation of annual dry residual agricultural biomass potential
Residual
dry biomass
Carbon content
Energy potential
Food biomass production
collected
in BMR
(Kcol=0,67)
Tg.bmf /
year

ha/year

Mg.bmf
/ ha

Mg.bmr
/ ha

Tg.bmr
/ year

MWh /
Mg.bmr

TWh
/ year

Mg.C /
Mg.bmr

Tg.C /
year

Corn

18.664

2441646

7.644

6.345

10.333

5.12

52.903

0.437

4.515

Autumn wheat

10.144

2116351

4.793

2.876

4.059

4.80

19.486

0.434

1.762

Sunflower

3.063

1007133

3.041

4.562

3.064

4.80

14.708

0.475

1.456

Rape

1.611

633215

2.544

5.851

2.471

4.67

11.541

0.460

1.137

Soy

0.466

169436

2.748

4.397

0.497

5.00

2.484

0.460

0.229

Tomato

0.743

53900

18.236

9.118

0.328

5.14

1.685

0.474

0.155

Wine grapes

1.144

177494

6.447

1.934

0.229

5.32

1.218

0.450

0.103

Peas

0.172

120200

1.435

1.722

0.138

5.40

0.746

0.460

0.064

Apple tree

0.425

53900

7.876

2.757

0.099

5.37

0.532

0.477

0.047

Plum tree

0.314

65900

4.762

1.429

0.063

5.42

0.340

0.480

0.030

Beans

0.017

11712

1.477

2.363

0.018

5.10

0.094

0.457

0.008

36.762

6850886

Total RO
Average

21.300
3.109

(SoftEROL2020 )
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105.737
4.96

15.434

9.506
0.446
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The annual average of 3.1 Mg.bmr/ha containing 1.387 Mg. carbon and 15.43 MWh energy are
significant values for the energy potential available in agriculture and decarbonization actions.
The main crop producing residual energy biomass is corn which has the highest energy efficiency
followed by wheat and sunflower, together producing about 50 % of total energy potential.
Energy and other resources are consumed for vegetable agricultural production and food and residual
biomass is obtained, with a positive carbon footprint of 5 - 17 (kg.C / MWh.bm). In 2018, RO agriculture
consumed 6.05 TWh of energy with an emission of 18.32 Tg.CO 2 e (Murad E., 2020;
www.bioenergyeurope.org).
GHG emissions are usually allocated to food biomass which is the main product of agricultural crops.
If all the emission is transferred to the residual biomass the footprint is 9 - 38 kg.C / MWh.bmr, much lower
than the carbon content of at least 400 kg.C / MWh.bmr (Murad E., 2020; www.bioenergyeurope.org).
RABM collection and processing, shredding and pelletizing with modern technologies, increases
CFPex external footprint by an average of 6 kg.C / MWh.bmr for pelleting and by 3.5 kg.C / MWh.bmr for
shredding. RABM non-woody - stems, sticks and shovels are harvested, chopped, dried and pelleted. RABM
woody - vine cuttings, fruit cuttings, seed and fruit peels, harvested, chopped and dried (Murad E., 2020;
www.bioenergyeurope.org).
Processed biomass is stored as a usable energy reserve when and as needed, compared to energy
produced from wind and photovoltaic cells that require very large storage capacities. The energy density of
the agripellets stock is on average 2.7 MWh / m3, three times lower than that of diesel.
Non-wood residual agricultural biomass, from corn, wheat, sunflower, soybean, etc., which represents
over 85% of the annual potential, contains 3-6% ash and a higher alkali content. These pellets are not
recommended for combustion plants because they produce corrosion and have a low ash vitrification
temperature <1000 degrees C. Energy recovery can only be done by pyrolysis and gasification procedure at
temperatures <900 C.
Carbon capture and sequestration technologies
The study (Livermore National, 2020) presents actual and future technologies with negative emissions
for the two ways of capturing CO 2 from the atmosphere - through photosynthesis and chemical procedures.
LCA analysis of CO 2 capture and storage systems with chemical procedures indicates that the energy
balance is uncertainly positive, which may lead to a positive increase in GHG emissions. It is found that
gasification provides the lowest cost of CO 2 sequestration. Biochar carbon sequestration is evaluated as a
technology applicable now and in the future, involving even the lowest costs (Lawrence Livermore National,
2020). (Table 2)
Table 2

Costs for carbon sequestration technologies (Lawrence Livermore National, 2020)
Total System Costs in 2045 for 125 million tons of CO 2 removed from the atmosphere.
Scenario/Basis
Gasification Scenario — negative emissions basis
Gasification Scenario — avoided emissions basis
Pyrolysis Scenario — negative emissions basis
Pyrolysis Scenario — avoided emissions basis
Combustion Scenario — negative emissions basis
Combustion Scenario — avoided emissions basis

Total
Mitigation
(MtCO2/yr)
125.0
183.2
125.0
171.6
125.0
125.0

System Total
Average Cost
($/ton CO2)
65
44
112
82
81
81

System Total
Cost
($Billion/yr)
8.1
8.1
14.0
14.0
10.1
10.1

Another sensitive aspect is that sequestered gaseous CO 2 can be used in other processes only if it is
very pure, which greatly increases the cost of sequestration.
According to the European Biochar Certificate (EBC version 6.5 August 2018) BioChar is defined:
BioChar (BC) is a heterogeneous substance rich in aromatic carbon and minerals. It is produced by pyrolysis
of biomass obtained sustainably under controlled conditions with clean technologies and is used for any
purpose that does not involve its rapid conversion to CO2 and can be used as a soil amendment, also
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having the definition of AgriBiochar (AgBC) (Conte and Schmidt, 2021; Weber and Quickerb, 2018; EBI,
2020).
Many recent studies have found beneficial effects in the use of AgriBiochar an agricultural amendment
in 58% of cases, and in 37% no difference (Baniasadi et al., 2019; Kammann et al., 2017; Quiang et al.,
2020; Schmidt et al., 2021; Wang et al., 2015).
A recent statistical meta-analysis of the overall results of the use of AgBC as an agricultural
amendment mentioned a positive effect of 13% increase in agricultural production and + 20% for water use
efficiency. The authors used data from extensive and quality studies focused on the impact of biochar use
based on factors such as: soil pH, soil type, fertilization doses, biomass from which BC is produced and the
type of crop (Schmidt et al., 2021).
The obtained biochar has characteristics dependent on the biomass from which it was produced and
on the thermal energy conversion regime. These different qualities must be correlated with the agricultural
soils for which they are beneficial. Since 1984, Japan and since 2013, Switzerland and Sweden have
officially approved the use of AgBC as an agricultural amendment. The approval is based on strict scientific
verifications of the sustainability of Biofuel production, the quality of Biofuel and the protection of those who
have used it.
An emerging market for Biochar has now formed with prices that vary widely depending on the quality
and application in which it is used. An average value is 1200 € / Mg.bc, but it also reaches 8000 USD /
Mg.bc for treated AgBC. On the national market, BC from forest biomass is offered at 1750 € / Mg.bc.
Due to the fact that AgBC has become a useful, salable product, local AgBC production systems are
currently being promoted without heat recovery, which represents on average about 50% of the energy in the
WB. Large amounts of PM material particles are also produced which pollute the environment. These
systems are polluting and energy inefficient and their use must be restricted.
Energy recovery of residual vegetable plant biomass
For the energetic and chemical capitalization, the residual vegetal agricultural biomass is introduced in
fast, intermediate or slow pyrolysis processes from which results combustible gas (pyrogas), pyrolysis oil
(bio-oil) and BioChar in proportion of 15-25%. The gas produced burns to produce thermal energy. From
pyrolysis oil, cracking gives biofuels and other CHO components usable in the chemical industry.
For the production of electricity, gasification processes are used, which result gas.bm for powering the
engines. The generation of electricity is done with an efficiency of 18% for steam or ORC cycles, 30% with
internal combustion engines for gas and 60% for the mixed steam cycle type LESA. Currently, for small and
medium powers, internal combustion engines for gas are mainly used.bm.
For the efficient production of heat and biochar, semi-gasification processes are used in which the fast
pyrolysis is done with a reduced oxygen supply from the air and gas is produced.bm with a low tarr and
Biochar. Technological concepts apply (Murad et al., 2016; Murad E., 2018; Murad E., 2020; Weber and
Quickerb, 2018; www.bioenergyeurope.org)
- Combined Heat And Biochar production - CHAB – from biomass with pyrolisis or gasification is produced
heat from gas burning and biochar;
- Combined Heat Power And Biochar production - CHPAB - from biomass with gasification is produced
gas.bm utilise for power and heat production and biochar;
- Combined Heat Biochar And Power production - CHBAP - from biomass with gasification is produced
gas.bm and biochar part of which used for power production in CHP.
CHAB Systems
The paper presents analyzes CHAB systems equipped with Downdraft Stratified Inverted gasifiers,
also called Inverted Downdraft (IDD) or TLUD - Top Lit Up Draft, abbreviated in paper with GSI.
GSI gasifier operate at atmospheric pressure in load regime with a specific hourly consumption of
biomass in the range of 100 - 200 kg.bm/m2h and with a variation of the thermal load 50 - 100% (Murad et
al., 2016; Murad E., 2017; Murad E., 2018).
Gasifier can start automatically when and when needed, a mode of generation that requires very low
energy storage capacities compared to wind and PV systems, with a high overall energy conversion
efficiency. These systems are polycombustible, efficiently gasifying a wide variety of biomass with humidity
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<15%, chopped or pelletized - forestry, residual agriculture, energy crops, spontaneous flora - with
conversion yields > 90% and overall energy efficiency > 75% compared to HHV.
On average, from 1 tone bmr.db can be obtained useful thermal energy of ≈ 2.5 MWht and 200 kg
biochar with a minimum of 140 kg.carbon and an energy potential of at least 4.8 MWh (Murad et al., 2016;
Murad E., 2017; Murad E., 2018).
In the GSI gasifiers gas.bm and biochar are produced with a conversion efficiency of > 93% and with an
external carbon footprint of CFPex < 0. At an average production of 0.2 kg.bc / kg.bm.db in biochar remains on
average 33% of the carbon of the gasified biomass Cbm.bc ≈ 0.33 Cbm. Gas.bm combustion produces very
low CO and PM emissions. Usable thermal energy is produced with efficiency of heat exchangers maintained
at ≥ 90%. At the output, useful thermal energy is obtained with an efficiency of at least 48% and biochar which
has 32% of the input energy. The overall conversion rate relative to HHV is > 80% a perfectly good value.

Fig. 1 Block diagram for CHAB system with gasifier

With modern mass processing technologies for energy conversion the carbon footprint is CFPb ≤ 100
kgCO2 / Mg.bm.db (figure 1) and added to that of the CFPs aggregate results CFPf <130 kg.CO2 /
Mg.bm.db = 52 kg.C /Mg.bm.db. For a minimum Cbc of 700 kg.C / Mg.bc and a coefficient of carbon
retention in the soil for a long time Kef > 0.8 to obtain an external footprint CPFex <0 it is necessary that:

(1)
(2)

CFPex=CFPf
and

BC

>

–
CFPf/(Cbc∙Kef)

BC∙Cbc∙Kef

<

0

=

=

0,0928

52/(700∙0,8)

So it must be BC > 0.10. CHAB systems, depending on the thermal regime and the gasified biomass,
produce BC in the range [0.12 - 0.22], ensuring a negative CFPex carbon footprint operation.
In optimal operation, energy and economic regime, BC ≈ 0.20 and it results that CFPex <52 - 0.2 ∙ 700
∙ 0.8 = - 60.0 kg.C / Mg.bm.db. It follows that CFPex < -220 kg.CO2 / Mg.bm.db and CFPex = - 90 kg.CO2 /
MWhth, negative values difficult to match with other decarbonization processes.
Because the analyzed systems are of relatively low power 10 - 200 kWth, they can be placed directly
next to the consumer, and produce energy when and how much is needed, thus achieving an economically
and ecologically efficient decentralization that contributes to reducing endemic rural energy poverty.
The specific price of the aggregates is 120 - 180 € / kWth depending on the nominal power and the
complexity of the system. CHAB gasification systems are safe to operate, simple and inexpensive, producing
energy when and how much is needed with a negative carbon footprint.
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CHPAB Systems
The CHPAB systems currently produced use downdraft gas generators and internal combustion
engines designed to run on cold and clean gas.bm. They produce electricity, heat and biochar, with a
positive to zero or slightly negative CFPex footprint. (Figure 2)

Fig. 2 Block diagram for CHPAB system

Current commercial CHPAB systems produce 1 MWhe with a consumption of 1.2 Mg of dry wood biomass
with an electrical energy efficiency of 13 -18%, as well as Biochar which contains a maximum of 10% of the input
carbon. The specific price of the aggregates is between 2000 - 3000 € / kWe.
Fuel gas, gas.bm, produced with CHAB systems burns very clean and can be used to produce electricity
with external combustion engines. For low power, free piston or impeller turbine steam engines are usually used.
For medium powers, Organic Rankin Cicle (OCR) or Stirlling systems are used.
CHBAP Systems
Part of the biochar produced in CHAB systems can also be used to produce electricity with gas.bc and
ȋnternal combustion engines. (Figure 3). CHBAP systems produce decoupled thermal and electrical energy –
when and as needed - with a cogeneration index of 7.5%, sufficient for many agricultural processes: food drying,
greenhouses, heated solariums, primary processing sections, farm premises, as well as for the community in
schools, medical offices, town halls, etc.
Energy safety and independence are achieved with minimal biomass consumption and very low storage
capacities in hot water and accumulator batteries. From one ton of dried vine strings is produced 3.3 MWhth, 250
kWhe and 20 kg. biochar with a negative footprint of - 48 kg.CO 2 .
The specific value of the investment varies from 800 to 1200 € / kWe depending on the power and the
required structure. For a higher energy consumption you can put in parallel as many systems as necessary.

Fig. 3 Block diagram for CHBAP system

43

INTERNATIONAL SYMPOSIUM

RESULT
In table 3 is presented mass and energetic analysis of the use of RABM in RO with CHAB systems.
It is estimated that 19 Tg. of agripellets with an energy potential of 82 TWh can be produced, which with
CHAB process systems can produce 40 MWhth and 3.8 Tg. of biochar, with an energy efficiency of 80% higher
than the EU limit of 75% of HHV. The energy produced would be 7 times the annual energy consumption in
agriculture estimated at 6 TWh / year.
The agripellets can be stored safety for long periods with an energy density of 2.7 MWh/m3 which ensures
the production of energy when and how much is needed with very small storage capacities compared to wind
and photovoltaic systems that have a positive carbon footprint. The energy produced from RABM is cheaper and
with a negative carbon footprint
The heat produced with CHAB systems withs negative CFPex and can be used for heating residential and
living spaces in urban and rural areas, for drying agricultural products and heating geenhouses.
Heating in cold seazon represents about 40% of total annual RO energy consumption. If allocated 40%
from the annual RABM potential is available for space heating 9 TWh/month, with a reduction of CO 2 emissions
by 15% and remains to be used monthly another 4.5 TWh/month for other applications.
If 25% of the estimated RABM energy potential is used for drying vegetables and fruits, with a drying
efficiency of 40%, about 13.6 Tg. of water can be extracted annually and for a maximum crops humidity of 85%
can be dried annually 15.6 Tg of vegetables and fruit.
For the sequestration of carbon from biochar in the soil, technologies and machines for storage and
incorporation processing must be designed and developed, the costs will be recovered by increasing the
agricultural production and by green certificates.
In table 4 is presented an estimate of the economic effects of energy and biochar production from annual
RO RABM by using gasification systems with CHAB concept.
For an average price of 110 € / Mg. for the annual production of agripellets would be worth 2 billion EURO
with an annual contribution to the budget through VAT of 395 million EURO.
The biochar incorporated in the soil benefits from green certificates 50 € / Mg.CO 2 and a minimum
capitalization price for EU of 680 € / Mg.bc, which leads to an annual income of 1.8 Billion € or 94 € / Mg.pel. The
economic analysis indicates that the capitalization of RABM by gasification with systems with CHAB concept is
also with positive economic efficiency, which can lead to the increase of agricultural Incomes.
In table 5 is presented an analysis of the ecological effects of energy production and biochar from RABM
by using gasification systems with CHAB concept. It can be seen that the energy recovery of the annual RABM is
done with a CFPf emission = +2.2 TgCO2 / year and by sequestering in the soil the carbon from the biochar
produced, an external footprint of -7.0 TgCO 2 can be obtained. This represents about 6% of the annual emissions
from RO and 38% of emissions from RO agriculture. It is found that it can make an essential contribution to
reducing GHG emissions to meet GNDE requirements, with energy production and positive economic efficiency.
Table 3
RABM energy recovery
Feature

M.U.

Value

Annually dry BMR mass collected

Tg.bmr.db/year

21.000

Energy potential at BMR collection

TWh/year

100.000

kWh/Mg.bmr.db

300.000

Specific energy for agripellets production
Utilization coefficient for pelleting

%

90.00

Tg.pel.db/year

18.900

TWh/year

90.000

g.bc/g.bmr.db

0.200

Biochar mass produced annually

Tg.bc/year

3.780

Carbon content in biochar (minimum)

g.Cbc/g.bc

0.700

Tg.Cbc/year

2.646

Agripelete mass produced annually
Annually Usable net energy
Average biochar production with CHAB

Annually Carbon mass in biochar

44

INTERNATIONAL SYMPOSIUM
Feature

M.U.

Biochar Higher Heat Value (average)

Value

Wh/g.bc

7.000

Annualy biochar energy potential

TWh/year

26.460

Energy efficiency heat production

%

48.00

TWh/year

43.200

Biochar energy production efficiency

%

32.06

Overall efficiency of CHAB use

%

80.06

Useful thermal energy produced with CHAB

AGR + SILV energy consumption 2018

ktep

520

AGR + SILV in 2018 year energy consumption

TWh

6.048

Energy consumption AGR2018 / potential agripellets

%

14

(SoftEROL2020 )

Table 4

Economic recovery of RABM
Feature
M.U.

Value

Tg.pel.db/year

18.900

Average cost agripellets

€/Mg.pel

110.00

Value of agripellets produced

M€/year

2079.00

Annual TVA

M€/year

395.01

Annual mass pellets produced

Agripellets annual energetic potential
Average production of best biochar

TWh/year

90.000

g.bc/g.bmr.db

0.200

Tg.bc/year

3.780

kg.Cbc/kg.bc

0.700

Carbon sechestrabil in BC

Tg.Cbc/year

2.646

CO2 mass annual sequestrable

Tg.CO2/year

9.702

Value of green certificat

M€/Tg.CO2

50.000

Sale price for Agribiochar

M€/Tg.agbc

680.00

Thetmal energy produced

TWht/year

43.200

Heat cost for direct pellets burning

M€/TWhth

45.00

Total specific costs for CHAB use

€/Mg.pel.db

170.00

Total annual production costs

M€/year

3213.00

Coming from green certificates

M€/year

485.10

Biochar income from capitalization

M€/year

2570.40

Annual costs for heating

M€/year

157.50

Coming fro heating

M€/year

1944.00

M€/year

1786.50

Annual produced mass biochar
Carbon content (average)

Gross annual income

€/Mg.bmr

Specific income

94.52

(SoftEROL2020 )

Table 5

Analysis of the reduction of total and pure CO2 emissions
Feature

M.U.

CO2pur share of total emission-EU

%

Value
81.0

Annual CO2ec RO 2018 emission

TgCO2/an

114,800

Annual emission CO2pur RO 2018

TgCO2pur/an

92,988

TgCO2/an

18,320

Annual CO2ec emission AGR RO 2018
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Feature

M.U.

Value

Annual CO2pur emission AGR RO 2018

TgCO2pur/an

14,839

Annual estimated production of dry agripellets

Tg.pel.db/an

18,000

CO2 footprint for pellet production

Mg.CO2/Mg.pel.db

0,100

CO2 footprint manufacturing and system use

Mg.CO2/Mg.pel.db

0,0250

CO2 footprint specific for system operation

Mg.CO2/Mg.pel.db

0,125

Tg.CO2/an

2,250

Annual operating CO2 footprint
Annual operating carbon footprint
Medium production of Biochar
Biochar mass produced annually

Tg.C/an

0,614

Mg.bc/Mg.pel.db

0,200

Tg.bc/an

3,600

g.C/g.bc

0,700

Tg.Cbc/an

2,520

Tg.C/an

-1,906

CO2 masse sequestrable annually

TgCO2pur/an

-6,990

Reduction from RO 2018 emission

%

-6,09

Reduction from AgrRO 2018 emission

%

-38,16S

Minimum carbon content in biochar
Biochar carbon masse produced annually
Carbon masse sequestrable annually

(SoftEROL2020 )

CONCLUSIONS
In Romania, at a collection level of only 67% in 2018, 21 Tg. could be obtained dry residual agricultural
agricultural biomass with an energy potential of 100 TWh and a content of 5.5 Tg. carbon, usable for reducing
fossil fuel consumption and for decarbonizing agricultural activities. These values are also acceptable for 2021.
CHAB and CHBAP processes produce economically and ecologically energy from RABM - as well as
when needed - and biochar that meets european and international quality requirements. Biochar can be used as
an agricultural amendment with the name of AgriBiochar, being the most economical and ecological procedure for
storing carbon that ensures an increase in agricultural production by at least 13%, which over time ensures great
economic efficiency.
Annually, in Romania, 19 Tg. of agripellets can be produced, from which with CHAB systems it is possible
to obtain 43 TWh of thermal energy and 3.7 Tg. of Biochar with an annual income of 1.7 T € / year or 94 € /
Mg.bmr.db , which indicates an investment opportunity to increase agricultural incomes and reduce energy
poverty.
The biochar produced annually would contain at least 2.5 Tg. carbon that introduced into agricultural soil
over a long period sequestrates 1.9 Tg.C / year is 7 Tg.CO2 / year which would reduce by 38% the GHG
emissions produced by agriculture and can ensure an increase of at least 13% of agricultural production on the
treated lands.
Strips of maize stalks and stalks, sunflower stalks and vegetable stalks, which represent 80% of the annual
energy potential, have a high content of easily fusible ash and alkalis and are not suitable for direct combustion.
Through CHAB and CHBAP processes, their energy potential can be optimally exploited, heat, electricity and
biochar are produced with a negative or zero carbon footprint and with very low PM emissions.
CHAB systems produce thermal energy and biochar - when and as needed - with an energy efficiency of at
least 80% and a negative CFPex carbon footprint. On average, 1 tone bmr.db can be obtained ≈ 2.5 MWhth.
useful thermal energy, 200 kg biochar with minimum of 140 kg. carbon and a energy potential of 4.8 MWh. The
final carbon footprint is minim -400 kg.CO2/Tg.bmr.db
CHBAP systems decouple thermal and electrical energy - when and as needed - with a cogeneration index
of 7.5% and a sub-zero CFPex carbon footprint, ensuring energy safety and independence with minimal biomass
consumption and very low capacity storage in hot water and accumulator batteries. From 1Mg. dry chopped vines
can be obtained 3 MWhth, 150 kWhe and 20 kg.bc.
CHAB and CHBAP systems that produce energy and AgriBiochar can be fully produced in Romania, are
simple, safe and cheap, is automatically driven with expert systems and easy to connect in Smart Grids that
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include other energy sources, contributing to decentralization, to an efficient use of the energy resource and as an
energy support in crisis situations.
The CHAB and CHBAP systems are easy to use by operators with average training, contribute to the
increase of the employment level, in the rural environment, contributing to the increase of incomes and living
standard.
By energy recovery of residual agricultural plant biomass, Energy and BioChar are produced without
residues and with zero or negative CO2 emissions, in the concept of Circular Economy, jobs are created, energy
security in agricultural farms is increased and the objectives of PNRR to reduce GHG emissions.
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ABSTRACT
Attempts have been made around the world to increase the frost resistance of vines in order to obtain high
crop yields. Following the experiments performed, at the farm in Hotarele commune, Giurgiu county, in
control lots and 12 experimental variants, we found a correlation between frost resistance and fertilization,
respectively the macro and microelements content of the plant and soil. During the vegetation period,
treatments with foliar fertilizers were carried out in concentrations of 0.4%, 0.5%, 0.6% according to the
experimental scheme, 3 times (before flowering, after flowering, compaction of grapes). Treatments were
made with Bordeaux mixture in a concentration of 1.5 and 3%..From the analysis of the data from the NPK
measurements and the microelements from the vine leaves and the soil, it resulted that the experimental
variants with very good supply degrees have the best resistance to frost. The best quality of production was
recorded for the V8 and V12 variants, with 200 Kg. active substance phosphorus and potassium and
treatment with 0.5% foliar fertilizers. At the same time, the best frost resistance - the highest percentage of
viability - was recorded for the V4, V8, V12 variants, variants treated with 200 Kg. active substance from
phosphorus and potassium. At the same time, the role of carbohydrates in frost protection was determined.
The role played by free and weakly bound water in this process was also established and of the treatments
with Bordeaux mixtures.
REZUMAT
În întreaga lume s-au încercat creșterea rezistenței la îngheț a viței de vie, pentru a obține randamente
crescute ale culturilor. În urma experimentelor efectuate, la ferma Hotarele din județul Giurgiu în loturi de
control și 12 variante experimentale, am găsit o corelație între rezistența la îngheț și fertilizare, respectiv
conținutul în macro și microelemente ale plantei și solului. În perioada de vegetație, tratamentele cu
îngrășăminte foliare au fost efectuate în concentrații de 0,4%, 0,5%, 0,6% conform schemei experimentale,
de 3 ori (înainte de înflorire, după înflorire, compactarea grămezii) și tratamentul cu zeamă bordeleză a fost
efectuat 1,5 și 3 % pentru combaterea bolii. Din analiza datelor din măsurătorile NPK și microelementele
frunzelor de viță de vie și ale solului, a rezultat că variantele experimentale au grade de aprovizionare foarte
bune comparativ cu anul precedent. - Cea mai bună calitate a producției este pentru V8 și V12, cu 200 Kg.
substanță activă fosfor și potasiu și tratament cu 0,5% îngrășăminte foliare. În același timp, cea mai bună
rezistență la îngheț - cel mai mare procent de viabilitate - a fost înregistrată pentru variantele V4, V8, V12,
variante tratate cu 200 Kg. substanță activă din fosfor și potasiu. În același timp, rolul carbohidraților în
protecția împotriva înghețului a fost determinat. A fost stabilit și rolul jucat de apa liberă și slab legată în
acest proces precum și a tratamentului cu zeama bordeleză
INTRODUCTION
The climate change is a real concern for agriculture that means we must work with cold acclimation in
order to obtain a tolerance to cold of the crops. Freezing injuries is a real problem not only in some
geografical areas but in some seasons of the year (Fennell ,2004) and can reduce crops yield. According to
Wishniewski and coautors (2018), this can be obtained by a complex process combining chemical,
physiological, genetic and biochemical factors. We should add to it the agricultural technical factor. The
scheme of bud development and evolution showed main stages in plant development in a cycle of
production and rest of the culture (Fiola 2014).In the process of buds dormancy is involved ABA (abscidic
acid) and in cold hardiness are involved some proteins (De Rosa et al., 2021) like dehydration responsive
proteins, DHN (dehydrins) and some others which contribute to plant protection during chills.
One of the methods of protecting the vine from the effect of low winter temperatures is to obtain
varieties with frost resistance. For example, in Poland it was determined that varieties such as' Riesling','
Pinot Noir 'Tauberschwarz', 'Veltliner Frührot' were very hardy (below 1.9%), or hardy (2% to 24.9% of
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affected buds) in winter conditions in 2017 and 2018 with temperatures of minus 20˚C. (Lisek and Lisek, 2020).
Another method is the modeling of cultivation conditions, being well known that a well-maintained and wellsupplied crop with the elements necessary for development, will also give results, which means increased
production and resistance to special environmental conditions, such as frost resistance, respectively the survival
of the plants during the cold season and the return to a new cycle of cultivation and production in the active
season in trees too (Charrier et al.2015). An improvement in frost resistance has been achieved in both vines and
fruit trees, by applying foliar and soil fertilizers and by applying copper treatments (nutrient technologies) which are
improving wood maturation. Other methods of active control against frost have been the live use of oil-based
heaters that burn from place to place so that a kind of microclimate is created for a certain time, but with great
effort of labor and consumption of materials and fuel. Wind installations were also used to distribute hot air (Hickey
et al., 2018). They are considered unsuitable from all points of view in the agro and economic and social
conditions of our country. A good solution is the application of foliar fertilizers with macro and oligonutrients
(www.nutrient technologies.com) as well as the application of soil fertilizers that lead to the formation of more
stress-resistant plants of any type including frost, stimulating the production of basic substances for good
condition of plants.For example, potassium can enhace the resistance to stress factors as cold, salinity and
pathogens attack (Wang et al.,2013). The application in the end of season of production of Bordeaux mixture will
led to wood maturation (www.horticultorul.com 2017). The fertilisation with potassium and phosphorus can
contribute to a better starch content and a good wood maturation (Donici, 2011).
MATERIALS AND METHODS
The field experiment was installed in a Muscat Ottonel vineyard in Hotarele Jud commune. Giurgiu,
according to the method of multi-storey blocks in three plots in 15 variants with 4 repetitions each. Soil and plant
samples were collected from all lots for variants and repetitions Analysis of NPK plants, trace elements, The
samples were taken in the grapevine phase - before the Bordeaux juice treatments, and the fertilization carried
out on the ground. The methods used in the determinations were: N total Kjeldah-SR EN ISO 20483 2007, PTL
11 P - colorimetric dose with ammonium metavanadate NH4VO3 PTL20 K, Ca, flammophotometric dosing SR
EN ISO 6869 2002, PTL 24. Mg, Zn, Cu, Fe, Mn spectrophotometric dosing with atomic absorption SR EN ISI
6869, 2002, PTL24, PTL 30.
Soil analysis. The soil analysis Soil samples were taken from 0-40 cm depth. Ph in aqueous suspension 1;
2; 5; SR 7184-13: 2001; PTL 04 Humus oxidation wet; STAS 718412-82; PTL 12 Nt-total nitrogen, Kjeldahl
method STAS 718412-85; PTL 19 P4 extractable phosphorus in acetate - ammonium lactate; STAS 7184119-82;
PTL 19 Ks potassium extractable with acetate - ammonium lactate; STAT 7184t18-80; PTL22. Zn, Cu, Fe Ni:
zinc, copper, iron, manganese mobile forms Atomic absorption spectrophotometric dosing SR ISO 11047: 1998;
PTL 32. Mg soluble in CaCl2, dosing spectrophotometry with atomic absorption SR ISO 11047; PT15
Agrochemical mapping After starting the process of leaf fall-cessation of vegetation, we proceeded to collect soil
samples to perform chemical analyzes to determine the content of NPK, trace elements, soil reaction-pH. The soil
samples were collected from a depth of 0-40 cm from the experiment from the experimental and control variants
and will be subjected to chemical analysis procedures-humus, NPK, pH, trace elements. The following calculation
method was used to calculate the fertilizer requirements corresponding to the experience variants: g / ha = m x Da
x h m - reserve mg / 100 g soil Yes - bulk density h - depth of soil sample collection After establishing the
necessary fertilizers with P and K for each variant, they were administered - fertilization, in order to reach the
differentiated parameters - established by the experimental scheme.
RESULTS
According to the tests performed in the experiments, we determined the content of the soil in
macroelements and we estimated the amount of fertilizer with which the soil must be supplemented for a good
supply of plants. The estimation was made for both macro and trace elements both in the soil and in the plant by
analyzing the vine leaves (Table no. 1) and the soil on the experience lots. Table no. 2.
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Content of total N, P, K and oligelements (Ca, Mg, Zn, Cu, Fe, Mn) of leaves
Plant
Tests
organ
Nt
s
P
s
K
s
Ca
s
Mg s
Zn
s
Cu
s
analyzed`
%
%
%
%
%
mg/kg
mg/kg

Table nr. 1.

Nr
.

Sam
ple

1

MT1

Frunze
vita de vie

2,11

N

0,3
1

H

0,77

L 3,46

H

0,59

H

73,3

H 381,
0

H 231,
2

H 104,
7

N

2

MT2

idem

2,33

R

N

0,69

L 3,09

H

0,73

H

44,3

MT3

idem

2,02

N

H

0,59

L 3,26

H

0,52

H

37,1

4

V1

idem

2,19

N

H

0,87

L 3,61

H

0,55

H

55,3

5

V2

idem

1,99

N

H

0,69

L 3,60

H

0,60

H

65,4

6

V3

idem

2,34

H

H

0,64

L 3,77

H

0,73

H

50,9

7

V4

idem

2,25

H

H

0,77

L 3,19

H

0,47

H

80,9

8

V5

idem

2,12

N

H

0,49

L 3,36

H

0,72

H

52,9

9

V6

idem

2,11

N

H

0,84

L 3,54

H

0,35

H

27,4

10

V7

idem

2,24

H

H

0,65

L 3,53

H

0,57

H

41,4

11

V8

idem

2,00

N

H

0,62

L 3,42

H

0,60

H

48,8

12

V9

idem

2,23

H

H

0,69

L 3,38

H

0,70

H

44,6

13

V10

idem

2,29

H

H

0,64

L 3,57

H

0,68

H

56,8

14

V11

idem

2,04

N

H

0,77

L 3,47

H

0,58

H

51,6

15

V12

idem

2,13

N

H

0,70

L 3,57

H

0,63

H

79,3

H 349,
7
H 380,
9
H 648,
7
H 391,
8
H 373,
4
H 575,
2
H 733,
8
H 102,
6
H 367,
6
H 750,
9
H 572,
1
H 342,
1
H 384,
6
H 115,
1

H 180,
9
H 204,
9
H 179,
9
H 208,
9
H 195,
3
H 235,
3
H 173,
3
H 171,
8
H 155,
0
H 178,
1
H 174,
4
H 203,
9
H 163,
8
H 309,
8

H 106,
6
H 114,
0
N 103,
9
H 134,
4
H 164,
2
H 118,
3
N 105,
3
N 119,
2
N 117,
2
N 120,
7
N 127,
4
H 124,
7
N 109,
6
H 134,
3

N

3

0,2
4
0,2
5
0,3
0
0,2
8
0,2
8
0,2
6
0,2
7
0,2
7
0,2
8
0,2
7
0,2
9
0,2
7
0,2
6
0,3
1

*L –Low content
N - Normal content
H –High contentt

Fe
S
mg/kg

Mn

mg/kg

Table 2
Results of soil analyzes from experience variants - pH, humus, total nitrogen, phosphorus and potassium
Nr.
Code
Variants
RESULTS
sample
pH
Humus
Nt
P (al)
K (al)
Unit pH
%
%
mg/kg
1
4226
MT1
6,13
weak acid
1,39
L
0,091
VL
49
N
159
G
2
4227
MT2
6,25
weak acid
1,51
L
0,078
VL
57
N
190
G
3
4228
MT3
6,63
Very weak 1,45
L
0,081
VL
30
M 190
G
acid
4
4229
V1
6,28
weak acid 1,45
L
0,077
VL
36
M 177
G
5
6

4230
4231

V2
V3

6,13
5,88

7

4232

V4

6,16

8
9
10

4233
4234
4235

V5
V6
V7

6,25
6,15
5,83

11

4236

V8

5,88

12
13

4237
4238

V9
V10

6,28
6,60

14
15

439
4240

V11
V12

6,31
6,08

weak acid
moderate
acid
weak acid

1,51
1,51

L
L

0,087
0,077

VL
VL

28
35

M
M

163
196

G
G

1,27

L

0,076

VL

27

M

173

G

weak acid
weak acid
moderate
acid
moderate
acid
weak acid
vey weak
acid
weak acid
weak acid

1,63
1,57
1,33

L
L
L

0,086
0,088
0,084

VL
VL
VL

36
28
29

M
M
M

259
203
221

G
H
H

1,63

L

0,101

L

43

N

250

H

1,87
1,57

L
L

0,096
0,082

VL
VL

54
30

N
M

209
205

H
H

1,69
1,45

L
L

0,088
0,089

VL
VL

36
36

M
M

186
298

N
H

50

S

N
N
N
N
N
N
N
N
N
N
N
N
N
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*L – low content
VL –very low content
M – medium content
N - normal content
G- Good content
H high content
*According to Institute of Pedology
The role played by nutrient is clear, they interefere with plant development, health and indirect better crops.
They play a key role in the plants resistance to biotic and abiotic stress factors. For example, potassium can
enhace the resistance to factors as cold, salinity and pathogens attack (Wang et al.,2013).

No sample
MT1
MT2
MT3
V1
V2
V3
V4
V5
V6
V7
V8
V9

Table nr. 3.
Carbohydrates content for experimental variants in leaves
Sugar (%)
Starch (%)
Total hydrates of carbon (%)
7,87
3,44
11,31
9,41
3,48
12,89
9,66
3,72
13,38
8,83
2,92
11,75
9,34
4,48
13,82
10,94
3,12
14,06
9,34
3,96
13,30
9,60
2,28
11,88
11,39
5,84
17,32
6,91
2,72
9,63
9,34
1,96
11,30
12,67
5,68
18,35

Fig. 1 - The carbohydrates content of leaves in different experimental variants (with green the total
carbohydrates)

Sample
M1
M2
M3
V1
V2
V3
V4
V5

Total water
(%)
30,035
35,071
37,425
38,699
32,361
33,977
34,682
33,540

Water content in samples

Free water (%)
30,194
30,136
32,714
34,199
27,332
29,171
29,806
28,449
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Table 4

Bound water
(%)
4,841
4,935
4,711
4,500
5,029
4,806
4,874
5,091
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Sample
V6
V7
V8
V9
V10
V11
V12

Total water
(%)
35,762
33,450
37,558
36, 299
35, 858
36,640
34,593

Free water (%)

Bound water
(%)
4,788
4,871
4,467
4,848
4,847
4,754
4,872

30,974
28,579
33,091
31,451
31,011
31,886
29,721

Ome of the problem is the water content which are contributing to frost damage in buds.Thats why the
treatment with boiulle bordelaise at the end of the season, can dry a part of the free water content, improving
the status of the plants. In the same time applying a 3% solution contribute to the distruction of remaining
pathogens in the plant debris. The variant V2, V3 V7 and V12 has less free water content as we can
observe in table nr. 4, and fig nr 1. Another conclusion, is the bounded water content is practically constant
with tiny variations average 4.8156. Free water is the most variable an average being about 30,580 %.

Fig. 2 - The diagram of total water, of free and bounded water content of the plants (leaves) to all experimental
variants

Vianbility of the buds in artificial cold conditions

Variant/temperatura
Mt1
Mt2
Mt3
V1
V2
V3
V4
V5
V6
V7
V8
V9
V10
V11
V12

-15 ºC
70
66
86
88
88
96
94
86
96
90
100
94
92
100
100

52

-18 ºC
58
62
73
70
71
86
77
47
87
47
78
55
68
90
92

Table 6.

-21 ºC
38
40
49
43
42
50
52
45
50
43
66
53
50
62
71
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Viability of the buds in (%) is high at minus 15°C average 89,73%, and at the lowest temeperature
tested, minus 21C is still 50,26 % from the total buds exposed.
During the vegetation period, treatments with foliar fertilizers were performed in concentrations of 0.4%,
0.5%, 0.6% according to the experimental scheme, 3 times (prefloral, postfloral, bunch compaction) and
treatment with 3% Bordeaux mixture was performed in order to destroy the reserve of pathogens in plants
rests.and helps with the release of free water from plants and maturation of wood..
CONCLUSIONS
From the analysis of the data from the measurements of NPK and microelements of the vine
leaves and the soil, it resulted that experimental variants had a very good degree of supply.
- The best quality of the products was registered for the V8 and V12 variants, with 200 Kg. active
substance. phosphorus and potassium and treatment with 0.5% foliar fertilizers.
- It was found that the highest percentage of viability - frost resistant, was registered variant V4, V8, V12,
variant with 200 Kg. active substance of phosphorus and potassium.
- the best viability was the batches (experimental variants) that had less free water or a higher
concentration of total carbohydrates
- post-harvest autumn treatment can contribute to better bud resistance as well as the elimination of forms
of pathogens resistance, without significantly contaminating the soil.
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ABSTRACT
Worldwide, sweet potato is considered among the most important food crop regarding its productivity. It is a
low-input crop with good adaptability to harsh pedo-climatic conditions (eg: soil infertility, high temperatures,
drought etc.) and global environmental changes. Although it is exposed to a wide variety of pests and
diseases, the sweet potato can be produced organically. Microbial inoculants are good alternatives to
chemical fertilizers and pesticides. The most studied microorganisms used as inoculants on sweet potato are
Azospirillum, Azotobacter, Bacillus, Beauveria, Pseudomonas, Trichoderma and Metarhizium. Various
beneficial traits are mentioned when using microbial inoculants on sweet potato, these leading to an
increased yield and plant health.
REZUMAT
La nivel mondial, cartof dulce este clasat între cele mai importante plante alimentare, din punct de vedere al
productivității. Cultura necesită un nivel redus de inputuri și prezintă o bună adaptabilitate la condiții dure de
mediu (de exemplu: infertilitatea solului, temperaturi ridicate, secetă etc.) și la schimbările climatice de la
nivel global. Deși cartoful dulce este expus la o mare varietate de boli și dăunători, poate fi cultivat și în
sistem ecologic. Inoculanții microbieni sunt alternative de încredere la pesticide și îngrășăminte chimice.
Cele mai studiate microorganisme utilizate ca inoculanți pentru cartoful dulce sunt Azospirillum, Azotobacter,
Bacillus, Beauveria, Pseudomonas, Trichoderma și Metarhizium. Numeroase beneficii sunt obținute în urma
aplicării inoculanților microbieni la cartoful dulce. Utilizarea acestora conduce la creșterea randamentului
productiv și la menținerea sănătății plantelor și a recoltei.
INTRODUCTION
A great emphasis was placed on increasing crop productivity due to the continuous expansion of the
worlds’ population growth rate. However, consumers are also asking for quality products. Modern agriculture
systems are continuously improving production technologies in order to achieve both of these goals and, in
the same time, to conserve as much possible the biodiversity and protect the environment (Tilman et al,
2011).
Agriculture technologies based on microbial inoculants plead for a good quality and sustainable
production, with high respect for consumers, growers, and the environment, all together. The amount of
chemicals needed in conventional production systems can be diminished or replaced by microbial
inoculants. Such bio-based products are established not only to sustain agricultural production, but also to
assure good quality harvests, reduced risks for consumers’ safety and ecological balance in the agroecosystems (Salehin et al, 2020). Different categories of microbial inoculants are available. They can be
classified based on microorganisms biologic type or based by their biologic activity or use (figure 1).
As many other plant species, sweet potato crop respond very well to microbial inoculation. Studies
have showed that sweet potato inoculation with selected microorganisms increases dry matter and nutrient
accumulation in sweet potato (Luna Castellanos et al., 2020), stimulate plant growth and increasing the yield
of tubers (Nasution et al., 2017; Singh et al., 2017). Moreover, plant protection methods based on microbial
inoculants are described for sweet potato biocontrol, either against common pests (Davis, 2014; Kyereko et
al., 2019) or important phytopathogens (Jiang et al., 2019; Hossain et al., 2020; Wang et al., 2021).
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In Romania, several research projects and valuable studies are focused on sweet potato organic
production, in which microbial inoculants are playing an important role in plant protection and growth
promotion (Boiu-Sicuia et al., 2016, 2017, 2018, 2020).

Fig. 1. Microbial inoculants and their applications in agriculture

The purpose of this paper is to describe the beneficial traits of microbial inoculants on sweet potato
crop and stored tubers.
MICROBIAL BIOFERTILIZERS
Biofertilizers naturally increase soil fertility. They are renewable sources of nutrients, which used as
fertilizer, which did not result from chemical synthesis. Therefore, they are environmental-friendly. Their
origin can vary, as they can be derived from plant or animal waste, they can based living or latent strains of
microorganisms, as well as mineral rocks. Their benefits are not only related to plant nutrient uptake, plant
growth and development promotion, but are also important for nutrient cycling in the biosphere (Ikbal et al.,
2020).
The most used microorganisms applied as biofertilizers are the nitrogen fixing bacteria, phosphate
solubilizing microorganisms and mycorrhizal fungi.
To maximize crop yield per unit area, nitrogen based fertilizers are mainly used. Although nitrogen is
one of the major macroelements due to its vital role in plant growth, excessive use generates more
environmental problems, and expenses. Thus, microbial biofertilizers are valuable alternatives because they
provide equilibrate nutritional support needed for a good crops support, without affecting the environment.
Such inoculants are not a fret regarding nitrogen pollution, maintaining soil structure, or even improve soil
properties. Studies on nitrogen fixation by non-legumes, such as sweet potato, generated valuable scientific
and applicative information regarding alternative nitrogen fertilization ways to increase plant productivity
(Yonebayashi et al., 2014).
Although sweet potato is able to harness soils poorly supplied with nitrogen, fertilizers or diazotophic
bacteria application promote plant growth and increase the productivity. Azotobacter bacteria are such
diazotophic microorganisms that synthetize nitrogenase enzyme involved in atmospheric nitrogen fixation
which mediate many plant growth processes. In addition to nitrogen fixation, Azotobacter sp. also produces
vitamins, such as thiamine and riboflavin, auxin and gibberellin phytohormones, involved as well in plant
growth stimulation (Wani et al., 2016). A recent study on sweet potato showed that mixt application of
Azotobacter sp. IBCB10 and Azotobacter vinelandii IBCB15 along with half dose of chemical nitrogen
fertilization, increased the yield with 5.64 t/ha compared to the unfertilized control, and 4.24 t/ha compared to

55

INTERNATIONAL SYMPOSIUM

the chemical nitrogen fertilizer, were 643 kg of (NH 4 ) 2 SO 4 were applied per ha (Luna Castellanos et al.,
2020). Previous studies performed by Hussien and Ghazi (2016) also state that Azotobacter sp. inoculation
increases sweet potato vegetative parameters and yield under reduced doses of chemical nitrogen
fertilization.
In case of sweet potato inoculated with Azospirillum brasilense, positive effects were also seen on
root yield. The beneficial effect of Azospirillum inoculation compared to uninoculated plants, was seen in all
type of application procedures, as single strain or combined strains, with or without chemical nitrogen
fertilizers (Crossman and Hill, 1987; Mortley and Hill, 1990).
Among diazotrophyc bacteria, rhizobia are mostly known for their atmospheric nitrogen fixing ability
on leguminous plants. However, studies performed by Terakado-Tonooka et al. (2013) revealed that
Bradyrhizobium sp. AT1 strain showed acetylene reduction activity in sweet potato inoculated plants with
possible contribution on nitrogen fixation in such plants.
Endophytes are another type of microbial inoculants with fertilizing effect. Various endophytic
bacteria have been isolated from sweet potatoes, including genera such as Achromobacter, Bacillus,
Enterobacter, Gluconacetobacter, Klebsiella, Pantoea, Phyllobacterium, Pseudomonas, Rahnella,
Stenotrophomonas, Xanthomonas and others (Asis et al., 2004; Khan and Doty, 2009; Marques et al., 2014,
2015; Adhikari Dhungana et al., 2018; Santana-Fernández et al., 2021). Many of these with multiple
beneficial properties when applied as inoculants, among which nitrogen fixation, phytohormone production
(eg. auxins), phosphate solubilization, siderophore production antimicrobial effects and increased plant
tolerance to biotic and abiotic stress.
Studies on rhizobacterial colonization of sweet potato with plant beneficial microorganisms were also
performed. Rhizobacetia Firmicutes bacteria groups (eq. Bacillus) were the most abundant; varying from
58% to 83%. Their presence in such higher rate can be explained by their capacity to release antimicrobial
compounds into the soil. Proteobacteria and Actinobacteria divisions were also present, but in less higher
rates, depending mostly with the location (Nasution et al., 2017). Although, it was reported that plant variety
and genotype also affect rhizobacterial communities, which suggests that not only the environmental
conditions are influencing the microbial community, but also the root exudates (Fromin et al., 2001).
Studies performed on microbial communities revealed that microbial inoculation, although beneficial
for the crop, is changing the microbial communities naturally associated with sweet potato. When OYK
commercial biofertilizer based on Bacillus sp. was used on sweet potato, important modification were
detected on the compositional and numerical pattern of the endophytic community (Gadhave et al., 2018).
According to Mateus et al. (2019), Bacillus safensis T052-76 and Bacillus velezensis T149-19 bioinoculants
can be applied on sweet potato to enhancing the production of this crop. However, the benefits triggered for
this crop is mainly due the biocontrol potential of the applied bacterial strains. Pondering the results of
Bacillus inoculation of sweet potato it was observed that benefits of microbial applications are seen on the
crop only if the inoculated strains persisted in the community.
Arbuscular mycorrhizal fungi should be considered among valuable biofertilizers of sweet potato,
showing successful plant-microbial interactions and valuable agronomic benefits (Douds et al., 2015).
Studies regarding mycorrhizal inoculation effect on different varieties of sweet potato revealed higher yields
of marketable storage roots and improved plant growth in terms of shoots biomass yields (Mukhongo et al.,
2017). Although most varieties responded positive for both of these parameters, there are cases were plant
growth promotion was more significantly more effective in one of these two directions (Pelealu et al., 2019;
Sakha et al., 2019).
MICROBIAL BASED BIOINSECTICIDES
Sweet potato in highly exposed to pests attack. Around 300 species of arthropods are mentioned to
attack sweet potato, some causing severe to complete crop losses (Talekar, 1991; Johnson and Gurr, 2016).
Among microbial inoculants used for sweet potato pests’ control, best results were obtained with
entomopathogenic fungi, such as Beauveria bassiana and Metarhizium anisopliae (Reddy et al. 2014;
Hlerema et al., 2017), which cause the muscardine diseases of pests. B.thuringiensis subspecies, as well as

their crystal proteins, are also used as bioinsecticides (Hernández-Martínez et al., 2020). Beside there,
microbial derivatives such spinosad, a bacterial metabolite produced by Saccharopolyspora spinosa, is also
expressing insecticidal effects (Leng and Reddy, 2012).
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Comparative studies to evaluate the efficacy of single strain treatments of entomopathogenic fungi
with spinosad, azadirachtin or combined treatments were performed, in order to control the sweet potato
weevil, Cylas formicarius. The laboratory test results showed that spinosad alone or in combination with one
of the tested entomopatogenic fungi induced 100% mortality of C. formicarius much faster (in 48h) than the
other variant treatments. However, based on the field trials, the combined treatment of Metarhizium
brunneum F52 strain (formerly known as M.anisopliae, from Met52EC) with Beauveria bassiana GHA strain
(from BotaniGard ES) was significantly superior then all the other treatment variants, regarding yield levels
and reduction in damage rates, in both tested sweet potato varieties, Yigo and Inarajan (Reddy et al. 2014).
Ondiaka et al. (2008) when determined the effect of various Beauveria bassiana and Metarhizium anisopliae
strains on Cylas puncticollis, found that spraying of single strains cause adult mortality rates of 62.5% to
89.2%. But, these biocontrol treatments reduce feeding, fecundity and egg viability of the weevil.
Transgenic plants of sweet potato (Ipomoea batatas L.) ‘Jewel’ cultivar, carrying the cry IIIA
delta-endotoxin gene from Bacillus thuringiensis subsp. tenebrionis, were obtained. Some transformed
clones C-27 and C-1 exhibiting weevil infection resistance and lower rates of tuber damage (Morán et al.,
1998).
MICROBIAL BASED BIOFUNGICIDES
To our knowledge, in Romania there are no plant protection products approved for sweet potato crop
protection against phytosanitary threats. Therefore, growers are considering the use of chemical or biologic
pesticides recommended in other countries to control pest and diseases of this crop.
Fortunately, in our country for sweet potato the phytosanitary problems are reduced. This is mostly
because the crop is relatively new and cultivated on not very large areas (Boiu-Sicuia et al., 2018). However,
it could be expected that the incidence and severity of some wide spread pathogens, such as Fusarium sp.,
to increase from one season to another. Based on these insights, in the current condition, in Romania,
organic production of sweet potatoes is advantageous and not very difficult to achieve. Some experimental
or commercially available microbial products were applied by the growers to prevent diseases attack, most of
them based on Bacillus inoculants. Studies performed in countries with tradition in growing sweet potato
revealed the antagonistic activity of selected Bacillus spp. isolates against Plenodomus destruens (Marques
et al., 2015), an important pathogenic fungus that causes foot rot of sweet potato and storage tuber rot.
Against Ceratocytis fimbriata, another important fungal pathogen that causes black rot of sweet
potato, strains of Pantoea dispersa RO-18, RO-20, RO-21, and SO-13 revealed high biocontrol potential, by
inhibiting fungal spore germination and mycelium growth (Jiang et al., 2019). Inoculated on sweet potato,
P.dispersa RO-21 strain, also known after its collection number KCTC 62146 in the Korean Collection for
Type Cultures, decreased the disease incidence symptoms of C.fimbriata, revealing in vivo biocontrol
activity.
Biocontrol fungal inoculnts were also developed to suppress the sweet potato pathogens
Streptomyces ipomoeae, Ceratocystis fimbriata, and Macrophomina phaseolina (previously known as
Sclerotium bataticola). Among the beneficial strains isolated from tubers’ epidermis, the epiphytic strain of
Penicillium geastrivorus B1-35 reduced the disease severity of S. ipomoeae in pot experiments, revealing
60.1 % efficacy. When P.geastrivorus B1-35 was applied as spore suspension (109 cfu/ml), by dipping the
herbaceous cuttings for at least 10 minutes before field planting, the diseases severity of the harvested
tubers was reduced, B1-35 inoculant revealing 67.6% efficacy. Moreover, stored roots revealed a lower
decay rate by M. phaseolina, compared to the control (Ooshiro et al., 2007).
Among biological control agents (BCAs), Trichoderma species such as T. harzianum, T. viride, T.
hamatum, T. koningii and T. pseudokoningii possess various mechanisms of action against sweet potato
pathogens (Dania, 2019). Comparative experiments performed in pots, reveal that T.koningii inoculation,
applied by drenching, is more effective in reducing wilt symptoms caused by F.oxysporum compare to the
chemical treatment with Benomyl (Galian and Nagpala, 2019). Applied as preventive treatment T.koningii

lowered the disease incidence, severity, and index. This suggests that microbial competition has a major
impact against the pathogen. Moreover, Trichoderma BCAs are producing various metabolic compounds
with antimicrobial effects and lytic enzymes that prevent fungal growth and plant pathogenic attacks. Some
strains are able to act as hyperparasites to suppress pathogens growth, reducing the incidence and severity
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of plant diseases. Another important trait of the Thichoderma sp. inoculants is their ability to induce systemic
resistance in stress conditions (Harman, 2006; Faheem et al., 2010).
POSTHARVEST BIOCONTROL
The storage roots of sweet potatoes are highly susceptible to biotic threats. Their high sugar and
water content make them a target for postharvest decays during storage, especially if damaged by pests,
injured during harvest or cracked due to frost (Woolfe, 1992). To prevent pathogenic infection of the tubers, a
cure period is recommended before storing in order to stimulate natural suberisation of the wounds. The
curing should take place in approximately 10 days on warm, moist conditions (Boiu-Sicuia et al., 2020).
Sorting tubers before their introduction in deposits is mandatory. It is also important to maintain proper
storage parameters according to the requirement of sweet potato, with 13-15°C, 75% relative humidity, and
proper ventilation. Studies focused on postharvest biocontrol methods investigated various tuber treatments
such as 10 minutes immersion in wood-ash, or Eucalyptus leaves suspension, followed by sand covering.
Results showing that wood-ash with sand and sand alone give comparative results as fungicide treatment in
protecting tubers against Rhizopus stolonifer mold infections (Edun et al., 2019). Slight interest was given to
microbial inoculation of sweet potato for storage protection. Microbial biocontrol trust was attributed to the
Generally Recognized As Safe or Qualified Presumption of Safety microorganisms such as antagonistic
epiphyte yeasts, like Debaryomyces hansenii, Metschnikowia sp., Pichia anomala and Saccharomyces
cerevisiae (Ray and Das, 1998; Boiu-Sicuia et al., 2020). Microbial inoculants based on selected biocontrol
strains of Trichoderma sp. are also effective against sweet potato diseases. Sobowale et al. (2019) revealed
the biocotrol potential of Trichoderma harzianum in fungal inhibition of Rhizopus stolonifer and Aspergillus
niger postharvest pathogens, while Dania (2019) revealed the efficacy of Trichoderma species against
Fusarium oxysporum, Lasiodiplodia theobromae, Macrophomina phaseolina, Rhizoctonia solani, Rhizopus
nigricans, Sclerotium rolfsii and Verticillium sp. post-harvest rots in sweet potato.
However, integrated management of pests and diseases during the growing season mainly reduces
the spread of postharvest phytosanitary problems. Then, technologic and biological measures must be taken
to control sweet potato damage during storage in order to avoid chemical pesticides that trigger harmful
effects on human health.
CONCLUSIONS
Microbial inoculants are valuable inputs in sweet potato production systems, increasing plant
productivity, revealed higher yields of marketable storage roots and improved plant growth in terms of shoots
biomass yields. Moreover, microbial based biopesticides reduced pest and diseases attack, damage rates
and phytosanitary loses. Such inoculants can be used in both organic and sustainable agriculture, being
economically efficient, presumed as safe and environmentally friendly. Best results on sweet potato being
obtained with nitrogen fixers inoculants regard productivity, entomopathogenic fungi regarding pest control,
Trichoderma and Bacillus inoculants regarding diseases suppression in the field and during storage.
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EQUIPMENT INTENDED FOR VINEYARD MAINTENANCE WORKS MECHANIZATION
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ABSTRACT
Providing the technical equipment with working parts for vine crop soil works must be carefully studied and
carried out in order to take into account the climatic conditions in the area, the types of soil, the cultivated
varieties and the crop characteristics. The paper presents a constructive optimization method, which is used
in order to reduce the material consumption of the working parts of technical equipment used in the
technology for vineyard maintenance works mechanization. Improving the working parts of the technical
equipment will ensure the increase of soil loosening work quality, breaking the crust and destroying the
weeds, at the same time reducing the manufacturing costs, making it accessible to small and medium
farmers.
REZUMAT
Echiparea echipamentelor tehnice cu organe de lucru pentru lucrările solului în cultura de viță de vie trebuie
atent studiată și efectuată pentru ca să se ţină seama de condiţiile climatice ale zonei, tipurile de sol, soiurile
cultivate şi particularităţile de cultură. În lucrare este prezentată o metodă de optimizare constructivă, care
este utilizată în scopul reducerii consumului de material a organelor de lucru din componența unui
echipament tehnic utilizat în cadrul tehnologiei de mecanizare a lucrărilor de întreținere a plantațiilor de viță
de vie. Îmbunătățirea organelor de lucru al echipamentului tehnic va asigura creșterea calității lucrării de
afânarea solului, spargerea crustei și distrugerea buruienilor, concomitent cu reducerea costurilor de
fabricație, făcându-l accesibil pentru fermierii mici și medii.
INTRODUCTION
Romania is one of the world's viticultural powers, with a tradition of at least 2,000 years in the
cultivation of vines (Dumitru I., 2021).
Proper weed management and maintaining the proper biodiversity of vineyards are crucial for
sustainable soil management (Andreiș S., 2014).
The key is to practice an alternative approach to weed management (single or integrated), rather
than using only harmful chemicals (Cerda A. Et al., 2021).
The integration of modern equipment with a surface processing system can ensure effective weed
control, including through "total integrated systems approaches" leading to vine crop performance and soil
biodiversity (Clingeleffer P.R., 2013).
Currently, the work of weeding by loosening the soil, breaking the crust and destroying weeds in
vineyards is done with various variants of technical equipment, depending on the biological characteristics of
the varieties, ecological conditions, forms of management of vines, age of plantations, etc. (Steenwerth K.L.
et al., 2016).
Research is being done on the use of mini-mowers in vineyards which are small autonomous
machines that have proven to be highly efficient when used in agricultural context (Sportelli M. Et al., 2021).
Husqvarna’s Automower® 535 AWD, due to its small size, it can easily prevent excessive vertical
growth of weeds both in rows and under vines, without the use of chemical applications. The use of robots
will be possible, as these machines help save time and energy and prevent operators from possible injury by
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following random trajectories in areas defined by a superficial buried boundary wire that aims to generate an
electromagnetic field (Sportelli M. Et al., 2020) .
MATERIALS AND METHODS
In the work, the method of constructive optimization used in order to reduce material consumption is
exemplified on a working body with a lateral knife intended for the mechanized execution of the work of soil
mobilization between the stumps, on the row of vines, which was designed to addressing various alternative
weed control practices as an alternative to chemical control. The working body is a component of a technical
equipment used in the technology of mechanization of maintenance works of vineyards (fig. 1). The process
of tillage between stumps consists of the translational movement of the active organ of the lateral knife type,
the lifting of a strip of soil and its crushing at the same time as the cutting of the weed roots. During the
movement of the active member on the row of hubs, the probe rod touches the hubs at a height of 10 ... 15
cm above the ground and through the lever system transmits to the hydraulic distributor the withdrawal order
of the active member. Withdrawal is done progressively depending on the feeler stroke. After exceeding the
hub, the probe rod returns to its initial position under the action of a spring, commanding the return of the
active organ on the row of hubs. In this way, by withdrawing and returning the active organ, the area
between the stumps is processed on the vine row, except for an area around the stumps and the trellis
pillars (https://inma.ro/ader-2020/).

Fig. 1. Hoeing equipment one at a time and between the vines

RESULTS
For the CAD design of the active organ of the hoe equipment one by one and between the vines was
used the software SolidWorks, developed by the company SW Corporation - USA part of french Dassault
Systèmes – DS (https://www.solidworks.com/), which through its easy-to-use functionalities has led to
increased productivity and an innovative design. There are several possibilities for modeling in SolidWorks of
mechanical systems containing metal structures. To create a complex model, each entity is drawn
separately, followed by the assembly of entities using the module Assemblies. For each component you can
fill in an additional information field containing the name of that component, who made it, as well as other
comments (Marin E. Et al., 2021). Figure 2 shows the 3D geometric model of the side knife type working
member used for row hoeing equipment and between vines designed using the SolidWorks program which
was made by assembling from predefined parts, a method called bottom design (bottom-up).
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Fig. 2 3D geometric model of the working tool of the side knife type used for hoeing equipment in turn and
between vines

After the stage of making the 3D geometric model, we proceeded to the stage of structural analysis with the
help of the structural simulation application SOLIDWORKS SIMULATION, which involved the import of
geometry the model performed, the definition of the material, the definition of the restrictions appropriate to
the discretizations, the running of the program to calculate the Von Mises stress analysis, the displacement,
the relative elongation, the safety and visualization of results in the form of diagrams.
The constructive optimization method involved performing the following operations:
- selecting the static option as analysis type, solid for discretization type and FFEPlus solver;
- selecting materials from the SolidWorks library and automatically assigning these properties to the
main part, the side knife, which is most subject to wear during work;
For any type of finite element analysis using SolidWorks-Simulation it is essential to assign a material. In
order to perform the linear static analysis of the working member of the lateral knife type, where the stresses
and deformations of a loaded structure can be evaluated, the following characteristics were indispensable:
Traction / compression modulus (E), Traction / shear modulus (G) ) or the Poisson's ratio (as shown in Table
1).
Table 1
Properties of selected materials
Configuration
/ Material

1 / S235JR
2 / S355JR
3/

S235JR

S355JR

Flow limit
(σc)
(N/mm2)

Traction
limit (σr)
(N/mm2)

Poisson's
ratio

Traction /
Traction /
compression
shear
modulus (E)
modulus (G)
(N/mm2)
(N/mm2)
235
360
0,28
210000
790000
275
450
0,28
210000
790000
590
800
0,28
210000
790000
Characteristics of the steels used
It is also a universal steel for machine construction, manufactured in
accordance with the EN 10025-2 standard.
Steel can be welded without restrictions, without subsequent heat treatment
and without heating, however as the thickness of the product increases, the
risk of cold cracks increases proportionally.
Chemical composition
C
Mn
P
S
N
Cu
≤ 0,17
≤ 1,40
≤ 0,035
≤ 0,035
≤ 0,12
≤ 0,55
It is also a universal steel for machine construction, manufactured in
accordance with the EN 10025-2 standard.
Steel has good weldability, and different welding methods can be used, both
without heating and with preheating, followed by processing at high
temperatures.
Chemical composition
C
Mn
P
S
N
Cu
≤ 0,24
≤ 1,60
≤ 0,035
≤ 0,035
≤ 0,12
≤ 0,55
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Configuration
/ Material

Hardox 400

Flow limit
(σc)
(N/mm2)

Traction
limit (σr)
(N/mm2)

Poisson's
ratio

Traction /
Traction /
compression
shear
modulus (E)
modulus (G)
(N/mm2)
(N/mm2)
Hardox is the most well-known wear-resistant sheet and is a registered
trademark of the Swedish company SSAB. There is no sheet steel on the
market that has comparable abrasion resistance, which would not break due
to strong cold impacts and would offer a similar product life.
Chemical composition
C
Si
Mn
P
S
Cr
0,27
0,50
1,60
0,025
0,010
1,20

- application of the corresponding load in accordance with the actual mode of operation (from operation, the
simulation scenario has been adapted accordingly. The load has been applied in the points corresponding to
the mode of operation;
- use of the meshing procedure to break down the model into discrete elements. In general, a model with
finite elements is defined by a network, which is completely made of a geometric arrangement of elements
and nodes. Nodes are points at which characteristics are calculated, such as displacements;
- running the analysis study to calculate the voltage, safety factor and displacement, which is based
on geometry, material, load, restriction conditions and type of discretization.
The 3D geometric model of the lateral knife-type working member introduced directly into the linear
static structural analysis withstood loads and supports, but at discretization the operation could not be
performed only after the elimination of some interferences.
After running the analysis studies, the results for configurations 1, 2 and 3 could be viewed for comparison
(Figs. 3, 4 and 5).

Fig. 3. Sequence during the comparison of the results of configuration 1 that appear on the screen in the form of
the Von Mises voltage intensity distribution, the specific deformation intensity distribution, the relative
displacement field distribution and the power factor distribution
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Fig. 4. Sequence during the comparison of the results of configuration 2 that appear on the screen in the form of
the Von Mises voltage intensity distribution, the specific deformation intensity distribution, the relative
displacement field distribution and the power factor distribution

Fig. 5. Sequence during the comparison of the results of configuration 3 that appear on the screen in the form of
the Von Mises voltage intensity distribution, the specific deformation intensity distribution, the relative
displacement field distribution and the power factor distribution

The working side of the side knife type has a mass of 5.38 kg. It can be made of quality steel sheet
SR EN 10025-2: 2019 with a thickness of 8 mm (https://www.baduc.ro/metalurgice/2163-tabla-neagra8x1500x6000-mm-s235jr) and Hardox 400 steel sheet with wear resistance with a hardness of 400 Brinell
made according to SR EN 10029: 2011. Hardox 400 is delivered anywhere in Romania directly from the
stock of the manufacturer SSAB (http://m.ro.corten-steel.net/steel-plate/hardox400-abrasion-resistantsteel-sheet.html).
The results of the analysis on technical-economic criteria in the choice of the metallic material from
which the working tool of the lateral knife type is manufactured are presented in table 2.
The results of the analysis on technical-economic criteria
Configuration value
1
2
3
Unit of
Name
Material
Material
Material
measurement
S235JR
S355JR
Safety factor
1
1,2
2
Estimated price
lei / m2
462,91
474,56
803,01
Ratio: Price / Safety factor
462,91
395,46
401,50
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The comparison of these indicators led to the choice of the optimal variant (configuration 2 was chosen,
which has the lowest Price / Safety ratio: 395.46).
The use of the S355JR sheet for the side knife type workpiece offers it properties with good mechanical
strength, high toughness, very good hardness and a price / quality ratio based on the Win-Win concept of the
customer-supplier relationship.
CONCLUSIONS
The technical-economic indicator (material consumption per unit of safety coefficient) proposed by the
authors for the analysis of the choice of the optimal variant, which is represented by the price ratio and the safety
coefficient, contributes to reducing design validation time and reducing manufacturing costs.
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ABSTRACT
Pneumatic transport is most often found in the food, transport, chemical industry and agriculture, being
based on the principle of entrainment of solid material particles by a stream of air that travels at a certain
speed through a pipe. Pneumatic transport systems ensure the transport of bulk materials, in any direction
and route, with small granulation, over relatively long distances, up to 1 km horizontally and 50 m vertically.
The paper presents a series of programs for improving the efficiency of agri-food pneumatic systems.
REZUMAT
Transportul pneumatic se întâlnește cel mai des în industria alimentară, în transporturi, industria chimică,
agricultură, acesta având la bază principiul antrenării particulelor de material solid de către un curent de aer
care se deplasează cu o anumiă viteză printr-o conductă. Sistemele de transport pneumatice asigură
transportul materialelor în vrac, pe orice direcție și traseu, cu granulație mică, pe distanțe relativ mari, până
la 1 km pe orizontală și 50 m pe verticală. Lucrearea prezintă câteva programe de îmbunătățire a eficienței
sistemelor pneumatice agroalimentare.
INTRODUCTION
The pneumatic system is a necessity to be competitive in operation and to meet the requirements of
operation, to eliminate environmental pollution, because the old system of transport by scraper belt and
mechanical bucket elevator, by operation produces a lot of dust and affects the environment according to
statistical data. provided by the Directorate for Environmental Protection (Banu C. Et al., 2000)
Pneumatic transport installations are widespread in many industrial fields. They are used for the
transport of dry granular or powdery materials, between the various manufacturing phases within a plant, on
construction sites, for transhipment in river and sea transport, in complex machining installations, etc. Often,
pneumatic transport is also used for technological purposes, such as: catalytic cracking of gases, drying of
cellulose in flakes, drying of baking soda, calcination of soda, burning of pyrite in a fluidized bed, etc.
(Nesterenko et al., 2017). Of particular interest is the complex mechanization of the transport of pulverulent
materials, by using containers with pneumatic discharge, which reduced losses to 0.05% and downtime,
compared to transport in bags, where the losses remained at 20% (Banu C. Et al., 1999).
Effective pneumatic transport is done by transporting and handling particles which increases the
loading-unloading rate by up to 150%, eliminates operating losses, eliminates almost completely mechanical
deformation, known as cracking, this being a feature of basis for modern trade in quality granular or powdery
materials.
The transport is carried out on a pipe through which a mixture of material and air circulates as a
transport agent, due to the pressure difference achieved at its ends. At the destination, the mixture of
material and air is separated so that the transported material is stored in a silo, and the air, after being
cleaned of dust, is discharged into the atmosphere. They present simplicity of construction and operation,
ensure the cooling of the material during transport, ensure large working capacities of up to 250 t / h, but
require high energy consumption.
Also, this system reduces handling costs by up to 50%, requires a small number of staff, no need for:
belt mechanic, belt electrician, etc. The new transport system comes with a novelty in the field, the O2-based
cooling system, ensuring an optimal storage and storage temperature until the delivery of granular materials,
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optimizing quality and quantity, because it is maintained by the temperature control system, a constant
humidity that does not fluctuate by large percentages the quantity from receipt to delivery (Banu C. Et al.,
2000).
MATERIALS AND METHODS
Over the years, researchers have analyzed methods for determining the design parameters of the
pneumatic transport pipeline system, which use modern computing systems for engineering analysis. In
order to determine the geometric and power parameters of the technological equipment, the integrated
approach is proposed. Based on the previous three-dimensional pipe model, a CAD environment is
proposed to simulate movement in different product areas. Using simulations based on these traditional
calculation methods increases the accuracy of the results. Simulations were made in several variants for the
wheel radius, from 80 mm to 250 mm with a change of pitch. As a result of the simulation, the pressure
levels were defined. With their help it was possible to determine the power of the compressor (Nesterenko et
al., 2017).
During the simulation of the movement of a product line under the action of an increased air pressure,
processes such as:
• The effect of the pressure difference in the transport process;
• The effect of changing the speed of movement of raw materials for transport;
• The effect of changing the radius of the pipe wheel on the movement of the product.
To study the transport processes of agri-food products, FlowVision was used in the pipeline system.
The FlowVision program complex is designed to model the three-dimensional flows of a liquid and gas in
various objects and representations of work results by computer-programmed methods (Heyko et al., 2018).
RESULTS
The methodology used in the design allows obtaining specific values of motion parameters for each
segment. The numeric values of the output in the previous section define the input values for the next. The
rheological characteristics of agri-food products are also defined: viscosity and density (S. Dumitrescu et al.,
2015).
Computer modeling allows the precise determination of their numerical values as the program takes
into account the roughness of the pipeline and the rheological characteristics of the transported product
(Mehdi Samadi et al., 2019).
Several radii of curvature were selected for the survey. The minimum is 80 mm and the maximum is
250 mm. Changing the radius is a certain step.
Fig. 1 shows the pressure distribution graph in the limit cases. The color change shows how the
pressure is distributed inside the pipe when the radius of curvature changes. The analysis of these images
makes it possible to draw conclusions about the influence of the radius of curvature of the elbows on the
appearance of dead areas, earthing products and the formation of plugs. The influence of the radius of
curvature on the dissipation processes in the product was also studied: the possibility of vortices, which lead
to a reduction in speed and additional energy consumption (Y X Wang et al., 2019, Yatskul A.I., et al, 2014).

Fig. 1. Pressure distribution when moving a product through pipes
with variable radius of rotation: a - 80 mm, b - 250 mm (Y X Wang et al., 2019)
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Fig. 2. Turbulent dissipation parameters when moving a product through pipes
with variable radius of rotation: a - 80 mm, b - 250 mm (Y X Wang et al., 2019)

The graph shows the locations of vortices, which affect the total energy of the transport process. After
completing the computer modeling, the data is used to determine the structural parameters of the pipe.
The use of computer modeling allows the determination of the parameters of pneumatic transport
equipment to greatly improve the accuracy.
This leads to an improvement in the quality of design work and the creation of high technology and
reliable equipment in the agri-food industry.
There have also been case studies on the determination of energy losses on pneumatic transport
switches of agri-food products. Table 1 shows variants of branches, which differ in structure - symmetrical or
asymmetrical branching. For each of the options, different angles are studied from which the pipes are
directed (Q Y Xu, Y Shi et al., 2014; Q H Yu et al., 2014).
Variants of branches, which differ in structure (Y Shi et al., 2016)

Turning angle, degrees

Tab.1.

Asymmetric separation of pipes
Option 1

Symmetrical separation of pipes
Option 2

Option 3

Option 4

30

45

70

INTERNATIONAL SYMPOSIUM

The combination of structures allows to determine their resistance to the movement of the product in
order to select the optimal branching method, as well as to obtain a comparative characteristic of the local
resistance, depending on the rotation angle. In our case, the rotation angles are significant: option 2 - 45 °,
option 1 - 30 °, option 4 - 22.5 °, option 3 - 15 °.
At another valve position, when the movement of the product is simple, there is practically no energy
loss. The geometric and rheological conditions of the study are the following:
- diameter of the cylindrical part - 150 mm;
- section of the rectangular part - 150x150 mm;
- Product density - 1050 kg / m ^ 3;
- Product viscosity - 0.01 Pa;
- air pressure in the piping system - 4x10 ^ 5 Pa (Y Shi et al., 2014).
The complex CAE FlowVision software uses the finite element method to predict the movement of
viscous liquids in the event of a decrease in air pressure at the inlet and outlet of the geometric pattern.
The novelty of the method used by computer modeling for this work is to determine the values of
dissipation of kinetic energy of the moving product.
When calculating the area occupied by one or another range of values of energy dissipation isolates, it
is possible to compare the intensity of energy losses if they are attributed to the total branching area. If you
evaluate the area that is limited by isolines with a certain factor intensity, you can obtain an integral
characteristic of the action of the dynamic parameters. Significant areas, which are limited by high
dissipation values, show the origin of the turbulence, which is the main source of loss of transport pressure.
Figures 3 - 6 show the results of simulating energy losses. The arrangement sequence of the figures
is shown in the direction of decreasing the angle of rotation of the flow.
To generalize the results of the study, they compared the results of the measurements from the
drawings of the dissipation areas of the same intensity (fig. 7) (Y Shi et al., 2016, Nesterenko A.V. et al.,
2017).

Fig.3. Isolation of kinetic energy dissipation for asymmetric branching with an angle of 𝟒𝟒𝟒𝟒° ;
Area of corresponding values
D=0.1 m^2/c^3-10%;
D=0.05 m^2/s^3-47%;
D=0.03 m^2/s^3-18%; (Y Shi et al., 2016)

Fig. 4. Isolations of kinetic energy dissipation for asymmetric branching with an angle of 30 °:
Area of corresponding values
D = 0.1 m ^ 2 / c ^ 3 - 16%,
D = 0.05 m ^ 2 / s ^ 3 - 84 %,
D = 0.03m ^ 2 / s ^ 3 - 70% (Y Shi et al., 2016)
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Fig.5. Isolations of kinetic energy dissipation for symmetrical branching
with an angle of 22.5 °:
Area of corresponding values
D=0,1 m^2/s^3-14%;
D=0.05 m^2/s^3-70%;
D=0.03 m^2/s^3-61% (Y Shi et al., 2016)

Fig. 6. Isolations of kinetic energy dissipation for symmetrical branching
with an angle of 15°:
Area of corresponding values
D = 0.1 m ^ 2 / s ^ 3 - 16%,
D = 0.05 m ^ 2 / s ^ 3 - 79 %,
D = 0.03m ^ 2 / s ^ 3 - 68% (Y Shi et al., 2016)

Fig. 7. Percentage of areas of dissipation zones D of a certain intensity
as a percentage of the total branch area, depending on the flow angles
(Y Shi et al., 2016)
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CONCLUSIONS
With the help of the CAE FlowVision complex software, the capabilities of modern information systems
for modeling objects in the agri-food industry, simulating the processes that take place in them, the
performance of technical analysis and based on the results of design processing equipment with high
performance indicators were demonstrated.
The use of computer modeling allows the determination of the parameters of pneumatic transport
equipment to greatly improve the accuracy. This leads to improved design quality and the creation of high
technology and reliable equipment in the agri-food industry.
Effective pneumatic transport is done by transporting and handling particles which increases the
loading-unloading rate by up to 150%, eliminates operating losses, eliminates almost completely mechanical
deformation, known as cracking, this being a feature of basis for modern trade in quality granular or powdery
materials. Also, pneumatic transport systems, compared to the old conveyor system with scrapers and
mechanical bucket elevator, reduce operating costs by up to 50%, require a small number of staff, no longer
need: mechanical belt, band electrician, etc.
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ABSTRACT
The calculation of deposited active substance quantity on the seeds surface in seed treating process has a
special importance because this value must simultaneously ensure the protection of the plant, a minimal
impact on the environment and low phytotoxicity. The paper proposes a new method for determining the
deposited quantity, method which incorporates variables such as 1000-seed weight, LD 50 , the substance
concentration and the feeding percentage of pest body mass. Along with the dose calculator, the method
includes a bio-testing protocol of substance treatment influence at six different concentrations on germination
and root growth in the early vegetative stages. The method has already been implemented in preliminary
research to determine the amount of active substance deposited on corn seeds. The obtained results are
encouraging, so we propose that this method to be the subject of a patent application intended for ecological
farming.
REZUMAT
Determinarea cantității de substanță activă depusă pe semințe in procesul de tratare a acestora are o
importantă deosebită deoarece aceasta valoare trebuie sa asigure simultan protecția plantei, un impact
minim asupra mediului si fitotoxicitate scăzută. In lucrare se propune o nouă metodă de determinare a
cantității depuse, metodă care conține un calculator de doză ce incorporează variabile cum ar fi masa a
1000 de boabe, umiditatea semințelor, biomasa plantei protejate, DL 50 , concentrația substanței si procentul
de hrănire al dăunătorului din masa sa corporală. Împreuna cu acest calculator, metoda include un protocol
de bio-testare al influentei substanței de tratare la șase concentrații diferite asupra germinației si creșterii
radiculare in primele stadii vegetative. Metoda a fost deja implementată in cercetări preliminare de
determinare a cantității de substanța activa pe semințe de porumb. Rezultatele obținute sunt încurajatoare,
astfel că ne propunem ca această metodă să fie obiectul unei cereri de brevet de invenție aplicabilă in
agricultura ecologica.
INTRODUCTION
The seed treatment process is a particularly important element in the structure of the plant cultivation
technology for human and animal consumption. Agriculture has benefited throughout history from several
technological leaps such as: the emergence of irrigation systems, the mechanization of soil processing
works, sowing and harvesting, chemical fertilization, genetic improvement and protection against damaging
agents. Since the introduction of arsenic (1740) in the technological processes of crop protection until now,
seed treatment before sowing has been an essential technological element in plant protection in the early
stages of vegetation. The principle of plant protection against damaging agents consists in poisoning the
seed or plant material in a controlled way for a well-defined period, called the period of action, in which the
consumption of the plant is forbidden. The period of action of the active substance in the plant is
characterized by the manifestation of toxic effects on living cells of the plant and on harmful agents.
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The quality of the active substance in the treatment is given by its effectiveness in combating harmful
agents, by the high specificity against the target organism and by the low toxicity on humans and animals.
Technical difficulties arise when the amount of substance needed to protect the plant up to certain
phenological stages is greater than the sorption capacity of the treated seed. This situation led to the
introduction of a toxicological inert support to adhere to the surface of the seeds, thickening the adsorbed
film and implicitly increasing the amount of the active substance per seed. Through this process, a protection
of the plants was obtained up to advanced phenological stages. Following the soil analysis, it was found that
the process of overloading the seeds with the active substance leads to the contamination of the water in the
rhizosphere for a long period with the substance in the treatment or with its metabolites with values close to
95% of the administered quantity (Wood and Goulosn, 2017).
Therefore, studies on the transfer of the active substance predominantly within the seeds to values of
the water content close to the threshold of onset of germination or infections are necessary. Plant protection
active substances can be transferred into the seed mass. The active substances of plant protection can be
transferred in the seed mass by sorption, absorption and chemosorption.
In phytosanitary treatments, the phenomenon of chemosorption is desirable to be avoided because it
reduces the diffusion of the substance in the plant body and causes the manifestation of phyto-toxicity. Most
of the phenomena of transferring the mass of the active substance inside the seeds through solvents or
gases are dependent on the morphology of the seeds following the diffusion laws enunciated by Adolf Fick in
1855. Identifying optimal doses of the active substance per seed require long-term experiments both in the
laboratory and in the field. These experiments cover activities to evaluate the efficacy of the substance, the
toxic effect on the plant and non-target organisms, the fate of the substance in the environment and the way
of application on seeds.
In general, the period of appearance of a plant protection product on the market lasts at least 10 years
from the discovery of the molecule to the obtaining of marketing authorization. In Romania, the risk of
reducing the areas under cereal cultivation is very high due to the tightened legislation on the use of
pesticides.
Given the existence of a limited number of plant protection products approved for the treatment of the seed
of certain crops in Romania, it is necessary to develop a method of rapid determination of the optimal dose
of pesticide applied per seed.
The paper proposes a new method for determining the deposited quantity of treatment on seed. The
experimental model of rapid determination of the useful dose (about four days) has two components: the first
component is a mathematical-biological model for calculating the theoretical dose of the active substance
per seed, and the second component is a bioassay to determine the phytotoxic effect on germination and to
evaluate the minimum inhibitory dose of microbial activity.
MATERIALS AND METHODS
The proposed method for the rapid determination of the optimal dose of active substances or
commercial products used in plant protection consists of four equations containing eleven variables, four of
which are dependent and seven independent (Table 1).
Table 1.
Parameters used in the mathematical model for determining the optimal dose of plant protection products
Nb.
Parameter name
Value
Observations and equations
Ec.
nb.
1.
MMB - Mass 1000 grains [g]
It depends on the plant species. For cereal
246 seeds the value is between 10 and 300.
2.
U - seed humidity [%]
5 -15 %
6.035
3.
C - concentration of the active substance
Manufacturer specifications
in the product to be treated [%]
60
4.
MSU - dry mass of a seed [g]
MSU = MMB*(100-U)/100000
(1)
0.23
5.
DL 50 active substance (AS) [µg/g insect]
Value from the literature. For neonicotinoids
0.6 value ranges from 0.2 to 0.6.
6.
Bp - protected plant biomass [g]
Fresh mass of the plant. For maize, the value
10 is between 10 and 75
7.
Bi - insect biomass [g]
It depends on the species and the insect stage
1 of life. Can vary from 0.0002 to 6.13 g
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8.
9.
10.
11.

Phi - percentage of feeding from the body
mass of the insect [%]
SA1s active substance per 1 seed [µg]
SAts the active substance per tonne of
seeds [g]
PPPts - produced per tonne of seeds [g]

5
120
487.80
1219.51

Experimental value 5%.
SA1s = (Bp*DL 50 *Bi*100)/Bi*Phi
SA1s = Bp*DL 50 *100/ Phi
Sats = 1000*SA1s/MMB

(2)

PPPts = (Sats*100)/(100-C)

(4)

(3)

The mass of 1000 grains and the seeds moisture are parameters that describe the quality of the seeds
(Table 2.). The mass of 1000 grains (MMB) is determined by counting 100 seeds and weighing them on a
balance with a sensitivity of 0.001 grams and multiplying the value obtained by 10 (STAS S.R. 6123/99).
Seed moisture (U) or seed water content is associated with the long-term storage and the ability of the seed
to remain healthy. From a technological point of view, humidity variations are taken into account when
dosing the active substance in the treatment of seeds. The determination of seed moisture is established by
international regulation according to which the water content of the seeds is defined by ISTA (International
Seed Testing Association) according to the formula:
Moisture content of the seeds (%) = ((fresh seeds mass-dry seeds mass)/(dry seeds mass))*100
To determine the moisture percentage of fresh seeds, weigh a sample of fresh seeds then an equal
weight of fresh seeds is dried slowly to remove moisture and weighed again. Usually the humidity
determination is carried out with a thermobalance heated to 105 °C with the help of an infrared lamp until the
mass of the seeds stops decreases. C is concentration of the active substance in the product intended for
seed treatment.
Table 2.

Barley
Rape
Maize
Linseed
Oat
Rice
Rye
Soy
Wheat

Moisture and specific weight of seeds (processing after Molenda and Horabik, 2005)
Plant species
MMB [g]
Water content (moisture)
[%]
30-50
9.7-10.7
5-6
6.5-6.7
250-300
9-15
4-7
5,8
30 – 45
9.4-10.3
15-20
11.9-12.4
25-35
9.7
140-150
69-7
41 – 45
9.9

LD 50 (lethal dose) is the amount of substance or product needed to reduce the number of live
individuals to half from the total number of interacting individuals with the substance by ingestion or contact
in a period of time. In the case of neonicotinoids, the LD 50 is in the range of 0.2-0.6 micrograms active
substance reported per gram of insect biomass (Decourtye et al. 2003; Suchail et al., 2001). The protected
plant biomass (Bp) represents the fresh mass of the plant reached in the phenological stage of development
in which it is no longer vulnerable to insect attack. In the case of maize, this value ranges between 10 grams
and 75 grams (Moradtalab et al., 2018). The mass of the insect (Bi) can vary from 0.0002 to 6.13 g (Lease
and Wolf, 2010), but is mathematically reduced in equation 2. The amount of fresh food ingested by the pest
insect (Phi) is a parameter whose value depends on the voracity of the species, weather conditions
especially the value of VPD (vapor pressure deficit, Popov, 2002) and the water content of the food. For the
proposed mathematical model, a Phi of 5 percent was chosen. The results of the model for calculating the
optimal dose of the active substance or product are expressed as the amount of substance deposited on/in a
seed (SA1s), per ton of seeds (SAts) and as the dose of product administered per ton of seeds.
Bio-testing protocol of the influence of the active substance or plant protection product on growth and
development in the first vegetative stages consisted in the treatment of maize caryopses with an aqueous
solution of commercial product based on imidacloprid (NUPRID AL 600 FS, 2006) at concentrations of 250,
500, 1000, 2000, 3000 and 6000 ppm. The control consisted in the treatment of the seeds with tap water
(Table 3). The seeds were placed in Petri plates (16 x 90 mm) together with 793 µl of aqueous imidacloprid
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solution then left until the entire solution was soaked by seeds. A layer of cellulose paper soaked with water
was deposited over the seeds in order to ensure optimal humidity during the three-day germination period.
Each treatment had eight repetitions. In total, 1400 corn seeds with similar mass, morphology and color were
used.
Each treatment had eight repetitions. The seed germination took place in the dark in the incubator at a
temperature of 24±2 ºC. At the end of the bioassay were performed biometric observations on the
percentage of germination, and root growth. The statistical analysis was performed with GraphPad Prism v.7
software for Windows.
Table 3.
Quantities of insecticide and water used to treat seeds in experimental variants
Treatment / 25 seed
V1
V2
V3
V4
Dose [ppm]
250
500
1000
2000
A .S. [mg]
1.44
2.89
5.78
11.56
Mixture (product containing 5%) [µl]
28.89
57.79
115.58
231.15
Tap water [µl]
764.15
735.26
677.47
561.89
A.S./Kg seeds [g/tonne]
250
500
1000
2000
SA1s active substance per 1 seed
[µg]
57.79
115.57
231.15
462.30

V5
3000
17.34
346.73
446.32
3000

V6
6000
34.67
693.46
99.58
6000

Control
0
0.00
0.00
793.05
0

693.46

1386.92

0

RESULTS
After the introduction of a series of eight values from 1 to 500 for the Bp parameter and 0.6 for the
LD 50 in the mathematical model for determining the optimal dose of pesticides, the correlation between the
mass of the plant protected against the attack of insects and the level of pesticides required to be deposited
on/in a seed was obtained (Fig. 1). Thus, in order to protect a corn plant until reaching the mass of 10 grams,
it is necessary that the corn seed to be loaded with 120 μg of the active substance. The linear regression
between the pesticide amount deposited on/in the seed and the mass of the protected plant covered a large
enough range to be able to use the model for both small seeds such as flaxseeds to corn or even potato
tubers.

Pesticide
A.S [µg]
/1 seed

7000
6000
5000
4000
3000
2000
1000
0

The correlation between the amount of pesticide deposited on the seed and the mass of the
protected plant at DL50 0.6 µg/g insect biomass

y = 12x
R² = 1

0

100

200

300

Plant biomass [g]

400

500

600

Figure 1. Correlation between the amount of pesticides deposited on a seed and the biomass of the protected
plant.

The correlation between the mass of the plant protected from the attack of insects and the amount of
pesticide distributed per hectare was determined using the mathematical model for determining the optimal
dose of the active substance deposited on the seed and the density of plants per square meter. For the
maize crop (Figure 2.) the equation necessary to dose the amount of imidacloprid was obtained to protect
the plants having a biomass of 10 grams up to 500 grams. Although the regression equation covers values
of up to 500 grams of protected biomass, in practical terms for the protection of the corn crop it is sufficient to
use a dose of imidacloprid for a 60 grams plant biomass, which means 50 grams of imidacloprid per hectare.
This value is close to the minimum value authorized in the European Union (EFSA Journal, 2013).
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The correlation between the amount of pesticide
per hectare and the mass of the protected plant at DL50 0.6 µg/g insect biomass and 70000 seed/Ha

500
400
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A.S [g/Ha]

300

y = 0.84x
R² = 1

200
100
0

0
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200

300

Plant biomass [g]

400

500

600

Figure 2. - Correlation between the amount of imidacloprid used per hectare and the biomass of the plant.

The influence of imidacloprid treatment in corn seeds was negative on root growth, producing an
inhibition directly proportional to the amount of insecticide deposited on the seed (Figure 3.). The average
length of the control treated with tap water alone was 26.66 mm while the seeds treated with 6000 ppm
imidacloprid recorded an growth of only 9.78 mm. Dunnett's multiple comparison test revealed highly
significant differences between all variants treated with imidacloprid solution and control.
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Figure 3. The average length of the radicles of the corn plants after the imidacloprid treatment and the
Dunnett test

The germination maize seeds increased by two percent for the sample in which 500 ppm of the active
substance was used compared to the control (Figure 4).) The maximum dose of 6000 ppm produced
inhibition of germination by 11 percent compared to the control. The germination differences between the
V1-250 ppm – V5-3000 ppm samples and the control were not significant according to the Dunnett multiple
comparison test.
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Figure 4. Mean germination of imidacloprid treated seeds and Dunnett test

The biotest highlighted that the range of 115 – 231 micrograms of imidacloprid deposited on the seeds
does not produce a reduction of germination but only an inhibition of root growth that can be accepted given
that this interval ensures the protection of plants whose mass falls between 10 and 20 grams, sufficient in
the first vegetative stages.
CONCLUSIONS
The mathematical model for determining the optimal dose of phytosanitary product intended for the
treatment of maize seeds together with the results of the germination bioassay under the influence of
imidacloprid treatment have highlighted that for the control of the pest Tanymecus dilaticollis Gyll. would
suffice a theoretical amount of 2.4 Kg active substance per ton of seeds which is half of the currently used
value (Toader et al., 2016). These preliminary results highlight the need for in-depth studies on the
optimization of seed treatments with plant protection products in order to significantly reduce the footprint
of pesticides on agricultural areas.
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ABSTRACT
The acute need for food and the severe development of the population, but also the intensive use of fossil
energy has led to the development of the concept of exploitation of biomass for energy purposes. Although
the wool residues from sheep result in a fairly large amount, its transformation into biomass for agricultural
purposes in fertilizing the land and growing plants is insignificant. Worldwide, research and experimental
testing are being done in choosing the most appropriate recovery technique, as well as studies on the
properties of this type of biomass rich in nitrogen and hydrophilic on the cultivated production. In this paper
analyzes the theoretical and experimental research worldwide on the efficiency of using wool waste as a
biofertilizer in vegetable cultivation.
REZUMAT
Necesitatea acuta de hrana si dezvoltarea acerba a populatiei, dar si folosirea intensiva a materiei
energetice fosile a condus la dezvoltarea conceptului de exploatare a biomasei în scopuri energetice. Desi
reziduurile din lana provenita de la ovine rezultata intr-o cantitate destul de mare, transformarea ei in
biomasa in scop agricol in fertilizarea terenului si cresterea plantelor este nesemnificativa. Pe plan mondial
se fac cercetari si testari experimentale in alegerea celei mai adecvate tehnici de valorificare, precum si
studii privind proprietatile acestui tip de biomasa bogat in azot si hidrofil asupra productiei cultivate. In
aceasta lucrare sunt analizate cercetarile teoretice si experimentale la nivel mondial privind eficienta utilizarii
deseurilor din lana ca biofertilizator in cultivarea legumelor.
INTRODUCTION
The review aims to compile the information on recycling of wool wastes in agriculture and to explore
future research areas. Although there is a significant body of research available worldwide on sources of
organic nutrients (vegetable waste, manure, etc.) for agricultural crops, there is still quite limited research on
the use of other organic wastes, such as organic waste wool.
The recovery of wool residues from sheep breeding is a great challenge today by developing new
technologies for transformation into biomass with physico-chemical properties rich in nutrients, which can
then be used after processing as a biofertilizer. Wool is a biodegradable fiber and easy to recycle, with
significant benefits that can be a very rich source of nitrogen and sulfur if used as a fertilizer (Bartl A.et al.,
2005; Böhme M. et al., 2012).
The purpose of this paper is to conduct an analysis and gather as much relevant information as
possible focusing on the potential applications and benefits of wool waste to bring added value to soil
improvement and to identify areas where there is insufficient knowledge to implement their use.
Currently, the collection, transportation, storage and processing of this type of waste is almost
insignificant globally, although the amount of residue is quite satisfactory worldwide. And for farmers,
disposing of these materials is expensive and challenging.
According to statistics in this sector, total world wool production and its prices over the last two
decades have fallen steadily since 1990 (CSWRI, 2018; Hargreaves M., 2017).
As per the recent figures, world wool production is 1161million kg (IWTO, 2015) and accounts for
3.51%of total fibre production (33 million tonnes) (CSWRI, 2018). Belly wool, even from fine-wool sheep,
goes unsold and is often referred to as 'waste wool' (Hargreaves M., 2017). It accounts for about 20%of the
total wool from a sheep; and represents a fair amount of wool that does not generate a return to producers

80

INTERNATIONAL SYMPOSIUM

(Hargreaves M., 2017). Further, nearly 10 to 15% of waste wool produced in woollen industries during wool
processes (carding, combing, spinning, wad weaving, etc) is usually discarded or dumped on the ground
(Kadam V.V. et al., 2014). Floating of the fine wool particles from waste wool in the air cause severe allergic
rhinitis in humans (Wang B. et al., 2016).
For example, in recent years, Canada's wool market has declined dramatically, resulting in raw wool
residues and high-quality wool that cannot be processed and returned to the optimal principles of the circular
economy. Sheep production and wool processing generate a significant amount of residual materials, such
as wool sludge and other unused materials that must be stored in landfills, not dumped clandestinely
(CSWRI, 2018; Von Bergen W., 1963; Voncina A. et al., 2013; Zheljazkov V.D., 2015). According to the
Nova Scotia Wool Board and the Nova Scotia Pure Breed Sheep Association, it is estimated that over
30,000kg of wool is stored in Nova Scotia alone. Excess wool waste is currently stored or mostly dumped in
the forest, creating major environmental problems (Voncina A. et al., 2013; Zheljazkov V.D., 2015; Zoccola
M. et al., 2015). Thus, there are significant losses for sheep farmers, because of the shearing of a single and
costs around 66 cents/kg. According to research and statistics, wool from Atlantic Canada is no longer a
viable product, so the alternative use for this protein-rich product must be identified. In this paper is
presented a synthesis of worldwide research relating to the treatment and recovery as a raw material in
fertilizer high in nitrogen obtaining.
Recycling technologies are one of the options for the best use of waste products and materials, but
not many efforts are being made for use of waste wool fibre (Baker R.A.,1991).
There are few research reports on the use of wool as a raw material for composting, as mulch for
weed control, and on the use of composted wool as a source of nitrogen for plants ( Böhme M. et al., 2012;
Bhavsar P., 2018; Bhavsar P. et al., 2016; Choudhary A. et al., 2018; Von Bergen W.,1963; Voncina A. et
al., 2013). However, composting results in the loss of nutrients, especially N. Furthermore, composting of
alternative substrates is usually performed to reduce the risk of phytotoxicity and to reduce the C / N ratio
(Zheljazkov V.D., 2015). Kumar and Awathi (1977) performed an experiment on a plot of land in the field
comparing two types of waste, more precisely they added 0.2 Mg/ha of cotton waste and 0.22 Mg/ha of wool
waste-producing an increase in the yield of sorghum in cereals. A few years later Hartley and colleagues
(1966) discovered that powdery wool waste (wool dust) can be used to control weeds in apple orchards
changed the number of frames, pH and soil temperature (Kadam V.V et al., 2014; Karim S.A. et al., 2009;
Korni l lowicz-Kowalska T. et al., 2011; Natali Murri A. et al., 2014; Zheljazkov V.D., 2015).
Organic fertilizers contain a lot of organic nitrogen (N), but it is not mineralized fast enough to meet
the needs of the plants during critical periods. Bioconversion has a significant potential for transforming wool
waste into high-value products like manure for organic farming. The concept of 'geo-textile' for waste-wool
came from the use of jute for non-woven geo-textiles for soil stabilization and controlling soil erosion in dry,
irritated and rain-fed areas. These fibres can also be used in drainage-bonds and agricultural mulching in
Rajasthan. It has been observed that wool waste of woollen mills from Bikaner is traditionally being used by
the farmers of the Sikar district for ages for improving crop production. ICAR Central Sheep and Wool
Research Institute, Avikanagar (CSWRI), Rajasthan have initiated research on the utilisation of nonprofitable / non-utilised coarse wool or waste wool in agriculture for widening its use and increasing its
economic value besides reducing pollution and adding profit to farmers from sheep rearing (CSWRI, 2018;
Górecki R.S. et al., 2010; Govi M. et al., 1998; Hargreaves M., 2017; Hempe R., 2014; Kadam V.V et al.,
2014; Karim S.A. et al., 2009; Korni l lowicz-Kowalska T. et al., 2011).
There is no comprehensive study in the literature on the possible use of non-composted wool waste
in soil modification for agricultural crops. As a result, a great curiosity was created in the possible benefits of
such a waste in agriculture, in reducing the environmental pollution by clandestine dumping on the land and
last but not least in capitalizing it in a beneficial way for farmers. Wool waste being a source of nutrients and
enrichment of biological and chemical properties of the soil, respectively of crops. wool waste can prove to
be a useful source as a cheap alternative to commercial sources of N, S, K and possibly other nutrients
(Bartl A. et al., 2005; Bhardwaj R.L.,2013; Böhme M. et al., 2012; Cincinnati O.H et al., 2012; Cogger C.G.
2005; Zheljazkov V.D., 2015).
Raw wool fibers are widespread in the civil industry used for many technical applications, such as
the insulation of green buildings, polymer fiber composites or absorbent materials for treating water pollution
(CSWRI, 2018; Górecki R.S. et al., 2010). Being produced with a high content of Keratin and its derivatives
are mainly used for the production of protein-based biomaterials for regenerative medicine. It also has a
great potential through bioconversion by transforming wool waste into high value products, such as fertilizers
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for organic agriculture or proteolytic enzymes (Bartl A. et al., 2005; Bhardwaj R.L., 2013; Böhme M., 2012;
Bhavsar P., 2018; Bhavsar P. et al., 2016; Choudhary A. et al., 2018; Turnul Sfatului, 2020; Cincinnati O.H
et al., 2012; Cogger C.G., 2005). The aim of this paper is to present the current options for raw wool waste
management and to review the literature on current and emerging solutions for the transformation of raw
wool waste into useful and profitable materials and products (Rajabinejad H. et al., 2019).
MATERIALS AND METHODS
Wool is stable through alpha-keratin peptide linkages and a highly cross-linked network of disulfide
bonds. Greasy raw wool is composed of protein 'keratin' with an abundance of carbon (C 50%), nitrogen (N
16-17%), and sulphur (S 3-4%), which play an essential role in plant nutrition (Voncina A. et al., 2013). Wool
is not easily degraded in nature and causes serious pollution. Alpha keratin, also known as hard-keratin has
higher cysteine content (up to 14%) to form S–S bonds between cross-linking protein chains, contributing
ability to resist common proteolytic enzymes such as pepsin, trypsin, or papain (Karim S.A. et al., 2009). In
addition, the hydrophobic groups of the spiral coil in wool make it more difficult for biodegradation (Bhardwaj,
R.L., 2013). The chemical composition and element analysis of wool waste are presented in Table 1. The
waste wool production in promising wool-producing countries is given in Table 2 and the relative contribution
of countries in total wool waste production is depicted in Fig.1.
Table 1
Element concentation of wool waste (Bhardwaj R.L., 2013)

Table 2
Estimated waste-wool production (tonnes) in promising countries*(Choudhary A. et al., (2018)
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Fig.1 Relative contribution (%) of countries in total wool waste production (Cincinnati O.H et al., 2012)

The tensile properties of wool are largely explained in terms of the two-phase composite model
(Wang B. et al., (2016).
Keratin macromolecule acts as an amphoteric polyelectrolyte, whose overall charge depends on the
pH of the surrounding aqueous media. The pH at which the net positive charge of the side chains is
balanced by the net negative charge of the side chains and the macromolecule is electrically neutral, is
called the isoelectric point (pI). At this point, the protein precipitates and can be recovered from the solution.
Native proteins exhibit pI intervals rather than a pI point; keratins specific to hair or wool have a pI interval of
4.7–6.1. When the pH is higher than the pI, the wool fibre surface carries negative charges with an affinity for
positively charged ions in the solution. When the pH is lower than the pI, the wool surface carries positive
charges, which enhance the affinity for negatively charged ions in the solution (Fig. 2). This property is
essential for the behaviour of wool and keratin-based protein forms in solution, and interaction with other
charged species (Kadam V.V. et al., 2014; Karim S.A. et al., 2009; Korni l lowicz-Kowalska et al., (2011);
Natali Murri A. et al., 2014).
The physical and chemical characteristics make wool fibre a valuable raw material for applications
beyond the textile industry. As a traditional textile fibre, wool is valued for properties like high thermal
insulation ability, hygroscopicity, low flammability, low density, felting, mechanical strength and durability.
These attributes can be exploited in technical applications, of which technical textiles are representative.
Keratin, the main chemical constituent of wool fibre, is a protein that can play its role within the general
interest for biopolymers and bio-based materials. As every year a sheep produces at least one new fleece,
wool can be considered a renewable resource (Rajabinejad H. et al., 2019).

Fig.2 Dependence of keratin macromolecule charge on pH, and affinity for charged species (Korni l lowiczKowalska T. et al., 2011)

Recent studies on major agroecological zones showed significant differences depending on the
sheep breed and wool grade. In the UK, most wool is coarse-textured and wool is regarded as a low-value
byproduct, which seldom accounts for more than 4% of the regular farm-gate income (Wiedemann S.G. et
al., 2015).
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The main practical solutions for wool waste valorization in accordance with the high-level
management options for solid waste, and in the actual context of renewable resources valorization, is
presented in Fig. 3 and Fig. 4.

Fig.3 Drives, benefits and practical solutions for wool waste valorization (Baker R.A., 1991)

Fig 4. Main methods for wool valorization (Rajabinejad H. et al., 2019)

Possible application of waste wool in agriculture

Waste wool can be used in agriculture as a material for storing moisture in the soil as well, wool fibres
absorb and retain moisture (see Table 3) very effectively and this property is beneficial when applied to soils
where it can reduce runoff of contaminants such as pesticides and improve water conservation. Wool fibres are
lighter and can absorb higher amount of moisture without adding the weight (Baker R.A.,1991; Bartl A. et
al.2005; Bhardwaj R.L., 2013; Böhme M. et al., 2012; Bhavsar P., 2018) reported that wool retained higher
amount of moisture due to hygroscopic nature. Wool can absorb up to 30% moisture of its own weight because
of polarity of peptide group, salt linkage and its amorphous nature. The peptide group and salt linkages attract
water molecule, which readily enter into the amorphous region of the fibre. Coarse wool can act as water
conservation medium since wool can retain a substantial amount of moisture (Zheljazkov V.D. et al., 2008;
Zoccola M. et al., 2015). On comparing various forms of wool, Kadam et al. (2014) reported higher moisture
retention of wool felt due to its consolidated form and uniform density (1000 g/m) as compared to other form of
wool. The 2 consolidated form of wool restricts movement of moisture due to barrier created between soil layers.
The moisture retention in soil was increased by 23.33% over the control (Kadam V.V., 2014). Brian Gold from
Pineae Green houses in Ogden reported that after seven days, the plant with the wool pellets had retained about
40% more water than those without wool pellets (Hargreaves M., 2017). He opined that wool naturally absorbs
water about 20 times its weight, so farmers can conserve more water by applying waste wool as mulching
material in the soil or bunds.
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Another option to use wool waste in agriculture can be made in the form of organic mulch. Mulch is
placed on top of the soil around trees and crop plants. The mulch acts as an insulator and keeps the soil cooler
in the summer and warmer in the winter. It also helps the soil to retain moisture, limits evaporation and prevents
weeds from germination and growth in the mulched areas (Bhardwaj R.L., 2013). Like other mulch materials,
wool suppresses weed growth and acts as a source of N, and is more resistant to breakdown (lasting longer)
than other mulch materials. Wool mulch lasts for two years (Böhme M. et al., 2012).
Table 3
Use of wool waste in agriculture and the other sectors (Bhavsar P., 2018)

RESULTS
The use of raw wool as organic fertilizer is based on its ability to slowly degrade when buried into
soil, and to release nutrients essential to crops, like nitrogen (N) and sulfur (S). There are unofficial accounts
of farmers using low-grade greasy wool as fertilizer - laid directly in the bottom of the planting pits, or as
weed mats. The main problem that arises when taking wool into consideration for use as fertilizer is the rate
of nitrogen release into the soil. The degradation of buried wool is obvious in terms of months: the keratin
macromolecule start to split after 4 weeks, and in hydrophytes conditions, the weight loss is 33% in three
months (Arshad K. et al., 2014). These figures prove that wool can act as an excellent slow-release organic
fertilizer. Due to its fibrous structure and waterholding capacity, it acts as a soil amendment as well.
Experiments performed to assess the fertilizing potential of clean wool (10 g /dm3 substrate) on
tomato, sweet pepper and eggplant cultures showed that wool amendment improved water retention and
caused changes in nutrients content of substrate and plants leaves; yields were up to 33% higher, especially
for tomato and pepper (Górecki R.S. et al.,2010). Wool waste was reported to increase yields of basil,
peppermint and garden sage, and the addition of only 0.33% per weight of uncomposted wool would support
2 to 3 harvests without the addition of other fertilizers (Zheljazkov V.D. et al., 2008). An innovative composite
from raw wool scraps incorporated in a geopolymer resin was successfully used for the manufacture of
environmentally-friendly agricultural pots, as an alternative to the traditional peat ones (Natali Murri A. et al.,
2014). The mixture exhibited a synergic action in providing a controlled release of nutrients and preserving a
higher and long-lasting level of moisture in the soil. The presence of wool positively influenced the plant
growth ratio. Böhme et al. (2012) showed that pellets from uncleaned wool and different supplements
(cellulose, potato starch, casein) could successfully substitute mineral fertilizers for organic cultures of
tomatoes or iceberg lettuce (Böhme M. et al., 2012). Cultivation tests on parsley, using defibered and
pelletized wool waste, showed that wool was not suitable as the sole nitrogen source for organically grown
potted herbs; the combination of sheep wool with a rapidly mineralized fertilizer may prevent that plants from
temporarily suffer from nitrogen deficiency or excess (Seibold G. et al., (2015).
A novel pelleted organic fertilizer, based on low grade coarse greasy wool, exhibited the
characteristics of an organic NK fertilizer, with an effect duration of up to 10 months. It also proved soil
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loosening ability by swelling effect, as it absorbed water up to 3.5 times of its weight (IASP, 2008).
Composting experiments on low-quality sections of fleece showed that wool by itself did not generate
enough nitrogen in order to produce high-quality compost and incorporation of other organic materials, like
grass clipping (50 wt%) and horse manure (25 wt%) provided the optimal results for composting in a large
scale manner. Defibration of compacted wool to a loose state proved essential for allowing sufficient
decomposition of the waste wool (Hustvedt et al., 2016). Innovative geotextiles for erosion control, fabricated
from coarse ropes filled with sheep wool and wrapped with woollen nonwoven, were assessed for
mechanical deterioration during one year of soil exposure. Due to slow biodegradation, the ropes maintained
their soil reinforcing potential for one vegetation session, which was sufficient for the development of the
protective vegetation on slopes (Zheljazkov V.D., 2015).
In N-V Romania there is already a company that produces and sells wool waste fertilizer in pelletized
form that allows optimal water management, especially if there is a period of drought. Pellets have the ability
to absorb and retain a large amount of water ( Turnul Sfatului, 2020).
CONCLUSIONS
 Waste from wool has recently become of increasing interest for the sustainable use of natural
resources, wool being reconsidered as an undervalued, underused renewable resource, worthy of
better exploitation;
 It was confirmed that the addition of wool produced productions up to 33% higher, and by processing
the waste from the wool it brought a contribution of nutrients in the soil and in the leaves, becoming a
valuable and ecological natural fertilizer;
 In N-V Romania there is already a company that produces and sells wool waste fertilizer in pelletized
form that allows optimal water management, especially if there is a period of drought. Pellets have
the ability to absorb and retain a large amount of water;
 Using palletized wool waste fertilizers can transfer nutrients continuously allowing soil moisture to be
maintained;
 This new organic fertilizer complies with European fertilizer regulations;
 Consequently, the development of new products such as coarse manure from coarse raw wool could
create a win-win scenario for both farmers and agriculture
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ABSTRACT
Medicinal plants are gaining much interest recently because their use in ethno-medicine treating in common
disease such as cold, fever and other medicinal claims are now supported with sound scientific evidences. A
wide range of technologies is available for the extraction of active components and essential oils from
medicinal and aromatic plants. The choice depends on the economic feasibility and suitability of the process
to each particular situation. Bioactive compounds from medicinal plants were synthesized using effective
extraction methods which have important roles in the pharmaceutical product development. In this paper will
be presented some methods of extraction of active principles from medicinal and aromatic plants.
REZUMAT
Plantele medicinale au câștigat mult interes recent, deoarece utilizarea lor în tratamentul etno medical în
tratarea bolilor comune cum ar fi răceala, febra și a altor probleme medicale sunt acum susținute prin dovezi
științifice clare. O gamă largă de tehnologii este disponibilă pentru extracția componentelor active și a
uleiurilor esențiale din plantele medicinale și aromatice. Alegerea acestora depinde de fezabilitatea
economică și de sustenabilitatea procesului pentru fiecare situație în parte. Compușii bioactivi din plantele
medicinale au fost sintetizați utilizând metode eficiente de extracție care au roluri importante în dezvoltarea
produselor farmaceutice. În această lucrare vor fi prezentate câteva metode de extracție ale principiilor
active din plantele medicinale și aromatice.
INTRODUCTION
Plants were once considered as a daily food. Now, plants are popular used as a common source in
medicinal agents, food additives, cosmeceuticals and nutraceuticals. Although, the medicinal properties of
plants have gained attention, many research studies are still conducted to discover their values because the
utilisation of synthetic drugs to heal or control most chronic diseases have caused several long-term effects.
There is rising approach regarding the application of herbal medicinal plants in treating diseases with
minimal or no aftereffects. Therefore, the extraction of bioactive compounds from herbal medicinal plants
offers great potentials for new drug discoveries (Nur Amanina Abd Aziz et al., 2021).
These therapeutically useful medicinal compounds in plants are extracted or separated by using
selective solvents through a standard procedure. Generally, the extraction techniques can be divided into
two categories, namely classical technique and modern technique. The former technique faces several
limitations, such as the use of excess solvents, time-consuming and a long heating time which could risk the
degradation of bioactive compounds. In most cases, extraction by using these solvents was hazardous and
toxic to human health and the environment. Organic solvents release greenhouse gases into the
environment, threatening humans, agriculture and microorganisms. Moreover, the usage of excess solvent
produces a large amount of waste by-products. Contrary to the hazardous classical techniques,
environmentally friendly extraction approaches like ‘green solvents’, ‘green processing’ and ‘green product’
are favoured. Green extraction methods should be applied to encourage efficient and safe extraction
method. Green extraction methods reduce energy consumption which allow the use of alternative solvents
and renewable natural sources to produce a safe and high-quality product. Therefore, these modern
extraction techniques are considered as green processing. These techniques reduce the usage of organic
solvents, minimise bioactive compounds degradation in the sample and improve extraction efficiency (Nur
Amanina Abd Aziz et al., 2021; Antigoni Oreopoulou et al., 2019).
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The increased population led to a higher utilization of these plants, so their residues are proportional,
with a huge amount of biomass generated as by-products, representing a growing market in the naturalbased products. The general use of MAPs all over the world is not homogenic, due to different factors: (i) in
developed countries, even if the demand for natural treatments is high, profits of the growers and producers
remain low because of the existing intermediaries which increase the price, as well as the lack of
organization and networking by the poor collectors of medicinal plants from the wild; (ii) rigorous regulations
and documentations requirements; and (iii) in less developed countries, there are poor traceability
mechanisms from plant to population (Pruteanu A et al., 2014).
In addition to traditional medical applications of medicinal and aromatic plants, there is the possibility
of using them in cosmetic products, feed or food additives and preservatives, or as a viable tool for
biotechnological applications, such as the enhancement of secondary metabolites by genetic engineering
(Radu Claudiu Fierascu et al., 2021).

Fig.1. Some of the potential applications of medicinal and aromatic plants
(Radu Claudiu Fierascu et al., 2021)

Extraction, as the term is used pharmaceutically, involves the separation of medicinally active portions
of plant or animal tissues from the inactive or inert components by using selective solvents in standard
extraction procedures. The products so obtained from plants are relatively impure liquids, semisolids or
powders intended only for oral or external use. These include classes of preparations known as decoctions,
infusions, fluid extracts, tinctures, pilular (semisolid) extracts and powdered extracts. Such preparations
popularly have been called galenicals, named after Galen, the second century Greek physician. The
purposes of standardized extraction procedures for crude drugs are to attain the therapeutically desired
portion and to eliminate the inert material by treatment with a selective solvent known as menstruum. The
extract thus obtained may be ready for use as a medicinal agent in the form of tinctures and fluid extracts, it
may be further processed to be incorporated in any dosage form such as tablets or capsules, or it may be
fractionated to isolate individual chemical entities such as ajmalicine, hyoscine and vincristine, which are
modem drugs. Thus, standardization of extraction procedures contributes signifi cantly to the final quality of
the herbal drug (S. S. Handa et al., 2008; Romulus Gruia, 2015).
An overview of the results recorded in recent years in the field of medicinal and aromatic plants and
the analysis of statistical data show a clear increase in the interest of consumers and businesses to the
green pharmacy.
The activity of production and marketing of medicinal plants grown from spontaneous flora has
become a large economic activity, being a source of income for producers, traders, but also for various
processors.
In Romania, the general framework for the production, processing and organization of the market for
medicinal and aromatic plants, the relations between producers, processors and traders is established by the
Law on Medicinal and Aromatic Plants (Law 491/2003), and Order 244/2005 regulates the processing,
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processing and the marketing of medicinal and aromatic plants used as such, partially processed or
processed in the form of pre-dosed food supplements.
In the production of medicinal and aromatic plants the quality of the products is given by the content in
active principles. The amount of active principles in the plant is conditioned by ecological factors, the zoning
of the species, the cultivation technology, the biological value of the cultivar (population, variety, hybrid, etc.)
and last but not least, the processing (processing) (Romulus Gruia, 2015; Țuia Steluța, 2021).
MATERIALS AND METHODS
Plant extracts are fluid soft or dry pharmaceutical / phytopharmaceutical preparations obtained by
extracting plant products with different solvents. In recent years, emphasis has been placed on the
pharmaceutical and therapeutic revaluation of herbal preparations through a good knowledge of the physicochemical and therapeutic properties of the active principles in medicinal plants and by the development of
extraction techniques and quality control means.
Extracts obtained from medicinal plants can be classified according to several criteria, as can be seen
in the table below (Țuia Steluța, 2021).

Classification criterion

Table 1.

Extracts obtained from medicinal plants (Țuia Steluța, 2021)

By the nature of the solvent

According to the method of
obtaining

After the preparation operation
After the parts of the plant
subjected to extraction
According to the humidity of
the plant

The name of the extract
Extract aqueous
Hydroalcoholic extract
Extract oils
Medicinal vinegars
Medicinal wines
Selective extract
Non-selective extract
Extract obtained by pressing or
centrifugation

Simple extract
Successive extract
Multiple extract
Partial extract
Total extract
Extract obtained from the dried
plant
Extract obtained from fresh plant

Remarks
-

Selective extracts cannot be
considered to be entirely natural
preparations, as they are
hyperconcentrated and without
identical patterns in nature.
-

Solvent extraction is the most widely used type of extraction for bioactive plant compounds. This
separation technique involves the extraction of components from a solid or semi-solid sample in a suitable
solvent. In the extraction operation, the choice of solvent is made depending on the nature of the substance
to be extracted and the nature of the raw material.
The actual solubilization of bioactive compounds is achieved by treating the finely chopped plant with
water, saline solutions, hydroalcoholic solutions, etc. The chemical nature of the optimal extraction medium,
its molarity and pH, as well as the time required for optimal extraction are determined experimentally (Țuia
Steluța, 2021).
In the preparation of extracts, in particular, the influence of the following factors must be taken into
account:
- Nature of the solvent: solvents must dissolve and extract most of the active components in a high
yield and contain as few inert materials as possible without therapeutic value; the most used
solvents used in the plant extract industry are: water (for alkaloid salts, glycosides, sugars, proteins,
enzymes, tannins, etc.), 50% or 70% alcohol (for biofertilizers, hydrocarbons, tannins, base alkaloids
and salts of glycosides, resins, chlorophyll, etc.), ethyl ether (for base alkaloids, resins, biofertilizers,
etc.), oil, wine, vinegar;
- Degree of crushing of the plant: the more advanced the plant product is brought to a degree of
crushing, the larger the contact surface, so the extraction is complete; for aqueous extractive
solutions it is recommended to grind according to the plant product;
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-

The ratio between the amount of plant and solvent: the Romanian Pharmacopoeia provides
concentrations of up to 6% for aqueous extracts, 20% for most tinctures and 10% for tinctures
prepared from plant products containing highly active substances;
- Contact time between plant and solvent: differs depending on the extraction technique applied, but
also on the type of extract; for aqueous extracts it is 5-6 hours, and for alcoholic ones 6-10 days;
- Shaking effect: shaking shortens the time to obtain the extract;
- The temperature at which it is worked: it positively influences the extraction efficiency, due to the
increased solubility of the hot active principles; The Romanian Pharmacopoeia provides for the
extraction of thermostable principles, at a temperature of 90 - 100 ° C, in the case of infusions and
decoctions;
- Separation of the mixture and how to recover the active compounds from the solid residue.
In the case of preparation of aqueous or hydroalcoholic extractive solutions by maceration, the degree
of crushing plays a very important role. This correlated with the nature of the solvent used and the intensity
of stirring determines the contact time for the extraction of soluble components until the concentration
balance between the solid phase and the liquid phase is reached (Sukhdev Swami Handa, 2008; Țuia
Steluța, 2021).
RESULTS
Extraction can be performed by batch processes (maceration, percolation, infusion, decoction, as well
as new high-performance methods: accelerated solvent extraction, microwave-assisted extraction,
supercritical fluid extraction) and continuous processes (continuous extraction with organic solvents,
continuous percolation, Soxhlet extraction) (Țuia Steluța, 2021; Popova A, 2018).
Maceration: consists in treating the crushed vegetable product with a required amount of solvent,
keeping in contact for a certain period (macerated in water 8-12 hours), simultaneously with continuous or
intermittent stirring and then separating the extractive solution from the residue by filtration or settling; in the
case of macerations in other solutions (alcohol, oil, wine, vinegar), the maceration time increases, reaching a
few weeks.
Maceration is applied especially in the case of extraction of easily cold-soluble and thermolabile
principles. Maceration can be done:
- in the cold (17-22 ° C).
- hot (called digestion) at 40-60 ° C (Popova A, 2018; Țuia Steluța, 2021).

Fig.2. Example of maceration extraction method
(Nur Amanina Abd Aziz et al., 2021)

Percolation: the process by which the active principles are extracted from plants, cold, using solvent
in countercurrent. The process takes place as follows: before the solvent becomes saturated in the extracted
active ingredients, it is displaced by another layer of solvent in which the plant product undergoes a short
maceration and yields another part of the active ingredients. This phenomenon is continuous, each portion of
solvent added coming into contact with the plant product until its complete depletion (Țuia Steluța, 2021).
Soxhlet extraction is a common conventional method used for extracting heat-stable compounds. The
advantage of this method is that large amounts of drug can be extracted with a much smaller quantity of
solvent. This is tremendously economic in terms of time, energy, and consequently financial inputs. The
Soxhlet extractor consists of a distillation flask, an extractor, and a condenser. The solvent in the distillation
flask is heated and the resulting vapor is condensed in the condenser. The condensed solvent from the
condenser fills into the thimble holder containing the sample that needs to be extracted.
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When the solution in the extractor reaches the overflow level, a siphon aspirates the solution of the
thimble holder and unloads it back into the distillation flask, carrying dissolved solute into the bulk liquid. The
solute is left in the distillation flask while the solvent is evaporated, condensed, and passed back into the
sample solid bed.
This process is repeated 3-5 times or until a complete extraction is achieved (Popova A., 2018).

Fig.3. Soxhlet extractor (Țuia Steluța, 2021; Popova A., 2018)

Infusion: consists in wetting the crushed plant product with water, except for plant products containing
biofertilizers which are moistened with a dilute alcohol solution; after about 5 minutes add the mass of water
provided, heated to boiling and leave in contact for 30 minutes [5]. After the infusion time has elapsed, the
solution is filtered. In general, the infusion is used in the case of plant parts that have thinner cell walls
(flowers, leaves, herbaceous parts) (Țuia Steluța, 2021).
Infusion and decoction use the same principle as maceration; both are soaked in the cold/boiled
water. The maceration period for infusion is shorter, and the sample is boiled in specified volume of water
(e.g., 1:4 or 1:16) for a defined time for decoction, however. An infusion is a dilute solution that contains
readily soluble constituents prepared by short period of sample maceration (steeping) in cold/boiling water.
Heat-sensitive compounds are recommended to be extracted by cold water.
Infusion (the folk method) is made using tablespoon of fresh/dried herbs per cup of boiled water. The
aerial parts are mainly used and steeped for 2-10 min, covered. Common herbal infusions are aromatic
plants, including mint, chamomile, lavender, and ginger. Nourishing herbal infusion (folk method) is produced
for a minimum of 4 hours of steeping dried herbs in a 1:10 herb: water ratio. This should extract most of the
minerals contained in the plant. Popular nourishing herbal infusions are made from U. dioica, Avena sativa,
and Trifolium pretense (Danciu A et al., 2011; Popova A, 2018).
Decoction: the preparation technique is similar to that of infusions: the chopped vegetable product
will be soaked in 5 parts cold water; soak for 5 minutes and then add the remaining hot water to the required
proportion (1% or 5%) after which it is heated on the water bath for 30 minutes (boiling). At the end, strain
and wash the residue to the prescribed volume (medicinal plants with a high content of essential oils will be
moistened with 50 ° C alcohol, then hot water will be added). In phytotherapy, the decoction is made in the
case of plant organs (roots, rhizomes, bark, etc.) from which the principles are more difficult to extract (Țuia
Steluța, 2021; Popova A, 2018).
Alcoholic extraction by fermentation: The active principles contained in some medicinal
preparations are obtained by extraction in a fermentation process. The extraction procedure involves soaking
the plant material either in the form of a decoction or in a ground state, for a certain period of time, during
which the fermentation and generation of alcohol takes place in situ; this facilitates the extraction of the
active substances contained in the plant material. The alcohol thus generated also has a preservative
role. On an industrial scale, wooden vats, porcelain vessels or food grade stainless steel vessels are used
(Țuia Steluța, 2021; Popova A, 2018).
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Continuous extraction with organic solvents: The principle of extraction is simple. The
components present in the crude raw material are extracted by dissolving in the liquid-solvent. The raw
material is placed in a specially built extractor, and the solvent must be continuously recycled through the
mass of plant material (Țuia Steluta, 2021; Popova A, 2018).
Accelerated solvent extraction (ASE) is a new extraction method, based on the use of high
temperature and pressure to accelerate the dissolution kinetics and break the analytical interaction bonds
(Țuia Steluța, 2021; Popova A, 2018).

Fig.4. Sustainable extraction with advanced techniques
(Popova A., 2018)

Microwave assisted extraction (MAE) is suitable for the recovery of a vast array of compounds
and is recognized as a versatile and efficient extraction technique of secondary plant metabolites. A lot of
examples suggested that MAE has some considerable merits such as shorter extraction time, higher
extraction yield, and less solvent consumption compared to conventional extraction methods. MAE utilizes
microwave energy to facilitate partition of analytes from the sample matrix into the solvent. Microwave
radiation interacts with dipoles of polar and polarizable materials (e.g., solvents and sample) causes heating
near the surface of the materials and heat is transferred by conduction.
Dipole rotation of the molecules induced by microwave electromagnetic disrupts hydrogen bonding;
enhances the migration of dissolved ions, and promotes solvent penetration into the matrix. In non-polar
solvents, poor heating occurs as the energy is transferred by dielectric absorption only. MAE of plant
secondary metabolites may be affected by a large variety of factors, such as power and frequency of
microwave, duration of microwave radiation, moisture content and particle size of plant samples, type and
concentration of solvent, ratio of solid to liquid, extraction temperature, extraction pressure, and number of
extraction cycles. MAE was currently regarded as a robust alternative to traditional extraction techniques
(Popova A, 2018; Azwanida NN, 2015).

Fig.5. Extraction of phytocompounds from the medicinal plant Clinacanthus nutans Lindau
by microwave-assisted extraction and supercritical carbon dioxide extraction (Popova A., 2018)
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Fig.6. Microwave-assisted extraction (Nur Amanina Abd Aziz et al., 2021)

Ultrasound-assisted extraction (UAE) is one of the most important techniques used for the
extraction of valuable compounds from plant materials and is quite adaptable on a small or large scale (eg in
the laboratory or on an industrial scale). Comparing this technique with others, such as microwave assisted
extraction (MFA), the ultrasound device is cheaper and easier to handle (Țuia Steluța, 2021; Popova A,
2018).

Fig.7. Ultrasound-assisted extraction of antioxidant phenolic compounds
from Lavandula angustifolia flowers using natural deep eutectic solvents
(Popova A., 2018)

Supercritical fluid extraction has been developed in recent years for analytical use, as an
alternative to conventional solvent extraction. In practice, more than 90% of supercritical fluid extractions are
performed with CO2 for several practical reasons (Țuia Steluța, 2021; Popova A, 2018).

Fig.8. Supercritical fluid extraction (SFE) (Nur Amanina Abd Aziz et al., 2021)
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CONCLUSIONS
All stages of extractions, from the pre-extraction and extraction are equally important in the study of
medicinal plants. The sample preparation such as grinding and drying affected the efficiency and
phytochemical constituents of the final extractions; that eventually have an effect on the final extracts. It can
be concluded that, no universal extraction methods is the ideal method and each extraction procedures is
unique to the plants.
The improvement of the extraction methods is essential for the most comprehensive obtaining of the
compounds of bioactive substances from the vegetal resources, simultaneously with the isolation and
standardization of each component substance of the extract.
The technologies regarding the extraction of the active principles and of conditioning of the vegetal
extracts will allow to raise the qualitative level of the processing, with the possibility of obtaining innovative
foods.
Advanced techniques for obtaining extracts of bioactive plant compounds offer wide applicability in the
food, pharmaceutical, textile or cosmetic industries, meaning, lead to innovative foods such as functional
foods, nutraceuticals, composite foods of excellence, and, can be used in the manufacturing process of
certain drugs, natural food or industrial pigments, food or cosmetic flavors, etc.
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ABSTRACT
In order to develop technologies that capitalize on the concept of digital identity, it is necessary to increase
the security of the systems, their decentralized character, the immutability and the control of the user to his
private data. A digital identity management model is traditionally interpreted as a tripartite model consisting
of an end-user, an identity provider and a service official. The latest and most modern model is the SelfSovereign Identity (SSI) model, which no longer uses the identity and service providers and aims the users
to regain control over their identities, gives them the opportunity to share only the data they want to share
and facilitates access to various services and applications. The article presents the major models of identity
management, focusing on the recent approach, namely SSI, that operates blockchain technology and its
advantages.
REZUMAT
Pentru a dezvolta tehnologii care să valorifice conceptul de identitate digitală, este necesar să se sporească
securitatea sistemelor, caracterul descentralizat al acestora, imuabilitatea și controlul utilizatorului asupra
datelor sale private. Un model de gestionare a identității digitale este interpretat în mod tradițional ca un
model tripartit format dintr-un utilizator, un furnizor de identitate și un furnizor de servicii. Cel mai recent și cel
mai modern model este modelul Self-Sovereign Identity (SSI), care nu mai folosește furnizorii de identitate și
de servicii și își propune ca utilizatorii să recâștige controlul asupra identităților lor, le oferă posibilitatea de a
partaja doar datele pe care doresc să le împărtășească și facilitează accesul la diverse servicii și aplicații.
Articolul prezintă principalele modele de gestionare a identității, concentrându-se pe abordarea recentă, și
anume SSI, care operează tehnologia blockchain și avantajele sale.
INTRODUCTION
Digital identity is the representation of an entity (a person, an organization, a device) in the digital
environment and consists of a unique identifier and other associated attributes. The evolution of digital
identity and identity management models over time has been based on meeting three main requirements:
security (data of user identities must be protected), control (the holder of digital identity must maintain control
over his private data, he decides who can see them, access and for what purpose) and portability (users
must be able to use their digital identity any time and not be depend on a specific provider) (Laurent et al.,
2015; White et al., 2019).
With the advance of information technology more and more applications, services, smart devices
appered that require users in one way or another to create an account. This generated to many credentials
for users to be able to manage.
It is also important to note that all information about a user associated with an account must be well
kept and secured by service providers or products, respecting certains rules of protection and maintaining
their privacy. In this regard, the General Data Protection Regulation (GDPR), which includes all aspects of
the handling of personal data, for which consent is absolutely necessary, has already been implemented in
the European Union since 2018, including very high sanctions for individuals, organizations, companies that
do not comply with these provisions.
Globally, identity theft has become one of the most common cybercrimes in the digital world and has
led to numerous frauds, causing huge financial losses and, in some cases, escalating to the point where it
could endangers people's lives (Cameron, 2015).
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Taking into consideration all the above, the article presents a new approach to digital identity
management, namely, state-of-the-art technology, blockchain.
MATERIALS AND METHODS
A digital identity management model can traditionally be interpreted as a tripartite model consisting
of an end user, an identity provider and a service provider.
The end user is the entity that has a digital identity and wants to take different actions using it. The
Identity Provider (IdP) is the entity that registers new users, manages digital identities and performs the
authentication process. In some cases, it is also possible that the IdP verifies the veracity of the identity
provided by the user with the help of an identity card, proof of residence or even with a simple proof of the
receipt of an e-mail. The Service Provider (SP) is the entity that provides users with a service, usually a web
service, and relies on the IdP to verify their identities.
In the literature (L’Amrani et al., 2016); Dunphy and Petitcolas, 2018; Goodell and Aste, 2019) there
are mentioned five main identity management models: Isolated Identity Model (Silo), Centralized Identity
Model, Federated Identity Model, User-Centric Identity Model and Self-Sovereign Identity Model (SSI).
Isolated Identity Model, illustrated in Fig. 1, is a standard identity management model. It is based
on the user's memory in the sense that he needs to know his identity data for each service provider. The
user must remember all the identifiers (IDs) and all the credentials (passwords) generated for all the services
he wants to benefit from. The attributes associated with identifiers are managed separately by each service
provider. The control over the identities belongs entirely to the service providers, they assume the
responsibility for each user. Currently, there are a lot of Web services that use the Isolated Identity Model.
The disadvantage of this type of model is related to the large number of authentication data, passwords,
which a user must store. For this reason, some users prefer to use the same password for multiple accounts,
which can lead to security issues.

Fig. 1 - Isolated Identity Model

The Centralized Identity Model introduces an Identity Provider (IdP) that centralizes the digital
identity management process (Fig. 2). The user can authenticate to service providers (SP) using a single
identity, with the same credentials, without having to repeat the authentication for each new service provider
requested.

Fig. 2 - Centralized Identity Model
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This results in the Single-Sign On (SSO) mechanism through which a single authentication instance
provides access to all SPs that belong to the same Identity Provider. The ease of use is undeniable
compared to the Isolated Identity Model, but the centralized model still has some inconvinients. Disclosing an
identifier along with the associated credentials is sufficient to provide unauthorized access to all services. In
addition, the centralized layout of this model does not make it suitable for a large number of users or SPs.
Federated Identity Model, illustrated in Fig. 3, assumes that IdPs and SPs group together to form a
federation of identities and are linked by relationships of trust due to trade agreements and a common
technology platforms. This federation is called the Circle of Trust (CoT). As with the centralized model, SSO
mechanisms can be implemented, the user can authenticate once with the IdP to access the services of SPs
that are members of the CoT. The user accessing an SP is referred to by the SP under a pseudonym. In
fact, all data exchanges between SP and IdP related to a user are based on pseudonyms. The Federated
Identity Model is suitable for a large number of uses and SPs, being interesting in the context of distributed
and collaborative services. As in the previous model, the user sends the attributes and identifiers of the IdPs,
the service providers are obliged to trust them.

Fig. 3 - Federated Identity Model

The User-Centric Identity Model gives the user complete control over his personal attributes. It
has, using an IdP of its choice, an electronic identity portfolio and sometimes an identity selector. Upon
request to access the services, the user can select an identity and decide whether to provide certain
attributes. Service providers act individually in this model and may, although with some difficulties, provide
collaborative services. They are increasingly inclined to propose user authentication, leaving them to decide
on the choice of IdP. An example is the case of Yahoo, which offers the possibility to authenticate users
using their Facebook or Google account. However, the User-Centric Identity Model still depends on the IdP,
is not a complete user-based model, and requires very good integration of all components of the assembly.

Fig. 4 - User-Centric Identity Model [17]

The latest model and the most modern one is the Self-Sovereign Identity (SSI) model. It goes a step
further than the user-centric model and eliminates the need for an external identity provider. The end-user
gains full control over his identity, being his own identity provider, and because of this, the danger of identity
theft is diminished (Hileman and Rauchs, 2017; Der et al., 2018; Vadapalli, 2020).
Regardless of the model, identity management solutions should follow the laws of identity, described
by Cameron (2005), an evaluation framework used to identify the pros and cons of digital identity solutions.
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This laws suggest that identity information should be disclosed only to legitimate parties, who have
this right and only with the user's consent. Moreover, the information collected and stored should be minimal,
according to the needs of the service. End-users should be wise to interact with the funds and be aware of
the implications of the actions taken. They should be able to share identity information either in private or in
public.
From a legal point of view, identity management solutions must respect the data confidentiality and
security in accordance with the regulations in force. For example, the solutions that are implemented in
European Union countries must comply with the GDPR, a set of data protection policies that appeared in
May 2018. Similar principles exist outside Europe, for example, the Digital ID & Authentication Council of
Canada (DIACC) has introduced ten principles that a digital identity ecosystem should follow.
Blockchain is essentially a distributed database of records or public information of all transactions or
digital events that have been executed and shared between the participating parties. Blockchain can be
interpreted as a public distributed ledger, containing information about transactions, in a verifiable and
permanent manner, managed by a peer-to-peer network. Each transaction made in the public register is
validated by the consensus mechanism. Once entered, the information cannot be deleted or altered (Allen,
2016). It is important to note that the technology called Distributed Ledger Technology and Blockchain
technology are not synonymous, the last oane mentioned being a distributed registry implementation that in
addittion uses cryptography (Yaga et al., 2018).
From an architectural point of view, Blockchain is a growing list of records called blocks, which
communicate with each other through encrypted messages (Zheng et al., 2017). As a data structure, a
blockchain is a simple linked list, in which the connections between the blocks are made by a hash. Each
block contains its own cryptographic hash and the one of the previous block, a timestamp and transaction
data.

Fig. 5 - Blockchain sequence example [23]

Every participant in a Blockchain network, every connected device, server, mobile phone, computer,
is called a node. There are several types of nodes, the most important are Full Nodes, Light Nodes or SPV
(Simple Payment Verification) and Mining Nodes.
Full Nodes contain a copy of the entire blockchain, information about all transactions made, and all
blocks created. They require sufficient resources and a amount large memory, hundreds of gigabytes. With
their help, any new entered transaction, any modification and any added block are validated. Full Nodes
provide the consensus mechanism by which all changes required require the agreement of some or all of the
nodes in order to be accepted (Mühle et al., 2018).
Light Nodes have the same purpose as Full Nodes, but do not store the entire history of the
blockchain, they usually contain a block header used to further query a Full Node in the process of verifying
a transaction. Light Nodes do not require as many resources as Full Nodes, on which they are dependent.
Light Nodes were designed to increase the network capacity and the level of decentralization (Mühle et al.,
2018 ).
Mining Nodes are the nodes that create other blocks for the network. To add a new block it is
necessary to calculate its hash, practically to solve a problem of cryptography by brute force. The first node
that solves this problem and receives approval from a Full Node can add the new block.
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RESULTS
Decentralization is one of the most important features of the Blockchain. In contrast to centralization,
within the blockchain the central authority is no longer required. Consensus algorithms are used to maintain
the consistency of the data in the distributed network. Persistence is another feature of a Blockchain system.
Transactions can be validated quickly and it is almost impossible for transactions to be deleted or withdrawn
once they are included in the blockchain (Hilleman and Rauchs, 2017).
The blockchain has an accelerated dynamic of changing its status, new transactions can
continuously occur. Therefore, its large publicly shared registers need an efficient, real-time, functional,
reliable and secure mechanism to ensure that all transactions that take place on the network are authentic
and that all participants agree with changes made to the status of the register. This important task is
accomplished by the consensus mechanism, which is a set of rules that decides on the contributions of
different blockchain participants (Yaga et al., 2018). There are different types of consensus mechanism
algorithms that work on different principles: PoW (Proof of Work), PoS (Proof of Stake), PBFT (Practical
Byzantine Fault Tolerance), DpoS (Delegated Proof of Work).
Blockchains can be classified into permissionless or public and permissioned or private. In a
Permissionless blockchain, any entity can become a node and can participate in the consensus mechanism.
The Permissioned blockchain increases control over the system by limiting participation in the consensus
mechanism. Usually, in a Permissioned blockchain only the nodes in a specific organization provide the
consensus mechanism. Depending on the application and needs, one type or another can be used. For
example, cryptocurrencies such as Bitcoin are Permissionless.
A Smart Contract is an agreement or set of rules that governs a transaction. It is a computer
program code stored in the blockchain and which is executed automatically as part of the transactions
performed. Smart contracts are entirely digital, being written in various programming languages. This code
defines the rules and consequences in the same way as a traditional legal contract, indicating the
obligations, benefits and sanctions that could be due to each party in different circumstances. The purpose
of using smart contracts is to reduce delays, costs and bottlenecks generated by traditional legal documents,
while ensuring a higher level of security.
Digital signatures, based on asymmetric cryptography, are used in the Blockchain to complete the
consensus process and to sign Smart contracts. Each user has a key pair, a private key and a public key.
The private key is confidential and will be used to sign transactions. The signed digital transactions will be
distributed throughout the blockchain network. The digital signature involves two phases of signing and
verification (Yildirim and Mackie, 2019). The typical digital signature algorithms used in the blockchain is the
ECDSA algorithm, Elliptic Curve Digital Signature Algorithm.
Identity management solutions built using blockchain technology benefit from its intrinsic
advantages. It eliminates the need for a central authority to control and manage the system and gives the
responsibility back to the user. Some of the problems that occur in centralized systems, such as identity theft
and data loss, can be largely solved by using the blockchain. By construction, the blockchain brings
transparency in the changes made and the data history cannot be altered otherwise (unless most nodes
agree on a change). On the other hand, there are challenges in terms of implementation efficiency and even
security.
A blockchain-based identity management solution should allow for the selective storage of identities
in the blockchain. Identities must be certified by authorities or other entities in the blockchain. Usually things
work as follows. An entity claims an identity through a verifiable claim. This is attested after checking user
attributes (eg phone number, e-mail, biometrics). In blockchain identity management, there is a clear
distinction between the digital identifier (a value that uniquely identifies an entity) and the attributes
associated with it (Lesavre et al., 2019). As unauthorized disclosure of attributes leads to security and
confidentiality breaches, their storage (if any) should be carried out in accordance with well-defined
principles.
CONCLUSIONS
Identity management is a field that is attracting more and more attention. There is a clear need for
platforms to address this growing number of user accounts. Throught the paper, the five major models of
identity management were presented: Isolated Identity Model, Centralized Identity Model, Federated Identity
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Model, User-Centered Identity Model and Self-Sovereignty Identity Model. From these, the Self-Sovereign
Indentity Model is the one that will be used more and more in the future, due to the increasing in popularity
technology on which it is based, blockchain, and due to the principles of data security, control and
persistence that is following. Blockchain is one of the top technologies nowadays, which continues to
develop and is capable to reform the information technology domain.
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ABSTRACT
În contextul reducerii tot mai mari a surselor epuizabile și în încercarea de a identifica și valorifica orice
posibilă sursă de energie regenerabilă, s-a studiat potențialul energetic al plantelor acvatice datorită
abundenței biomasei a acestora. Deși plantele acvatice sunt considerate invazive, au și numeroase beneficii
în diverse domenii, precum: agricultură si acvacultură, industriile alimentară si farmaceutică, managementul
ecosistemului, plante ornamentale. În ultimii ani, biomasa ca sursa regenerabilă, a adus un aport
semnificativ în consumul de energie. În această lucrare este prezentată aplicarea variată a biomasei din
zambila de apă în agricultura durabilă.
REZUMAT
In the context of the increasing reduction of exhaustible sources and in the attempt to identify and capitalize
on any possible source of renewable energy, the energy potential of aquatic plants due to the abundance of
their biomass was studied. Although aquatic plants are considered invasive, they also have numerous
benefits in various fields, such as: agriculture and aquaculture, food and pharmaceutical industries,
ecosystem management, ornamental plants. In recent years, biomass as a renewable source has made a
significant contribution to energy consumption.This paper presents the varied application of water hyacinth
biomass in sustainable agriculture.
INTRODUCTION
It is well known that traditional agriculture involves a high consumption of non-renewable resources
used for soil cultivation and fertilization. All these actions contribute to the constant decrease in nonrenewable sources.
Energy production, distribution and consumption certainly have a negative impact on the
environment (Marsanich A., 2003). Therefore, renewable energy sources are vital for sustainable
development (Goldemberg J. et al., 2004).The efficient use of renewable resources and the minimum
consumption of non-renewable resources will cover the risks of agricultural production (Antal J. et al.,
2007).To discover alternatives for replacing non-renewable sources, feasible sources of renewable energy
have been studied, biomass is the best known of these.
A renewable source, biomass releases CO2 into the environment that other plants use for their
development and can be seen as an indirect consumer of solar energy. Its increasing use is due to concerns
about the negative impact on the environment and human health. The main sources of biomass come from
agricultural residues, animal residues, industrial residues, forestry residues, aquatic crops and sewage (Tursi
A. et al., 2019; Keche A. J. et al., 2015).
An important source of biomass is aquatic plants. Although the water hyacinth is considered the
most invasive aquatic plant in the world due to its rapid growth and multiplication, the floating macrophyte
has a real potential in energy production. The aquatic plant is widespread mainly in tropical and subtropical
regions, but can be observed in many other areas, the optimal development temperature being between 2530 ° C. The water hyacinth (Eichhornia Crassipes) enjoys increased attention due to the contribution in the
production of biogas, bioethanol, water purification, biofertilizer, compost, mulch. Thanks to its high
nutritional value, water hyacinth (especially leaves) can be used as food for fish and animals. Because
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hyacinth roots and stems are not considered animal feed, they can be used as biofuel to provide electricity or
heat, thus increasing the economic and environmental benefits ( Gaurav G.K et al., 2020; Ajithram A. et al.,
2021; Yongming D. et al., 2020).

Fig.1. Utilization of the water hyacinth

l. BIOMASS FROM THE WATER HYACINTH
As a renewable source, biomass mainly contains cellulose, hemicellulose and lignin, with slight
variations depending on the biomass (Keche A. J. et al., 2015).

Fig. 2. The structure of lignocellulosic biomass (Tursi et al., 2019).

The composition of the dried biomass from the water hyacinth was analyzed and the results show
that the stem has a higher amount of cellulose than the leaves. The content of hemicellulose and lignin was
significantly higher in the leaves compared to the roots and stem. At the moisture content between the parts
of the plant, no noticeable difference was observed (Kiplangat R. et al., 2019).

Table 1

Element composition of water hyacinth aquatic plant ( Ajithram et al., 2020)

Element composition
Carbon (C)
Oxygen (O)
Nitrogen (N)
Hydrogen (H)

Percentage (%)
40-42.5
27-29
1.2-4.6
5.2-6.5

The development of new energy technologies is needed to transform blocked sugars such as
cellulose, hemicellulose, into high-yield ethanol and advances in pretreatment technologies (Nenciu F. et al.,
2020).
ll. BIOENERGY
The results of scientific research on biomass exploitation have contributed to the development of
techniques capable of producing liquid biofuels, electricity and heat in the most economical and non-polluting
way possible (Tursi et al., 2019). To reduce fossil fuel consumption, renewable energy sources are
becoming an important alternative. The discovery of a sustainable production of renewable and cheap fuels
has triggered an assiduous search for new sources, bioethanol being a biofuel with the greatest potential
(Miranda A. F. et al., 2016; Foday-Junior E.H. et al., 2019). Although it is considered an invasive aquatic
plant, the water hyacinth has an increased energy efficiency, being a renewable source with a rapid
development.
1. Bioethanol
Bioethanol is a biofuel obtained from biomass, whose importance is growing due to the depletion of
non-renewable fuels.
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The production of bioethanol from the water hyacinth involves 3 stages of treatment, chemical
reaction and fermentation (Dwivedi M. et al., 2018). Research has shown that pretreatment of water
hyacinth, especially combined hyacinth, helps to obtain larger amounts of biofuel. In figure 3 shows the
varied production of bioethanol according to the combined pre-treatment method applied to the water
hyacinth (Zhang Q. et al., 2017).

Fig. 3. Obtaining various amounts of bioethanol by combined pretreatment of water hyacinth, MB: microbial
pretreatment; MB+AC: microbial-dilute acid pretreatment; MB+AK: microbial-dilute alkaline pretreatment (Zhang
Q. et al., 2017).

Hyacinth water has been studied as a raw material for the production of bioethanol. After
pretreatment with hyperthermal acid (HT) hydrolysis, various enzymes were used to produce more glucose
and xylose. The obtained results indicate that the biomass in the water hyacinth is suitable for the production
of bioethanol (Sunwoo I.Y. et al., 2019). Based on the results obtained, it was found that during fermentation,
a higher concentration of sugar helps to obtain a higher amount of bioethanol ( Rezania S. et al., 2017).

Fig. 4. Ethanol production from water hyacinth using different types of enhancers ( Rezania S. et al., 2017).

To obtain bioethanol, the potential of floating macrophytes, water salad and water hyacinth was
investigated. For the feasibility of biological pretreatment on the two aquatic plants, white rot fungi were used
by monitoring the biodegradation of lignin and hemicellulose, and for fermentation, different concentrations of
yeast were used. The results show that water hyacinth is more feasible for biodegradation of lignin and
hemicellulose compared to water salad (Foday-Junior E. H. et al., 2019).
2. Biodiesel
Ecological diesel - biodiesel is a biofuel with identical characteristics to diesel, which is obtained by the
transesterification of vegetable oils (https://biodiesel.webgarden.ro/). For biodiesel production, water hyacinth
biomass oil was analyzed. The resulting biodiesel was measured using a measuring cylinder. The main
steps for the production of biofuel and other active ingredients from the water hyacinth are shown in figure 5
(Shanab S.M.M. et al., 2016).
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Fig. 5. Diagrams illustrating the main steps for the production of biofuel and other active ingredients from Water
hyacinth (Shanab et al., 2016).

It was examined to obtain biodiesel from water hyacinth, which was injected into the engine together
with HHO (oxyhydrogen - hydrogen gas mixture - oxygen in a ratio of 2: 1). The maximum biodiesel yield of
87% was obtained at 1% KOH (Rahman M. A. et al., 2021).
3. Biochar
Biochar is a carbonized biomass from sustainable natural resources or agricultural waste.
(https://bestoncompany.com). The advantages of converting water hyacinth into biochar are described in the
literature as illustrated in figure 6 (Gaurav G.K. et al., 2020).

Fig. 6. Benefits and utilization of Water Hyacinth biochar (Gaurav G.K. et al., 2020).

4. Biogas
Biogas is a mixture of gases formed by the anaerobic fermentation of organic materials by
methanogenic microorganisms.
Hyacinth has a real potential for biogas production. There have been several reports of the yield of
floating macrophyte as a raw material for biogas assembly( Dwivedi M. et al., 2018).
The potential of the mixture of water hyacinth and cow dung biomass in biogas production was
evaluated. The ratio of the two materials was 3: 1. The study shows a higher yield of biogas from the mixture
of hyacinth and cow dung compared to cow dung. In conclusion, water hyacinth is a good raw material that
can be used as a source of renewable energy. Figure 7 illustrates the biogas production process and figure 8
the results of the research are presented on a daily basis (Njogu P. et al., 2015).

105

INTERNATIONAL SYMPOSIUM

Fig. 7. Biogas production process (Njogu P. et al., 2015).

Fig. 8. Biogas production with time (days) (Njogu P.et
al., 2015).

Also, the scientists investigated the production of biogas from the co-digestion of water hyacinth and
cow dung waste. After 21 days, the resulting biogas was analyzed. The percentage composition of the
biogas produced shows that methane gas (CH4) has 56.4%, carbon dioxide (CO2) is 35% and nitrogen (N2)
is 6.9%. It turned out that the optimal production results depending on the temperature, pH and the design of
the digester (Uche A. M. et al., 2020).
lll. PHYTOREMEDIATION
1. Wastewater treatment
In the literature was evaluated the potential of water hyacinths in phyto-remediation of wastewater.
The treatment was applied continuously for 30 days. The physico-chemical properties of the treated
wastewater (water temperature, pH, total dissolved solids, turbidity, chemical oxygen demand) and physical
characteristics of the water hyacinths were determined. The results proved the real potential of the water
hyacinth in phyto-remediation of wastewater. In figure 9 an experimental installation for wastewater
treatment is presented (Rajnikant P. et al., 2021).

Fig. 9. Sectional elevation and plan view of the experimental setup for greywater treatment (Rajnikant P.

et al., 2021).
2. Removal of heavy metals from wastewater.
Reducing the spread of heavy metals in polluted waters is important because they are toxic and
have negative effects on the environment and human health. Aquatic plants can be exploited to prevent the
dispersion of heavy metals such as (Cd,, Ag, Pb, Sb, Zn, Sn and Cu) and to remedy contaminated areas
without disturbing the environment too much. The results of research conducted in China shows that water
hyacinth has a special ability to accumulate heavy metals (non-selective absorption), but also the power to
increase absorption and their relocation to more contaminated places, indicating its ability to remove heavy
metals from water. Figure 10 shows another use of the water hyacinth was presented, namely, the supply of
energy for birds and animals (Yongming et al., 2020).

106

INTERNATIONAL SYMPOSIUM

Fig. 10. The proposed treatment for the harvested water hyacinth, which has been used for remediation of
contaminated sites (Yongming D. et al., 2020).

The researchers examined the Cd sorption dynamics of biochar-alginate produced from water
hyacinth. The highest Cd sorption was achieved at a temperature of 37 ° C and a pH of 6. The results
obtained highlight the potential of biocar-alginate capsules derived from water hyacinth to remove Cd from
wastewater (Cenwei L. et al., 2020).
lV. BIOFERTILIZER
1. Compost
Compost is partially decomposed plant debris and can be used as fertilizer. In its final state of
decomposition it is called humus or mulch.
In addition to optimizing soil fertility and increasing its organic matter content, and compost helps
reduce pollution from petroleum products. Figure 11 shows the flow of the composting process (Udume O.A.
et al., 2021).

Fig. 11. The composting process flow diagram (Udume O.A. et al., 2021).

The researchers investigated the contribution of water hyacinth in the production of compost and paper.
The properties of the compost were tested following different methods, such as: wet digestion, flame
spectrophotometry methods and different acids. The results suggest that water hyacinth biomass can be used as
a raw material to obtain handmade paper, while the by-product of the process can be used to increase the
nutritional quality of the compost (NazrulIslam M. et al., 2021).
For cultivating mushrooms (Pleurotus eous) water hyacinth was studied as an alternative substrate. The
applied compost was composed of combinations of water hyacinth biomass, vegetable residues of rice, water
hyacinth biomass and vegetable residues of rice. From the analysis of the data it results that by applying the water
hyacinth substrate, the mushroom production increased considerably (810 g / 1 kg / dry. Wt.) Followed by the
vegetable residues of rice. The water hyacinth substrate alone gave the lowest yield (Shirmila J.G. et al., 2018).
Due to the content of nitrogen (N), phosphorus (P) and potassium (K), water hyacinth-based compost can
increase crop production. The researchers used field experiments and five treatments: water hyacinth compost
obtained by adding cattle manure (WH + CM), bird manure (WH + PM), molasses (WH + MO), water hyacinth
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alone (WH alone) and control. The WH + PM compost formula applied to 3 t ha-1 was the most effective, as
shown in table 2 (Dennis B. et al., 2018).
Table 2
The effect of water hyacinth-based composts on maize yield
Rates (t ha-1) Grain yield (t ha-1) Harvest index N AE (kg kg-1)

Control
WH+PM
WH+MO
WH+CM
WH alone
WH+CM
WH+MO
WH alone
WH+PM
LSD
CV (%)

0
3
3
3
3
6
6
6
6

4.4
6.5
6.5
6.3
6.0
6.8
6.6
6.1
5.8
1.1
25.7

0.45
0.47
0.42
0.43
0.39
0.45
0.42
0.42
0.41

25.3
42.6
29.8
41.5
19.7
19.0
20.8
11.0
19.4
77.1

Key: NAE = agronomic nitrogen efficiency; WH+PM = compost from water hyacinth and poultry manure, WH+CM = compost
from water hyacinth and cattle manure, WH+MO = compost from water hyacinth and molasses, WH alone = compost from
water (Dennis B. et al., 2018).

To increase soil quality, the potential of water hyacinth compost was investigated. Four different water
hyacinth biomass-composting treatments were applied (H control only, H + cattle manure, H + Micro-organismsEM, H + molasses).The results of the application of the 4 treatments show us that the water hyacinth has the
ability to improve the soil by providing the necessary nutrients (P, K) and stabilizing the pH (Muoma J., 2016).
2. Mulch
The word mulch was derived from the german word molsch which means "easily degraded", and
mulching is the method of spreading various materials on the soil surface to minimize moisture loss, limit weed
development and increase crop production (Kader M.A. et al., 2019).
To find out the application efficiency of water hyacinth mulch, rice straw and banana peel, various tests
were applied, such as chemical analysis of organic mulch sheet and tensile strength. The obtained results show
that the organic mulch with the strongest tensile strength was during the treatment with 60% water hyacinth, 20%
rice straw and 20% banana pseudostem, reaching 3.28 N / m2 (Aniek I. et al., 2018).
Another experiment was conducted by researchers in India on a rice crop. The crop was divided into plots
that were treated with three different forms of water hyacinth mulch, and the mulch-free served as a control. The
different forms of water hyacinths, ie green foliage, compost and vermicompost were mulched at the rate of 5t /
ha. Fresh green foliage had a higher amount of carbon (C), a total content of N and K compared to composts
prepared from water hyacinths. However, the P concentration was higher in the vermicompost. The C / N ratio
was higher in the green leaf (24.92), which decreased substantially when composted, as well as the content of
cellulose, hemicellulose and lignin. However, they significantly decomposed after composting and even further
(approx. 50%) in the vermicomposting process (Balasubramaniane D. et al., 2013).
In Bangladesh, to evaluate the effect of a different number of hyacinths as mulch on potatoes and
tomatoes, research was conducted over two years (2015-2016). The changes in the different parameters
influenced by the different quantities of mulch as shown in tables 3 and 4 were followed (Bhowmik S.K. et al.,
2019).
Table 3.
The effect of different numbers of hyacinths as mulch on the yield and yielding characteristics of the potato in
both years
Treatment
Plant height Nr. Stem Nr. of tubers Individual weight
Yield
(t / ha)
(cm)
of the tuber (g)
T 1 = No mulch
34.10
4.11
5.86
259.4
18.58
T 2 = 56 t ha-1

40.72

4.67

6.65

327.3

22.23

T 3 = 62 t ha-1

43.89

4.88

7.05

369.7

24.13

T 4 = 68 t ha

45.67

5.04

7.87

406.1

26.46

-1
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Table 4.
The effect of different numbers of hyacinths as mulch on yield and the yield-contributing characters of
tomatoes
Treatment
Plant height (cm)
Nr. of fruits Individual weight
Yield
(t / ha)
of fruit (g)
T 1 = No mulch
103.68
21.10
73.39
55.13
T 2 = 56 t ha-1

108.05

24.63

75.06

62.72

-1

T 3 = 62 t ha

108.93

26.72

75.97

65.85

T 4 = 68 t ha-1

109.41

28.15

76.14

67.29

These results showed that the addition of larger quantities of water hyacinth mulch in potato and
tomato crops, helps to control and preserve soil moisture and higher yields. The maximum total production
obtained increased by 22.74% compared to the plot where no mulch was used (Bhowmik S.K. et al., 2019).
V. ANIMAL FOOD
The widespread use of hyacinth biomass as animal feed is appreciated in commercial production, as
animal feed always brings financial benefits to the market. Hyacinths biomass has been used as animal feed
or leaf protein for sheep, cattle, pigs, geese, etc. (either in fresh form or in silo form). The literature shows
that hyacinth biomass has a high potential for animal feed, based on the nutritional value of dehydrated
hyacinth biomass (Bai Y.F. et al., 2017).
The effects of dietary administration of aquatic extract (WLEA) and alcohol extract (WLEM) from
water hyacinth were monitored as an immunostimulant on non-specific immune parameters, antioxidant
defense and resistance against Streptococcus iniae in rainbow trout (Oncorissynch) chickens. The results of
the test showed that the administration of diets supplemented with water hyacinth extract (WLE) significantly
increased the resistance to trout (P <0.05), figure 12.

Day post challenge
Fig. 12. Survival rates (%) of rainbow trout fingerlings fed with WLE supplemented diet at different levels during
14 days post challenge with Streptococcus iniae (Rufchaei R. et al., 2019).

The hydromethanol extract from aquatic plants was more effective than the aqueous one in disease
resistance, the development of antioxidant and nonspecific immune factors, which means that diets
supplemented by WLEM and WLEA confirmed the response to dose and time as shown in (Rufchaei R. et
al., 2019).
CONCLUSIONS
Due to the increased consumption of non-renewable resources, it is vital to discover as many
renewable resources as possible, in the context of sustainable agriculture. One of the best known renewable
sources is biomass. An important source of biomass comes from agriculture.
Despite the fact that aquatic plants are known as invasive plants, their biomass has many uses. The
water hyacinth also belongs to this category. The floating macrophyte, water hyacinth has a real potential in
obtaining biofuels, in treating wastewater, as fertilizer and feed for animals and fish.
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This paper described the hyacinth of water, as a renewable energy resource, with its many uses in
sustainable agriculture.
All the results obtained from the analysis of water hyacinth, encourage the deepening of future
research to discover new applicability of the aquatic plant.
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THE EFFECT OF SPRAYING NANOPARTICLES OF SEAWEEDS, ADDING COMPOST
OF WATER HYACINTH AND COW MANURE ON VEGETATIVE GROWTH
PARAMETERS AND QUALITATIVE CHARACTERISTICS OF FRUITS OF OKRA
PLANTS ( ABELMOSCHUS ESCULENTUS L. ) GROWN IN UNHEATED PLASTIC
HOUSES
/
 إﺿﺎﻓﺔ ﺳﻣﺎد ﺻﻔﯾر اﻟﻣﺎء وروث اﻟﺑﻘر ﻋﻠﻰ ﻣﻌﺎﯾﯾر اﻟﻧﻣو اﻟﺧﺿري، ﺗﺄﺛﯾر رش اﻟﺟﺳﯾﻣﺎت اﻟﻧﺎﻧوﯾﺔ ﻟﻸﻋﺷﺎب اﻟﺑﺣرﯾﺔ
( واﻟﺧﺻﺎﺋص اﻟﻧوﻋﯾﺔ ﻟﺛﻣﺎر ﻧﺑﺎت اﻟﺑﺎﻣﯾﺔAbelmoschus esculentus L. (ﻧﻣت ﻓﻲ ﺑﯾوت ﺑﻼﺳﺗﯾﻛﯾﺔ ﻏﯾر ﻣدﻓﺄة
1), 2) Department

Dhia A. T.1), Abdullah A. A. A.2), Aman H. J.3)
of horticulture and landscape - College of Agriculture - University of Basra , 3)Department of horticulture
- College of Agriculture - University of Muthanna, Iraq

Keywords: okra plant, nanoparticles of seaweeds , water hyacinth compost, cow manure, polyphenol
oxidase
ABSTRACT
The experiment was conducted during the winter season 2017-2018 in one of the plastic houses of the
research station of the college of Agriculture, Al-Muthanna University with the aim of studying the effect of
spraying nanoparticles of seaweeds, the addition of compost of the water hyacinth and the compost of cows
on some vegetative growth parameters and the qualitative characteristics of okra fruits cv. Hasinaya.
Experiment included 27 factorial treatments which were the possible combinations of three concentrations of
seaweed nanoparticle extract 0, 0.75, 1.5 ml. l‾¹ and three levels of water hyacinth compost 0, 2, 4 kg. m‾¹
and three levels of cow manure 0, 2, 4 kg. M‾¹. Factorial experiment was carried out according to the splitsplit plot design in R.C.B.D with three replicates. The results were analyzed by the analysis of variance and
mean values were compared using the Revised Least Significant Difference Test at 0.05 probability and the
results showed that spraying with seaweed nanoparticle extract at a concentration of 0.75, 1.5 ml. l‾¹ caused
significant increase in plant height, leafy area, number of fruits, fruit weight, the concentration of the total
phenols, and polyphenol oxidase concentration in fruits. The addition of the water hyacinth compost at the
levels (2, 4) kg .m‾¹ resulted in a significant increase in the height of the plant, the leaf area, the number of
fruits, the weight of the fruit, the concentration of total phenols and the concentration of the polyphenol
oxidase enzyme in the fruits. The addition of manure of cows(2, 4) kg .M‾¹ led to a significant increase in the
height of the plant , the leafy area ,the concentration of the total phenols and the concentration of the
polyphenol oxidase enzyme in the fruits compared to the control, while adding the manure of cows at the
level of 4 kg .m‾¹ significantly increased the number of fruits and the weight of the fruit. Binary and triple
interactions showed significant effect in some of the studied characteristics.
ﻣﻠﺧص

 ﻓﻲ إﺣدى اﻟﺑﯾوت اﻟﺑﻼﺳﺗﯾﻛﯾﺔ اﻟﺗﺎﺑﻌﺔ ﻟﻣﺣطﺔ أﺑﺣﺎث ﻛﻠﯾﺔ اﻟزراﻋﺔ ﺟﺎﻣﻌﺔ اﻟﻣﺛﻧﻰ ﺑﮭدف دراﺳﺔ ﺗﺄﺛﯾر2018-2017 أﺟرﯾت اﻟﺗﺟرﺑﺔ ﺧﻼل اﻟﻣوﺳم اﻟﺷﺗوي
رش اﻟدﻗﺎق اﻟﻧﺎﻧوﯾﺔ ﻟﻠطﺣﺎﻟب اﻟﺑﺣرﯾﺔ واﺿﺎﻓﺔ ﻛﻣﺑوﺳت زھرة اﻟﻧﯾل وﺑﺗﻣوس ﺳﻣﺎد اﻻﺑﻘﺎر ﻓﻲ ﻣؤﺷرات اﻟﻧﻣو اﻟﺧﺿري واﻟﺻﻔﺎت اﻟﻧوﻋﯾﺔ ﻟﺛﻣﺎر ﻧﺑﺎت اﻟﺑﺎﻣﯾﺎ
 ﻣﻌﺎﻣﻠﺔ ﻣﺿروﺑﺔ واﻟﺗﻲ ﻛﺎﻧت ﻋﺑﺎرة ﻋن ﺗوﻟﯾﻔﺎت ﻣﻣﻛﻧﺔ ﻣن ﺛﻼﺛﺔ ﺗراﻛﯾز ﻣن ﻣﺳﺗﺧﻠص اﻟدﻗﺎﺋﻖ27  اﺷﺗﻣﻠت اﻟﺗﺟرﺑﺔ ﻋﻠﻰ.ﻟﺛﻣﺎر اﻟﺑﺎﻣﯾﺔ ﺻﻧف ﺣﺳﯾﻧﺎوﯾﺔ
 وﺛﻼﺛﺔ ﻣﺳﺗوﯾﺎت ﻣن ﺑﺗﻣوس ﺳﻣﺎد¹‾ م. ﻛﺟم4 ، 2 ، 0  وﺛﻼﺛﺔ ﻣﺳﺗوﯾﺎت ﻣن ﻛﻣﺑوﺳت زھرة اﻟﻧﯾل¹‾ ﻟﺗر. ﻣل1.5 ، 0.75 ، 0 اﻟﻧﺎﻧوﯾﺔ ﻟﻠطﺣﺎﻟب اﻟﺑﺣرﯾﺔ
 اﺟرﯾت ﺗﺟرﺑﺔ ﻋﺎﻣﻠﯾﺔ ﻣﻧﺷﻘﺔ ﻟﻣرﺗﯾن وﻓﻖ ﺗﺻﻣﯾم اﻟﻘطﺎﻋﺎت اﻟﻌﺷواﺋﯾﺔ اﻟﻛﺎﻣﻠﺔ ؤﺑﺛﻼث ﻣﻛررات وﻗورن ﺑﯾن اﻟﻣﺗوﺳطﺎت.¹‾ م. ﻛﺟم4 ، 2 ، 0 اﻻﺑﻘﺎر
( وأظﮭرت اﻟﻧﺗﺎﺋﺞ أن اﻟرش ﺑﻣﺳﺗﺧﻠص اﻟدﻗﺎق اﻟﻧﺎﻧوﯾﺔ ﻟﻠطﺣﺎﻟب اﻟﺑﺣرﯾﺔ0.05) اﻟﺣﺳﺎﺑﯾﺔ ﻟﻠﻣﻌﺎﻣﻼت ﺑﺎﺳﺗﻌﻣﺎل اﺧﺗﺑﺎر اﻗل ﻓرق ﻣﻌﻧوي ﻋﻧد ﻣﺳﺗوى اﺣﺗﻣﺎﻟﯾﺔ
 وﺗرﻛﯾز،  ﺗﺳﺑب ﻓﻲ زﯾﺎدة ﻣﻌﻧوﯾﺔ ﻓﻲ طول اﻟﻧﺑﺎت واﻟﻣﺳﺎﺣﺔ اﻟورﻗﯾﺔ وﻋدد اﻟﺛﻣﺎر ووزن اﻟﺛﻣﺎر واﻟﺗرﻛﯾز اﻟﻔﯾﻧول اﻟﻛﻠﻲ¹‾ ﻟﺗر. ﻣل1.5 ، 0.75 ﺑﺗرﻛﯾز
 إﻟﻰ زﯾﺎدة ﻣﻌﻧوﯾﺔ ﻓﻲ ارﺗﻔﺎع اﻟﻧﺑﺎت و ﻣﺳﺎﺣﺔ اﻟورﻗﺔ¹‾ م.( ﻛﺟم4 ،2)  أدت إﺿﺎﻓﺔ ﻛﻣﺑوﺳت زھرة اﻟﻧﯾل ﺑﻣﺳﺗوﯾﺎت. اﻧزﯾم اﻟﺑوﻟﯾﻔﯾﻧول أوﻛﺳﯾدﯾز ﻓﻲ ﻟﺛﻣﺎر
 أدت إﺿﺎﻓﺔ ﺑﺗﻣوس ﺳﻣﺎد اﻷﺑﻘﺎر إﻟﻰ زﯾﺎدة ﻣﻌﻧوﯾﺔ ﻓﻲ.وﻋدد اﻟﺛﻣﺎر و وزن اﻟﺛﻣرة و ﺗرﻛﯾز اﻟﻔﯾﻧوﻻت اﻟﻛﻠﯾﺔ وﺗرﻛﯾز إﻧزﯾم أوﻛﺳﯾدﯾز اﻟﺑوﻟﯾﻔﯾﻧول ﻓﻲ اﻟﺛﻣﺎر
ارﺗﻔﺎع اﻟﻧﺑﺎت واﻟﻣﺳﺎﺣﺔ اﻟﻣورﻗﺔ وﺗرﻛﯾز اﻟﻔﯾﻧوﻻت اﻟﻛﻠﯾﺔ وﺗرﻛﯾز إﻧزﯾم اﻟﺑوﻟﻲ ﻓﯾﻧول أوﻛﺳﯾدﯾز ﻓﻲ اﻟﺛﻣﺎر ﺑﯾﻧﻣﺎ ﺳﺑب إﺿﺎﻓﺔ ﺑﺗﻣوس ﺳﻣﺎد اﻷﺑﻘﺎر ﻋﻠﻰ
 أظﮭرت اﺗداﺧﻼت اﻟﺛﻧﺎﺋﯾﺔ واﻟﺛﻼﺛﯾﺔ ﺗﺄﺛﯾرا ً ﻣﻌﻧوﯾﺎ ً ﻓﻲ.  ﻣﻘﺎرﻧﺔ ﻣﻊ ﺛﻣﺎر ﻣﻌﺎﻣﻠﺔ اﻟﺳﯾطرة. زﯾﺎدة ﻣﻌﻧوﯾﺔ ﻓﻲ ﻋدد اﻟﺛﻣﺎر ووزن اﻟﺛﻣﺎر¹‾ م. ﻛﺟم4 ﻣﺳﺗوى
 ﺑوﻟﻲ ﻓﯾﻧول، ﺑﺗﻣوس ﺳﻣﺎد اﻻﺑﻘﺎر،  ﻛﻣﺑوﺳت زھرة اﻟﻧﯾل،  اﻟدﻗﺎﺋﻖ اﻟﻧﺎﻧوﯾﺔ ﻟﻠطﺣﺎﻟب اﻟﺑﺣرﯾﺔ،  ﻧﺑﺎت اﻟﺑﺎﻣﯾﺎ: اﻟﻛﻠﻣﺎت اﻟﻣﻔﺗﺎﺣﯾﺔ.ﺑﻌض اﻟﺻﻔﺎت اﻟﻣدروﺳﺔ
أوﻛﺳﯾدﯾز
INTRODUCTION
Okra (Abelmoschus esculentus L.) is one of the important summer vegetable crops in Iraq that
belongs to the Malvaceae family. Each 100 grams of okra contains 89.58 gm of water, 7.45 gm of
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carbohydrates, 1.93 gm of protein, 0.19 gm of fat, 3.2 gm of fiber, 82 mg of calcium, 61 mg of phosphorous
and 299 mg of potassium, in addition to amino acids and vitamins, including 23 mg vitamin C, 0.06 mg
riboflavin, 0.2 mg thymine, 1 mg nicin, 0.215 mg vitamin B-6 and 0.27 mg vitamin E (USDA, 2019).
Among the modern technologies that are attracting attention at the present time is the use of
nanofertilizers that increase the efficiency of nutrients and reduce the toxicity resulting from the excessive
use of chemical fertilizers (Naderi and DaneshShahraki, 2011), including micro-foliar spraying of seaweed
nanomaterials, which are biostimulants because they contain plant hormones (Craigie, 2011). Nanomaterials
possess all the properties that make them suitable for use in agriculture in small quantities, avoiding
repeated additives, and the results emerge from the first addition, as they increase the efficiency of fertilizer
use (Mousavi and Rezaei, 2011). Their effects are large as a result of their small size and work to increase
the surface of absorption ,photosynthesis and production of materials in plants (Singh et al., 2016). Organic
agriculture is a means for the natural balance of the human, plant, animal and soil environment and thus it is
considered an agricultural system that avoids or excludes contamination of the environmental components of
soil and water with mineral residues and preserves the ecosystem. Symbiotic life forms are cultivated that
enhances the health of the biological system of the soil and preserves its fertility (Abou El -Magd et al., 2006)
. Organic fertilizers prepared from decomposed plant waste (compost) are of great importance in growth and
yield, and from those is the water hyacinth that spread out in rivers and irrigation channels in central and
southern Iraq, which has a bad effect on water navigation and has the ability to absorb nutrients significantly
from their environment . Several attempts have been made to get rid of it, but without success. Therefore,
the need to evaluate the possibilities of using this harmful herb for commercial purposes such as compost
instead of mineral fertilizers is important to do.
Water hyacinth absorbs about 99.2 kg h‾¹ of nitrogen, 7.7 kg h‾¹ of phosphorous and 182.3 kg h‾¹ of
potassium within a week. Which can be used to improve crops (Amoding et al., 1999) ,so the current study
was conducted to find out the effect of foliar spraying nanoparticles of seaweed and the addition of water
hyacinth compost and cow manure on some indicators of vegetative growth and the specific characteristics
of fruits of okra plants grown in unheated greenhouses as well as disposal of the water hyacinth plant and its
safe use as organic fertilizer.
MATERIALS AND METHODS
The experiment was conducted in the winter agricultural season 2017-2018 in one of the unheated
plastic house with dimensions (50 × 9) m and an area of 450 square meters in the agricultural research
station affiliated to the college of agriculture, Al-Muthanna University. Table (1) shows some of the physical
and chemical properties of plastic house soil and used irrigation water.
Physical and chemical properties of plastic house soil samples and irrigation water

Type of analysis

soil

(1:1) EC

Unit of
measure
ds.m-1

4.9

Irrigation
water
4.5

TDS

g.L-1

1.9

2.2

NaCl

%

5.3

6.1

PH

----

7.6

7.1

Ready nitrogen

mg.k-1

4.7

Ready phosphorous

mg.k-1

3.1

Ready Potassium

mg.k-1

230

Organic matter

%

0.58

Visible density

g.cm-3

1.317

True density

g.cm-3

2.502

porosity

%

47.36

Percentage of clay

%

32
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Type of analysis

soil

Percentage of silt

Unit of
measure
%

Irrigation
water

Percentage of sand

%

6

Soil texture

---

Silty clay

62

Method

The soil of the plastic house was plowed perpendicularly, then it was smoothed and leveled and
divided into nine lines with 47.2 m in length and 40 cm in width, and the distance between one line and
another was 90 cm. The seeds of okra, a Hasinawia cultivar, were sown on 1/12 in the middle of the line, in a
holes a way from each other 40 cm and in each hole, 3-4 seeds were put, at a depth of 3-5 cm, with a drip
irrigation system, and after two weeks of planting, the plants were reduced to two plants per hole. All
agricultural service operations used to produce the crop from fertilizing, irrigation and harvesting were carried
out for all experimental units (Matlob et al. 1989).
The experiment included a study of three factors, which are levels of adding cow manure before
planting (0, 2, 4) kg m‾¹ and the second factor was the addition of water hyacinth compost before planting
(0, 2, 4) kg.m ‾¹ whereas the third factor was spraying of nanoparticles of seaweed extract with three
concentrations (0.5, 0.75, 1.5) ml.l‾¹ into two times, the first after 25 days of germination and the second
after 20 days from the first spray .Table (2) shows the chemical properties of cow manure and water hyacinth
compost after analysis while table (3) shows the components of the seaweed content.
Properties of cow manure and water hycinth compost after decomposition

Tape of analysis

Unit of
measurement

EC
PH
TDS
NaCl
Organic C
Total N
N/C
Total P
Total K

ds.m-1
--g.L-1
%
mg.k-1
mg.k-1
---mg.k-1
mg.k-1

(%) Plant hormones
Auxin
Cytokinin

0.027
0.021

Water
hycinth
compost
2.3
7.2
1.1
2.4
1644.2
85.4
19.25
9.9
188.7

Seaweed content

Microelements (ppm)
Fe
Mn

4

B

75

Zn

150
18

Cow
manure

Method

4.2
7.1
2.1
4.3
1025.4
54.7
18.74
12.3
174.8

Page
et al.
(1982)

Table 2

Table 3

Macroelements (%)
Organic(N) 3.43
P2O5
2.44
K2O
4.55
0.68
Mg
0.42
Ca

A split-split plot design was carried out, according to a randomized complete plot design with three
replications. The levels of cow manure was the main factor, water hycinth compost levels was a sub-factor
and the concentrations of seaweed extract was a sub-sub-plot. The number of experimental units was 81
(Al-Rawi and Khalaf Allah ,1980) and the specific qualities of the fruits were estimated, included: plant
height, the leaf area ,fruit weight , number of fruits , phenols and polyphenol oxidase activity.
RESULTS
1. Plant height (cm )and leaf area ( m².plant‾¹ )
Table (4) shows the effect of spraying nanoparticles of seaweed, adding cow manure and water
hycinth compost, and their interactions on plant height. The effect of spraying nanoparticles of seaweed at a
concentrations of (0.75, 1.5) ml. l ‾¹ was significant in plant height, with an increase of (18.00, 29.46)%
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compared to spraying distilled water only, respectively, and the plant height increased with increasing the
spray concentration.
The addition of water hycinth compost at two levels (2 and 4) kg .m ‾¹ led to a significant increase in
plant height, with an increase of (10.51, 20.06)% compared to control plants, respectively, and the effect
increased by increasing the level of addition.
The same table also shows that the addition of cow manure with two levels (2 and 4) kg .m ‾¹ had a
significant effect on plant height, with an increase of (3.17, 6.53)%, respectively, compared to control plants.
It appears from the same table that the two-way interaction between cow manure and water hycinth
compost had a significant effect, as T2C2 plants gave the highest value of (95.27) cm, while T0C0 plants
gave the lowest value of (73.72) cm.
The interaction between cow manure and spraying nanoparticles of seaweed showed a significant
effect, as T2N2 plants gave the highest value of (97.18) cm, while T0N0 treatment plants gave the lowest
value of (69.57) cm.
The interaction between water hycinth compost and the nanoparticles of seaweed showed
significant differences, plants of treatment C2N2 gave the highest value of (100.51) cm compared to the
plants of treatment C0N0, which gave the lowest value (62.07) cm. The triple interaction had no significant
effect on plant height .
The table also shows that the addition of cow manure of the two levels (2 and 4) kg .m ‾¹ had a
significant effect on the leaf area, with an increase of (5.58, 7.30)% compared to the plants of control
treatment.
The same table also showed that the addition of water hycinth compost at two levels (2 and 4) kg .m
‾¹ led to a significant increase in leaf area with an increase of (13.95)% compared to the plants of control
treatment, respectively, and the effect increased by increasing the level of addition.
The spraying nanoparticles of seaweed with two spraying concentrations (0.75 and 1.5) ml.l‾¹ had a
significant effect in this characteristic, with an increase of (17.09)% compared to the plants of control
treatment, respectively, and the leaf area increased with the increase of the spray concentration.
The interaction between cow manure and water hycinth compost had a significant effect, as T2C2 plants
gave the highest values amounting to (1.124 m². plant ‾¹, while treatment plants T0C0 gave the lowest
values of (0.860) m². plant ‾¹.
The interaction between cow manure and spraying seaweed nanoparticles showed a significant effect,
as T2N2 treatment plants gave the highest values of (1,177) m², while T0N0 plants gave the lowest values,
reaching (0.794) m². plant ‾¹ .
The interaction between the water hycinth compost and the nanoparticles of seaweed showed significant
differences in both seasons, as the treatment plants C2N2 gave the highest values of (1.258) m². plant ‾¹
compared to the treatment plants C0N0, which gave the lowest values (0.770) m². plant ‾¹
The triple interaction between the study factors had a significant effect, as the treatment plants
T2C2N2 outperformed in giving the largest leaf area of (1.358) m². plant ‾¹, while the treatment plants
T0C0N0 gave the lowest leaf area of (0.759) m². plant ‾¹.
The results showed that the plants treated with seaweed extract were distinguished by good vegetative
growth due to their content of growth nutrients such as nitrogen, which has direct effects on biological
processes in plants (Osman et al, 2010) due to its inclusion in the synthesis of amino acids, such as
tryptophan, which is the initiator of the formation of auxin that encourages the process of elongation and cell
division and thus increases plant height and leaf area. Seaweed also contains zinc, boron, potassium,
calcium, magnesium, polysaccharides, fatty acids, and natural growth hormones (auxin, cytokinin and
gibberellin), which encourage plant growth (Gollan and Wright 2006).
It is evident from the results of the previous table that the levels (2, 4) kg m‾¹ are higher for the
treatments of water hycinth compost compared to the control plants due to the content of the water hycinth
compost of the nutrients and the low level of salinity ( Table ,3) and this is in agreement with (Al-Sahaf and
Ati , 2007), as it was concluded that adding organic matter to soil increases electrical conductivity depending
on the quality and source of organic matter because of its salt content.
The role of decomposed organic fertilizers, whether animal or plant wastes, in increasing plant growth
is due to two direct and indirect effects. The direct effect is represented by preparing the major and minor
elements as well as growth stimulants, which helps to build a root system that can provide the plant’s needs
of the elements that help in carrying out vital activities and thus build good vegetative growth. As for the
indirect effect, it is the effect of humic compounds on the physical, chemical and biological properties of the
soil through its retention of water and increasing the effectiveness of microorganisms that have the ability to
secrete some growth regulators such as gibberellins, auxins and cytokinins. The reason for an increase in
plant height may be due to the presence of some chelating elements in the components of the organic
matter important in the synthesis of the amino acid tryptophan, which is necessary in the synthesis of IAA
and important in the division of apical meristematic cells and thus the increment in plant height (Qasim and
Babuhan, 2011)
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Increasing the nutrients in the soil due to the organic additives that are absorbed by the plant
increases the vital activities of the cell, thus increasing its respiration and division, increasing the
accumulated material in the leaf and thus increasing the leaf area (Maheshbabu et al., 2008).
Table 4.
The effect of spraying nano seaweed, water hycinth compost and cow manure and their interactions on plant
height (cm )and leaf area ( m².plant‾¹)

Cow
manur
eT

T0

T1

T2

Water
hycinth
C

Leaf area ( m².plant‾¹)

T*C

Nano seaweeds N
N2

N1

N0

Nano seaweeds N
N2

N1

N0

0.860

0.997

0.824

0.759

73.72

86.44

79.50

55.22

C1

0.970

1.108

0.989

0.811

83.65

96.78

81.44

72.72

C2

0.962

1.136

0.938

0.812

91.05

99.33

93.05

80.78

C0

0.865

0.999

0.830

0.767

78.02

88.22

82.27

63.55

C1

0.997

1.154

0.998

0.839

85.18

97.83

84.22

73.50

C2

1.086

1.280

1.089

0.888

93.13

99.94

94.89

84.55

C2

0.876

1.005

0.839

0.782

81.01

89.99

85.61

67.44

C1

0.997

1.168

0.999

0.822

88.38

99.27

85.94

79.94

C1

1.124

1.358

1.124

0.890

95.27

102.27

96.94

86.61

0.0442

Means of nano seaweeds

0.0549
1.134

L.S.D 0.05

0.959

T0

1.081

0.917

T1

0.983

1.145

T2

0.999

1.177

0.819

0.0358

95.56

87.10

73.81

1.141

0.794

94.18

84.66

69.57

0.972

0.831

85.44

95.33

87.13

73.87

0.988

0.832

88.22

97.18

89.50

78.00

0.0364

C0

1.000

0.831

C1

0.988

1.144

C2

1.057

1.258

0.0249

N.S

Means
of cow
manure
82.81

Means
of water
hycinth
0.867

L.S.D 0.05

1.624

0.0144
Means
of cow
manure
0.931

L.S.D 0.05

C
*
N

T*C

C0

L.S.D 0.05

T
*
N

) Plant height ( cm

0.967

1.757

0.770

Means
of water
hycinth
77.58

88.22

82.46

62.07

0.995

0.824

85.74

97.96

83.87

75.39

1.051

0.863

93.15

100.51

94.96

83.98

0.0311
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2.Number of fruits per plant and fruit weight (g ).
It is noticed from Table (5) that spraying seaweed nanoparticles at a concentration of (0.75, 1.5) ml.
l‾¹ had a significant effect on this characteristic, with an increase of (10.57, 21.13)%, and the effect increased
by increasing the spray concentration.
The addition of water hycinth compost at the two levels (2 and 4) kg. m‾¹ led to significant differences
in this characteristic, with an increase amounting to (9.54, 14.67)%. The number of fruits per plant increased
by increasing the level of addition.
The same table shows that the addition of cow manure at the level (4) kg. m‾¹ had a significant effect
on this characteristic, with an increase of (3.85)% compared to the control plants.
It appears from the same table that the interaction between cow manure and water hycinth compost
has a significant effect, as T2C2 treatment gave the highest number of fruits per plant, reaching (58.13) per
plant while the T0C0 treatment gave the lowest number of fruits per plant, reaching 47.13 fruit per plant.
The interaction between cow manure and spraying nanoparticles of seaweed had a significant effect,
as plants treated with T2N2 recorded the highest number of fruits per plant, reaching 61.50, while the
treatment T1N0 gave the lowest number of fruits per plant reaching (48.77).
The interaction between the water hycinth compost and the nanoparticles of seaweed showed significant
differences, C2N2 treatment of plants plants gave the highest number of fruits per plant, reaching (61.57) .
Plants of C0N0 treatment gave the lowest number of fruits per plant, reaching (43.41). The statistical
analysis showed that the triple interaction had no significant effect on this characteristic.
It is noticed from the same table that spraying nanoparticles seaweed at a concentration of (0.75,
1.5) ml. l‾¹ had a significant effect on this characteristic, with an increase of (22.21) % .
The addition of water hycinth compost at the two levels (2 and 4) kg m ‾¹ led to significant differences in
this characteristic, with an increase of (22.83, 26.90)%. Whereas, the addition of cow manure at the level (4)
kg. m ‾¹ led to a significant increase in the weight of fruit, with an increase of (11.71)% compared to the
control plants.
It appears from the same table that the interaction between cow manure and water hycinth compost
had a significant effect, as T2C2 plants gave the highest weight per fruit of (3,887) g, while T0C0 plants gave
the lowest weight (2,653) per fruit.
The interaction between cow manure and spraying nanoparticles of seaweed had a significant
effect, plants with T2N2 treatment, gave the highest weight per fruit of (4.226) g, while the plants of T0N0
treatment, gave the lowest weight per fruit of (2.503) g.
The interaction between the water hycinth compost and the nanoparticles of seaweed showed
significant differences, plants of the treatment, C2N2, gave the highest weight per fruit of (4,333) g, while the
treatment plants, C0N0, gave the lowest weight per fruit of (2,187) g. As for the triple interaction among the
studied factors of the experiment, it had no significant effect on studied characteristic.
The nanoparticles of seaweed extracts play an important role in increasing the biological and
enzymatic reactions due to the huge surface area that increases the speed of the reactions that increase the
production of flower primers and thus an increase in the number of fruits and provides an active transport
device from their sources (leaves) to storage places for processed food (fruits). This lead to increase the
volume and weight of fruits . In additions, the extract contains growth regulators that help the growth and
development of the plant well, thus increasing the efficiency of the photosynthesis process and the
production of carbohydrates and amino acids transferred from the leaves to the fruits (Nejatzadeh-Barandozi
et al., 2014).
The increase in nutrients in organic fertilizer leads to an increment in vegetative growth and its reflection in
increasing photosynthesis and thus increasing the carbohydrates manufactured in the leaves, which in turn
are transferred to the fruits, which is reflected in the weight of the fruit, or perhaps to the role of organic
fertilizers in reducing the values of electrical conductivity of the soil and increasing the readiness of nutrients
in addition to improving soil properties, this is reflected in improving plant growth and yield (Al-Taii et al.,
2015).
Table 5.
The effect of spraying with nano seaweed, water hycinth compost and cow manure and their interactions on
number of fruits per plant and fruit weight (g).

Cow
manur
eT

Water
hycinth
C

C0

Number of fruits.per plant

T*C

47.13

) Fruit weight( g

Nano seaweeds N
N2

N1

N0

53.66

45.44

42.28
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T*C

2.653

Nano seaweeds N
N2

N1

N0

3.701

2.723

1.535
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T0

T1

T2

C1

55.43

59.44

53.61

53.26

3.484

4.248

3.491

2.712

C2

57.55

60.72

57.16

54.77

3.731

4.225

3.705

3.262

C0

51.70

57.22

54.33

43.55

3.082

3.711

3.247

2.290

C1

54.92

61.66

56.16

46.94

3.700

4.305

3.654

3.141

C2

58.00

60.72

57.44

55.83

3.802

4.292

3.744

3.371

C2

52.61

58.39

55.05

44.39

3.263

3.712

3.341

2.737

C1

55.55

62.83

56.66

47.16

3.871

4.484

3.907

3.222

C1

58.13

63.27

55.22

55.89

3.887

4.481

3.679

3.501

L.S.D 0.05

1.913

Means of nano seaweeds

N.S
4.129

L.S.D 0.05

T
*
N

T0

57.94

52.07

T1

54.87

59.87

T2

55.43

61.50

1.569

59.77

54.56

49.34

1.141

50.10

4.058

3.306

2.503

55.98

48.77

3.528

4.102

3.548

2.934

55.64

49.15

3.674

4.226

3.642

3.153

2.411

C0

56.42

51.61

C1

55.30

61.31

C2

57.89

61.57

1.066

N.S

Means
of cow
manure
3.289

Means
of water
hycinth
50.48

L.S.D 0.05

2.863

1.496
Means
of cow
manure
53.37

L.S.D 0.05

C
*
N

3.499

0.2693

0.2625

0.2811

43.41

Means
of water
hycinth
3.000

3.708

3.103

2.187

55.48

49.12

3.685

4.346

3.684

3.025

56.61

55.50

3.807

4.333

3.709

3.378

2.318

0.1117

0.2079

3.Phenols (%) and polyphenol oxidase (enzyme unit.ml‾¹) in fruits
Spraying nanoparticles of seaweed at a concentration of (0.75, 1.5) ml. l‾¹ had a significant effect on
this characteristic, with an increase of (16.15)%, compared to spraying with water only, and the effect
increased by increasing the spray concentration. The addition of water hycinth compost at two levels (2 and
4) kg m ‾¹ led to significant differences in this characteristic, with an increase of (25.41)% compared to the
control plants, and the effect increased by increasing the level of addition. Addition of cow manure at the
level (4) kgm‾¹ significantly affected the amount of phenols in fruits, with an increase of (7.20)% compared to
the control plants.
It appears from the same table that the two-way interaction between cow manure and water hycinth
compost has a significant effect. Plants treated with T2C2 gave the highest amount of phenols in the fruits,
reaching (1.904)%, while the treatment plants T0C0 gave the lowest amount of phenols in the fruits, reaching
(1.207)%. As for the interaction between cow manure and spraying nanoparticles of seaweed, it had no
significant effect. The interaction between the water hycinth compost and the nanoparticles of seaweed
showed significant differences, as the treatment plants, C2N2, gave the highest amount of phenols in the
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fruits, reaching (1.995)%, while the treatment plants, C0N0, gave the lowest amount of phenols in the fruits,
reaching (1.003)%. The triple interaction among the experiment factors for this characteristic was not at the
significant level.
The same table also showed the effect of cow manure, water hycinth compost, and spraying with
nanoparticles of seaweed and their interactions in the concentration of the enzyme polyphenol oxidase
(PPO)in the fruits, as the spraying nanoparticles of seaweed had a significant effect, with an increase of
(11.59)%, compared to spraying with water only, the effect increased by increasing the spray
concentration.The addition of water hycinth compost at two levels (2 and 4) kg .m ‾¹ had a significant effect
on this characteristic, with an increase of (16.72)% compared to the control plants, and the effect increased
by increasing the level of addition. The addition of cow manure with two levels (2 and 4) kg .m ‾¹ significantly
affected this characteristic, with an increase of ( (4.45)%, compared to the control plants, and the effect
increased with the increase in the level of addition.
The interaction between cow manure and water hycinth compost had a significant effect, as T1C2
plants gave the highest value of (76.03) enzyme unit.ml‾¹, while treatment plants T0C0 gave the lowest value
of (60.36) enzyme unit.ml‾¹. The interaction between cow manure and spraying nanoparticles of seaweed
showed a significant effect, as plants of T2N2 treatment gave the highest value of (78.80) enzyme unit.ml‾¹,
while T1N0 treatment plants gave the lowest value of (62.26) enzyme unit.ml‾¹. The interaction between the
water hycinth compost and the seaweed nanoparticles showed significant differences, as the C2N2
treatment plants gave the highest value of (83.49) enzyme unit.ml‾¹compared to the C0N0 treatment, which
gave the lowest value (54.27) enzyme unit.ml‾¹ .The triple interaction between the study factors had a
significant effect, as the treatment plants T1C2N2 outperformed in giving the highest value of (86.13)
enzyme unit.ml‾¹, while the treatment plants T0C0N0 gave the lowest value of (57.00) enzyme unit.ml‾¹.
Phenolic substances are the most complex chemicals in existence and include a wide range of
organic and aromatic acids and some compounds responsible for the color and materials that give the
characteristic taste of some fruits and materials with an astringent taste and bitter taste. They are byproducts
of the metabolism of amino acids. Immature fruits contain a high percentage of phenolic substances. Its
concentration is as the fruits progress to ripeness and there are many enzymes that affect phenolic
substances such as polyphenol oxidase (PPO). The brown coloration in plant tissues occurs due to oxidation
of phenolic substances by enzymes, especially polyphenol oxidase enzymes (Taain et al., 2014).
Tamura and Minimide (1983) found that the phenolic substances in okra fruits decrease as the fruits
grow more. They are at their highest level a day after flowering and are as low as possible after 14 days. The
addition of organic fertilizers to pepper plants had a significant effect on the fruit content of phenols
compared with the control (Abu-Zahra, 2011).
Table 6.
The effect of spraying with nano seaweed, water hycinth compost and cow manure and their interactions on
phenols(%) and polyphenol oxidase (enzyme unit.ml‾¹).

Cow
manur
eT

T0

T1

T2

Water
hycinth
C

phenols(%)

polyphenol oxidase(enzyme unit.ml‾¹)

T*C

C0

1.207

N2
1.490

N1
1.176

N0
0.954

60.36

N2
60.80

N1
63.27

N0
57.00

C1

1.544

1.823

1.487

1.322

66.27

75.30

61.30

62.20

C2

1.785

1.926

1.821

1.607

75.57

83.00

73.70

70.00

C0

1.266

1.578

1.231

0.987

61.14

61.00

69.83

52.60

C1

1.619

1.832

1.662

1.362

75.00

85.43

74.97

64.60

C2

1.812

1.995

1.810

1.630

76.03

86.13

72.40

69.57

C0

1.341

1.691

1.264

1.066

64.36

70.20

69.67

53.20

C1

1.618

1.872

1.587

1.396

75.66

84.87

74.87

67.23

C2

1.904

2.064

1.937

1.711

74.13

81.33

71.57

69.50

Nano seaweeds N
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L.S.D 0.05

0.0671

Means of nano seaweeds

N.S
1.808

L.S.D 0.05

T
*
N

T0

1.746

1.495

T1

1.565

1.802

T2

1.621

1.876

0.0673

76.45

70.17

62.88

1.595

1.294

73.03

66.09

63.07

1.568

1.326

70.73

77.52

72.40

62.26

1.596

1.391

71.38

78.80

72.03

63.31

N.S

C0

1.586

1.224

C1

1.594

1.842

C2

1.833

1.995

0.0238

4.618

Means
of cow
manure
67.40

Means
of water
hycinth
1.271

L.S.D 0.05

1.337

0.0287
Means
of cow
manure
1.512

L.S.D 0.05

C
*
N

1.553

2.698

2.309

2.874

1.003

Means
of water
hycinth
61.95

64.00

67.59

54.27

1.579

1.360

72.31

81.87

70.38

64.68

1.856

1.649

75.24

83.49

72.56

69.69

0.0458

1.443

2.603

CONCLUSIONS
It is concluded from the current study that spraying nanoparticles of seaweed at a concentration of
(0.75 and 1.5) ml. l‾¹ , compost of the water hycinth and cow manure at levels (2, 4) kg m ‾¹ had a significant
effect on increasing the indicators of vegetative growth under study, the number of fruits, their weights , the
concentration of phenols and polyphenol oxidase enzyme concentration of okra fruits.
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ABSTRACT
A distorted fixed bed model of the Danube River between km 794000 and km 799140 were constructed with a
horizontal scale 1:300 and a vertical scale of 1:75. Tests were then performed for the flow values of
Q=10424 m3/s – river bed formation water discharge and Q=15250 m3/s flood maximum water discharge for
a 100 years return period. A 1D HEC-RAS model was developed and calibrated for the study area. The
physical model steady flow characteristics were compared to the HEC-RAS simulation under similar initial
and boundary conditions. The results of the corresponding flow parameters – water surface profiles and flow
and velocity distribution were compared. These investigations preceded the construction of the new Vidin Calafat Bridge.
обобщение
Изграден е физически деформиран модел на река Дунав между km 794000 и km 799140 при
хоризонтален мащаб 1:300 и вертикален мащаб 1:75. Моделните изследвания са проведени за
руслоформиращото водно количество Q=10424 m3/s и за максимално водно количество с
обезпеченост 1% Q=15250 m3/s. За същия участък от реката са направени симулации с
еднодименсионалния модел HEC-RAS при същите начални и гранични условия. Резултатите,
получени при физическото моделиране, за характеристиките на течението са сравнени с тези
при математическото моделиране. Сравнени са профилите на водната повърхност и
разпределението на скоростите в съответните профили. Изследванията предшестват
изграждането на моста Видин-Калафат.
INTRODUCTION
The exploration and finding relationships about river processes is time consuming and difficult
through observations and is achieved by physical and numerical modelling (Tadjer et al., 2005; Tadjer and
Grancharova, 2011). Additional accuracy of the hydraulic model depends on river geometry and crosssection data collection which is cost consuming process (El-Sayed, 2018; Papaioannou et al., 2016).
Physical modelling has additional techniques that allow it to simulate the overall processes occurring in the
river bed for a short period of time in a controlled environment in the laboratory (Peakall et al., 1996).
Another advantage of the physical modelling is the ability to include variables that were unknown preliminary,
but affect the processes under study. The reliability of physical modelling depends on the choice of dominant
factors and relationships. These types of models, called in the science literature "art", depends much more
on of the researcher's skills, experience and erudition (Munson et al,.1990). The basic concept of physical
modelling is similarity achievement between prototype and model. The flow conditions have to be similar
booth in the prototype and model. That means geometric, kinematic and dynamic similarity. The laws of
similarity are an expression of the mathematical dependencies between scale factors of the major factors
influencing the process, the additional criteria reproduce the similarity between nature and model, if not
some of the laws of similarity are possible. To keep the geometric, kinematic and dynamic similarities, the
scale factors of these parameters are also 1 (Hughes, 1993). In some case (much wider than the depth of
the river) it is used model distortion i.e. different horizontal and vertical scale (Mengguo et al., 2019). The
choice of the deformation rate depends on width-to-depth ratio (Latcher and Prudoski, 1984) and some
boundary conditions (Kobus, 1980). Modelling of open channel flow is carried out according to the Froude's
Model Law.
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On the other hands, increased computational capacity together with progress made with respect to
numerical analysis has indicated that in recent years more river problems have been tackled using numerical
models (de Vries, 1993). In nowadays computer modelling is used to solve many hydraulic problems such as
construction design, flood predictions (Ntanganedzeni and Nobert, 2020), dam breaks (Khosravi et al.,
2019), bridges scour (Bento et al., 2020), hydraulic behaviour of culverts and weirs (Olaniyan et al., 2014),
river ice covers and river ice jams (Tuthill et al., 2009), sediment transport (Fan et al., 2020), water quality
(Fan et al., 2009) irrigation canals (Patamanska and Grancharova, 2017) etc. Computer modelling is low
cost and time less than physical ones. There is a large number of software – freeware, open source,
commercial (Geravand et al., 2020). One of the most commonly used is the Hydrologic Engineering Centers
River Analysis System (HEC-RAS) developed by US Army Corps of Engineers. It allows the user to perform
one-dimensional steady flow, one and two-dimensional unsteady flow calculations (HEC 2016a). HEC-RAS
is easy to use for specific flow problem and performed the computations in a short time (Qasim, 2013).
MATERIALS AND METHODS
A distorted fixed bed model of the Danube River between km 794000 and km 799140 were constructed
at the Hydraulic Laboratory of the Institute for Land Reclamation and Agricultural Mechanization - Sofia in
2004. The most important step for river bed modelling is the proper scale choice. The right direction of this
process can predetermine the success and the reliability of the model investigations. The main force which
defines the process is gravity. Consequently, the main criterion is the Froude number:

v

Fr =
where:
[m].

gH

(1)

[-]

Fr is Froude number; v – average velocity [m/s]; g - gravitational acceleration [m/s2]; H – water depth

This criterion supposes Fr r = idem. The friction force, viscosity and the turbulence are also very
important. For this reason, the Reynolds number influence has to be observed.

Re =
where:

vR

υ

> 2500

[-]

(2)

Re is Reynolds number [-]; R - hydraulic radius [m]; υ - kinematic viscosity [m2/s].
For the Danube River the hydraulic radius R can be assumed R=H because of the considerable
width. The influence of the friction forces can be taken from Chesy equation.

where:

1
v =  R 2 / 3 S 1/ 2
n

[m/s]

(3)

n is Maning's coefficient [s/m1/3]; S - hydraulic gradient [m/m].

The horizontal scale is 300 and the vertical scale is 75. The rate of distortion is 4. The length of the
model covers the required area from km 794000 to km 799140. The upstream length gives the possibility to
define the boundary conditions and the downstream length is enough for the bridge impact estimation
purposes. The bathymetry data for study region was collected. Each river cross-section is parallel to the new
Vidin - Calafat Bridge axis. - 4 profiles between 30 m, 2 profiles between 60 m, 15 profiles between 120 m
downstream bridge axis and 4 profiles between 30 m, 2 profiles between 60 m, 24 profiles between 120 m
upstream bridge axis. The calibration of the Solid Bed Model includes checking of the boundary conditions:
roughness and slope modification; natural velocity distribution for water discharge 11800 m3/s at km 796000.
The velocities were measured with a P-EMS (Programmable Electromagnetic Fluid Speed Meter), with an E
40 probe sensor. The measurement net was fixed with the help of the coordinate system. The choice of the
Y axis is through the Bridge axis from the Bulgarian to Romanian side. The X axis was perpendicular to the
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Y axis and the direction is the same with the flow direction of the river. The profiles were parallel to the Y
axis. The longitudinal direction was defined as a line at an angle of 93 degrees. The measurements were
made for the profiles 7, 11, 13, 15, 16, 18, 22, 26, 28, 29, 31, 34, 37, 40, 42 and 44. Vertical velocity
distribution measurements were made for 0.2, 0.6 and 0.8 of depth. Tests were then performed for the flow
values of Q=10424 m3/s – river bed formation water discharge and Q=15250 m3/s flood maximum water
discharge for a 100 years return period. For water discharge 10424 m3/s the water level in nature at km
796000 is 32.08 m and for discharge 15250 m3/s the water level in nature at km 796000 is 34.87 m.
A 1D HEC-RAS model was developed and calibrated for the same study area (fig. 1)
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Fig. 1 - HEC-RAS model

Water surface profiles are computed from one cross section to the next by solving the Energy
equation with an iterative procedure called the standard step method. The Energy equation is written as
follows:

Z 2 + Y2 +
where:

α 2V22
2g

= Z 1 + Y1 +

α 1V12
2g

+ he

(4)

Z 1 , Z 2 - elevation of the main channel inverts [m]; Y 1 , Y 2 - depth of water at cross sections [m]; V 1 ,
V 2 - average velocities [m/s]; α 1 , α 2 - velocity weighting coefficients; h e - energy head loss [m].
The energy head loss (he) between two cross sections is comprised of friction losses and contraction
or expansion losses. The equation for the energy head loss is as follows:

he = L S f + C

α 2V22

where:

2g

−

α1V12
2g

(5)

L is discharge weighted reach length [m]; S f - representative friction slope between two sections; C expansion or contraction loss coefficient.
Conveyance is calculated within each subdivision from the following form of Manning’s equation:
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Q = K Sf
where:

(6)

Q is water discharge [m3/s]; К - conveyance for subdivision.

K=
where:

1/ 2

1.486
AR 2 / 3
n

(7)

A is flow area for subdivision [m2].

The general cross section output shows the distribution of flow in three subdivisions of the cross
section: left overbank, main channel, and the right overbank. Additional output, showing the distribution of
flow for multiple subdivisions of the left and right overbanks, as well as the main channel, can be requested
by the user. First, the water surface is computed in the normal manner of using the three flow subdivisions
(left overbank, main channel, and right overbank), and balancing the energy equation. Once a water surface
elevation is computed, the program slices the cross section into the user defined flow distribution slices, and
then computes an area, wetted perimeter, and hydraulic depth (area over top width) for each slice. Using the
originally computed energy slope (S f ), the cross section Manning’s n values, the computed area and wetted
perimeter for each slice, and Manning’s equation, the program computes the conveyance and percentage of
discharge for each of the slices. The program sums up the computed conveyance for each of the slices. In
general, the slice computed conveyance will not be the same as the originally computed conveyance.
Normally, as a cross section is subdivided further and further, the computed conveyance, for a given water
surface elevation, will increase. In order to correct for the difference in computed conveyances, the program
computes a ratio of the original total conveyance (from the normal calculations) divided by the total slice
conveyance. This ratio is then applied to each of the slices, in order to achieve the same conveyance as was
originally computed. The final step is to compute an average velocity for each slice. The average velocity is
computed by taking the discharge and dividing by the area for each of the user defined slices (HEC 2016b).
The input cross section was the same as the physical model – 52 cross section profiles. Two steady flow
data was entered - 10424 m3/s and 15250 m3/s. The HEC-RAS model was calibrated by the horizontal
variation of Manning's roughness coefficient in each cross section. The value of this coefficient was adjusted
to fix unstable runs until the computed water surface profiles best represented the observed flow conditions.
For each profile the left overbank was divided of 2 flow subdivisions, right overbank was divided of 5 flow
subdivisions and the main channel was divided of 19 flow subdivisions.
RESULTS
The constructed distorted fixed bed model and conducted tests allow obtaining data set of velocities in
the measurement net. Tests were performed for the flow values of Q=10424 m3/s – river bed formation water
discharge and Q=15250 m3/s flood maximum water discharge for a 100 years return period. The velocity
distribution for the discharge Q=10424 m3/s is shown in fig. 2. The velocity distribution for the discharge
Q=15250 m3/s is shown in fig. 3.
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Fig. 2 - Velocity distribution for the discharge Q=10424 m3/s

Fig. 3 - Velocity distribution for the discharge Q=15250 m3/s

The water surface and velocities distribution profiles generated by HEC-RAS are shown in fig. 4 and
fig. 5 and correspond to the observed water level for profile 22.
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Fig. 4 - Velocity distribution for the discharge Q=10424 m3/s for profile 22
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Fig. 5 - Velocity distribution for the discharge Q=15250 m3/s for profile 22

The results of the corresponding flow parameters – water surface profiles and flow and velocity
distribution were compared. The comparison between velocity distribution for the discharge Q=10424 m3/s
for profile 22 is shown in fig. 6. The comparison between velocity distribution for the discharge Q=15250 m3/s
is shown in fig. 7.

Fig. 6 - Velocity comparison for Q=10424 m3/s
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Fig. 7 - Velocity comparison for Q=15250 m3/s

The comparison shows a good match between the results obtained by the two methods. The
velocity distribution around the island is an exception. In particular some disadvantages can be found for the
island area. This means that either the simulated roughness in the physical model is small, or that the
roughness used in HEC-RAS model is selected large for that part.
CONCLUSIONS
Using a physical model test and HEC-RAS simulation of the Danube River between km 794000 and
km 799140 velocity distribution for two water discharges were investigated. The physical model steady flow
characteristics were compared to the HEC-RAS simulation under similar initial and boundary conditions.
The calibration of the Solid Bed Model includes checking of the boundary conditions: roughness
and slope modification; natural velocity distribution for water discharge 11800 m3/s at km 796000. The HECRAS model was calibrated by the horizontal variation of Manning's roughness coefficient in each cross
section.
The comparison shows a good match between the results obtained by the two methods. However it
must be careful when the results of the thin strips of the model are simulated especially in the conditions of
the distorted models.
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ABSTRACT
The concept of functional controllability of the milk ejection is considered, which makes it possible to predict
the intensity of milk ejection in the online mode of the milking machine. The architecture of the functional
controllability by intensity of milk ejection is developed. Input and output parameters of the structuralfunctional scheme of adaptive control of milk ejection intensity are described. An analytical model of milk
ejection intensity based on Pearson's distribution is developed. The milk ejection intensity for different
productivity and duration of cows milking is modelled. The microprocessor unit is designed using a singlechip microcontroller. It ensures the algorithm set by the central computer and implements a step of changing
the pulsation frequency of 0.1 Hz, the ratio between the cycles of 0.25%, the phase shift step of 0.1 s.
PЕЗЮМЕ
Розглянуто концепцію функціональної керованості молоковіддачею, яка уможливлює прогнозування
інтенсивності молоковіддачі в режимі он-лайн роботи доїльного апарата. Наведено архітектуру
функціональної керованості інтенсивністю молоковіддачі. Описані вхідні і вихідні параметри
структурно-функціональної схеми адаптивного керування інтенсивністю молоковіддачі.
Розроблена аналітична модель інтенсивності молоковіддачі на основі розподілу Пірсона. Проведено
моделювання інтенсивності молоковіддачі для різної продуктивності і тривалості доїння корови.
Наведена функціональна реалізація адаптивної доїльної системи та її загальний вигляд.
Мікропроцесорний блок з використанням однокристального мікроконтролера забезпечує алгоритм
роботи, який задається центральним комп’ютером та реалізовує крок зміни частоти пульсації
0.1 Гц, співвідношення між тактами 0.25 %, крок зсуву фаз 0.1 с.
INTRODUCTION
The adaptive system of cow machine milking implements the "machine-animal" biotechnical system,
provides realization of functional controllability of milk ejection intensity of animal. The effectiveness of
functional controllability of milk production depends on the parameters that ensure the quality and efficiency
of technological functions.
The adaptive milking machine must ensure the adaptation of the parameters of the technical system
to the physiology of milk ejection of the cow. The implementation of such a system is possible through selfregulation of technological characteristics of machine milking, which allows predicting the intensity of milk
ejection of cows (Dmytriv V.T., et all, 2020). However, predicting the intensity of milk ejection during milking
is an unrealized task. Accordingly, the prediction of technological parameters for the next cycle of the
technical milking system without the parameter of milk ejection of the system is incorrect.
The relevance of predicting the intensity of milk ejection in the online mode of the milking machine is
confirmed by a significant number of studies, which can be roughly attributed to the partial solution of the
problem. Thus, individual variations of daily milking and duration of single milking depending on the duration
of the milking interval are quantified, models of random factors are used to describe the impact of individual
milking interval on daily milk yield and duration of single milking (Andre G., et all, 2010). It is established that
the value of vacuum should be variable in the process of milk ejection. Adjusting the vacuum during milking
the cow increases the intensity of milk production and reduces the duration of a single milking
(Reinemann D. J., et all, 2021).
A number of researchers believe that the basis is the cow's lactation curve, which characterizes the
productivity of the animal and the influence of key factors on the milk production process. They investigate
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lactation curves, which represent the theoretical dynamics of milk yield using an iterative procedure that
corresponds to Wood's model based on daily milk data, and the influence of various factors on its
characteristics (Adriaens I., et all, 2020; Ben Abdelkrim A., et all, 2021). Such modelling of the cow's
lactation curve has a limitation, which is that to comply with the typical lactation curve the short-term
disturbances are ignored, i.e. the significant deviations of the quantitative parameters of milk from the
lactation curve are not taken into account (Adriaens I., et all, 2018). But the characteristics of the
disturbances are important for the analysis of milk productivity of cows and, accordingly, decisions on the
functional controllability of the process (Elgersma G.G., et all, 2018). Taking into consideration the
disturbances (the amount of milk is outside the lactation curve) that occur during lactation, models of
lactation with perturbation are developed that capture contrasting characteristics, from a sharp and short
decline in milk yield to a long and slow decline in milk yield (Sadoul B., et all, 2015; Nguyen Ba H., et all,
2020; Revilla M., et all, 2019)
A detailed analysis of the impact of technical and technological parameters on the functional
controllability of milk ejection is given in the review article: setting up of milking machines, the condition of
teats and the efficiency of cows milking (Odorcić M., et all, 2019).
One of the parameters of the functional controllability of milk production is the fluctuations of the
vacuum in the suction phase (sucking stroke). It is revealed that the amplitude of fluctuations is higher with
increasing of the milk ejection; this characteristic is important for the adaptation of the system in the suction
phase (Ströbel U., et all, 2016). It is important to determine the characteristics of the interaction amongst the
compression of the teat cup liner, the milking vacuum and the duration of the pulsation b-phase. It is
revealed that the increase in excessive pressure increases the hyperkeratosis, especially in highly
productive cows, which are milked three or more times a day. Increasing the vacuum causes more teats
congestion than increasing the b-phase in the most common range. And changes in average milk ejection
are much smaller than changes in peak milk ejection, so an increase in peak milk ejection did not reflect a
corresponding reduction in milking time (Reinemann D.J., et all, 2010; Bade R. D., et all, 2009). The
combination of high levels of vacuum and the open phase of teat cup liner increases the potential for
congestion at the tips of the teats (Penry J.F., et all., 2017). Conversely, a lower vacuum reduces the
intensity of milk ejection and increases the duration of a single machine milking, but there is less effect on
the teat tissue (Besier J. and Bruckmaier R.M., 2016). The determining factor in the intensity of milk ejection
is the vacuum in the sucking phase and its different levels during machine milking (Besier J. and Bruckmaier
R.M., 2016). The vacuum at the end of the sucking phase affects the teat tissue at the beginning and end of
milking. Therefore, the availability of the mathematical model of vacuum change makes it possible to conduct
simulation tests of the controllability of the machine milking process (Golisz E., et all, 2021).
Among these studies, investigations of vacuum changes in the milking system have a special place
(Achkevych O., et all, 2020; Medvedskyi O., 2018), and this is the main technical parameter of the milking
machine. The vacuum loss and fluctuations in the milking machine reduce the efficiency of milking and are
factors that affect the health of the udder of cows. They cause reverse flows of milk-air mixture, which can
reach significant velocities in the certain designs of the milking machine (Dmytriv V., 2020).
The pulsator is a component of the adaptive milking machine system. The pulsation system of the
milking machine affects the intensity of milk production, the duration of milking, the condition of the teats and
the milk amount. Therefore, the study of the influence of the pulsation coefficient on daily milk yield, milk
production intensity and duration of milking are directly related to the functional controllability of milk ejection
(Dmytriv V.T., et all, 2019). The milking process in the milking parlor with the MultiLactor milking system has
been studied, the peculiarity is that each quarter of the udder is milked separately. It is established that the
pulsation coefficient of the milking process is a parameter of adaptation and allows functional controllability
of milk ejection (Kaskous S., 2018).
Both the irregular pulses of vacuum during milking in combination with the frequency of pulsations
and high value of vacuum at the end of the teat increase the likelihood of infection of the teats and reduce
the flow rate of milk (Besier J., et all, 2016). A higher vacuum at the end of the teat reduces the peak
intensity of milk production; on teats the milking cups are moved more intensively that can lead to injuries of
tips of teats, cause an infection of an udder, and also lead to accumulation of liquid and obstruction of
channels on tips of teats (Penry J.F., et all, 2017; Wieland M., et all, 2017). A number of researchers
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analyzed the factors that have influence on the vacuum in the milking machine, they also simulated the
processes under the condition of changing the vacuum pulsations and changes in the intensity of milk
production (Enokidani M., et all, 2016; Enokidani M., et all, 2016). Other scientists have studied the effect of
vacuum on the efficiency of machine milking and the condition of teats depending on milk ejection (Besier J.,
Bruckmaier R.M., 2016; Stauffer C., et all, 2020; Parilová M., et all, 2010).
The analysis of researches shows that functional controllability of milk ejection is realized by
parameters of vacuum, pulsation frequency and off-duty factor of impulses as a function of intensity of the
milk ejection of a cow. These parameters must be set by the system in advance of the next pulse cycle.
Therefore, the prediction of the next interval of milk intensity is possible at the presence of a model of the
curve of milk intensity ejection for a concrete cow. Analysis of research has shown the absence of such
models.
The purpose of this study is to develop models of the intensity of milk ejection of cows and a system
of functional controllability of milk ejection, which will enable the implementation of an adaptive milking
system and is relevant for improving the efficiency of milking systems.
MATERIALS AND METHODS
The concept of functional controllability of milk ejection
To date, the intensity of milk ejection has been characterized as a parameter of the biological state
of the animal and the functional influence of the parameters (vacuum gage pressure, pulsation frequency,
ratio of cycles) of the technical system. The influence of these factors on the biological intensity of milk
ejection (velocity and amount of milk) was evaluated as a probabilistic process.
To implement the adaptation of the machine milking system it is necessary to consider the functional
controllability of the intensity of milk ejection by the technical system. At the reflex level, technical parameters
act as stimuli that affect sensation and physical action, as well as technological parameters of the process
(fig. 1).

Fig. 1 - Architecture of the functional controllability of milk election intensity

−
Е1+ , Е1− , Е+
і , Еі – limits of input parameters of the technical system; E 1 , E i , – optimal values of input parameters the technical system;
−
P i , P i+1 , – receptors that are affected by input parameters; H 1 , H i , – quantitative parameter of feedback self-descriptiveness; і+
Н , іН –

limits of the effective self-descriptiveness; і Н –information of functional connection on technological parameters of milk ejection

Mathematically, the characteristic of the functional controllability of the intensity of milk ejection is
formed as the dependence of the intensity of milk ejection on the technological and technical parameters of
the system:

(

)

q m = f P, τ , τ (t ), K τ i ,

(1)

where Р – the vacuum gage pressure; τ – the pulsation frequency;
τ(t) – the off-duty factor of impulses (ratio of cycles);
K τі – the coefficient of the constant of time of vacuum gage pressure increase and decrease in the
inter wall space of the milking or teat cup.
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The coefficient K τсс of the constant of time of vacuum increase (transition from the compression
stroke to the suction stroke):

Kτ сс = f (P,τ ,τ (t ), FH ) ,

(2)

and the coefficient Kτ СТ of the constant of time of atmospheric pressure increase (transition from the suction
stroke to the compression stroke):

Kτ СТ = f (P,τ ,τ (t ), FH ) ,

(3)

where F Н – the force of mounting tension of the teat cup liner in the teat cup shell.
Acceleration of closing and opening of the teat cup liner:

аω = f (P(t ), FH ) ,

(4)

where Р(t) – function of the pressure change over time (for 1 cycle of the pulsator work).
According to the above factors of the architecture of functional control, we will develop the structure
of the technological system, which will allow intensity control, as a functional adaptation to the physiology of
the process of milk ejection (Fig. 2). Functional controllability of milk ejection by the technical system is
realized by three groups of parameters: input (technological) parameters, are realized by the technical
system and control the work of the pulsator and the control chamber of the milking or teat cup; output
(information) parameters of functioning of the "teat – milking teat cup" system; information parameters, which
are implemented by algorithmic-hardware methods through the microcontroller and displayed on the
information board of the milking machine operator, on the central computer of the dispatcher and in the
database.

Fig. 2 - Structural and functional scheme of adaptive control of milk ejection intensity

ІSTP – information system for technological parameters determining; ІSDP – information system for dynamic parameters determining;

ТMMEI – thermoanemometric measurer of milk ejection intensity; τ i – pulsation frequency in the i-th moment of time; Р і (t) – pressure in
the i-th moment of time; D іK – address data, form the number of the cow; q m (t) і – milk ejection intensity in the i-th moment of time; ω(t) –
speed of closing and opening of teat cup liner; a ω (t) – acceleration of closing and opening of teat cup liner.

The model of milk ejection, as an element of functional controllability of milk election intensity, is
described mathematically and it is possible to predict it on the basis of a perspective assessment of this
parameter at the і + 1 time of milking.
Mathematical model of milk ejection intensity
Let us denote the intensity of the milk ejection q by the variable of y; the duration of milk ejection we
will denote as T, which corresponds to the duration of milking. We accept x → t condition as current value of
time. Let the milk ejection curve have the form shown in Fig. 3.
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Fig. 3 – The curve of milk ejection

Considering the fact that
condition of Δх

х is a time parameter and Δх is a quantization period corresponding to the

= const, the interval of integration of milk ejection intensity will be as follows:
t = k і ⋅ ∆х ,
where k і – the number of measurements for time t, which can be defined as k i = t/Δх.

(5)

Then
xi +

nі = yі =

t
2

∫ y(x ) ⋅ dx = y(x , b , b , b ) .
i

0

1

(6)

2

t
xi −
2

To describe the milk ejection curve, we use Pearson distribution (Korn G. et all, 1977), which are
subject to the differential equation:

dy
x−a
=
⋅ dx .
2
y b0 ⋅ x + b1 ⋅ x + b2

(7)

We determine the coefficients of b 0 , b 1 , b 2 , how:

where

(

b0 =

2 ⋅ µ 4 ⋅ µ 2 − 3 ⋅ µ32 − 6 ⋅ µ 23
;
2 ⋅ 5 ⋅ µ 4 ⋅ µ 2 − 6 ⋅ µ32 − 9 ⋅ µ 23

b1 =

µ3 ⋅ µ 4 + 3 ⋅ µ3 ⋅ µ
.
;
2
3
2 ⋅ (5 ⋅ µ 4 ⋅ µ 2 − 6 ⋅ µ3 − 9 ⋅ µ 2 )

b2 =

4 ⋅ µ 4 ⋅ µ 22 − 3 ⋅ µ 2 ⋅ µ32
.
2 ⋅ 5 ⋅ µ 4 ⋅ µ 2 − 6 ⋅ µ32 − 9 ⋅ µ 23

)

(

)

2
2

(8)

)

(

2

(

) (

)

3

µ 0 = 1; µ 1 = 0; µ 2 = µ a 2 − x − a ; µ 3 = µ a 3 − 3 ⋅ µ a 2 ⋅ x − a + 2 ⋅ x − a ;

(

)

(

)

2

(

)

4

µ 4 = µ a 4 − 4 ⋅ µ a3 ⋅ x − a + 6 ⋅ µ a 2 ⋅ x − a − 3 ⋅ x − a .
After determining the coefficients of (7) equation, we integrate the differential equation:

∫
follows:

dy
x−a
= −∫
⋅ dx .
2
y
b0 ⋅ x + b1 ⋅ x + b2

(9)

To do this, we decompose the (9) equation in the denominator of the differential into a multiplier as
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b
b 
b0 ⋅ x 2 + b1 ⋅ x + b2 = b0 ⋅  x 2 + 1 ⋅ x + 2  = b0 ⋅ ( x + k1 ) ⋅ (x − k2 ) ,
b0
b0 


(10)

where k 1 , k 2 – the roots of the equation and
2

b 
b
b
− 1 ±  1  − 4 ⋅ 2
b0
b0
 b0 
.
=
2

k1, 2

Then, after minor transformations, we obtain the equation of the parabola:
q1

q2


x 
x
y = y0 ⋅ 1 +  ⋅ 1 −  .
 k1   k2 

(11)

In (11) equation the y 0 is unknown. We will integrate by х:
k2

∫

− k1

A

y ⋅ dx = ∑
i =0

yi , accordingly

q1

k2

q2


x 
x
∫− k y0 ⋅ 1 + k1  ⋅ 1 − k2  ⋅ dx = ∑ yi .
1

(12)

We substitute the values in the equation:

z=

k1 + x
dx
⇒ dx = dz ⋅ (k1 + k2 ) .
⇒ x = z ⋅ (k1 + k2 ) − k1 , dz =
k1 + k2
k1 + k2

Under x = − k1 ⇒ z = 0 ; x = k2 ⇒ z = 1 .
Then the integral of (12) will take the form:

y0 ⋅ (k1 + k2 ) 1
k1q1 ⋅ k2q 2

q + q 2 +1

1

⋅ ∫ z q1 ⋅ (1 − z ) 2 ⋅ dz .
q

(13)

0

The subintegral expression of the (13) dependence is an Euler integral that has such a solution:
1

∫ z ⋅ (1 − z )

q2

q1

⋅ dz = B ⋅ (q1 + 1, q2 + 1) ,

(14)

0

where

B ⋅ (q1 + 1, q2 + 1) – beta function:
B ⋅ (q1 + 1, q2 + 1) =

Г ⋅ (q1 + 1) ⋅ Г ⋅ (q2 + 1) ,
Г ⋅ (q1 + q2 + 2 )

(15)

where Г – gamma function.
Gamma functions are determined by the classical method (Коrn G. et al.,1977). Taking into
consideration the dependences of (12), (13), (14) and (15), we obtain the dependence to determine the
value of y 0 :

y0 =

∑ y ⋅k
i

q1
q2
1
2
q1 + q 2 +1

(k1 + k2 )

⋅k

⋅

Г ⋅ (q1 + q2 + 2 ) .
Г ⋅ (q1 + 1) ⋅ Г ⋅ (q2 + 1)

(16)

With the dependence of (16) the (11) expression will look like:

y ⋅k
y=∑
i

q1
q2
1
2
q1 + q 2 +1

(k1 + k2 )

⋅k

q1

q2


x 
x
Г ⋅ (q1 + q2 + 2 )
.
⋅ 1 +  ⋅ 1 −  ⋅
 k1   k2  Г ⋅ (q1 + 1) ⋅ Г ⋅ (q2 + 1)

The (17) equation characterizes the milk ejection curve of a cow at the process of milking.
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RESULTS
Realization of the milk ejection intensity model
To realize the model of milk ejection intensity in the form of the (17) function, we consider an
arbitrary graphical dependence on (Fig. 3). This graphical dependence of milk ejection can be interpreted as
follows. The milk ejection interval is divided evenly by 5 [s], the total duration of milk ejection at cow milking is
378 [s], or 6.3 [min]. Accordingly, х і is the middle of the

х time interval. Then the intensity of milk ejection in
the х time interval will correspond to х і and will be y(q) і [gram/s], respectively. In fact, y(q) i characterizes
the weight quantitative coefficient of the х і argument. Then the x average value is calculated by
dependence:

x=

1
⋅ ∑ ( y (q )і ⋅ (xі − а )) + а ,
∑ y(q )і

(18)

where а – arbitrary value of х.
Under the condition of а = 67.5 at х = 5 [s] we obtain x = 74.746 . Accordingly, the moments with
respect to zero will be as follows: μ 0 = 1; μ 1 = 0; μ 2 = 3949.956; μ 3 = 192861.042; μ 4 = 28023477.44. Due to
the known values of the central moments of the μ 0 , μ 1 , μ 2 , μ 3, μ 4 , orders, the coefficients of the parabola
equation are calculated by the dependences of (8). The coefficients of the equation are b 0 = 0.46384; b 1 = 31.81023; b 2 = -1644.10432.
We solve the (19) equation of the parabola, assuming that у = 0:

у = 0.46384 ⋅ х 2 − 31.81023 ⋅ х − 1644.10432 .

(19)

The roots of the (19) quadratic equation are as follows: К 1 = 102.995; К 2 = -34.415. According to the

q 1 = -5.36; q 2 = 3.204; Gamma functions:
Г(q 1 +q 2 +1) = -7.16827; Г(q 1 +1) = -0.08295; Г(q 2 +1) = 7.7975. Then the (17) equation will look like:

calculation results, the following values were obtained:

у (q ) = 0.08356 ⋅ ∑ yі ⋅
where
gram;

(34.415 + t )3.204 ,
(102.995 + t )5.36

(20)

∑y і – the maximum amount of milk moved out by the milking machine for the duration of milking,
t – running time of the milking, s;
y(q) – milk ejection intensity, gram/s.
For the total amount of milk for one milking of a cow

milking by the milking machine
corresponds to fig. 4.

∑y і = 4000 grams and duration of one-time

∑t і = 300 s, according to (20) dependence the graph of milk ejection
у (q ) = 2.63 ⋅10 4 ⋅ ∑ yі ⋅

(26.708 + t )0.703 .
(361.555 + t )3.201

Fig. 4 – Graphical realization of milk ejection intensity described by equations: (20)
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y(q) – іntensity of milk ejection, [gram/s]; t – time if milking, [s]

The realization of functional controllability of the adaptive milking system
A general view of the hardware implementation for the study of functional controllability of the milk
ejection intensity of the technical system is shown in Fig. 5.

Fig. 5 – General view of an adaptive milking system for the study of the controllability by milk ejection

1 – pressure sensor in the artificial udder; 2 – pressure sensor in the inter wall chamber of the milking (teat) cup; 3 – pressure sensor in
the milking chamber of the teat cup; 4 – pressure sensor in the milk hose; 5 – adaptive teat cup; 6 – claw of the milker;
7 – microprocessor control unit

The microprocessor unit is designed using the Atmel single-chip microcontroller. It ensures the
algorithm set by the central computer and implements a step of changing the pulsation frequency of 0.1 Hz,
the ratio between the cycles of 0.25%, the phase shift step of 0.1 s.
CONCLUSIONS
Adaptation of the milking system is carried out in an automated mode, based on the parameters of
the milk ejection. For each cow, an individual algorithm for the intensity of milk ejection is selected. The
flexible relationship between the intensity of milk ejection of the cow and the design and technological
parameters of the milking system is provided that allows an individual approach to the function of milk
ejection for each cow separately.
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ABSTRACT
The method and parameters of experimental modelling of systems and processes in mechanical engineering
are substantiated. The theory of similarity and dimensionality is used as an intermediate link between theory
and experiment. The dimension of the factor space depends on the number of factors. The set of factors is
grouped into dimensionless similarity criteria. The selected criteria are in certain dependence, such as the
Galileo test, Euler and Reynolds numbers. Examples of application in experimental studies are given. The
use of dimension theory in a factor-planned experiment allows reducing the number of factors, simplifies the
mathematical interpretation of the response criterion and provides a graphical representation in the form of
3-D model.
PЕЗЮМЕ
Наведено методику обґрунтування методу та параметрів експериментального моделювання
систем і процесів в галузевому машинобудуванні. Використано теорію подібності і розмірності, як
проміжну ланку між теорією і експериментом, що спрощує і полегшує проведення експерименту та
забезпечує функціональний зв'язок параметрів. Розмірність факторного простору залежить від
числа факторів. Для спрощення задачі застосовано метод теорії розмірності. Сукупність
факторів згрупована в безрозмірні критерії подібності. Основні одиниці вимірювання визначають
розмірність всіх інших величин. Вибрані критерії знаходяться у визначеній залежності, наприклад
критерій Галілея, числа Ейлера і Рейнольдса. Приведено приклади застосування в
експериментальних дослідженнях. Використання теорії розмірності при факторному планованому
експерименті дозволяє скоротити кількість факторів, спрощує математичну інтерпретацію
характеру критерію відгуку і забезпечує графічне представлення у вигляді 3-D моделі. Вихід на
фундаментальні числа подібності підтверджує достовірність моделі і розширює число факторів,
які безпосередньо через числа подібності характеризують фізику процесу.
INTRODUCTION
Today, many technological processes and technical systems are evaluated by a large number of
parameters that are mutually consistent and affect the indices of control or measurement. These indicators
characterize the optimality of the system or process (Dmytriv V.T. et all, 2020). Modeling in the traditional
form of a statistical model is one of the more scalable methods, which takes into account a large number of
parameters, a significant amount of sample data and a significant range of variation. There are experimental
research methods that reduce both the number of parameters and the amount of sample data. Such
methods are as follows: analysis of basic parameters and its variants (Kettaneha N. et all, 2005; Elgamal T.
and Hefeeda M., 2015), clustering methods (Bouveyron C. and Brunet-Soumard C., 2014), variational
selection by checking the independence of factors (Fan J. and Lv J., 2008; Fan J et all, 2011) and the
smallest angular regression (Efron B. et all, 2004). For large data types, other methods have been
developed, such as sequential updates for streaming data (Schifano E.D. et all, 2016) or matrix adjustments
(Liberty E., 2013). These methods are aimed at simplifying data processing, reducing the characteristics of
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processes to linear functional dependences, but do not simplify the number of factors for multifactorial
processes, where each parameter affects the optimization criterion.
For a large number of variables in the experiment it is more appropriate to use the totality of the
methods of the dimensional analysis and modern statistical modelling of experiments (Islam M.F. and Lye
L.M., 2009; Woods D. C. et all, 2017). The dimensional method is widely used to analyze the various
processes, for this the Buckingham Pi theorem is used (Hu P. and Chang C.-kan, 2020). On the example of
a significant number of parameters, which are grouped by functional characteristics, the method of
dimensional functions shows the possibility of implementing the model on the measured data in real time
(Wang Y. et all, 2019).
Experimental and analytical modeling of processes at the level of physical phenomena and patterns,
including technical, technological and at the level of operational control of processes, requires a significant
number of factors to be taken into account. These factors characterize the relationship amongst the
parameters of the technological process and the physical and mechanical characteristics of the components
involved in the technological process. To generalize and determine the characteristics of the technological
process, it is advisable to have structured dependencies that describe in the first approximation the physics
of the process and will give possibility to determine the critical limits of factors.
The purpose of this study is to develop methods for the theory of similarity and dimensionality,
criterion values, as an intermediate component between theory and experiment. This will ensure a functional
relationship between whole sets of quantities that characterize the process at the level of the physical model
and simplify the planned experiment for processes and systems characterized by a significant number of
factors.
MATERIALS AND METHODS
Transformation of factor space by methods of dimension theory
The analysis of theoretical and experimental researches allows to conclude that in the theory of
planning of experiment the choice of parameters of process is the most important. The accepted parameters
should reflect all the main factors of the technological process, and their number should be minimal for the
planned experiment. Reducing the number of factors reduces the number of experiments and increases the
reliability of the response criterion.
The dimension of factor space depends on a number of factors, so to simplify the problem we use
the methods of dimension theory, namely the π-theorem. The essence of this theorem is that the whole set

of factors can be grouped into dimensionless similarity criteria of π 1 , π 2 , …, π i (Sonin A.A., 2001; Shen W.,
and Lin D. K. J., 2019; Albrecht M. C. et all, 2013; Jónsson D., 2014).
The application of methods of the theory of similarity and dimensionality, criterion quantities, as an
intermediate component between theory and experiment, provides a functional relationship between whole
sets of quantities that characterize the process at the level of the physical model..
The application of the proposed technique is as follows. The whole set of factors is grouped into
dimensionless similarity criteria. To find these quantities, we choose the basic units of measurement and
through them - the dimension of all other quantities. For example, the number of factors is n values, and r is

the number of values that have independent dimensions, respectively, we obtain n – r similarity criteria. The
selected criteria are in a certain dependence.
For example, we consider modelling of hydropneumodynamic processes (Dmytriv V. et all, 2018;
Dmytriv V.T. et all, 2019). Galileo's criterion, Euler's and Reynolds numbers were an analogue of the
momentum of kinetic energy, the specific indicator of the equivalent of energy consumption was the
equivalent factor of profitability or productivity, the scale factor and others were used in study. Similarly for
other modelling, for example, we consider the process of mixing a multicomponent mixture with the indices
as follows. The analogue of the kinetic energy momentum of the bulk material particle is justified as a ratio of
𝑝𝑝 ∙ 𝑔𝑔⁄(𝜇𝜇 ∙ 𝜔𝜔), where g – acceleration of gravity [m/s2], μ – dynamic flow viscosity of the bulk component
[kg/(m·s)], ω - angular speed [s-1], p – pressure in the mixing chamber of the components [kg/m2].
All selected parameters must have a physical meaning and be controlled during the experiment, meet the
requirements of compatibility and independence. The correct choice of these parameters is confirmed by a

141

INTERNATIONAL SYMPOSIUM

determinant consisting of the dimensions of these parameters, which should not be equal to zero.
Transformation of a multifactor space into a two-factor planned experiment
We consider the transformation of multifactor space into a two-factor planned experiment on the
example of air transportation in the vacuum pipeline of the milking machine. The process can be subjected to
the method of proportionality and a combination of similarity numbers through the equation of relations:

λ = f (∆p, u , g , v, ρ , i p , d ) ,

(1)

λ - coefficient of friction; Δp – pressure drop at the section, [Pa]; v – air velocity, [m/s];
g – acceleration of gravity, [m/s2]; η – kinematic viscosity of the mixture, [m2/s]; ρ – air density at a given
pressure, [kg/m3]; i p – piezometric slope of the pipeline; d – diameter of the milk pipeline, [m].

where

To find these quantities, we choose the basic units of measurement and through them we express

= 7 quantities, and r = 3 is the number of quantities
having independent dimensions, respectively, we obtain n – r = 4 similarity criteria. The selected criteria are

the dimension of all other quantities. In this case, n

in a certain dependence. Basic units of dimension: mass, length, time (Таble 1). The main parameters of air

movement are Δp,

η, d.

Table 1

Dimensionality of the parameters of the equation for milk-air mixture transporting through the milk
pipeline of the milking machine
Operation
factors

λ

Δp

v

g

η

ρ

ip

d

М

0

1

0

0

0

1

0

0

L

0

-1

1

1

2

-3

0

1

T

0

-2

-1

-2

-1

0

0

0

The correct choice of parameters is confirmed by the determinant, which consists of the dimension of
these parameters, which should not be equal to zero:

∆p
M 1
∆=
L −1
T −2

η
0
2

d
0
=1≠ 0.
1

−1

0

With taking into consideration the choice of basic units the equation (1) can be written as:

λ = F ((∆pαv ⋅η βv ⋅ d γv ) v ; (∆pαg ⋅η βg ⋅ d γg ) g ; (∆pαρ ⋅η βρ ⋅ d γρ ) ρ ;1) .

(2)

αv,…,βg,…γρ were determined on the condition that each complex is
dimensionless quantity. The values of αU, βU, γU were determined in the way of:
The coefficients of

∆Pαv ⋅η βv ⋅ d γv ( M 1 ⋅ L−1 ⋅ T −2 )αU ⋅ ( L2 ⋅ T −1 ) βU ⋅ ( L1 )γU
=
= M αv ⋅ L−αv+ 2 βv+γv−1 ⋅ T −2αv−βv+1 = 1 .
v
L1 ⋅ T −1

(3)

αv = 0
αv = 0


− αv + 2βv + γv − 1 = 0 → γv = −1 .
β v = 1
− 2αv − βv + 1 = 0



(4)

From the equation of (3) we compose a system of equations of the power expressions and solve by
finding the values of powers at their parameters:

142

INTERNATIONAL SYMPOSIUM

Accordingly, the similarity criterion for velocity was determined by the ratio:

Пv =
criteria:

η

d ⋅v

.

(5)

By analogy for other criteria, we find the values of indicators and write the ratio for other similarity

Пg =

η2 ,
∆p ⋅ d 2 .
Пρ = 2
3

d ⋅g

η ⋅ρ
Instead of the parameters in equation (1), we will substitute the criteria:

 η
η 2 ∆p ⋅ d 2  .
, 3 , 2
, i p 
λ = f 
 d ⋅v d ⋅ g η ⋅ ρ


(6)

(7)

In the equation of (7), the first component is the inverse of the Reynolds number (1/Re), the second
component is the inverse of the Galilean criterion (1/Ga), and the third component is the Euler number (Eu),
in which the η2/d2 ratio has an explicit physical content of the mixture velocity.
In equation (7), the kinematic viscosity is repeated in the first and second terms, so we multiply the
inverse of the Galilean criterion by the Euler number and the result is the second and third terms. After these
transformations, we get the following equation:


 η
∆p
,
, i p  .
λ = f 
⋅
⋅
⋅
d
g
d
v
ρ



(8)

The third term of the (8) equation is a constant value during the experiment, so we neglect it. The (8)
criterion equation will take the form of:
(9)
λ = f (Re, Eu ) ; 1 = η ; Еu = ∆p .
Re d ⋅ v
d ⋅ρ⋅g
For the planned experiment, where the response criterion is the coefficient of friction, we got two
factors, the Reynolds number and the Euler number. These criteria take into account the main parameters
on which the coefficient of friction is depended.
RESULTS
The results of experimental studies of the coefficient of friction
We consider the nature of the change in the coefficient of friction of air depending on the Reynolds
and Euler numbers according to (9) criterion equation. Reynolds and Euler numbers are calculated from
experimental data of parameters: the volume air flow of vacuum pipeline V = 0.0015-0.0060 [m3/s]; the loss
of vacuum gage pressure of the vacuum pipeline Δр = 0.6-2.2 [kPa]; the inner diameter of the vacuum
pipeline d = 0.022-0,038 [m].
The regression equation in natural values has the form of:
λ = 4.4218 − 1.3104 ⋅ 10 5 ⋅

2

1
1
 1 
+ 0.0029 ⋅ Eu + 9.265 ⋅ 10 7 ⋅   + 24.032 ⋅
⋅ Eu − 3.9655 ⋅ 10 −7 ⋅ Eu 2 .
Re
Re
 Re 

(18)

The calculated value of the Cochran test is G cal = 0.2601, which is less than the tabular of
G Т = 0.2624, accordingly, the experiment is reproduced.
The calculated value of the F-criterion is F cal = 0.2111, which is much lower than the tabular
F Т = 2.3. Accordingly, the model is adequate.
The graphical representation of the regression equation is presented in the form of a threedimensional plane (Fig. 1).
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Fig. 1 – Dependence of the coefficient of friction λ of air in vacuum pipeline on the Euler and Reynolds numbers

CONCLUSIONS
Analysis of the results of experimental studies of the friction coefficient where the factors are
Reynolds and Euler numbers, showed the identity to the theoretical studies. The coefficient of friction is
within the same limits (Dmytriv V. et all, 2019).
The use of dimension theory in a factor-planned experiment allows reducing the number of factors,
simplifies the mathematical interpretation of the response criterion and provides a graphical representation in
the form of 3-D model. Fundamental similarity numbers confirm the validity of the model and expand the
number of factors that directly through the similarity numbers characterize the physical essence of the
processes. The use of the research results allows optimal tasks control according to specified criteria.
Usage the methods of the theory of similarity and dimensionality, criterion values, as an intermediate
component between theory and experiment ensures a functional relationship amongst whole sets of
quantities that characterize the process at the level of the physical model.
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ABSTRACT
The aim is to determine the size and development trends of the markets for means of production in the
national beekeeping. The urgency of the problem stems from the important role of the markets in the means
of production in achieving the sustainable development of beekeeping and other sectors dependent on it,
given the pollination activity of bees. The study found that the markets for veterinary medicinal products
(10.2 BGN million / year), feed (16.8 BGN million / year), hives (10 BGN million / year), frames and
conventional wax foundation (9 BGN million / year), inventory and machines for processing bee products (4
BGN million / year), form markets for means of production in Bulgarian beekeeping for over 50 BGN million. /
year. Their development trends are positive and derived from those in the beekeeping sector.
OБОБЩЕНИЕ
Целта е да се определят размерите и тенденциите в развитието на пазарите на средства за
производство в националното пчеларство. Спешността на проблема произтича от важната роля
на пазарите на средствата за производство за постигане на устойчиво развитие на
пчеларството и други зависими от него сектори, предвид опрашващата дейност на пчелите.
Проучването установи, че пазарите на ветеринарномедицински продукти (10,2 млн. лв./год.),
фуражи (16,8 млн. лв./год.), кошери (10 млн. лв./год.), рамки и конвенционални восъчни основи (9
млн. лв./год.), инвентар и машини за преработка на пчелни продукти (4 млн. лв./год.), формират
пазари за средства за производство в българското пчеларство за над 50 млн. лв./година.
Тенденциите им в развитието са положителни и произтичат от тези в пчеларския сектор.
INTRODUCTION
The urgency of the problem stems from the important role of the means of production markets in
achieving the sustainable development of beekeeping and other sectors dependent on it, given the
pollination activity of bees. Ensuring innovation and the formation of high value-added bee products, as well
as access to international and regional markets, requires appropriate means of production. Bulgarian
beekeeping is under the influence of global threats and opportunities, adaptation to which requires achieving
international competitiveness through means of production, ensuring increased productivity and quality and
reducing costs for production, processing and sale.
Achieving profitable production of bee products could not be achieved without functioning markets
for means of production in beekeeping - veterinary medicines, feed and other means of production (Dinkov,
2015). The demand for means of production is determined by the needs and condition of the Bulgarian
beekeeping, by the quantity and quality of its production and import, by the existence of competition between
suppliers, by the prices, etc. These markets depend on the development of bee products, financial, labor and
other markets (Lyubenov, 2016). The aim is to determine the size and development trends of the markets for
means of production in the national beekeeping.
The sizes of the markets of factors of production in the national beekeeping covering the financial
(Lyubenov, Lyubenova, Hristakov, 2021) land and labor markets (Lyubenov, 2019) are determined. The
scale of the national product markets for honey (Lyubenov, 2019) and bee products outside its category
(Lyubenov, 2020) have also been determined. The sizes of the markets of means of production from the
national beekeeping - pollination and queen bees are also determined (Lyubenov, 2020). The purpose of this
study is to determine the size of the markets for means of production supporting beekeeping.
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MARKETS ANALYSIS
 Veterinary medicine and feed markets
The official statistics report 876.6 thousand registered bee colonies (Agrarian Report, 2020), but the
real number is more due to the fact that almost 20% are unregistered and there are actually over one million
bee colonies in Bulgaria. The number of organic bee colonies reached 33% of the total number in 2016, after
which it began to decrease to 27.6% (Agricultural Report, 2020). With one million bee colonies, organic hives
make up about 25% of the national beekeeping sector, i.e. 250,000 pieces, and the conventional ones are
750,000 pieces. Conventional and organic beekeeping needs veterinary medicinal products (VMP) to
prevent and control the most significant diseases.
Spring and autumn treatment with VMP in beekeeping requires mandatory prevention to combat the
most common global disease in the sector - varroasis. For the national conventional beekeeping the costs in
the spring and autumn are at least 4 BGN / beehive, or 8 BGN / beehive per year. In organic beekeeping the
costs in the spring and autumn are at least 8 BGN / hive, or 16 BGN / hive per year. In addition to varroa in
beekeeping, there are many other diseases - nosematosis, American and European foulbrood, aspergillosis,
etc., which require the use of VMP to combat them. Together, they form markets for over BGN 10.2 million /
year. - Table. 1.
Table. 1.
Markets of veterinary medical products in the Bulgarian beekeeping
Conventional beekeeping

Organic beekeeping

VMP

Beehives,
/number

Prices,
BGN /
beehive

Markets,
BGN,
million.

Beehives,
/number

Prices,
BGN /
beehive

Markets,
BGN,
million.

Varroa

750 000

8

6

250 000

16

4

Others

750 000

0,2

0,15

250 000

0,3

0,08

∑

6,15

4,08

Ensuring the sustainable development of Bulgarian beekeeping requires both spring and autumn
treatment with VMP and spring and autumn feeding with feed and supplements (Kirilov, 2008). The most
widely used feed in beekeeping is sugar, including for organic beekeeping, where only feeding with organic
sugar is allowed. The price of organic sugar is 2.5 BGN / kg, and of conventional sugar it is 1.4 BGN / kg
(National statistical institute, 2021). For autumn feeding 6 kg / hive are needed, and 4 kg / hive for spring
feeding, i.e. for the year we have 14 BGN / beehive for conventional beekeeping and 25 BGN / beehive for
organic beekeeping. Conventional and organic beekeeping need not only feed but also additives, together
forming markets for over 16.8 BGN million / year. - Table. 2.
Table. 2.
Markets of feed and food supplements (vitamins, biostimulants, etc.) in Bulgarian beekeeping
Conventional beekeeping
Organic beekeeping
Feed,
Beehives,
Prices,
Markets,
Beehives,
Prices,
Markets,
additives and
/number
BGN /
BGN,
/number
BGN /
BGN,
others
beehive
million.
beehive
million.
Sugar
750 000
14
10,5
250 000
25
6,25
Others
750 000
0,1
0,08
250 000
0,2
0,05
∑
10,58
6,3

 Markets of beehives, frames and wax foundation
Every year at least 10% of beehives must be replaced due to wear and tear, and the creation of new
apiaries also requires new hives. About 60% of the hives in Bulgaria are from the Dadant-Blatt (DB) system,
and approximately 40% are from a hull system - most often Langstroth-Ruth (LR). The annual turnover of
new hives exceeds 60,000 DB and 40,000 LR. The price of a new beehive DB is at least 100 BGN / piece,
and of LR at least 95 BGN / piece. The national beekeeping forms a market for beehives for 9.8 BGN million
/ year, of which 6 BGN million / year. (60,000 x100) for DB and 3.8 BGN million / year. (40 000 x 95) for LR.
The national market of hives exceeds BGN 10 million / year, as the analysis does not take into account the
turnover for the formation of new and expansion of existing apiaries.
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1
of the old brood frames and more than a of the store frames in each hive
3
5
must be replaced with new ones. This means that for 600 000 Dadant Blatt hives (DB), at least three brood
frames and one store frame and as many wax frame foundation are replaced every year. The price of a
brood frame with wire is 1 BGN / piece, and for a store frame 0.75 BGN / piece. For 400 000 beehives
Langstrout Ruth (LR), a minimum of six hull frames (four of a brood and two of a store) are needed, at a
price of a wire frame of 0.8 BGN (Bee market Ruse,2021). Given these quantities and prices, we have a
market of 4.17 BGN million / year. - Table. 3. Together with the markets for wax frame foundation (Table 4
and Table 5), they form 9.08 BGN million / year.
Table. 3.
Annually, more than a

1

Markets for frames for beehives DB and LR

Beehives,
types

Beehives,
/number

DB

Frames - brood

Frames - store

Number

Prices,
BGN /
pc.

Markets,
BGN
million

Number

Prices,
BGN /
pc.

Markets,
BGN
million

600 000

1800 000

1

1,8

600 000

0,75

0,45

LR

400 000

1600 000

0,8

1,28

800 000

0,8

0,64

∑

1 000 000

3,08

1,09

Wax foundation markets are conventional and organic. In quantitative terms they are proportional to
the types of hive systems used, frames and shares of conventional and organic beekeeping - Table. 4 and
Table. 5. The prices of the conventional wax foundation for DB are 1.2 BGN / piece for a brood and 0.6 BGN
/ piece for a store, and for LR they are 0.9 BGN / piece for both, because they are the same. The prices of
the organic wax foundation for DB are 1.44 BGN per item. for a brood body and 0.72 BGN / piece for a store,
and for LR they are 1.08 BGN / piece (Bee market Ruse, 2021). The markets for conventional wax
foundation are 3.51 BGN million / year. - Table. 4., and the organic ones are BGN 1.4 million / year. - Table.
5.
Table. 4.
Markets on conventional wax foundation

Beehives,
types

Beehives,
/number

DB

Wax foundation - brood

Wax foundation - store

Number

Prices,
BGN /
pc.

Markets,
BGN
million

Number

Prices,
BGN /
pc.

Markets,
BGN
million

450 000

1 350 000

1,2

1,62

450 000

0,6

0,27

LR

300 000

1 200 000

0,9

1,08

600 000

0,9

0,54

∑

750 000

2,70

0,81

Table. 5.

Markets on organic wax foundation
Beehives,
types

Beehives,
/number

DB

Wax foundation - brood

Wax foundation - store

Number

Prices,
BGN / pc.

Markets,
BGN
million.

Number

Prices,
BGN /
pc..

Markets,
BGN
million

150 000

450 000

1,44

0,65

150 000

0,72

0,11

LR

100 000

400 000

1,08

0,43

200 000

1,08

0,22

∑

250 000

1,08

0,32

 Markets for inventory and means for processing bee products
In Bulgaria (Agricultural Report, 2020) there are 13,771 bee farms, of which 2,440 are kept from 1 to
9. bee colonies. In each small and amateur apiary there should be inventory (beekeeping suit, bee brush,
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frame lifter hive tool, bee hive smoker, honey uncapping fork, beekeeper portable box) and industrial means
for processing bee products (manual centrifuge) - Table. 6. The inventory is usually replaced every 3 years,
and the means for processing every 20 years. They form an average annual turnover in a small apiary for
55.7 BGN / year Table 6, or 0.136 BGN million / year. for all 2,440 apiaries of this type.

Beekeeping suit
Bee brush
Frame lifter hive tool
Bee hive smoker
Honey uncapping fork
Beekeeper portable box
Beekeeping uncapping tank
Manual centrifuge

Assets and turnover in an apiary of 1 - 9 bee colonies
Quantity,
Prices, BGN
no.
/ pc.
1
30
1
6
1
6
1
25
1
7
1
30
1
70
1
350
∑
524

Table. 6.
Use,
year
3
3
3
3
3
3
20
20

∑

Turnover,
BGN / year
10,0
2,0
2,0
8,3
2,3
10,0
3,5
17,5
55,7

The apiaries with 10 to 49 bee colonies are 5,678 (Agricultural Report, 2020). The necessary minimum
inventory and means for processing bee products in such an apiary is given in Table. 7. They form an
average annual turnover of 144.0 BGN / year. for one apiary, or 0.818 BGN million / year. for all 5,678
apiaries of the same kind.
Table. 7.
Assets and turnover in an apiary of 10 - 49 bee colonies
Quantity,
Prices,
Use,
no.
BGN / pc.
year
Beekeeping suit
1
30
3
Bee brush
1
6
3
Frame lifter hive tool
1
6
3
Bee hive smoker
1
25
3
Honey uncapping fork
2
7
3
Beekeeper portable box
2
30
3
Beekeeping uncapping tank 1 m
1
320
20
Electric centrifuge - 12 frame
1
1300
20
Maturator for honey - 100 l
1
320
20
∑
2081
∑

Turnover,
BGN / year
10,0
2,0
2,0
8,3
4,7
20,0
16,0
65,0
16,0
144,0

The apiaries with 50 to 149 bee colonies are 4 093 (Agricultural Report, 2020). The necessary
minimum inventory and means for processing bee products in such an apiary is given in Table. 8. They form
an average annual turnover of 427,0 BGN / year. for one apiary, or 1,748 BGN million / year. for all 4 093
apiaries of the same kind.
The apiaries with over 150 bee colonies are 1 560 (Agricultural Report, 2020). The necessary
minimum inventory and means for processing bee products in such an apiary is given in Table. 9. They form
an average annual turnover of 829,3 BGN / year. for one apiary, or 1,294 BGN million / year. for all 1 560
apiaries of the same kind. Beekeeping farms also need specialized premises (buildings), means of
mechanization (mobile platform, trailer, lifter, vehicle), packaging (metal, glass and plastic packaging) and
others.
Table. 8.
Assets and turnover in an apiary of 50 - 149 bee colonies
Quantity,
Prices,
Use,
no.
BGN / pc.
year
Beekeeping suit
1
30
3
Bee brush
1
6
3
Frame lifter hive tool
1
6
3
Bee hive smoker
1
25
3
Honey uncapping fork
2
7
3
Beekeeper portable box
2
30
3
Beekeeping uncapping tank 2 m
1
600
20
Electric centrifuge - 20 frame
1
1600
20

149

Turnover,
BGN / year
10,0
2,0
2,0
8,3
4,7
20,0
30,0
80,0
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Maturator for honey - 250 l
Steam wax melter
Semi-automatic uncapping machine

Quantity,
no.
1
1
1

∑

Prices,
BGN / pc.
700
1200
3500
7741

Use,
year
20
20
20

∑

Turnover,
BGN / year
35,0
60,0
175,0
427,0

Table. 9.

Assets and turnover in an apiary with over 150 bee colonies

Beekeeping suit
Bee brush
Frame lifter hive tool
Bee hive smoker
Honey uncapping fork
Beekeeper portable box
Beekeeping uncapping tank 2 m
Electric centrifuge - 42 frame
Maturator for honey - 300 l
Steam wax melter
Automatic uncapping machine
Pollen dryer up to 50 kg

Quantity,
no.
2
2
2
2
2
2
1
1
1
1
1
1

∑

Prices,
BGN / pc.
30
6
6
25
7
30
600
2200
900
1200
7000
3300
15 408

Use,
year
3
3
3
3
3
3
20
20
20
20
20
20

∑

Turnover,
BGN / year
10,0
2,0
2,0
8,3
4,7
20,0
30,0
110,0
45,0
60,0
350,0
165,0
829,3

The necessary means for processing bee products and equipment depend on the size of the
apiaries. They increase absolutely with the increase in the size of the apiaries, but at the same time
decrease relative to one beehive unit. Their annual turnover from 1-9 bee colonies is 0.136 million BGN /
year, from 10-49 bee colonies it is 0.818 million BGN / year, from 50-149 bee colonies it is 1.748 million BGN
/ year. and over 150 bee colonies is 1.294 BGN million / year, forming a national market of BGN 3.996
million / year. As not all means of production are covered, it is over 4 BGN million / year.
 Markets of means of production - trends
The markets for means of production in Bulgarian beekeeping are markets for millions. Not only are
they growing, but they have significant potential that has not yet been exploited, given the rapid development
of organic beekeeping over the last decade. In essence, these are markets for mechanized means, VMP,
feed, etc., which increase labor productivity and create conditions for the creation of bee products with high
quality and low cost. They are strongly influenced by the development of product and financial markets,
which are sources of funds for investment and growth.
The markets of means of production have an important role in ensuring stable and accelerated
development of the Bulgarian beekeeping. The survival and stabilization of the sector, as well as the
achievement of international competitiveness, lead to the expansion and increase of the markets for means
of production, due to which they will continue to grow steadily. The development of the green economy,
organic and precision beekeeping form new sectors on the markets of means of production - new means of
mechanization, new VMP, new fodder and others.
Product, technological and other innovations form new means of production in conventional and
organic beekeeping - new hives (Konya, etc.), new and more precise technologies that lead to electrification,
mechanization and automation. On the one hand, they enrich and expand the markets for means of
production in beekeeping, and on the other hand, the growth rate of their prices is ahead of those of the
prices of bee products. This shows the existence of sustainable trends of positive development in the
markets of means of production in beekeeping.
CONCLUSIONS
As a result of the study of the markets for means of production in the Bulgarian beekeeping, the
following conclusions can be made:
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 markets for veterinary medicinal products (10.2 BGN million / year), feed (16.8 BGN million / year),
beehives (10 BGN million / year), frames, conventional and organic wax foundations (9.1 BGN
million / year), inventory and funds for processing of bee products (4 BGN million / year) form
markets for means of production in the Bulgarian beekeeping for over 50 BGN million / year.
 The markets for means of production in Bulgarian beekeeping are markets for millions. Not only are
they growing, but they have significant potential that has not yet been exploited, so they will continue
to grow steadily. The main generator of their development is the beekeeping sector, and they are
derivatives of its development trends.
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ABSTRACT
The Brabender farinograph is a device with which important indications for baking are obtained, namely:
dough development time (DDT), water absorption (WA), dough stability time (DST), softening degree (SD),
Farinograph Quality Number (FQN), important parameters for determining flour mixtures. These parameters
are represented on the farinographic curve drawn during the farinograph test. Dough development or
formation (formation of gluten) is represented by the ascending branch of the farinographic curve, which has
a steep ascending slope, because time (expressed in minutes), fixed on the abscissa of the diagram, has
relatively low values (about 1.2–3 min for regular flours), while consistency, fixed on the ordinate of the
diagram, reaches the maximum value (peak time) of the dough. In comparison, the descending branch of the
farinogram, which starts from the maximum value of the dough consistency (peak time), has a slow
descending slope, because the kneading time is extended up to 20 minutes, and the consistency decreases
relatively little. The paper presents the appreciation of this branch of the farinogram by mathematical
equations for several types of doughs from wheat flour mixed with buckwheat flour.
REZUMAT
Farinograful Brabender este un aparat cu ajutorul căruia se obțin indicații importante pentru panificație și
anume: timpul de dezvoltare a aluatului (DDT), capacitate de absorbție a apei (WA), timpul de stabilitate a
aluatului (DST), gradul de înmuiere (SD), Indicele de calitate farinografic (FQN), parametri importanți pentru
stabilirea amestecurilor de făină. Acești parametri sunt reprezentați pe curbă farinogragfică trasată în timpul
testului cu farinograful. Dezvoltarea sau formarea aluatului (formation of gluten) este reprezentată de ramura
ascendentă a curbei farinografice, care prezintă o pantă crescătoare abruptă, deoarece timpul (exprimat în
minute), fixat pe abscisa diagramei, are valori relativ mici (circa 1.2–3 min pentru făinuri obișnuite), în timp ce
consistența, fixată pe ordonata diagramei, atinge valoarea maximă (peak time) a aluatului. Comparativ,
ramura descendentă a farinogramei, care pornește de la valoarea maximă a consistenței aluatului (peak
time), prezintă o pantă descrescătoare lentă, deoarece timpul de frământare se prelungește până la 20
minute, iar consistența scade relativ puțin. Lucrarea prezintă aprecierea acestei ramuri a farinogramei prin
ecuații matematice pentru câteva tipuri de aluaturi din făină de grâu în amestec cu făină de hrișcă.
INTRODUCTION
Farinographic parameters (dough development time, absorption capacity, softening degree,
farinograph quality number, dough stability) are widely used to predict the functionality of flour and dough.
They can be easily identified by reading the farinographic curve drawn in farinograph experiments (figure 1).
According to the water absorption characteristic, the flour is classified as having a good and very good
capacity when the absorbed water is between 57 and 62% and a dough development time between 1.5-3
minutes. By the methodology of the response surface, the authors of the paper (Temea (Moroi), et al.,2016),
established that the optimal conditions for the maturation process of wheat flour type FA-650 (0.65% medium
ash content) it should be: storage temperature 28 °C, storage time 21 days, environmental humidity 68-70%.
For these conditions, farinographic records showed that water absorption increased by about 0.5%
compared to the initial flour (immediately after grinding), the stability time of the dough increases with ∼20%,
and the degree of softening of the dough is reduced by 27-30%.
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Fig.1. Example of a farinographic curve and how to interpret it

It is known that there is a significant correlation between the volume of bread and the characteristics of
the flours used in its preparation (protein content, Zeleny sedimentation index, dough development time,
absorption capacity, softening degree, farinograph quality number, dough stability, the last five parameters
being indicated in farinograph tests). Dough development time (peak time) shows the quality of wheat
proteins. The authors of the paper (Aydogan, et al., 2015) found values of this parameter within the limits
1.35-12.17 min, with an average value of 4.22 min for 111 Turkish grains. The absorption capacity of flour,
determined by the authors, was within the limits of 54.8-68.4% (average value 61.76%). Positive and
significant correlations were found between the volume of bread, on the one hand, and dough development
time, farinograph quality number, dough stability, flour absorption capacity, on the other hand, respectively a
significant negative correlation between the volume of the bread and the degree of softening of the dough at
12 minutes of kneading.
Dough development time, its stability to kneading and farinograph quality number, are indicators of
flour resistance, higher values suggesting stronger doughs. A high water absorption capacity, combined with
a low degree of softening indicates a good quality flour, while a high water absorption combined with a high
degree of softening indicates a poor quality flour.
The salt added to the dough has the main role of flavouring the bread, but beyond that it also
contributes to the improvement of the gluten network. Naturally, the proteins that make up gluten (gliadin and
glutein) they reject each other, but salt helps them get over this trend, practically forcing them to join in
gluten strings faster and better. However, salt in food should be reduced for better human health, so as to
achieve a maximum salt intake of 5 g per day in adults. A high dietary intake of sodium leads to increased
blood pressure and the occurrence of chronic cardiovascular disease. Bread is thus a major source of
sodium in the daily intake of the population and, therefore, various strategies are undertaken to reduce the
consumption of salt in bakery products. Research has been done on the characterization of bread dough
prepared with low-sodium sea salt or dry wheat flour dough. (Voinea, et al., 2020), as substitutes for sodium
chloride on the basis of rheological properties obtained with different apparatus, including the farinograph.
Thus, the optimal quantities found by the authors were 1.396 g of sea salt and 2.683 g of dry dough, both per
100 g of wheat flour. For these values, the absorption capacity was 60.01%, the development time 1.59 min,
the stability of the dough 1.33 min, the softening degree 88.0 UB. It has been found, however, that during
mixing and spreading, sea salt strengthens the wheat flour dough, while the dry dough weakens it.
Supplementing wheat flour with other types of flour changes, in general, the rheological characteristics
of the obtained doughs but also of the finished products. Usually the final recipes, which give the best
properties to both the dough and the finished product, are obtained through several tests and research in the
laboratory and on the production flow. Such research has been done in the past and does not stop being
done today. In this respect, supplementation with Chinese yam for the preparation of noodles has led to
changes in their chemical attributes, texture, cooking, rheology and microstructure. Moreover, the addition of
Chinese yam also affects the structure of starch granules, as well as the sensory characteristics of noodles,
and it is not recommended to substitute wheat flour with more than 30% yam in industrial applications (Sun,
et al., 2019; Li, et al., 2020).
It is known that wheat bread with bran is obtained by adding them to the kneading of the dough, after
its development in the kneader, and not by using flour mixed from the beginning with bran. Eating bran bread
significantly suppresses appetite, causing a feeling of fullness, also having a beneficial effect on the
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microflora of the digestive tract. Brans have the ability to absorb toxins and harmful substances, helping to
remove them from the body, increasing immunity and iron content in the blood, but also bring benefits to the
human body. The authors of the paper (Cardone, et al., 2020) discussed the addition of sprouted wheat bran
to wheat flour doughs. It has been shown that the sprouting process reduces phytic acid by about 20%,
insoluble dietary fibre by about 11% and water retention by about 8%, but leads to increased simple sugars
and enzymatic activities in dough processing. Changes in the interactions between fibre and gluten have
also been observed, with sprouted wheat bran leading to a worsening of the mixing properties (on the
farinogram the stability is much shorter and the degree of softening is much more pronounced) and
fermentation, but does not significantly affect the extensibility of the dough. The volume of bread, on the
other hand, increases by about 10% compared to the use of un-sprouted wheat bran, and their use could be
useful to produce fibre-rich bread with improved characteristics.
It should be noted that the use of potato starch in the preparation of wheat flour doughs leads to
changes in the water absorption characteristics of the flour mixture, decreasing significantly with increasing
potato starch content, while the stability of the dough, determined by farinograph, increases significantly with
the increase of this content. At the same time, it was found that additions of up to 5% potato starch do not
significantly affect the flour drop rate, the results being applicable to certain wheat-based foods, such as
noodles, bread, and biscuits. (Sarker et al., 2008).
The authors of the paper (Slukova et al., 2017) studied the characteristics of wheat flour (with gluten)
and buckwheat (gluten free) doughs in order to evaluate changes in protein structure during dough
formation. It has been shown that the mixing time significantly affects the structures of the three-dimensional
gluten networks in wheat and buckwheat doughs, which can ultimately influence the quality of the dough
baking. At the same time, there were pronounced differences between undeveloped, optimally developed
and overmixed wheat dough, but no significant differences were observed between the structures of
undeveloped, optimally developed and overmixed buckwheat doughs.
The characteristics of mixtures of wheat flour and buckwheat were also studied by the authors of this
paper in (Stefan et al., 2018). The addition of whole buckwheat flour to wheat flour influenced the
technological and rheological parameters of the flour mixtures. Thus, the increase in the amount of whole
buckwheat flour (from 10% to 40%) leads to a decrease in the fall time (from 411 s to 234 s) and the
sedimentation index (from 28 ml of wheat flour to 18 ml). Also, the increase of the buckwheat flour content,
leads to the increase of the amount of water absorbed at mixing from 58.6% to 79.9%, as well as the
development time of the dough from 2.2 min. at 8.7 min., but the stability of the dough decreases
significantly. Farinograph quality number also had significant changes.
Based on the farinographic curves obtained for eight wheat flours of different varieties, a mathematical
model was developed to simulate the middle curve of the farinograms. The model consisted of five common
first- and second-order differential equations that describe the dynamic behaviour of state variables using
four kinetic parameters to estimate the mean curve of the farinogram (Hermannseder et al., 2016).
The expression of the farinographic curve by mathematical functions is generally cumbersome
because it has at least two variations along it, namely a steep increase on its first portion, followed by a
portion of the curve decreasing slowly, possibly with sinusoidal variations, depending on the type of flour and
the additions to change its quality. An attempt at mathematical expression of the farinographic curve is
presented in the paper (Mis et al., 2017), the authors presenting the differences obtained between
farinographic curves for plain flour and supplemented flour with eight types of botanical fibres from the
market. The results presented by the authors showed differences between farinograms, their shape being
strongly influenced by the supplements introduced, in the sense that two peaks appeared along it. The
presence of these peaks allowed the distinction of two types of rheological activity of each fibre supplement,
namely the weakening or strengthening of the consistency of the bread dough during its development. If the
carrot, oat, cranberry and cocoa fibres predominantly showed an action of strengthening the consistency of
the dough, the fibres of chokeberry, carob, apple and flax had mainly an action of weakening its consistency.
The mathematical equation proposed in the mentioned paper has two terms, one for each visible
portion of the farinographic curve.
The paper presents the variation of the farinographic curves after reaching the point of maximum
consistency and the equations that represent the respective curves, for the farinograms obtained in
experiments with wheat flour in which different percentages of salt were added (between 0-2%), as well as
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the differences obtained between them. The curves were obtained by regression analysis using the
experimental data obtained in the MS Ofice Excel program for plotting consistency farinographic curves
using the Brabender electronic farinograph.
MATERIAL AND METHOD
The authors of this paper have previously performed farinographic determinations on a series of different
flours, with different percentages of added salt (Voicu et al., 2016), different percentages of other types of flours
(Voicu et al., 2012; Stefan et al., 2018; Munteanu et al., 2015) or different amounts of water added (Voicu et al.,
2017).
Research in the field continued to find a method for estimating the farinographic curve by mathematical
relations, including how to change the parameters of the equations used in regression analysis depending on the
type of flour used to prepare the dough.
The farinographic curve, together with its parameters, shows the evolution of the structure and consistency
of the dough during kneading and some basic rheological characteristics of it. The two branches of the
farinographic curve can be expressed relatively easily by mathematical equations, although not much is known in
this regard.
In paper (Voicu et al., 2016), the authors of this paper have tried to identify the main Eulerian mathematical
functions that can assess the development and formation of the dough (the ascending part of the farinogram) until
reaching maximum consistency, for wheat flour dough with different percentages of added salt. Weibull function,
lognormal function, hyperbolic function, exponential function and gamma function were tested, the most
appropriate degree of correlation being given by the gamma function. (R2 ≥0.967).
Moreover, Mis et al. (2017) tested a composite sigmoid function (with two basic components) to describe
how the dough consistency of wheat flour dough mixed with eight types of dietary fibre.
The E-Brabender farinograph with which the determinations were made has the capacity of the vat of 300 g
of flour (450-500 g of dough), and the possibility of maintaining a constant temperature (30+1 ºC). The farinograph
software records the measurement data, evaluates them according to standard methods (AACC, ICC) and prints
the farinographic curve together with some data related to the properties of flour and dough.
For the experimental research were used samples of flour type FA-650 with an average moisture content of
11%, mixed with salt in percent from 0.4% to 2%, compared to flour. The flour used was procured from the S.C.
Spicul S.A. Roșiorii de Vede, from the wheat production in the southern part of Romania in 2008. The
methodology of the experiments complies with the AACC 54–21 method, for farinographic experiments and with
the AACC 54–50 method for determining the flour absorption capacity and with the instructions in the technical
book of the apparatus.
The determinations were performed in June 2009, in the specialized laboratory of the Department of
Biotechnical Systems of the Polytechnic University of Bucharest.
The absorption capacity of the flour was determined according to the moisture content of the flour,
previously determined with a MAC-110 thermobalance, with heating with halogen lamps, at a drying temperature
of 105 ° C and the type of flour. It had values between 60.2 - 63.7%.
Based on the experimental data obtained in the farinographic experiments, the correlation of the values of
the experimental points on the descending branch of the curve with two known mathematical functions was
tested:
[a]. exponential type:
[b]. power type:

(1)

𝑦𝑦 = 𝑎𝑎 𝑒𝑒 −𝑏𝑏𝑏𝑏

(2)

𝑦𝑦 = 𝑎𝑎 𝑥𝑥 𝑏𝑏

The aim of the paper is not to present the characteristics of wheat flour dough with different percentages of
salt, but rather to present the possibility of identifying the farinographic curve with an exponential or power
mathematical function, as well as how it varies the coefficients of the equation with the parameters of the dough.
RESULTS
Table 1 shows the values of the parameters of the farinograms obtained in experiments with FA-650 flour,
by adding salt in different percentages.
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Parameters of flour dough farinograms with different salt contents, recorded in experiments

Salt (%)
0%
0.4%
0.8%
1.2%
1.6%
2.0%

WA (%)
63.7
61.4
61.8
61.2
60.6
60.2

DT (min)
2.0
2.8
2.5
2.3
2.5
2.3

S (min)
5.8
13.5
15.6
16.1
18.7
18.7

DS (f.u.)
49
18
9
19
16
11

C max (f.u.)
528
477
470
508
484
490

Table 1

FQN
43
148
165
150
185
200

WA – water absorption, DT – development time, S – stability, DS – degree of softening, Cmax – maximum consistency,
FQN – farinographic index; f.u. – farinographic units

The results of the regression analysis regarding the variation of the descending part of the farinographic
curves for the maximum curve, the average curve, respectively the minimum curve, of the farinogram are
presented in fig.2 and table 2.
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Fig. 2 – Curves obtained by regression analysis for the stability and softening phase of the dough
(the regression function is presented only for the median curve of the farinogram)

The analysis of the data presented in Table 1 shows that the increase of the salt content in the dough
leads to the hardening of the dough, a phenomenon observable by the values of the degree of softening,
which decreases in principle with the added salt content, but especially by the values of the farinographic
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index FQN which gives an appreciation of the power of the flour when mixing (the values of FQN increase
constantly with the increase of the salt content).
The analysis also shows that, for values of the amount of salt greater than or equal to 0.4%, the
amount of water absorbed by the flour shows values of approx. 61.04 ±0.5% for a 95% confidence interval,
while the degree of softening of the dough obtained has average values of 14.6 ±3.4 f.u., for the same
confidence interval, and the maximum consistency of the dough does not reach the threshold of 500 f.u.
which means less water added to the kneading (consistency had average values of 485.8 ±11.3 f.u. at a
confidence interval of 95%).
Table 2

The values of the coefficients of the regression equations and of the correlation coefficient R2, for regression
analysis of flour dough farinograms with different salt contents

Salt (%)
0%
0.4%
0.8%
1.2%
1.6%
2.0%

a
527.61
493.20
494.51
521.66
512.89
498.98

𝐶𝐶 = 𝑎𝑎 · exp (−𝑏𝑏 · 𝑥𝑥)
b
2·10-4
2·10-4
2·10-4
2·10-4
2·10-4
1·10-4

R2
0.992
0.986
0.957
0.975
0.971
0.938

a
813.90
762.95
742.89
813.80
787.44
711.94

𝐶𝐶 = 𝑎𝑎 · 𝑥𝑥 𝑏𝑏
b
-0.086
-0.084
-0.080
-0.088
-0.084
-0.070

R2
0.933
0.891
0.831
0.863
0.860
0.796

From the analysis of the drawn regression curves, in relation to the experimental points, as well as from the
analysis of the values of the correlation coefficient R2 presented in table 2, the concordance of the proposed
mathematical laws with the experimental data is ascertained. However, the values of the correlation coefficient R2
shows a better correspondence of the experimental data with the exponential law, which has values in the range
0.938-0.992 for this function, while for the power type function its values R2 were in the range 0.796-0.933.
We must also note that the salt added to the dough gives the farinographic curves visible undulatory
variations especially on the maximum curves, where they are further away from the regression curve, but also on
the minimum curves, respectively on the median curve of the farinogram. The farinographic curve for salt-free
dough (compared to which we refer) is smoother and has fewer ripples, which makes the regression function
have a higher value of the regression coefficient.
900

1,1
1

700

Coefficient R2

Coefficient of equations

800

600
500

0,8
0,7

400
300

0,9

Eq. 1
0,0

0,4

0,8

1,2

Eq. 2
1,6

0,6

2,0

Percent of salt in dough, %

0,0

0,4

0,8

Eq. 1

Eq. 2

1,2

1,6

2,0

Percente of salt in dough

Fig. 3 – Variation of the values of the coefficients of the exponential and power regression equations
left – coefficient of equations; right – coefficient R2

We find that, both for the exponential function and for the power function, the coefficients and exponents of the
mathematical relations have relatively close values, with small variations depending on the percentage of salt
added to the kneading. Thus, for the exponential law, the coefficient of the mathematical relationship shows a
sudden decrease in value with the addition of salt to the dough, but increases as the percentage of salt increases,
but does not reach the value it has for dough without salt. However, for salt percentages above 1.6% the values of
this coefficient show a decreasing trend (figure 3).
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The values of this coefficient fall within the limits 508.14 ±10.72, for a 95% confidence interval, and the
correlation coefficient obtained in the regression analysis is R2 = 0.970 with an average of deviations ±0.014.
The same mode of variation, relatively identical, is presented by the power function coefficient. Here, its
values are on average 772.15 ±29.72 within the 95% confidence interval, but the correlation coefficient has much
lower values, ie R2 = 0.862 ±0.035 in the same confidence interval, with a standard deviation ±0.042.
Regarding the values of the exponents of the mathematical relations used in the regression analysis, they
are very close, regardless of the percentage of salt added to the dough.
If we compare the values of the coefficient of the exponential relationship with those of the maximum
consistency of the dough obtained at kneading, we find that these values are relatively close, which may lead to
the conclusion that this coefficient could be set at the average maximum consistency values (with deviations
previously), but in this case the values of the exponent of the relationship could be different from those obtained
previously.
In the case of the power type relationship, the values of the relationship coefficient have values very
different from those of the maximum consistency of the dough, and the comparative analysis between the two
categories of values does not have a physical significance in the kneading process.
CONCLUSIONS
Farinographic curves are used for the rheological assessment of doughs obtained mainly from wheat flour
to which various quantities of other cereal flours may be added. This curve can provide important information for
workers in the bakery technology flow, both in terms of flour and dough parameters and in terms of material
balance (with reference to the amount of water added, the percentage of salt or the quantities of other food flours).
Being a curve with two slopes, one steep ascending and one descending with a smooth slope, the
farinographic curve could be represented by mathematical functions that express as confidently as possible the
curve obtained with the help of the Brabender electronic farinograph.
Both the ascending part of the farinographic curve and its descending part can be appreciated by
exponential or power type mathematical functions (but also by other types of functions), with a greater or lesser
degree of correlation.
It is necessary to identify that mathematical relationship that is as close as possible to the curve obtained
experimentally, so that through other mathematical artifices can obtain additional information about the physical
and rheological characteristics of the dough and flours used.
The authors of this paper discussed the use of exponential and power mathematical functions to describe
the farinographic curve of an FA-650 flour with different percentages of added salt. In addition to the information
that the farinographic curve initially transmits, the parameters of the mathematical relations (coefficients and
exponents) and the R2 correlation coefficient were identified. Correlation coefficient shows the degree of proximity
or distance of the mathematical functions of the real farinographic curve. For the second part of the curve (the
downward slope with a smooth slope), it was found that this coefficient has values R2 = 0.970 ±0.014 for the
exponential mathematical function (for a 95% confidence interval), which shows a relatively high degree of
correlation.
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ABSTRACT
In recent years, smart sensor applications have shown a growing interest in agriculture. The applications aim
at the efficient planning of several activities and missions, using limited resources with as little human
interference as possible. The use of new farming methods is already very popular among farmers. During
the cultivation of plants, for the growth and flowering of plants, special attention is paid to temperature,
humidity, light intensity, nutrient and water solution level, pH, CO 2 concentration, time and atomization
interval. The paper presents several methods for intelligent assessment of plant development by
automatically measuring their height.
REZUMAT
În ultimii ani, aplicațiile inteligente cu senzorii prezintă un interes în creștere în agricultură. Aplicațiile au ca
scop planificarea eficientă a mai multor activități și misiuni, utilizând resurse limitate cu interferențe umane
cât mai reduse. Utilizarea de metode agricole noi este deja foarte populară printre cultivatori. În timpul
cultivării plantelor, pentru creșterea și înfloritoare a plantelor, se acordă o atenție deosebită la temperatură,
umiditate, intensitatea luminii, nivelul soluției de nutrienți și apă, pH-ul, concentrația CO 2 , timpul și intervalul
de atomizare. In lucrare sunt prezentate câteva metode pentru evaluarea inteligentă a dezvoltării plantelor
prin măsurarea automată a înălțimii acestora.
INTRODUCTION
The decision on when to irrigate is usually an automatic process in greenhouses. The intelligent
irrigation system is used for planning and scheduling automatic watering periods, just like an experienced
farmer.
Among the growth parameters, in intelligent irrigation applications, plant height is used to detect the
stress caused by lack of water.
Manual measurement of plant height, with a measuring tape or other portable instruments, can be
inaccurate, time consuming and can easily damage plants during the measurement process.
Automating plant height measurement can make this process more efficient, more accurate and
more suitable for large-scale agriculture.
The most widely used methods for estimating the height of plants currently used are ultrasonic
sensors, LiDAR (LASER IMAGING, DETECTION AND RANGING) and UAS (UNMANNED AERIAL
SYSTEMS or DRONE) that capture images with high spatial resolution. Each has unique advantages and
disadvantages. The ultrasonic sensor is usually inexpensive and easy to use with a long history of use in
measuring plant height (Fricke, T. et al., 2011).
However, some of its disadvantages include the low accuracy of the sensors when the sensors
reach beyond the measured plants, due to the larger field of view - FOV (Sun, S. et al., 2017, Manea, D. et
al., 2019), the sensitivity of the sensor to temperature because the speed of sound changes accordingly
(Barker, J. et al., 2016) and the sensitivity of sound waves to the size of the leaves of the plant, its angle and
surface (Fricke, T. et al., 2011).
LiDAR and UAS are relatively new methods for estimating different plant traits, such as height,
biomass and soil cover (Jimenez-Berni, J.A. et al, 2018; ten Harkel et al, 2020).
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LiDAR is considered a widely accepted and promising sensor for 3D plant reconstruction due to its
high spatial resolution, low beam divergence and versatility, regardless of ambient light conditions
(Underwood, J. et al., 2017; Jimenez-Berni, J.A. et al, 2018).
LiDAR and UAS are relatively new methods for estimating different plant features, such as height,
biomass and soil cover (Jimenez-Berni, J.A. et al, 2018). LiDAR is considered a widely accepted and
promising sensor for 3D plant reconstruction due to its high spatial resolution, low beam divergence and
versatility, regardless of ambient light conditions (Underwood, J. et al., 2017; Jimenez-Berni, J.A. et al, 2018;
Walter, J., et al. 2019; Walter, J.D.C., et al. 2019).
However, LiDAR is expensive and the data obtained can be bulky and difficult to process. UAS has
been increasingly used in phenotyping crops in the last decade. A low flight altitude allows the capture of
images with relatively high spatial resolution and is flexible in terms of temporal resolution and the types of
sensors implemented. However, the UAS has a payload and limited flight time (Deery, D. et L., 2014), and
the pilot must have a certain level of competence to obtain data of optimal quality.
Ultrasonic sensors, LiDAR and UAS have been exploited in the past for a wide range of crops.
However, ultrasonic sensors and UAS were not able to provide consistent height estimates compared to
LiDAR. For example, the ultrasonic sensor was used to estimate the height of cotton, alfalfa, wild
blueberries, leguminous grass (Fricke, T. et al., 2011), Bermuda grass, barley and wheat, with reported
values for root-mean-square deviation or root-mean-square error, a commonly used measure of the
differences between the predicted values of a model or estimator and the observed values, (RMSE) from
0.022 to 0.072 and a coefficient of determination R2 from 0.44 to 0.90.
Similarly, UAS has been applied to different crops, including maize, sorghum and wheat, and the
results in various studies have varied widely, with R2 from 0.27 to 0.99. On the other hand, LiDAR was used
for crops such as cotton (Sun, S. et al., 2017), blueberries (Virlet, N. et al., 2017; Underwood, J. et al., 2017;
Deery, D. et L., 2014) and wheat (Virlet, N. et al., 2017; Underwood, J. et al., 2017; Deery, D. et L., 2014;
Jimenez-Berni, J.A. et al, 2018) and RMSE from 0.017 m to 0.089 m and R2 from 0.86 to 0,99.
In studies of the use of terrestrial LiDAR, a model is used in an experimental field with a trolley with
which a LiDAR moves continuously at a constant speed.
For a system with multiple sensors, this could be problematic because sensors, such as cameras,
often need to be stationary to record high-quality data, which causes difficulties in software programming to
operate streams simultaneously. multiple data of the sensors, as well as in maintaining the speed during
operation.
Recent studies also show that the TERSTRIAL LASER SCANING (TLS) method is suitable for
capturing small objects such as crops. Recent test results have shown that the high density of measuring
points allows us to establish ways of measuring crop height with a resolution of 1 cm. For the tested fields,
strong correlations were obtained (R2=0.91) between the heights of the plants derived from TLS and
measured manually, which confirms the accuracy of the scan data. Studies have shown the advantages of
TLS for determining plant height and consequently, the laser scanning method is a promising tool for
precision smart farming.
The paper presents several methods for intelligent assessment of plant development by
automatically measuring their height.
MATERIALS AND METHODS
Experiments with the LIDAR-based measurement method were performed together with the
ultrasound method during the 2018 growing season at Agronomy Research Farm in Lincoln, USA (40.86027
N, 96.61502 W). The experimental field consisted of 100 wheat plots where a scheme with 10 repeated
attempts was used twice. Wheat lines consisted of 80 wheat genotypes produced at the University of
Nebraska - Lincoln, USA. The planting was done on October 20, 2017, and the plots were harvested on
June 29, 2018.
During the season, five data collection campaigns were carried out. The 100 plots were scanned by
a ground phenotyping system and a drone. The plots were also measured using an indicator, using two
methods, depending on the stage of growth. In vegetative stages, plant height was measured from the soil
surface to the top of the stem or apical bud (method A). In the reproductive stages, the height of the plants
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was measured from the soil surface to the top of the top (method B) (Fricke, T. et al., 2011). For each plot,
three measurements were made and mediated, defining the reference height of the plot.
Support with LIDAR and ultrasound sensors were mounted on a motorized trolley with automatic
movement (Fig.1).

Fig. 1 – Trolley with LIDAR and ultrasound sensors

The measuring sensor has an opening angle of 14o and was installed at a height of 4.27 m. The
measurement rate was 20 Hz. The sensor outputs a DC signal whose voltage level varies between 0 and 10
V. The voltage value is proportional to the distance between the sensor and the object.
The signal from the LIDAR sensor is transferred via Ethernet. The sensor emits 16 laser beams with a
wavelength of 903 nm and detects distances of up to 100 m. The sensor has an emission angle of 30o with a
resolution of 2o and in the horizontal plane 360o with an adjustable resolution between 0.1o and 0.4o (Fig.2).

Fig. 2 – Scan sketch of cultivated areas using LIDAR and Ultrasound sensors

The method of measuring plant height by scanning the crop with LASER was used in an experiment
structured in three campaigns during the research period, which includes the vegetative stage of the plants
in a rice crop. The campaigns took place on 1, 9 and 17 July 2012.
The Riegl LMS-Z420i terrestrial laser scanner (Riegl LMS GmbH, 2010) provided by Five Star
Electronic Technologies was used for all verification campaigns.
The instrument was fixed on a tripod, with the sensor mounted 1.5 m above the ground. To achieve a
higher height, the tripod was installed on a small trailer behind a tractor. To capture all fields and minimize
shading effects, the entire study area was scanned from nine positions.
To allow a good combination of the set of points in post-processing, at least four common connection
points are required for each scan position. Also, six high-reflection cylinders were fixed, mounted on the
dikes between the fields, to ensure the required number of connection points, for each position. In the first
campaign, the positions of all the poles were marked on the field.
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Throughout the vegetation period, in order to monitor the development of the plants, manual
measurements were performed, which were references for the results of the determination by scanning.
Plant heights were measured manually and destructive biomass sampling was performed, corresponding to
all scanning campaigns.
RESULTS
The program for sensor control and data acquisition, through measurement method based on LIDAR
and ultrasound, was developed in LabVIEW version 2016 (National Instrument) Fig. 3.

Fig. 3 – Custom LabVIEW program on the application

The voltage signal given by the ultrasonic sensor is converted by the program into the distance
according to the following formula:
D = 29.116V +11.64

(1)

where:
D – distance [m];
V – sound signal voltage [V.]
Crop height is determined by the relation:
Hc = Hs - D

(2)

where:
Hc – crop height [m];
Hs – ultrasonic sensor height [m].
Hs the first measurement is determined before starting the data acquisition, in the area where the soil
surface is clean, by the same measurement procedure. If Hc is zero then Hs=D.
A subroutine was developed for LIDAR and included in the main program. The subroutine receives the
data packets through the user's LIDAR data acquisition protocol. Each data packet contains the azimuth and
distance for each of the 16 laser signals. The subroutine extracts the data and converts it to 3D in the
Cartesian coordinate system.
In fig. 4 shows an example of a LIDAR measurement.
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Fig. 4 – Example of measurement with LIDAR

The processing of the data collected by the method of measuring the plant height by scanning the
culture with LASER was performed in several stages.
The processing of the data collected by the method of measuring the plant height by scanning the
culture with LASER was performed in several stages.
The first steps of the processing, involving the recording of the scanning positions and the merging of
the set of points, as well as the filtering and extraction of the area of interest were performed with the Riegls
RiSCANPRO software, which is delivered with the laser scanner by its manufacturer.
ArcGIS Desktop 10 was used for spatial analysis. A common reference area is required to calculate
plant heights. From the multitude of ground points in the first campaign, a digital reference image of the
cultivated area was created. Next, a crop area model was generated, for each plot, for all campaigns. By
decreasing the reference in each image of the scanned area (Figure 5) results the height of the plant above
the ground, for each specific stage of the growing period. By decreasing the consecutive surface images, we
determine the growth of the plant between different stages, measured spatially.

Fig. 5 - General concept of construction of temporal surface models of crops

CONCLUSIONS
LiDAR scanning to assess plant growth has been shown to be effective in reducing the influence of
soil unevenness. The method of measuring plant height by LiDAR scanning proved to be quite accurate.
This methodology can be a good reference for future studies that aim to develop a static style of
measurement.
The ultrasonic measurement method is heavily influenced by uneven terrain and could only be
used in greenhouses, where uneven terrain is insignificant.
The laser terrestrial scanning method for obtaining 3D images is suitable for non-destructive
monitoring of plant height, for example in rice crops as well as in biomass estimation. Very high spatial
resolution and the accuracy of the set of points obtained are the most remarkable features of laser terrestrial
scanning. An impediment to the method would be that transporting the scanner to the field can cause some
problems.
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ABSTRACT
This article presents the application of a methodology for estimating carbon dynamics from a forest, in a
case study from Romania under a business-as-usual scenario. The results contain the carbon forecasts from
the European Scenario Model for European Forest Information software. Based on the input parameters that
mainly were determined based on the information from the forest management plan of the study area, the
results of the simulation encompass the carbon dynamics in aboveground and belowground biomass, as well
as in the harvested timber.
REZUMAT
Acest articol prezintă aplicarea unei metodologii de estimare a dinamicii carbonului dintr-o pădure, într-un
studiu de caz din România, presupunând un scenariu în care pădurea este gestionată conform planului de
gestionare. Rezultatele conțin prognozele de carbon obținute cu the European Scenario Model for European
Forest Information. Pe baza parametrilor de intrare care au fost determinați în principal pe baza datelor din
planul de gestionare a pădurilor din zona de studiu, rezultatele simulării cuprind dinamica carbonului în
biomasa supraterană și subterană, precum și în lemnul recoltat.
INTRODUCTION
Climate change is affecting the sequestration capacity of the trees and the vegetation is reacting to
high CO 2 levels by increasing photosynthesis and decreasing evapotranspiration (Al-Anezi et al., 2008;
Cramer et al., 2001). However, as a result of climate change and ecosystem degradation, the stored carbon
is at risk of being released into the atmosphere (Field et al., 2014). Another important sink considered in this
study is the belowground biomass, due to its capacity of storing approximately two-thirds of the carbon from
forests (Goodale et al., 2002; Nave et al., 2010). Soil C accumulation is significant not just for its involvement
in the global C cycle, but also for its impact on forest production (Nave et al., 2010).
Sustainable forest management is widely recognized as one of the most cost-effective climate change
mitigation techniques for increasing forests' capacity to store carbon (Pache et al., 2021). Therefore, forest
stand information is essential to understand the carbon dynamics trends and how these are changing due to
the different ecosystem processes (i.e., growth, disturbances, mortality and management practices) (Bara et
al., 2020). At European level forests sequester yearly approximately 10% of the greenhouse gases (GHG)
emissions (EEA, 2019; Gren et al., 2018). Thus, forests sequester significant quantity of C that is absorbed
through photosynthetic activities, however by deforesting and decreasing forest areas, large amount of C
may be released into the atmosphere (Van der Werf et al., 2009; Milionis et al., 2019).
Understanding C dynamics necessitates the development of techniques at subnational level (Mertz et
al., 2018). Thus, the aim of this study: to analyse the carbon dynamics in a forest under a business-as-usual
scenario using The European Scenario Model for European Forest Information (EFISCEN). The carbon
stocks were calculated using the aforementioned model and empirical growth data from the investigated
area's management plan. EFISCEN is running on matrices that contain data on forests, usually taken from
national forest inventories (Mason and Meredieu, 2011;).
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MATERIALS AND METHODS
From a geographical point of view, the study area is situated in the Moldavian Plateau in eastern
Romania (figure 1). The region is dominated by non-irrigated arable lands, followed by grasslands (pastures)
and forestland, each with an area of approximately 10000 ha. With a continental climate, the region is
characterized by mild to extremely hot summers and moderate to extremely cold winters.

Fig. 1 - The study area localization and the types of land cover. The most abundant tree species are oaks.

The model used in this study, the European information Scenario Model (EFISCEN) was developed
to generate scenarios in order to provide baseline forecasts of European forests (Bostedt et al., 2016). Thus,
scenarios may be generated to develop an understanding of the outcomes, for example, of the management
practices that are undertaken in a given forest or of the climate change. In order to achieve as accurate
results as possible, the input data is comprising information from the management plan of the study area.
Based on this, matrices were generated comprising data regarding the state of the forest (i.e., distribution by
age classes and volume classes, area and growth). In order to cover a longer timeframe, the simulation
starts in 2015 and ends in 2065.
It is crucial to analyse the management practices, since the way the practices are implemented can
decrease the capacity of the forests to sequester carbon dioxide, thus, along with its degradation
exacerbating global warming (Andronache et al., 2017). Three types of management practices were
identified: thinnings, final fellings and no intervention. The harvest periods were determined based on the
information from the management plan for each subunit of production (SUP) (table 1). The SUP can be
described as follows: SUP A is considered to be regular forest, with common varieties of tree species, SUP
Q is formed mainly by Robinia pseudoacacia, within SUP O are forest areas that are going to be returned to
their initial owners, SUP K is seed reservation and SUP M and E are forests under special conservation and
forests subject to integral protection regimes. Therefore, the simulation has one main region, a forest district
with 5 SUP and 4 types of wood (Hardwood, Softwood, Coniferous and other types). The input data contains
the age class structure, area, average volume and the current annual increment on age class. The area is
used from the management plans and the latter two data were determined using the volume and increment
from the same management plans. The aforementioned data were organized in matrices with 7 age classes
and 10 volume classes.
Table 1. The rotation periods used in the simulation
SUP Q
SUP O
SUP M+E

SUP A
H
W

SF

C

O

H
W

S
F

C

O

H
W

S
F

C

O

H
W

Age of Harvest (years)
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SUP A

SUP Q

SUP O

Min 97, Max 110

Min 24, Max 25

Min 97, Max 100

SUP M+E

SUP K
0

Thinning Range (years)
Min 20, Max 110

Min 20, Max 25

Min 20, Max 100

0

Note: HW = Hardwood, SF = Softwood, C = Coniferous, O = Other types of wood

The growing parameters were calculated based on the formula developed by Schelhaas et al.
(2007). The biomass share was determined using biomass expansion factors from different studies
measurements (Wiedemann, 1936/1942; Wirth et al., 2004; Blujdea et al. 2012; Le Goff and Jean-Mark
2001; Ionescu et al., 1967).
RESULTS
The beginning of the simulation proves to contain the highest carbon content, both in soil and
aboveground biomass (Figure 2). After this period, the carbon content decreases. Beginning in 2030, forest
carbon stocks in living biomass are expected to have a steadily declining sink capacity, resulting in
significant changes in residual carbon stocks (Deng et al., 2016; Lewandrowski et al., 2014; Ciceu et al.,
2019). The aforementioned fact, can be observed in this study. However, the decrease was observed to start
in 2040, both in aboveground biomass and soil. By the end of the simulation, trees will sequester 2523.93
Gg of carbon and in the soil will be stored a total of 18598.49 Gg of carbon.

Figure 2. Carbon dynamics in aboveground biomass, soil and the total carbon sequestered in the
aforementioned pools

EFISCEN offers the possibility to analyse the carbon content even at tree compartment levels
(Figure 3). The highest carbon content is sequestered in the stem of trees, followed by the branches coarse
roots and the lowest carbon content is sequestered by the fine roots.

168

INTERNATIONAL SYMPOSIUM

Figure 3. Carbon sequestered in tree compartments

In order to understand the fluctuations in the carbon content in aboveground biomass, it is important to
analyse the management practices (Figure 4). Thinnings are undertaken in the first part of the simulation,
followed by fellings. The highest volume of carbon removed through thinnings was simulated in 2020 and
through the fellings the peak is in 2060. The highest volume of carbon removed in thinnings is 44.95 Gg C
and in fellings is 70.39 Gg C. Thus, through the management practices, a total of 628.57 Gg C is removed
from the forest.

Figure 4. Carbon dynamics in management practices

CONCLUSIONS
Within this study the results of a method for estimating forest carbon dynamics are presented. The
European Scenario Model for European Forest Information software was used. The input data is based on
the management plan of the studied area. This fact increases the confidence level of the results. Thus,
making this approach suitable for developing future simulations in order to compare the results with in-situ
measurements, other scenarios and to develop future climate change mitigation strategies.
It has been found that in the belowground biomass is sequestered with almost 14% more carbon
than in the aboveground biomass. The total carbon content sequestered in the studied area, both in

169

INTERNATIONAL SYMPOSIUM

belowground biomass and in aboveground biomass, is 21122.43 Gg C. The management practices influence
the carbon content. Therefore, through thinnings a total of 296.93 Gg C are removed and through fellings a
total of 331.637 Gg C.
This approach may be utilized to create a methodology for improving the accuracy, quality, and
predictability of reporting approaches. However, it is crucial to develop other scenarios in order to identify the
best management approach in terms of sustainability and climate change mitigation.
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ABSTRACT
The kinematic model of an anthropomorphic robotic arm was created. The phalanges were considered rigid
rods. The dimensions, the initial position and orientation, as well as the relative rotation angles of each
element with respect to the previous one were considered. An analysis was performed through the direct
kinematics method, using the rotation matrices corresponding to each hand element. Based on the
theoretical considerations, the final positions of the components have been determined, as well as the
trajectories of the finger-endpoints. The results are intended for the control of a hand-arm system built by the
authors.
REZUMAT
A fost creat modelul cinematic al unui braţ robotic antropomorf, în care falangele au fost considerate bare
rigide. S-au utilizat dimensiunile, poziţia iniţială şi orientarea fiecărui element, precum şi unghiurile de rotaţie
relative ale fiecărui element faţă de cel precedent. Sistemul a fost analizat folosind metoda cinematică
directă, cu ajutorul matricelor de rotaţie corespunzătoare fiecărui element,. Pe baza consideraţiilor teoretice,
au fost determinate poziţiile finale ale componentelor, precum şi traiectoriile vârfurilor degetelor. Rezultatele
vor fi utilizate pentru controlul unui sistem mână-braţ construit de către autori.
INTRODUCTION
The anthropomorphic grippers have recently became an increasingly interesting research subject for
many researchers due to the versatility of the grapping method and because they confer the possibility of
manipulating an already grasped object, in contrast with the capabilities of the grippers currently used in the
industry (Murray, R.M. et al, 2006; Touvet, F. et al, 2012).
The human hand is a complex biological mechanism composed of 27 bones (14 phalanges, 5
metacarpals and 8 carpals) which can be mechanically modelled as a system of rods connected by single
and double joints with 25 degrees of freedom (Abdel-Malek, K. et al, 2006; Săvescu, A.V. et al, 2004).
The human arm, excluding the hand, is a redundant mechanism because the number of controllable
degrees of freedom, 3 in the shoulder joint, 1 in the elbow joint and 3 in the wrist joint, is higher than the total
number of degrees of freedom for the arm and forearm, which is equal to 6 (Murray, R.M. et al, 2006).
For an adult person, there can be found in the literature (Adewusi, S. et al, 2014) the following mean
values for the length of the upper arm and for the forearm: 285mm and 260mm, respectively. Mean lengths
for the phalanges and metacarpals can be found in the literature, as well (Buryanov, A., Kotiuk, V., 2010).
These dimensions are presented in Table 1, where the finger number is defined in Figure 1.
The mean lengths of the metacarpals and phalanges (Buryanov, A., Kotiuk, V., 2010)
Length of the
Length of the
Length of the
Length of the
Finger
metacarpal
proximal phalanx
middle phalanx
distal phalanx
[mm]
[mm]
[mm]
[mm]
I
46.2
31.6
21.7
II
68.1
39.8
22.4
15.8
III
64.6
44.6
26.3
17.4
IV
58.0
41.4
25.7
17.3
V
53.7
32.7
18.1
16.0
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Fig. 1 - The human hand in the model proposed by Abdel-Malek (Abdel-Malek, K. et al, 2006)

There are two main methods of analysing the kinematics of the hand-arm system: direct kinematics
and inverse kinematics (Kurfess, T.R. (Editor), 2005).
In this paper, the final position of every component of the hand-arm system will be determined using
the direct kinematics method, for given rotation angles about the joints and known mean anthropomorphic
dimensions of the human arm and hand.
MATHEMATICAL MODEL
The bones are considered rectilinear rigid rods with the dimensions given in Table 1. Although the
human hand has only simple and double joints, the mechanical modelling becomes considerably easier by
using the general mathematical transformations, valid for spherical joints. Unlike the phalanges, the carpals
do not have a relative motion with respect to each other, therefore they make up a rigid subsystem.
The nineteen bones in the human hand which move relatively with respect to each other (14
phalanges and the 5 metacarpals) create a mechanical system with 57 degrees of freedom (DOF). By
adding the degrees of freedom conferred by the other three spherical joints of the shoulder, elbow and wrist,
a 66 DOF mechanical system can be obtained, as seen in Figure 2.

Fig. 2 - The model of the human hand used for the study

Considering that the time variations of the rotation angles are known, it follows that the
transformation between two positions of an arbitrary point is represented as a function of the initial position
and time. Therefore, in the case of the rotation, this transformation has the form (Murray, R.M. et al, 2006)

f ( X 1 , t ) = [R ](t ) ⋅ {X 1 } ,
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where

[R](t ) is a 3 by 3, time dependent rotation matrix.
The matrix of rotation about an arbitrary axis is given by Rodrigues’ formula (Bishop, R.H. (Editor),

2002)

[R]({u}, α ) = {u}(u ) + ([I ] − {u}(u )) ⋅ cos α + [AS ]({u})sin α ,

(2)

where:
-

{}( )

u , u represents the column and the row matrix, respectively, of the components of the rotation axis
unit vector;

[I ]

represents the identity matrix in
is the rotation angle;

R 3×3 ;

α
[AS ]({u}) is a skew-symmetric matrix

 0
[AS ]({u}) =  u z
− u y


− uz
0
ux

uy 

− ux  .
0 

(3)

Using the notations c=cos(α) and s=sin(α), the rotation matrix can be written as:

 u x 2 (1 − c ) + c
u x u y (1 − c ) − u z s u x u z (1 − c ) + u y s 

[R] = u x u y (1 − c ) + u z s u y 2 (1 − c ) + c u y u z (1 − c ) − u x s  .
2
u u (1 − c ) − u s u u (1 − c ) + u s
u z (1 − c ) + c 
y
y z
x
 x z

a) Rotation about the Ox axis with
the angle φ

b) Rotation about the Oy axis with
the angle θ

(4)

c) Rotation about the Oz axis with
the angle ψ

Fig. 3 - The rotations of the reference system with respect to the three coordinate axes

If the rotation takes place with the angle

(u ) = (1

ϕ , about the Ox axis (Fig. 3a), the unit vector is

0 0 ) , and the rotation matrix becomes (Murray, R.M. et al, 2006; Angeles, J., 2006):
0
0 
1

[Rx ](ϕ) = 0 cos ϕ − sin ϕ .
0 sin ϕ cos ϕ 

If the rotation takes place with the angle

(u ) = (0

(5)

θ , about the Oy axis (Fig. 3b), the unit vector is

1 0 ) , and the rotation matrix becomes (Murray, R.M. et al, 2006; Angeles, J., 2006):
 cos θ 0 sin θ 
R y (θ) =  0
1
0  .
(6)
− sin θ 0 cos θ
If the rotation takes place with the angle ψ , about the Oz axis (Fig. 3c), the unit vector is
(u ) = (0 0 1) , and the rotation matrix becomes (Murray, R.M. et al, 2006; Angeles, J., 2006):

[ ]

174

INTERNATIONAL SYMPOSIUM

cos ψ − sin ψ 0
[Rz ](ψ ) =  sin ψ cos ψ 0 .
 0
0
1

(7)

If the reference system is rotated first about Ox, next about Oy and finally about Oz (Figure 4), the
composed rotation matrix is obtained by multiplying the rotation matrices (5)-(7) (Angeles, J., 2006; Spong,
M.W. et al, 2002):
R xyz ϕ, θ, ψ = R x ϕ R y θ R z ψ .
(8)

[ ](

It results

) [ ]( )[ ]( )[ ]( )

cψ ⋅ cθ
− cθ ⋅ sψ
sθ 


(ϕ, θ, ψ ) = cϕ ⋅ sψ + cψ ⋅ sϕ ⋅ sθ cϕ ⋅ cψ − sϕ ⋅ sθ ⋅ sψ − cθ ⋅ sϕ ,
 sϕ ⋅ sψ − cϕ ⋅ cψ ⋅ sθ
cψ ⋅ sϕ + sθ ⋅ sψ
cϕ ⋅ cθ 

[R ]
xyz

(9)

Fig. 4 - Succession of rotations

Since the mathematical model of the arm consists of rods and spherical joints, the problem of
determining the configuration of the system can be reduced to one of finding the positions of the endpoints of
the rods for any given angle. For a simpler system consisting of only two rods, as seen in Figure 5, in order
to determine the final position of the second rod, the final position of the endpoint of the first rod must be
determined first.

Fig. 5 - Composing the rotations of a system with 2 rods

The initial coordinate system Ox2y2z2 of the rod 2 can be obtained by translating the rotated
coordinate system Ox1’y1’z1’ of the rod 1’ along the Oy1’ direction.
By introducing the column matrix of the components of the unit vector of the direction of rod “i”
before the rotation, {X}i,
after the rotation, {X}i’,
the following relations can be written:
X 1 = R xyz ϕ1 , θ1 , ψ 1 X 1 ' ,
(10)

{ } [ ](
){ }
{X }2 = [Rxyz ](ϕ 2 , θ 2 , ψ 2 ){X }2 ' ,

(11)

As stated before, systems Ox 2 y 2 z 2 and Ox 1 ’y 1 ’z 1 ’ are parallel, meaning that the directions of their
respective rods are identical:
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{X }2 = {X }1' ,

(12)

By substituting relations (10) and (11) in relation (12), the final direction of the second rod can be
determined without previously determining the final direction of the first rod:
X 1 = R xyz ϕ1 , θ1 , ψ 1 R xyz ϕ 2 , θ 2 , ψ 2 X 2 ' ,
(13)

[ ](

{ }

)[

](

){ }

By extrapolating relation (13), a formula can be established for a chain of n rods, in order to find the
direction of the n-th rod using the rotation matrices:
X 1 = R xyz ϕ1 , θ1 , ψ 1 ⋅  ⋅ R xyz ϕ n , θ n , ψ n X n ' ,
(14)

[ ](

{ }

[ ](

)

){ }

This rotation matrices are orthogonal, i.e. their transposes are equal to their inverses.
INPUT DATA
The model of the hand-arm system has been analysed in a right-handed orthogonal coordinate
system, with axis Oz initially in the vertical direction and Oy along the corresponding segment.
The origin of the system (the shoulder) is located at a height H=600mm above a fixed 300x300mm
platform.
Both the arm and the forearm are initially parallel, with the previously given dimensions.
The initial directions of the metacarpals and the phalanges are identical and given through their
rotation angles around the Oz axis in Table 2, with the lengths defined in Table 1.
The rotation angles of the metacarpals and phalanges of each finger around the Oz axis
Finger
Ψ 0 [rad]
I
II
III
IV
V

Table 2

π4
π 30
0
− π 30
− π 15

The variation of the angles has been chosen linear between 0 and their maximum value.
The maximal rotation angles chosen for the arm, forearm and wrist joints can be found in Table 3.
The rotation angles of the arm, forearm and wrist
Angle
Arm
Forearm
Wrist

−π 4
π4
−π 4

φ
θ
ψ

π4

0

0

π2

π2

0

Table 3

The carpals are represented as rods, connecting the endpoints of the metacarpals with the wrist joint
and have similar motions. Therefore, there is no need to define the rotation angles of the carpals, since they
are identical to those of the wrist.
Around the Oy axis, neither the metacarpals, nor the phalanges are rotated.
The rotation angles of the metacarpals and phalanges about the Ox axis
Proximal Median
Distal
Finger Metacarpal
phalanx phalanx phalanx
I

−π 2

II

0

III

0

IV

0

V

0

π4
−π 4
−π 4
−π 4
−π 4
176
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−π
−π
−π
−π

4
4
4
4

π5
−π 4
−π 4
−π 4
−π 4

Table 4
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The rotation angles of the metacarpals and phalanges about the Oz axis
Proximal Median
Distal
Finger Metacarpal
phalanx
phalanx phalanx
I

−π 8

−π 6

-

−π 6

II
III
IV
V

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

Table 5

The rotation angles chosen for the metacarpals and phalanges about the Ox and Oz axes of the
reference system are defined in Tables 4-5.
RESULTS
Taking into consideration that the initial directions of every rod, as well as the rotation angles about
each of the main axes are given, a MATLAB program has been written in order to represent the arm and
hand, as well as the variation of the elements of the rotation matrices during the entire motion.
The trajectories of the tip of each finger regarding the 3 fixed reference system axes are given in
Figures 6-8.

Fig. 6 - Trajectory of the fingertips with respect to the Ox axis

Fig. 7 - Trajectory of the fingertips with respect to the Oy axis
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Fig. 8 - Trajectory of the fingertips with respect to the Oz axis

Using the data given in Tables 2-5, the initial and the final position of the hand-arm system were
determined and were illustrated in Figure 9.

Fig. 9 - Initial and final position of the hand-arm system
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CONCLUSIONS
The full rotation matrices of a rod can be determined through successively multiplying the independent
rotation matrices of the intermediate rods. The calculus of the matrices allows the determination of the
direction of each element.
In order to define the position of a rod, it is necessary to know its origin point, the dimension and
direction of the respective element. The direction can be obtained by means of the rotation matrices and the
dimension of the rod is already known and remains constant, due to its rigidity. The origin point of the rod
coincides with the end point of the previous rod in the kinematic chain.
Using the direct kinematic method, the final position of the hand-arm system can be determined by
knowing the dimensions and initial orientation of each segment of the system, as well as the rotation angles
about the 3 principal directions of the system.
The considerations presented in this paper are intended for the construction and control of a hand-arm
system.
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ABSTRACT
Hemp (Cannabis sativa L) is a plant whose use is expanding in countless industries. Given that there are
many facilities to purchase hemp now, it is important for growers to produce the best quality product for
processing. In this article, different conditioning solutions (cleaning, sorting and storage) and technical
equipment are analyzed in order to obtain high quality seed material or raw materials for industrial hemp
processing..
REZUMAT
Cânepa (Cannabis sativa L) este o plantӑ a cӑrei utilizare se extinde în nenumărate industrii. Având în
vedere că ȋn prezent există multe facilitӑţi pentru a achiziționa cânepă, este important pentru cultivatori sӑ
producӑ produsul de cea mai bună calitate pentru prelucrare. Ȋn acest articol sunt analizate diferite soluţii de
condiţionare (curӑţire, sortare şi stocare) si echipamente tehnice utilizate ȋn vederea obţinerii de material
semincer de ȋnaltӑ calitate sau de materii prime pentru procesarea cȃnepei industriale..
INTRODUCTION
In order to process, store and capitalize the seeds for sowing, immediately after harvest, must be
maintained the properties of biological value, of improvement and maintenance of those of cultural value, of
carrying out appropriate treatments against diseases and pests, of packaging and labeling the seeds
according to destination and the provisions of the regulations in force, to periodically analyze the seeds in
accredited laboratories and to deliver or use them only on the basis of quality certificates or analysis bulletins
(Duda M., et al., 2007).
Also, the seeds of each cultivated species can reach a maximum quality level in a complex of
conditions that ensure the most favorable interactions between their genetic nature and the large number of
variables during their formation on the plant and during harvesting, primary processing, conditioning and
preservation (Tenu I e al., 1988; Mogȃrzan A. et al., 2003).
During formation and maturation there are a number of factors that can prevent this maximum level
from being reached, either by all the seeds produced by the respective crop, or only by some plants or some
seeds on a plant. It is generally considered that the seeds reach their maximum quality at the beginning of
full maturity, and from this moment, either on the plant or in the period from harvesting to sowing, except for
physiological maturation in some species, only deteriorating processes take place (Mureşan T. et.al., 1986;
Jovičić D. et.al, 2019 ).
On the other hand, the quality of a crop, as well as of the products obtained after processing, crucially
depends on maintaining a favorable climate during the storage period, maintaining the physical and chemical
properties of the seeds resulting from the harvest. Non-compliance with the rules cancel the good practices
applied by farmers during each stage prior to this time.
Hemp (Cannabis sativa L) is a plant whose use is expanding in countless industries. Given that there
are now many facilities to purchase hemp now, it is important for growers to produce the best quality product
for processing.
This article analyzes different solutions for cleaning, sorting and storage in order to obtain high quality
seed material or raw materials for processing industrial hemp.
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MATERIALS AND METHODS
Seed damage is associated with genotype, history and physical and chemical compositions. Hemp
seed can be dried to a low moisture content and stored at low temperature for several years. According to
the literature, hemp seeds contain 20 ÷ 25% protein, 20 ÷ 30% carbohydrates, 10 ÷ 15% insoluble fiber and
especially 25 ÷ 35% oil which was considered to be the main contributor to seed damage (Garavand et al.,
2013; Mahapatra N., 2020).
The steps prior to the introduction of the seeds in the conservation depot are shown schematically in
figure 1.

Fig.1 – The seed processing stages in order to preserve them and use as sowing material

Processors require industrial hemp seeds which are of good quality and which generally comply with
the following standards and their explanations as shown in table no.1 (Kaliniewicz Z., 2021; Suriyong S. Et
al., 2015).
Table 1
Requirements regarding the physico-chemical properties of industrial hemp seeds for processing
No.
1

Properties
Variety

Requirements
From the approved list of hemp
varieties

2

Color
appearance

3
4

Aroma and smell
Purity

light aroma and smell of walnut
99,9% of cleaned seeds
the
maximum mixture of impurities is
0.1% by weight

5

Toxins

6

Moisture

acceptable levels of coliform and ecoli
< 8÷9%.

and

Brown-gray seeds

Remarks

Good quality ripe hemp seeds will have
dark marks on them.
Degraded, immature or frozen seeds
have a light brown, colorless seed
layer.
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All poor quality seeds must be removed
through
the
cleaning
process.
Contamination with other crops,
especially wheat, weeds and foreign
materials, can lead to a repeated
cleaning process and reduced or
rejected raw materials
-

INTERNATIONAL SYMPOSIUM

To maintain optimum quality, harvested hemp seeds require immediate aeration within 3÷4 hours of
harvest. Harvesting capacity should be appropriate to aeration capacity and seed drying.
Growers can improve the quality of hemp seed crops by minimizing their damage during harvesting,
cleaning and handling.
Samples are taken throughout the conditioning process to ensure that the seeds are of the highest
quality. After completion of the conditioning process, a sample must be sent (taken) for testing. This will
ensure that the seeds meet official standards, while providing all the information needed for certification.
With the help of the technical equipment manufacturing industry, high-performance equipment has
been developed to meet the processing and conditioning needs of hemp.
Drying technique is typically the single greatest determinant of end-product quality. Over-dried product
will have low yield and under-dried product will mold.
Hemp seed is large, similar to wheat, and air moves through it easily (Păun A. et.al, 2018; Dudarev I.
et al., 2020). One to three weeks of aeration is required to dry grain, depending on ambient conditions, grain
moisture, fan and bin capacity.
Fluid beds use evenly distributed airflow to suspend and fluidize product, like ping-pongs ball over
airstreams. Heat is used to improve performance, but because it is not the primary driver of evaporation,
does not burn the oils like other popular methods. Because fluid beds perform best with shredded material,
they are ideal for pre-rolls and extraction biomass.

1-material intake port

2- exhaust port

3-circular screen
4-air intake plenum
5-discharge spout
6-air distributor
7-quick-disconnect
8-spring suspension
9-gyratory motor drives
with variable eccentric
weightscowl

Fig.2 – Fluid bed dryer- constructive scheme
(https://abmequipment.com/hemp-processing/drying/hemp-drying-systems)

Fluid bed dryers (fig.2) use air traveling at a rate just higher than the product’s terminal velocity,
suspending the product above the grate. The large amount of dry air passing through the product achieves
the same dry-rate as rotary (tumble) dryers without the use of high temperatures. Because they require
homogenized product and can degrade product by up to 2 points, they're most popular for extraction
biomass and pre-rolls.
Drying methodology is arguably the most important factor in differentiating processors and provide a
competitive edge. Until recently, tumble and belt dryers have been the standard for the industry, however,
both have inherent flaws and drawbacks. Tumble dryers use heat as an accelerant.
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Belt dryers draw air from above, which creates concentrated air streams which inevitably causes wet
spots which are prone to mold or over-drying.
Technological processes of separation and cleaning seeds are extremely important, since seed quality
and cost depend on these processes. The seed separation and cleaning processes are carried out on
separators of various types (Mureşan T et al., 1986; Duda M et al., 2007).
Hemp separators are placed after the dryer to separate the stalks and stems from the bud. Because
bucking is too tedious for large-scale operation, it’s much more efficient to grind everything together and
separate it once dry. These separators are incredibly resilient, easy to use, and come with hardware to
accommodate changing biomass properties.

Fig.3 - Circular vibratory screeners, Principle of operation
(https://www.kason.com/assets/files/Kason_Vibroscreen_Brochure.pdf?r=false)

The main screening assembly of a screener (fig.3) is suspended on rugged springs that allow it to
vibrate freely while minimizing power consumption and preventing vibration transmission to the floor. The
assembly is equipped with one imbalanced-weight gyratory motor that creates multi-plane inertial vibration
for the purpose of controlling the flow path of material on screen surfaces, and maximizing the rate at which
material passes through the screen.
Material is fed onto the center of the screen, causing particles larger than screen apertures to travel
across the screen surface in controlled pathways, and exit through a discharge spout located at the screen’s
periphery, while particles smaller than screen apertures pass through the screen onto a lower screen or exit
through a lower discharge spout.
Seed cleaning equipment will also need to be thoroughly cleaned to ensure cross contamination with
other grains, especially wheat, does not occur. Most seed cleaning equipment, including air and screen,
indent and gravity tables, are suitable. Color sorters are becoming more common for ensuring the seed
meets the strict quality specifications of 99.9 % purity because purity is a key issue with hemp seed. A
representative sample of the cleaned hemp seed should be collected after cleaning and submitted to the
processor according to their requirements.
RESULTS
Storage of seed is an important process of plant production to avoid unfavourable environmental
conditions and the acceleration of the deteriorations, which is started after harvest. Storage conditions play
an important role to maintain high seed quality, which directly related to environmental conditions (mainly
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temperature and relative humidity). However, the sensitivity of seed to high temperature is depended on the
water content that the higher moisture content, the looser viability. Seed deterioration is associated with the
genotype, seed history and their physiological and chemical compositions. As in hemp, seed is determined
as an orthodox seed that can be dried to low moisture content (mc) and stored at low temperature for several
years (Suriyong S. et al., 2015).
When selecting storage systems for hemp, priority should be given to cleanliness, handling,
conditioning and aeration capabilities.
Hopper bins with aeration are the best choice. Flat metal bins with aeration flooring are also a good
choice. Mini-bulk bags have been used to store hemp seed as long as the moisture content is eight per cent
or less.
To plan and perform seed processing operations a thorough knowledge of the physical and
mechanical properties of seeds is required. The structure and operating parameters of processing machines
are largely determined by the seed properties.
Based on the evaluated properties, seeds are classified by those that are the most suitable for
industrial processing and the production of propagating material, food, or feed. Only certified seeds that have
been graded based on their size should be planted to guarantee uniform field emergence and uniform
stands, which are easier to cultivate and harvest Because sorting processes based on seed mass are
difficult to implement in industrial practice due to considerable variations in seed size and mass, other
physical parameters that are significantly correlated with the seed mass are used in sorting and cleaning
operations (Kaliniewicz Z. et al., 2021).
Therefore, the specific attributes of the processed seeds, the variations in the physical properties of
seeds, and the correlations between these properties should be thoroughly examined before planning
industrial operations.
CONCLUSIONS
Growers can improve the quality of hemp seed crops by minimizing their damage during harvesting,
cleaning and handling. This can be achieved by harvesting a higher percentage of acceptable moisture
content from seeds and by slowing down the speed of harvesting devices, harvesting and cleaning
equipment.
To preserve grain quality, hemp seed must be properly dried, stored and monitored. Regardless of
the storage method, the stored products must be periodically supervised and controlled, so that unfavorable
phenomena can be prevented and combated.
The adequacy of artificial aeration or drying of hemp seeds depends on the moisture content of the
seeds at harvest and the temperature / humidity conditions of the ambient air. It is essential to correlate the
drying and conditioning capacity of the hemp seeds with the harvesting speed, being recommended to have
an excessive drying capacity of the seeds, thus avoiding the risk of losing the quality of the seeds.
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ABSTRACT
For the efficient management of emergency situations, a unitary and permanent global coordination of the
prevention and management activities of this type of situations is necessary. Consistently, in recent years, at
the national level, deficiencies have been reported within the departments with emergency response
responsibilities, mainly due to the insufficient number and inefficient endowment of intervention equipment,
endowment with inadequate communication systems and lack of support for logistical and operational costs.
In this context, the paper presents some equipment for interventions in emergency situations, manufactured
and commercialized on internal and international profile market, as well as the SMARTISU mobile platform
developed by C4PRO ENGINEERING S.R.L. within a national research-development-innovation project.
REZUMAT
Pentru gestionarea eficientă a situaţiilor de urgenţă este necesară o coordonare unitară şi permanentă la
nivel global a activităţilor de prevenire şi gestionare a situaţiilor de acest tip. În mod consecvent, în ultimii ani,
la nivel naţional, au fost semnalate deficienţe în cadrul departamentelor cu atribuţii de intervenţie în situaţii
de urgenţă, în principal din cauza numărului insuficient și dotarea ineficientă a echipamentelor de intervenție,
dotarea cu sisteme inadecvate de comunicații și lipsa suportului costurilor logistice și operaționale. În acest
context, lucrarea prezintă câteva echipamente pentru intervenții în situații de urgență, realizate pe plan intern
și internațional, precum și platforma mobila SMARTISU dezvoltată de firma C4PRO ENGINEERING S.R.L.
în cadrul unui proiect național de cercetare-dezvoltare-inovare.
INTRODUCTION
Emergency situations management operations are defined as an organized set of actions, processes
and components gathered in an extended area, at a given time, combined in a relational manner and
requiring unitary coordination in order to achieve the expected result. These operations require a planning,
concentration and deployment of forces and means under a unitary coordination. Depending on the main
purposes of the activities of the professional services for emergency situations, the operations can be for the
prevention of emergency situations and for the management of emergency situations.
In the usual practice of emergency services, the following types of emergency management
operations are carried out:
1. actions for monitoring and evaluating certain types of risks;
2. prevention actions through control activities;
3. activities of preparation of the intervention or preparation of the answer through exercises starting
from simulations of a real emergency situation;
4. response actions or operative interventions.
If the first 3 types refer to the concept of operations for the prevention of emergency situations, the
last category refers to the actions for managing the emergency situations executed after the occurrence of
the emergency situation. Scenarios for the use of emergency response equipment are determined by the
mission they must fulfill, namely to contribute to the informational assurance of the operational management
of emergency situations, in exceptional situations generated by a series of types of risks such as those
presented. in table 1:
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Table 1

Types of risks that may generate exceptional situations in which intervention equipment may be used

No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Types of risks
Landslides or collapses
Falling objects from atmosphere or cosmos
Earthquakes
Disasters at sporting / mass events
Large-scale public events
Fires (major forests fires)
Floods
Material danger - (chemical, biological, radiological, nuclear) non-terrorist causes and incidents caused by these risks
Aircraft crashes
CBRN terrorism - (chemical, biological, radiological, nuclear)
Conventional terrorism / siege / hostages

Information support in the situations listed above is provided by the Common Operational Image,
built around situation data and situation maps. Consequently, the main functionalities of an emergency
intervention equipment are focused on providing the information necessary to build the Common Operational
Image of the exceptional situation.
The emergency intervention equipment will provide information support for a series of activities
carried out within the information management system for emergency situations:
• Realization of intervention plans
- must be able to support the development of intervention plans specific to each risk area and
each event;
- must be able to identify the routes of the intervention units and the sources of risk in order to
plan the resources needed for the intervention;
- must be able to identify the risks associated with objectives or areas of interest.
• Intervention management
- must be able to support the intervention leaders with information about ongoing events and
contribute to the achievement of the Common Operational Image;
- must be able to intervene in exceptional situations by consolidating in a coherent framework
all the information coming from its own sensors and to transmit the information to the management of the
intervention in order to achieve the Common Operational Image necessary for decision-making;
- must be able to feed and update information on the tactical situation of the intervention, thus
allowing the operational management to visualize the situation of the intervention in real time and to compare
the intervention plan with the situation on the ground.
• Assessment of damages caused by exceptional situations
In post-intervention activities, equipment must be able to assess and record the damage caused by
exceptional situations once they have been removed. Records include the assessment of the affected area
(eg delimitation of the flooded area), localities, buildings and infrastructure affected during the event.
MATERIAL AND METHOD
Internationally, there are only a few well-known manufacturers of emergency response equipment,
but the systems are much simpler and cannot be technically and functionally configurable, correlated with
market requirements.
The ARTEMIS truck (fig. 1) is produced by the Romanian company PRO OPTICA S.A. and has
been equipped by the Romanian Border Police since 2010.
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Fig. 1 - The ARTEMIS truck (https://prooptica.ro/)

The composition of the system is presented in table 2:
Name

Car platform
HVAC
Horizontalization system
Vetronics
Thermal camera
Daylight camera
Laser rangefinder
P&T platform
Telescopic pillar
Command and control console
Monitors
Positioning
Tracking
Radar
Acoustic sensors
UAV
Radio and satellite communications
Operating
Operators
Water tanks
Electric Generator
Perimeter protection
Fire extinguishing system

Observations
Yes, 4x4 Land Rover Discovery 3 type
Vehicle AC, Webasto for heating
No
No
Yes
Yes, Color
Yes
Yes
Yes, 2.5 meters, 40kg
Yes
Yes 2x17”
Yes, GPS and Compass
No
No
No
No
Yes, just Tetra radio
8 hours
2 persons
No
No
No
No

Table 2

The Scorpion 07 surveillance system (fig. 2) designed and built by the South African company
Desert Wolf is intended for the installation on the vast majority of 4X4 vehicles with double cab. The system
is intended to be operated by 2 users.

Fig. 2 – The Scorpion 07 surveillance system (http://www.desert-wolf.com/dw/)
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The composition of the system is presented in table 3:
Name

Car platform
HVAC
Horizontalization system
Vetronics
Thermal camera
Daylight camera
Laser rangefinder
P&T platform
Telescopic pillar
Command and control console
Monitors
Positioning
Tracking
Radar
Acoustic sensors
UAV
Radio and satellite communications
Operating
Operators
Water tanks
Electric Generator
Perimeter protection
Fire extinguishing system

Observations
Yes, 4x4 double cab
Yes, the one installed on the vehicle
No
No
FLIR sensor
Yes, Color
Yes
Yes
Yes, 5 meters, 45kg
Yes
Yes 2x22”
Yes, GPS and Compass
Yes
Yes
Yes
Yes
Yes
48 hours
4 people
100 liters
Yes, 2KVA - petrol
No
No

Table 3

The 4x4 vehicle intended for security and surveillance designed and built by the company
LDV - USA (fig. 3) with high passing capacity because it is equipped with suspensions and offroad tires. The
vehicle, at first glance, seems to be a production truck when not on a mission. During the mission the vehicle
is positioned using a horizontalization system and with the help of the pillar it raises the sensor block to a
height of 6m.

Fig. 3 - The 4x4 vehicle intended for security and surveillance designed and built by the company LDV - USA
(https://www.ldvusa.com/)

The composition of the system is presented in table 4:
Name

Car platform
HVAC
Horizontalization system
Vetronics
Thermal camera
Daylight camera

Observations
Yes, 4x4 double cab
Yes, AC mounted on the flag
Yes
Yes, fuel level
Yes
Yes, Color
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Name
Laser rangefinder
P&T platform
Telescopic pillar
Command and control console
Monitors
Positioning
Tracking
Radar
Acoustic sensors
UAV
Radio and satellite communications
Operating
Operators
Water tanks
Electric Generator
Perimeter protection
Fire extinguishing system

Observations
Yes
Yes
Yes, 6 meters
Yes
Yes
Yes, GPS and Compass
Yes
Yes, WIFI
24 hours
2 persons
No
Yes, 13KW
Yes, 360° Camera
No

RESULTS
C4PRO ENGINEERING S.R.L. (Romania), within a national research-development-innovation
project, has developed a mobile platform for emergency situations interventions.
The SMARTISU mobile platform (fig. 4) is intended to provide informational support to the
management of emergency situations, within the activities of prevention and management of emergency
situations generated by certain types of risks, such as: landslides or collapses, falling objects from
atmosphere or cosmos, earthquakes, disasters at sporting / mass events, large-scale public events, fires
(major forests fires), floods, material danger (chemical, biological, radiological, nuclear), aircraft crashes,
conventional terrorism / siege / hostages.

Fig. 4 - SMARTISU Platform Overview (http://smartisu.alltek.ro/index.html)

The components of the Observation and surveillance mobile platform for emergency situations
interventions (SMARTISU) are the following:
- Multifunctional mobile platform;
- ISTAR subsystem (Intelligence, Surveillance, Target Acquisition, and Reconnaissance);
- CBRN sensors;
- Laser scanning subsystem - LIDAR;
- Power supply subsystem.
The multifunctional mobile platform is composed of a car chassis on which is mounted a
parallelepiped body with a high degree of occupant protection, which has inside two compartments
separated by walls: a first compartment with aluminum metal rollers for the reception equipment and signal
processing from the monitoring sensors connected to the energy equipment and the fire-fighting module
and a second compartment for the operators, provided with two workstations. The first workstation is
equipped with a remote-control console for the functions of an optoelectronic sensors block, a second
workstation for working with digital maps using a global positioning system.
The main components of the Multifunctional mobile platform are:
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 Chassis with increased passing capacity. The SMARTISU multifunctional mobile platform is
based on a 4x4 car chassis with increased passing capacity and increased operator protection features. It is
equipped with a diesel engine, automatic transmission, independent front suspension and rear suspension
on the axle, with the following characteristics presented in table 5:
Table 5
Name
Overall dimensions
- Length
- Width
- Height
Mass
Number of seats, including the driver
Ground clearance
Longitudinal slope
Transverse slope
Possibility of rolling with punctured tires
The height of the vertical obstacle approached
Possibility of going through deep ford without
preparation

UM

mm
kg
mm
degree
degree
km
mm
mm

Values

5.680
1.930
3.000
maximum 3.270
4
minimum 350
minimum 30
minimum 16
minimum 40
minimum 350
minimum 700

Fig. 5 shows the passage over an obstacle of 41 cm and fig. 6 shows the passage through a 90 cm
deep ford, without preparation.

Fig. 5 - Passage over 41 cm obstacle

Fig. 6 - Passage through 90 cm deep ford, without preparation

 Horizontalization platform (fig. 7). For the proper functioning of opto-electronic systems, it is
necessary to horizontalize the chassis. The cameras (fig. 8) can monitor the entire field of view only when
they are in a horizontal position and the rotation of the platform at 360 degrees is also performed in this
plane. The horizontalization is done with 4 hydraulically operated legs. The source of hydraulic energy
comes from a pump driven by a 24 V electric motor.

Fig. 7 - Horizontalization platform

Fig. 8 – Surveillance cameras

 The compartment for operators. Inside there is a work table for at least two operators, provided
with power sources (sockets) for all equipment of the operators. The inside floor of the cabin is provided with
a material that is easy to clean and wear-resistant. It is equipped with power sources (sockets) for all
equipment, optical warning system and acoustic in case of discharge of battery packs. The interior
workspace is equipped with wear-resistant furniture (with metal structure), which provides operators with
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ergonomic working conditions. All the connections between the central unit and the monitors, as well as the
connections to the other devices, are hidden, with the possibility of easy access in case of intervention.
Figure 9 shows the workstations inside:

Fig. 9 - Workstations arranged inside

 Fire-extinguish module. The multifunctional mobile platform has a fire extinguishing module (fig.
10) with a pumping unit that works at high pressure, for extinguishing fires in urban areas, with crowded or
narrow streets, or in hard-to-reach places (unpaved, snowy or muddy roads, with large slopes), which do not
allow the access of vehicles with large dimensions. Work with this module can be done independently using
water from its own tank, or from other power sources, discharging water and foaming solution at high
pressure due to a foam proportioning system, regardless of the flow and pressure of the initial source.

Fig. 10 - Fire-extinguish module

The ISTAR subsystem (fig. 11) is a mobile system for monitoring areas of interest in fixed locations.
It constantly provides the following types of information:
- real-time video information, day and night, on the situation in the area of interest;
- information on its own position and angle of the platform to the north;
- the exact location of the affected object or area;
- recording images and storing them for later use.

Fig. 11 – ISTAR subsystem

The ISTAR subsystem consists of the following components:
- Sensors block BS (composed of: thermal imaging camera CT, color daylight camera CCTV, Laser
Rangefinder TL and control / power supply board for the sensors block PCABS);
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- Rotating platform with stabilization in two planes P&T;
- Location and orientation system SLO;
- Telescopic pneumatic pillar - with position control block - PILON;
- Communications and informatics subsystem, fig. 12 (platform management subsystem - PMS,
software application and wireless communications).

Fig. 12 - Communications and informatics subsystem

Currently, fixed or mobile systems for surveillance of areas of interest are used for video monitoring
of fire risk areas, border areas or in specific military applications (Ding and Ye, 2011; Kumar et al., 2020;
Mohan and Padmavathi, 2021; Prasad et al., 2017; Rong at al., 2013; Santana et al., 2011; Vasu et al.,
2017; Wang et al., 2013; Wong and Fong, 2014).
The Laser scanning subsystem - LIDAR (fig. 13) has the role of scanning the terrain in the vicinity
of the platform, using a laser beam. The operating principle of the scanner is based on the emission of a
beam from a laser diode. When the laser beam touches an object, a reflected beam appears which will be
received by a laser sensor. Nowadays, LIDAR technology has penetrated in the most varied fields, from
geology, the automotive industry (autonomous vehicles) to aeronautics (drones), etc. (Khan et al., 2021;
Roriz et al., 2021; Subhashish, 2021).

Fig. 13 - The Laser scanning subsystem - LIDAR

The power supply subsystem (fig. 14) is designed to distribute the supply voltages necessary for
each piece of equipment and to protect the components in overconsumption or short circuit conditions.
Contains voltage converters, power supply distribution systems, short-circuit and overcurrent protection. The
main components of this subsystem are the batteries and the generator set.

Fig. 14 - The power supply subsystem
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The multifunctional mobile platform is equipped with an auxiliary power system (two accumulator
batteries) that allows it to operate the system for about 8 hours without the need to connect the platform to
an external voltage source (generator, network or motor start). The batteries have a stable charging cycle
and the discharge is monitored by an electronic device (LVD) which prevents their destruction by excessive
discharge (fig. 15).

Fig. 15 – Accumulator batteries equipped with discharge monitoring system

The batteries are charged from 2 independent power sources:
• mobile platform alternator - which will charge the batteries when the platform engine is running
(charging can be performed when the platform is moving or stationary);
• generator set (or network) - the charger will charge the batteries when the platform is stationary.
The generator set (fig. 16) has the role of providing electricity in the absence of connecting the
systems to the network and has the necessary power to support the consumption of the system but also of
charging the batteries. It can operate both mounted on the platform and at a distance of at least 10 m from it,
the connection being made with the cable provided. In order to ensure the necessary power for operation, a
generator with a power of at least 4KVA is needed.

Fig. 16 - Generator set

CONCLUSIONS
The SMARTISU system is an innovative product due to its modularity and flexibility, the use of stateof-the-art components and the incorporation of the necessary equipment to support a safe emergency
situation intervention. The intervention systems used in Romania by various state institutions can be
purchased only in variants imposed by producers and not as complex as the SMARTISU system. It is
intended to be a complex, compact, user-friendly system with easy-to-use software.
At present, an equivalent system is not offered on the market, although it takes over the attributions
of a set of equipment sold by different companies, each specialized on a certain function. With the creation
of the SMARTISU platform, it will be possible to purchase a high-performance, innovative mobile emergency
situations intervention platform.
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ABSTRACT
In this paper are presented the methods of stabilizing the residues resulting from waste incineration. The
main components which pollute the environment and human health that are found in this type of waste are:
heavy metals: Cd, Cr, Cu, Ni, Pb and Zn, dioxins. Residue treatments are needed to reduce the impact on
the environment. The methods of separating the contaminants from the waste incineration residues
presented in the paper are: separation by water use, separation by acid use, separation by the use of
microorganisms, separation by electrodialysis. The methods of heat treatment of residues from waste
incineration are: vitrification, smelting, sintering, pyrolysis, physical and chemical separation. Methods of
chemical stabilization of contaminants from waste incineration are performed with: iron oxides, carbon
dioxide and phosphoric acid, using phosphate as a stabilizing agent, which binds heavy metals in the form of
phosphate minerals, stabilization using sulfur that binds heavy metals into insoluble compounds. Heat
treatments reduce the volume of waste by 60% or more to almost 95%.
REZUMAT
În această lucrare sunt prezentate metodele de stabilizare a reziduurilor rezultate din incinerarea deșeurilor.
Principalele componente nocive mediului și sănătății umane ce se regăsesc în reziduuri sunt: metalele grele:
Cd, Cr, Cu, Ni, Pb și Zn. Pentru a reduce impactul asupra mediului sunt necesare tratamente asupra
reziduurilor. Metodele de separare a contaminanților din reziduurile provenite din incinerarea deșeurilor
prezentate în lucrare sunt: separare prin utilizarea apei, separare prin utilizarea de acid, separare prin
utilizarea microorganismelor, separarea prin electrodializă. Metodele de tratare termică a reziduurilor
provenite din incinerarea deșeurilor sunt: vitrificarea, topirea, sinterizarea, piroliza, separarea fizică și
chimică. Metodele de stabilizare chimică a contaminanților din reziduuri provenite din incinerarea deșeurilor
sunt realizate cu: oxizii de fier, cu dioxidul de carbon și acidul fosforic, cu ajutorul fosfatului ca agent de
stabilizare, ce leagă metalele grele sub formă de minerale de fosfat, stabilizare cu ajutorul sulfului ce leagă
metale grele în compuși insolubili. Tratamentele termice reduc volumul deșeurilor cu 60% sau mai mult până
aproape de 95%.
INTRODUCTION
The development of the economy and urbanization have led to an increase in the quantities of solid
waste generated, opting for their heat treatment processes through incineration units. This method of waste
treatment has also grown due to the filling up to maximum capacity of existing landfills, requiring the creation
of new landfills that negatively influence the quality of air, water and public health (Gong, B., et al, 2017).
The composition of industrial waste varies, including in this category hazardous waste that is usually loaded
with heavy metals toxic to environmental factors, such as Cd, Cu, Cr, As, Pb (Nicolae, A., et al, 2020). Heavy
metals are not biodegradable and tend to accumulate in living organisms and affect environmental factors,
requiring the application of treatments to eliminate and capture them.
Waste incineration is an alternative method of waste management (Ioana, A., et al, 2016; Țucureanu, M., et
al, 2019). Due to the capacity of the waste reduction process, waste incineration has advanced in the face of
waste disposal. However, the waste incineration process generates residues that are mainly divided into fly
ash and bottom ash (Gong, B. et al, 2017).
An integrated part of waste management systems is the management of waste from their heat
treatment. The main purpose of the management of waste incineration is to prevent any impact on human
health or the environment which is characterized by emissions of particulate matter or emissions of
substances (Sabbas, T., et al, 2003).
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Fly ash resulting from the waste incineration process is a dangerous by-product because it contains
heavy metals such as Cd, Zn, Pb, Hg, Cu, Cr, etc., and the readability of these heavy metals is outside the
regulations in most cases (Gong, B. et al, 2017).
Due to these harmful compounds found in the resulting residues, their stabilization treatments are
used such as thermal processes, stabilization / solidification processes and separation processes.
The washing process can separate a large proportion of heavy metals and soluble salts contained in
the residues resulting from the waste incineration process. In this treatment a liquid base such as water or an
aqueous acid solution is used, reducing the concentrations of chloride and heavy metals. The reduction of
the concentrations of heavy metals and chlorides is not significant, hardly complying with the regulations of
the legislation in force, being necessary the application of other treatments (Gong, B. et al, 2017).
Washing with acid-based solutions is more efficient for removing heavy metals from bottom residues
compared to washing them with plain water. Regardless of the liquid used for washing, the wastewater used
in this process captures heavy metals and soluble salts, thus creating a secondary source of pollution (Gong,
B., et al, 2017).
Stabilization / solidification treatments are the most common techniques in waste treatment, in the
treatment of residues from waste incineration, this treatment manages to limit the leakage capacity of heavy
metals by forming constant blocks or inert compounds by adding additives or binders (Gong, B. et al, 2017).
This type of treatment comprises the following steps: solidification, stabilization, hydration and
precipitation reactions. The solidification step is a process for mixing the residues with liquid following the
solidification of the suspension.
Heat treatment of stabilization of residues is a promising method for fixing heavy metals by heating
the residues to very high temperatures between 700-1600°C. This type of treatment is characterized by
vitrification, sintering and melting of solidified residues (Gong, B., et al, 2017). As hazardous waste, the
residues from the control of air pollution are most often stored in special landfills without taking into account
their recovery (Lam Charles, et al, 2010; Bacinschi, Z. et al, 2010; Purdea, L., et al, 2019; Rusănescu, CO,
et al, 2019).
All treatments for waste incineration developed in recent years are based on principles such as
changing their character from hazardous to non-hazardous and even inert, (Lam Charles, et al, 2010).
Residues of solid, liquid or gaseous nature result from the waste incineration process. The volume of these
residues represents about one tenth of the initial volume of waste (Sabbas, T., et al, 2003). The residues
resulting from incineration are: bottom ash, ash resulting from the boiler and economizer, residues from the
control of air pollution, fly ash, residues from the sieving area of the grate.
MATERIALS AND METHODS
Figure 1 shows the methods for treating waste from incineration of waste.

Fig. 1 - Waste incineration techniques

The methods for separating contaminants from waste incineration waste are:
Separation by the use of water, the mixing of water with the residues resulting from the incineration of
waste results in the formation of an alkaline suspension characterized by a pH with a value close to 11-13
but also with high concentrations of salts such as Cl, Na. The suspension also contains heavy metals such
as Pb, Zn, Cr and As.
Separation using acid, acidic solutions extract the salts present in the residue. Due to the solubility of
heavy metals at lower pH values, the use of acid is more efficient for heavy metals in the residue, so the acid
is more efficient than water. About 30-60% of the cationic heavy metal content can be removed from the
residues using acid.
Separation by the use of microorganisms The processes known as bio-hydrometallurgical processes
are based on the bio-absorption process, a process of physico-chemical interaction between groups of
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surfaces charged by microorganisms and ions in solution, in which both living organisms and and the dead.
In this regard, a multitude of microorganisms are known, including those such as algae, bacteria, yeasts and
fungi, which can accumulate active gold, (Schaeffer, N., et al, 2018). Bio-hydrometallurgy is a process used
to recover metals from solid materials such as low-grade ores.
Separation by electrodialysis Metals can be extracted by applying a stream, thus facilitating the
migration of ions in a residue suspension to an anode or cathode. Ion exchange membranes can be
subsequently used to separate metal ions from the suspension of treated residues, (Astrup, T., et al, 2009).
The technique requires that the metals be in the aqueous phase and the release from the solid can
be optimized by resorting to complexing agents (Astrup, T., et al, 2009).
This process involves two stages and it is necessary to extract the metals in the first stage through
the use of water and then apply the second stage of the separation process by electrodialysis (Astrup, T., et
al, 2009).
The removal rate of metals is about 20–70% for metals such as Zn at a ratio of 5 liters of water per
kilogram of residue, (Astrup, T., et al, 2009).
The efficiency of metal extraction from the mixture is also due to the intensity of homogenization.
The methods of heat treatment of residues from waste incineration are: (Astrup, T., et al, 2009).
Vitrification involves melting a mixture of glass residues and precursors such as silicon at
temperatures between 1000-1500 ℃. In this process, the components of the residues are bonded into the
glass materials, thus encapsulating the residues. The materials used to form the glass could be other types
of mineral waste, the properties of the final product depending to a large extent on the additives used
(Sabbasa, T., et al, 2003).
Melting the resulting material consists of several metal phases. Process temperatures are similar to
the temperatures used during vitrification, vitrification processes as well as melting processes are most often
applied to residues such as bottom ash. The melting processes are similar to those of vitrification, in which
case no additives are added to form the glass.
Sintering involves heating to a stage at which the individual particles are attached to each other.
The sintering of the residues was mainly used for the bottom ash, the process often involving the
reintroduction of the residues in the incinerator. The temperatures at which the sintering process is
performed are around 900–1300˚C producing a denser and less porous material.
Pyrolysis is most often used for organic waste in combination with incineration residues. The
residue components are then heated to high temperatures and mixed with the other products introduced into
the pyrolysis process. The characteristics of the products resulting from the process of prolysis depend to a
large extent on the waste with which the residues were mixed.
RESULTS
The main components harmful to the environment and human health found in waste are:
- Slightly soluble salts, such as Cl and Na salts;
- Heavy metals: Cd, Cr, Cu, Ni, Pb and Zn.
- Dioxins (Ahamed, A. et al, 2021).
Residue treatments are needed to reduce the impact on the environment due to the release of
contaminants. The elimination of these risks can be done by binding them in the residue matrix and by
removing them (Țucureanu, M., et al, 2019).
Bottom ash is a slag-like residue collected from the combustion chamber (Hyks Jiri, et al, 2011).
Table 1 shows the concentrations of the elements found in bottom ash, fly ash and in semi-dry residues from
an industrial waste unit (Hyks Jiri, et al, 2011).
Chemical composition of residues from high capacity incineration plants
Element

Bottom ash

Semi-dry residues

Flying ash

Dry substance

[%]

84.9 – 97.9

95.3

98.8

Ca
S
Al
Si
Na
K
Cl
Mg
Fe
As

[g/kg]
[g/kg]
[g/kg]
[g/kg]
[g/kg]
[g/kg]
[g/kg]
[g/kg]
[g/kg]
[g/kg]

96.5 – 108
3.5 – 5.6
39.1 – 65.6
198 – 248
23.2 – 29.4
8.8 – 11.6
3.0 – 9.0
10.0 – 13.1
79.9 – 100
25.0 – 45.2

331
35
18.3
63
16
17.1
17
7.8
9.7
80

181
57
35.7
90
42.3
50
122
14.1
13.8
380
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Element
Ba
Cd
Co
Cr
Cu
Mo
Ni
Pb
Sr
V
Zn
Sb
P
Toc

TOC – total organic carbon

Bottom ash
[g/kg] 1360 – 1750
[g/kg] 2.6 – 3.7
[g/kg] 20.4 – 26.2
[g/kg] 434 – 914
[g/kg] 2060 – 14300
[g/kg] 7.62 – 20.1
[g/kg] 242 – 526
[g/kg] 1080 – 3530
[g/kg] 311 – 634
[g/kg] 40.7 – 59.3
[g/kg] 2660 – 4230
[g/kg] 51.4 – 105
[g/kg] 3779 – 5237
[g/kg] 14.0 – 19.0

Semi-dry residues
620
100
8.9
200
500
9
37.5
2100
500
19,8
9100
340
3400
2,7

Flying ash
1120
240
20.9
700
1170
28
67.4
6800
400
39.7
31700
1170
10000
0.7

Bottom ash untreated is a heterogeneous material, consisting of calcium-rich minerals and silicate. In
large incineration plants most of the bottom ash consists of molten products such as glass, iron, bones and
all kinds of minerals, heavy metal contamination is low (Hyks Jiri, et al, 2011). The treatment of waste from
incineration of waste must be considered an integral part of any management, use and neutralization option.
A variety of treatment options for waste incineration residues have been developed for application before
reuse or final disposal depending on the purpose of the waste use (Sabbasa T, et al, 2003).
Table 2 shows the treatments applied to the incineration residues.
Treatments applicable to residues from the incineration of waste

Table 2

Types of treatments applicable to residues
Basic principle of
Process
treatment
Dimensional separation
Mechanical separation
Eddy-Current separation
Wash
Physical and chemical
Chemical extraction
separation
Chemical precipitation
Ion exchange
Adsorption
Crystallization / evaporation
Solidification / stabilization with hydraulic
binders
Solidification and / or
Chemical stabilization
stabilization
Aging / precipitation
Sintering
Thermal treatment
Vitrification
Melting

Physical and chemical separation
The purpose of the separation methods is to improve the quality of the waste from the incineration of
waste and to optimize its capacity. These techniques include processes such as: washing, leaching,
electrochemical process and heat treatment, (Lam Charles, et al, 2010). The main action of these processes
is based on the removal of heavy metals and salts from residues, mainly using water or acidic solutions
(Astrup, T., et al, 2009).
Solidification and stabilization
The solidification / stabilization process uses an additive or binder to chemically and / or physically fix
the hazardous content in the residues. Stabilization aims to minimize the solubility and toxicity of
contaminants. In the case of solidification, binders used such as cement aim to encapsulate residual
materials, to immobilize contaminants and reduce readability (Lam Charles, et al, 2010).
The methods of chemical stabilization of residue contaminants from waste incineration are:
The addition of iron oxides (FeSO 4 ) to a residue suspension can increase the absorption capacity of
heavy metals (Astrup, T. et al, 2009). This technique involves several steps: the first step involves the

199

INTERNATIONAL SYMPOSIUM

extraction of water, slightly soluble salts and mixing with iron sulphate; the second stage comprises the
oxidation of iron to form the precipitation of iron oxides, the adjustment of the pH to a value of about 10-11
and the dehydration of the residue.
Stabilization with carbon dioxide and phosphoric acid binds metals such as carbonates or relatively
insoluble phosphates.
Phosphate stabilization as a stabilizing agent binds heavy metals in the form of phosphate minerals.
Sulfur stabilization binds heavy metals into insoluble compounds. This technique is regularly used to
treat process wastewater and residues. This process using sulfur is recommended in the case of flue gas
cleaning installations. The residual sludge contains inactivated sulfur compounds that mixed with the
residues can improve the leakage properties of the final product.
The latest integrated stabilization process comprises four stages, (Lam Charles, et al, 2010):
removal of alkaline chlorides by dissolution; phosphoric acid additions; calcination; solidification with cement.
This combined process destroys toxic organic compounds, reduces the reactivity of heavy metals
and solidifies hazardous compounds without exceeding the leaching limit, (Lam Charles, et al, 2010).
Applying a combined wash-immobilization treatment to treat fly ash could remove significant
amounts of chloride and sulfate and turn heavy metals into less reactive forms. At the end of the washing
process, the wastewater used in this process can be treated by reducing the pH to 6.5–7.5 (Lam Charles, et
al, 2010).
Solidification processes are based on processes whose purpose is to physically and hydraulically
encapsulate residues and their harmful compounds.
A process of chemical stabilization involves the precipitation of insoluble compounds that incorporate
metals into their composition. The use of treatments based on hydraulic or chemical binders positively
influences the mechanical properties of the material (Sabbasa, T. et al, 2003).
The aging and precipitation processes are used in order to alter the physico-chemical properties of
the minerals, thus reducing the trace elements such as Cd, Cu, Pb, Zn and Mo. These processes can
influence the decrease of pH and contamination but also the formation of more stable mineral species.
These types of processes can be applied especially to the bottom ash. After completion of the material
resulting from the treatment of bottom ash, it is necessary to store it before use for periods of weeks or
months, (Sabbasa, T., et al, 2003). Aging and precipitation treatments can be artificially improved to
accelerate the chemical reactions responsible for filtering contaminants from the waste matrix, thus using
accelerated carbonation to reduce the flow of soluble salts, lead and zinc, (Sabbasa, T., et al, 2003).
Heat treatments
The heat treatment process can reduce the volume of waste by 60% or more to almost 95%. The
resulting residue is more resistant to leaching and is more environmentally stable, becoming an optimal
material for applications such as use as a raw material in the construction industry. A temperature of about
1,400℃ or higher will destroy dioxins, furans and other toxic organic compounds that can be found in the
residue. Due to the high temperatures used in the process, the cost is usually high, and the release of
contaminants during melting is possible requiring additional control of air pollution, (Lam Charles, et al, 2003)
Procesele de tratare termică implică ca etape de proces încălzirea reziduurilor și modificarea
proprietăților fizice și chimice, în unele cazuri fiind inclusă și etapa de încapsulare. Scopul principal al acestui
tratament este de a produce un produs stabil cu proprietăți de levigare eficiente, dorindu-se astfel crearea
unor posibilități de utilizare în diferite industrii a reziduurilor tratate. Tratamentul termic poate fi utilizat si ca
proces pentru separarea fazelor metalice datorită diferențelor de temperaturi de topire, (Astrup, T. et al,
2009).
Combined treatment methods aim at the following (Sabbasa, T. et al, 2003): decontamination of
ferrous metal residue; decontamination of non-ferrous metal residue; decontamination of the salt residue;
optimization of the physical properties of the residue; optimization of the chemical properties of the residue;
optimization of the mechanical properties of the residue; decontamination of the residue in order to recover it
in different applications.
CONCLUSIONS
Progress has been made in recent years on integrated waste management systems. Waste
treatment technology, the reduction of landfills and the recovery of waste from incineration of waste have
become integrated methods of these systems.
With the development of incineration lines and the appearance of more waste, the problem of pollution
caused by them began to appear. These pollutants are characterized by heavy metals, salts from washing
waters, or other forms of emissions. Residue treatments have been developed to reduce the risks to the
environment and human health.
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pollution.

The overall strategy that any country must take into account must be to reduce environmental

Many of the applications for waste incineration waste are still being researched and environmental
and technical issues have discouraged their reuse. Even if waste treatment increases the total cost of the
waste neutralization process, the benefits of recovering it are beginning to be widely observed. For residues
containing significant amounts of contamination, treatment is recommended in order to reduce the rate of
contamination into soil or water.
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ABSTRACT
Bamboo is a versatile, fast-growing plant that is found in abundance, especially in Asian countries. Precisely
because of this abundance in recent decades, the fields in which bamboo is used have become increasingly
diverse. t is used in agriculture, furniture, food and pharmaceuticals and cosmetics. The processing of
bamboo results in a significant amount of plant residues that can be transformed into biomass. This paper
presents a brief summary of some uses of bamboo biomass for the production of solid biofuels such as
stains, briquettes and coal.
REZUMAT
Bambusul este o plantă versatilă cu o creștere rapidă ce se găsește din abundență mai ales în tările din
Asia. Tocmai datorită acestei abundențe în ultimele decenii domeniile în care se utilizează bambusul au
devenit tot mai diverse. Acesta este folosit atât în agricultură, industria mobilei, industria alimentară cât și în
cea farmaceutică și cosmetică. În urma procesarii bambusului rezultă o cantitate importanta de resturi
vegetale care poate fi transformată în biomasă. Prezenta lucrare prezinta o scurtă sinteză referitoare la
unele utilizării ale biomasei din bambus pentru producerea unor biocombustibili solizi de tipul petelor,
brichetelor și cărbunelui.
INTRODUCTION
Bamboo is part of a large family of herbaceous plants, the family Poaceae, characterized by a fast
pace, which can be grown sustainably in various parts of the world. Thus, plants in this family are found in
various geographical areas, located in Africa, Asia, Australia, India and America (Newell, J (2004).
Bamboo is a sustainable resource, which can grow in different climatic conditions, preferring
especially tropical areas. This species contributes substantially to the improvement of air quality, as it
releases approx. 35% more oxygen and absorbs approx. 40% more carbon dioxide than trees. Planting
bamboo is also beneficial for fixing carbon, against soil erosion and purifying the environment. (Bamboos
Market Size, 2019).
Bamboo forests cover an estimated area of 37 million hectares (ha), equivalent to almost 4% of the
total forest area in the world (FAO 2014) (Food and Agriculture Organization of the United Nations.
Improving the socio-economic benefits of forests. The state of the world forests 2014. Rome Italy 2014).
There are also some varieties of this species that grow successfully in mild temperate areas in Europe and
North America (INBAR 2015a).
As the cultivation of bamboo does not require large investments, it can also be grown by individual
producers. Due to its many benefits, this species is an ideal crop, especially for part of the population of
some developing countries.
Bamboo is also a plant that fits perfectly with many of the UN's goals of sustainable development,
increasing the use of energy from renewable sources, combating poverty, or even reducing the effects of
climate change and soil erosion.
Compared to the chemical composition of wood, the cellulose content of bamboo is lower, being
similar to that of softwood. Also, the lignin content is between that of softwood and that of hardwood. The
ash content of bamboo is 3 to 4 times higher than that of wood. (Ye CY, et al. 1989).
Due to the high values of caloric power, volatile substance content and low ash and moisture
content, bamboo is a suitable crop for bioenergy production. (Kumar R. and Chandrashekar N., 2014).
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Biomass, by definition, consists of the biodegradable part of plant material, which is the most
abundant renewable resource on the planet. (T.C. Maria, et. Al.2011). It can be said that biomass is the first
form of energy used by man, with the discovery of fire.
Globally, the consumption of natural resources in addition to depleting the planet's reserves,
generating numerous pollutant emissions, should be monitored to detect especially the causes that cause its
increase, in order to reduce the danger of extinction of life on the planet (Darie, Silviu 2020).
Out of the desire to find an alternative source of energy to replace fossil fuels, which are depletable
sources, the possibility of using bamboo residues (plant residues) as biomass for biofuel production was
studied (Pongthornpruek S. and Sasitharanuwat A., 2019).
Thus, in addition to the use of bamboo biomass for energy production after obtaining and using
pellets, briquettes or even coal, it can also be used as mulch to increase the yield of agricultural crops. (Usio,
N., et. Al. 2021).
MATERIALS AND METHODS
Bamboo pellets
Biomass pellets are one of the products developed as an alternative to new energy sources used as
fuel. So pellets are a biofuel produced from wood waste, agricultural residues, energy crops, which come in
the form of cylindrical granules, characterized by certain standard sizes. Thus the diameter is between 5 ... 8
mm, and the length has variable dimensions, reaching up to approx. 50 mm. (Gageanu I., et. al. 2016).
The technology of obtaining the pellets (fig. 1) consists in introducing the ground biomass from a
feed hopper in a compaction chamber, from where it is directed and forced to pass through a cylindrical hole,
at very high pressures, in certain suitable conditions (possibly of high temperature and a certain humidity), so
that the raw material can be transformed into a compact solid mass of cylindrical shape. (Gageanu I., et. al.
2016, Vlăduț V. et.al. 2012).

Fig. 1. The stages of the technological process of pellet manufacturing (Vlăduț V. et.al. 2012)

Biomass raw materials that can be transformed into pellets are numerous, the most commonly used
being: wood, branches, sawdust, wood chips, peanut shell, sunflower peel, sugar residue, yeast, coconut
shell, coffee grounds, corrugated cardboard, straw, cotton swab, tobacco waste, mustard stalk, jute waste,
rice husk, bamboo chips, bamboo dust, tea waste, wheat stalk, palm fruit husk, soybean bran or other forest
or agricultural waste (fig.2).
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Fig. 2 Biomass raw materials (Source: www.bestbriquettepress.com)

The manufacturing process of bamboo pellets is the same as for pellets obtained from other types of
biomass. The raw materials are ground into powder before being pressed, obtaining pellets with diameters
between 6 and 12 mm. Bamboo pellets can be made from stems, leaves or even powders that come from
making various objects (www.bestbriquettepress.com). Bamboo pellets have satisfactory burning
characteristics and high mechanical strength (Jacky Michael Pah, et.al., 2019).
The stages of the process of obtaining bamboo pellets
• Grinding and drying bamboo is done to turn the raw material into powder, usually using a hammer
mill. Before starting the grinding process, dust and any foreign matter must be removed from the raw
material. After crushing, the raw material is dried using a rotary dryer, so that the humidity of the resulting
pellets is reduced, below 10%.
• Manufacture of pellets, consists in compressing the dry powder into pellets, at high pressure and
speed using a press, also known as a bamboo pellet machine.
• Cooling and storage of pellets is done immediately after the pelletizing process by lowering the
temperature, to improve quality and durability. Then the pellets are stored in places free of moisture.
(http://www.gcmec.com/latest-order/manufacturing-pellets-from-bamboo.html).
Bamboo biomass briquettes
The materials from which the briquettes can be obtained are the same as in the case of pellets.
Lighters are considered to be the best way to replace firewood. Since the late 90s, the demand for lighters
used for heating the house, either for fireplaces or stoves, has increased, being still on an upward slope
(Martha Andreia Brand et. Of 2019).
The process of obtaining bamboo briquettes is similar to that of obtaining pellets, namely: first the
raw material is crushed using a hammer or roller crusher. After chopping, the raw material is dried, then
placed in a press to obtain the actual briquettes, which are then dried to be stored at the end.

Fig. 3 Scheme of the biomass briquetting process (Source: www.bestbriquettepress.com)
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Bamboo charcoal
By definition, bamboo charcoal is the product obtained by subjecting bamboo to the process of
pyrolysis. Bamboo charcoal can be classified into raw bamboo charcoal and bamboo lighter charcoal,
depending on the raw material used (https://en.wikipedia.org/wiki/Bamboo_charcoal).
Bamboo charcoal (fig. 4) has a micro-porous structure with countless small cavities. Compared to charcoal,
bamboo charcoal has about four times more cavities and a larger specific surface area.
Depending on the end use, the quality of the coal can be measured and specified in various ways.
Normally, the amount of heat obtained by burning coal and the yield of the object to be heated to which the
appropriate combustion equipment is added are the main criteria for assessing the maximum coal yield.
(James G. Speight, 2020).
Two processes are used for carbonization: one of combustion that takes place directly in an oven,
the other being a mechanical process (Pei-Hsing Huang et. Al. 2014).

www.pinimg.com

https://yo-holding.com/bamboocoal

https://yoholding.com/bamboo-coal

Fig. 4. Bamboo charcoal
In the 1990s, a carbonization chamber built in the ground was used to produce bamboo charcoal.
However, this method does not ensure the obtaining of quality coal, in addition, not being at all in
accordance with the rules of environmental protection. Therefore, after more than ten years of experiments
and improvements in bamboo charcoal manufacturing technology, the use of pear (brick) kilns has been
used. A mechanical kiln is used to produce bamboo charcoal briquettes. The bamboo charcoal production
process is shown in Figure 5.

Fig.5 The process of bamboo charcoal production (J. Shenxue 2004).

RESULTS
Equipment used for processing bamboo biomass
Figure 6 shows a pellet manufacturing plant produced in China by Zhengzhou Leabon Machinery
Equipment Co., Ltd. It consists of machinery that performs the steps of the manufacturing process presented
above. This plant is designed to turn bamboo biomass into pellets. Depending on the chosen model, the
working capacity can be between 400 - 1000 Kg / h, and the drive can be provided by an electric motor, a
diesel engine or a tractor (https://www.zzleabon.com).

205

INTERNATIONAL SYMPOSIUM

Fig.6. Agro Waste Pellet Mill Installation (Source: https://www.zzleabon.com)

Gemco (China) produces several types of equipment for the manufacture of pellets (fig.7). The
operation of the equipment can be ensured by: electric motor, diesel engine, gasoline engine or a tractor, the
equipment being classified according to this criterion. Equipment can also be classified according to the field
of use of the pellets: for burning (energy production) or for animal feed (http://www.gemco-energy.com)
The main element of this machine is the granulation chamber, where the material loaded by the
feeding system is compressed between the roller press and the mold. With the help of the knife, the pellets
coming out of the holes of the flat mold are cut, being then collected in a container of dimensions and
subsequently, stored.

Fig.7. ZLSP 420 Wood Pellet Mill Machine (Source: http://www.gemco-energy.com)

HENAN RICHI MACHINERY CO., LTD (China). produces the MZLH pelletizer, this being a new
type of machine for the production of biomass pellets, with high efficiency. The raw material consists mainly
of various wastes and bamboo chips. The feeding system ensures a uniform supply with the crushed raw
material, centrifuged by the rotation of the mold ring. The material is then subjected to an extrusion process,
being pressed and molded into the mold. The process is continuous, and the product discharged from the
mold, having a columnar shape is dimensioned to a certain length, by a cutting system.

Fig. 8. MZLH pelletizer (Source: https://www.pellet-richi.com/d/file/p/2021/0202/f4479d8b09b2567de5a66a734aad3058.jpg)

The equipment for the manufacture of bamboo biomass briquettes is very varied, being represented by the
models of manual presses (Fig.9) up to the fully automated ones.
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Fig. 9 Isometric view of the manual briquetting hydraulic press machine.
(Mallika Thabuot et al. 2015 )

Gemco Enery manufactures several types of machines for obtaining bamboo briquettes, classified
according to the method of pressing: Biomass briquetting machine by stamping, Screw briquetting machine,
as well as a complete biomass production line.

Biomass briquetting machine with
stamping

Screw briquetting machine

Complete biomass processing
line

Fig. 10. Types of equipment for the manufacture of briquettes (Source: http://www.gemco-energy.com)

Beston (China) has developed a machine model for the manufacture of bamboo charcoal using One
Step Two Fire technology (Fig.11). This technology is applied to obtain coal and bamboo by-products (tar
and wood vinegar). Four models of this machine are available, classified according to the supply capacity
between 0.5 and 5 t / h and the engine power between 45kw / h and 125kw / h.

Fig.11 Beston bamboo charcoal machine (Source:https://bestonmachinery.com/wp-content/uploads/2020/11/BestonBamboo-Charcoal-Making-Machine-for-Sale.jpg)

ABC Machinery Co., Ltd. (China) builds a production line of bamboo charcoal making machines, with
a production capacity of 2 t / day. The raw materials used to make bamboo charcoal are bamboo chips,
bamboo powder, to which wood chips and sawdust are added.
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The manufacturing process consists in crushing the raw material, drying, briquetting, carbonizing it,
resulting in the final product - coal. Figure 12 shows the main components of the production line: 1. Crushing
system; 2. Drying oven and main pipes; 3. Drying system and evacuation of materials; 4. Screw feeding
system; 5. Briquetting system (biomass chopsticks production capacity 500 kg h-1); 6. Carbonization system
(with a manufacturing capacity of coal briquettes of 2 tons / day); 7. Cooling system; 8. Air circulation system.
The main advantage of this production line is energy efficiency, because the carbonization process uses the
gas recirculation system. Once the carbonization system is turned on, the waste generated can be recycled
without adding new fuel to continue production.

Fig.12. Bamboo Charcoal Making Machine Production Line
(Sourcehttp://www.bestbiomassmachine.com/:)

CONCLUSIONS
Both pellets and bamboo briquettes are a source of renewable energy and thus an alternative to
traditional fuel sources, achieving a cost reduction of up to 50%.
They have multiple advantages such as:
- are environmentally friendly, as less than 1% of their contents become ash. They also have very
low gas emissions as they burn;
- has calorific value compared to coal (approximately 4800 kcal) being much more compact;
- they have a small table, their transport and storage, being done easily.
- can serve as fuel for heating, cooking or steam generators.
In addition to being used as a fuel, bamboo charcoal has multiple uses in the pharmaceutical and
cosmetics industries. Due to its ability to regulate humidity, bamboo charcoal is used in deodorants, soaps or
various types of cosmetic creams. In addition, the microporous structure makes it a unique and natural
absorption system, like a hard sponge that can catch impurities, harmful materials and gases. This property
is recommended for deodorization, purification, moisture control and even for the treatment and treatment of
wastewater.
Solid bamboo biofuels are a renewable and energy efficient resource, important for the current
context.
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ABSTRACT
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. Solid biofuels are produced from
biomass materials, especially wood, and are new fuels that meet the new requirements of using "clean" and
regenerative energy. The paper presents a series of experimental research for obtaining biomass tablets
using specially designed equipment, which are a viable solution for the recovery of lignocellulosic waste from
vineyards and orchards and beyond.
REZUMAT
Tehnologiile bazate pe energie regenerabilă au marele avantaj că utilizează resurse inepuizabile, foarte
puţin poluante, cu o contribuţie nesemnificativă la schimbările climatice. În plus, utilizarea lor reduce
dependenţa de resursele convenţionale care se vor epuiza într-un viitor nu foarte îndepărtat. Biocombustibilii
solizi sunt produşi din materiale biomasice, în special lemn şi reprezintă combustibiil noi ce răspund noilor
cerinţe de utilizare a energiei "curate" şi regenerative. Lucrarea prezintă o serie de cercetări experimentale
pentru obținerea tabletelor din biomasă utilizând un echipament conceput special, acestea reprezentând o
soluție viabilă pentru valorificarea deşeurilor lignocelulozice din vii și livezi și nu numai.
INTRODUCTION
Agricultural activity is a source of greenhouse gases (GHGs), but also an absorber, especially by storing
carbon dioxide in soil organic matter and biomass (INMA Bucharest, 2008; Golub et al., 2020; Kukharets et al.,
2020).
In terms of emissions absorption, agriculture and forestry, unlike other economic sectors, have the ability to
fix carbon in the atmosphere through the process of photosynthesis and sequester it in soil and biomass. In
particular, pastures, wetlands and forests have the ability to fix carbon in large quantities. On the other hand,
carbon stocks may be lost, for example as a result of land use change (deforestation, pasture ploughing, wetland
drainage, etc.) or as a result of extreme weather events (storms, fires, etc.), which leads to the rapid release of
carbon stored in the atmosphere in the form of CO 2 (Matache et al., 2011, Capareda S.C., 2014).

Fig. 1 – Biomass combustion diagram and closed carbon circuit (Gurau L., 2016)

Biomass produced in agriculture and forestry and used for energy (energy from renewable sources) or
as a raw material (biomaterials, plant chemistry) is another way to increase carbon sequestration (INMA
Bucharest, 2008; Tumuluru et al., 2010, Voicea et al., 2014; Vladut et al., 2010).
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The most efficient mechanism for capturing solar energy on a large scale is biomass growth. The total
amount of carbon in biomass can produce 110 times more energy than human energy needs (Milko et al., 2020).
During the period of cheap oil, which ended in the 1970s, biomass as an energy resource was secondary.
Currently, biomass is considered one of the main sources of renewable energy of the future, due to its great
potential and the various related positive effects on social and environmental issues (Tabil & Kashanienejad,
2011).
The energy content of biomass can be used by direct combustion or by chemical conversion into fuels,
followed by combustion. Biomass has a very important role in fixing carbon dioxide in the atmosphere, the
ambient air with an average concentration of 350 ppm (parts per million) carbon dioxide is also an important
reserve (Romania's Energy Strategy 2019-2030; Ungureanu et al., 2018; Voicea et al., 2015).
In all European countries, various lignocellulosic biomasses have started to be used to produce renewable
energy (European Commission, 2005). Out 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 with the help of available techniques
for transforming lignocellulosic biomass into renewable energy such as anaerobic digestion, ethanol production or
thermal recovery (European Commission, 2005).
Forest waste includes unusable waste, dry trees, trees that do not meet commercial standards, and other
trees that cannot be marketed and must be cut down to clear the forest. Some species of energy plants also
belong to the category of woody biomass, these being for example fast-growing trees (Vladut et al., 2012).
In order to increase the density of biomass and to allow the automation of the combustion process, it is
currently used to transform biomass into pellets, briquettes of tablets.
The paper presents an experimental research on obtaining tablets from biomass residues using a specially
designed tableting equipment, this being a solution for the recovery of lignocellulosic waste.
MATERIALS AND METHODS
In the current climate and environmental context, it is desired to obtain energy from green fuels by
energy recovery of biomass and biofuels and also increase the quality of the environment, thus meeting the
requirements of the European Union, the use of biomass for energy purposes. Among the objectives
achievable after conducting research and implementing the results, there are: promoting clean energy
technologies; obtaining additional energy resources, different from the traditional ones; adoption of
environmental protection measures; management and recovery of ligno-cellulosic residues from horticultural
exploitations in biofuels with energy values.
The experimental model of lignocellulosic waste tableting equipment – TDL (figure 2), is composed of
a compaction die, a compaction assembly with hydraulic compaction cylinder that presses the biomass,
forcing it to reduce its volume, a feed hopper with auger that feeds the die biomass material, a die closing
plate, a hydraulic cylinder for emptying the die by moving the plate in the closed-open position, a hydraulic
group which powers and actuates the 2 cylinders, fitted with hydraulic distributors, 5 proximity sensors that
allow to control the movement of the cylinders during the compaction process and an automation box where
the control of the whole system is done.

Fig. 2 – Experimental model of lignocellulosic waste tableting equipment
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The experimental model of lignocellulosic waste tableting equipment is designed to obtain compacted
solid biofuel - tablets that can be used both as a biofuel for heating and as a material for the production of
smoke and heat for protection during late spring frosts / hoars.
The mass of material is introduced into the feed hopper of the equipment, and from here, it is taken up
by the transportation auger and reaches the tableting die, where it is compressed by the piston connected to
the hydraulic installation, thus forming the tablets. The evacuation of the tablets takes place at the bottom of
the equipment, immediately below the die, by pushing it outwards by the evacuation piston.
The material used for obtaining compacted tablets was represented by woody biomass: sawdust
(figure 3) and mixture of sawdust and agricultural vegetable residues (figure 4).

Fig. 3 – Sawdust used for obtaining tablets

Fig. 4 – Biomass mix used for obtaining tablets

The following methodology was used for obtaining tablets with the equipment:
1.
the biomass materials used as raw material were crushed to the desired dimensions;
2.
the initial moisture of the raw material was determined by means of the drying oven and the
thermobalance and the material was brought to the desired moisture by drying or spraying with water;
3.
the mass required for each batch was measured using a balance;
4.
the mass of material was homogenized;
5.
the actual process of obtaining the tablets was performed using the tableting equipment (figure
5).
A total amount of 5 kg of material (introduced into the feed hopper) was used for each material batch
(sawdust or sawdust and agricultural residues mix).

5
Fig. 5 – Aspects from experiments
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RESULTS
After conducting the tableting process, tablet samples were collected (figure 6) to be analysed.

Fig. 6 – Pellet samples obtained using the tableting equipment

During and after conducting the experiments, a series of very important parameters in the production
process were monitored for each sample: tableting time, tablet length and diameter, calorific value, ash
content, moisture, tablet density, volatile matters content.
Table 1
Compaction time per tablet
Sample 2
Sample 3
Time [seconds]
31
27

Sample 1
30

Average
29.33

To determine the length and diameter of the tablets, tablets were randomly selected and were
measured in order to determine their length and diameter, the results being shown in Table 2.
Table 2

Biomass tablet length
Sample

Sawdust

Sawdust and
agricultural residues
mix

1.
2.
3.
Average
1.
2.
3.
Average

Length [mm]

Diameter [mm]

44
46
43
44.33
41
40
38
39.66

120
120
121
120.33
124
126
128
126

From table 2 it can be seen that tablets obtained using a mix of sawdust and agricultural residues
(cereal straws) had a smaller length, meaning that the initial material had more spaces between particles,
but they had higher diameter, meaning that they started to expand after existing the compaction die.
The calorific value of tablets was determined using a CAL3K-U Oxygen Bomb Calorimeter System,
according to the method described in the standard SR EN 18125: 2017 - Solid biofuels. Determination of
calorific value. The ash and volatile matter content were determined using a calcination furnace, according to
the method described in standards SR EN ISO 18122:2015 - Solid biofuels - Determination of ash content,
respectively SR EN ISO 18123:2015 - Solid biofuels - Determination of the content of volatile matter.
Moisture content was determined by drying tablet samples in a drying oven according to the method
described in standard ISO 18134-1:2015 - Solid biofuels - Determination of moisture content - Oven dry
method - Part 1: Total moisture – Reference method. The results of the determinations are given in Table 3.
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Table 3

Calorific value, ash, volatile matters and moisture content of tablets obtained
Volatile matter
Calorific value
Ash content
Moisture content
Samples
content
[MJ/kg]
[%]
[%]
[%]
1.
16.41
6.53
71.84
8.25
Sawdust
2.
16.13
6.78
72.19
8.46
Average
16.27
6.655
72.59
8.36
1.
14.22
7.41
72.21
9.54
Sawdust +
agricultural
2.
14.16
7.52
75.21
9.73
residues mix
Average
14.19
7.465
75.08
9.64

To determine the tablets’ unit density, the formula ρ = m / v was used, where ρ is the unit density, m is
the mass of the tablet and v is the volume of the tablet. The results are shown in Table 4.

Unit density of the tablets obtained
Unit density
Sample
[kg/m3]
1.
441.21
2.
434.82
Sawdust
3.
436.47
Average
437.50
1.
389.52
2.
387.15
Sawdust + agricultural
residues mix
3.
391.73
Average
389.47

Table 4

From table 4, it can be seen that tablets obtained from the mixture of sawdust and agricultural
residues registered smaller unit densities, due to the fact that they started expanding after they exited the
die.
CONCLUSIONS
Romania has sufficient biomass resources to obtain solid biofuels at small scale or at an industrial level, the
raw material being generally agricultural and forestry residues that are available in all regions and
to any category of population. Biomass compaction is one of the easiest and overall affordable ways to convert
biomass into biofuels that are also possible to burn in already existing wood burners.
Tablets represent an affordable way to compress biomass, tableting equipment having simpler construction
than pelletizers or briquetting machines, translated into easier and less resource consuming maintenance.
Biomass tablets obtained from sawdust and sawdust + agricultural residues mix have good quality in terms of
moisture, calorific value, volatile matter content. Tablets obtained from the sawdust and agricultural residues mix
have lower densities, but they can still be successfully used as solid biofuel and have the advantage that they can
also be used as smoke / heat material in burners for orchards / vineyards protection.
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ABSTRACT
Reference materials (RM) are tools used in traceability of measurement results to international standards. The
paper presents the role of quality management in conducting the feasibility study on the development of a
multiparameter and multidose reference material, marketed, after accreditation, as RM001F-IBA Wheat Flour. The
matrix developed was wheat flour for use in evaluating the test performance of moisture, ash and nitrogen content
of cereals and cereal products, respectively. The objective of the study was to determine whether wheat flour is a
sufficiently homogeneous and stable raw material, so that it can be used in obtaining multiparameter and multidose
reference materials. The production process was experimentally validated by evaluating the homogeneity of
RM001F-IBA Wheat Flour. The feasibility study is used in the accreditation of the manufacturer of reference
material according to the requirements of the ISO 17034: 2016 standard and, respectively, of the recommendations
from the ISO 35: 2017 Guide. Thus, the validated technology is used in the production cycle repeatedly, following
the established procedure. The paper helps to understand and develop reference materials.
REZUMAT
Materialele de referință (MR) sunt instrumente utilizate în trasabilitatea rezultatelor măsurătorilor la standardele
internaționale. Lucrarea prezintă rolul managementului calității în realizarea studiului de fezabilitate privind
dezvoltarea unui material de referință multiparametru și multidoză, comercializat, după acreditare, ca MR001F-IBA
Wheat Flour. Matricea dezvoltată a fost făina de grâu cu utilizare în evaluarea performanței de testare a conținutului
de umiditate, cenușă și, respectiv, a conținutului de azot din cereale și produse cerealiere. Obiectivul studiului a fost
acela de a stabili dacă făina de grâu este o materie primă suficient de omogenă și stabilă, astfel încât să fie utilizată
în obținerea materialelor de referință multiparametru și multidoză. Experimental a fost validat procesul de producție,
prin evaluarea omogenității MR001F-IBA Wheat Flour. Studiul de fezabilitate este utilizat în acreditarea
producătorului de material de referință conform cerințelor standardului ISO 17034:2016 și, respectiv, a
recomandărilor din Ghidul ISO 35:2017. Astfel, tehnologia validată este utilizată în ciclu de producție repetat,
urmând procedura stabilită. Lucrarea ajută la înțelegerea și dezvoltarea materialelor de referință.
INTRODUCTION
The quality of measurements play a key role in technological and socio-economic development, thus
supporting the development of trade and monitoring the quality of products and services and allows the
optimization of decisions in monitoring food safety (Rychlik et all., 2018).
The reference material (MR) is a generic term given to a sufficient material homogeneous and stable with
respect to one or more characteristics specified and determined to be suitable for the intended use in a
measurement process (SR ISO 17034: 2016).
In the scientific vocabulary, the term reference material, covers all types of RMs with CRMs being a
subset. The National Institute of Standards an Technology (NIST), has two categories which are divided in
Standard Reference Materials (SRMs) and Reference Materials (RMs). SRMs have at least one certified value
based on the NIST criteria for certification, and RMs are materials that have no certified values. When there are
certified and non-certified values in the same certificate of autenticity, it is required by ISO Guide 31: 2015
(Standardisation, 2015) to keep them separate (Sieber, J. 2020).
NIST currently produces six named types of materials intended to be used as measurement standards:
primary standards (PSs), Standard Reference Materials, Research Gas Mixtures (RGMs), NIST Traceable
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Reference Materials (NTRMs), reference materials (RMs), and Research-Grade Test Materials (RGTMs). These
standards are all “reference materials” which have been determined by NIST to be fit for their intended use
(Beauchamp et al., 2020).
In this context, there is an intensive activity of harmonizing the instruments for assessing the quality of
foodstuffs in the EU member states, increasing the analytical performance and developing new food matrices used
as CRMs. The RMs have a wide applicability in the testing activity regulated by the international standard ISO
17025: 2017, but also in the quality evaluation of the results obtained from the analytical tests, the calibration of the
analysis equipment, the validation of the methods and the estimation of the measurement uncertainty (Serbancea
et al., 2020).
As the reference materials are instruments used in the evaluation of the performance of measuring the
characteristics of agri-food products, their quality must correspond to the requirements provided in the international
standard ISO 17034: 2016.
The reference materials must be similar to the actual samples in terms of matrix composition, analyte
levels, potential interference and physical condition of the material. Therefore, it is extremely important to
continuously enrich the variety of available reference materials so that the exact composition of the matrix of the
analyzed samples can be “mapped” (Małgorzata et al., 2020).
Given that currently available MRs are certified for a limited number of matrices and parameters, a special
role belongs to scientific research in identifying new markers, analysis techniques and developing new MRs. In this
context, the Joint Research Center (JRC), coordinated by the European Commission and located in the Belgian
city of Geel (JRC), develops MR in line with the requirements of European food safety policies, with particular
support for emerging areas such as nanotechnology, biotechnology and personalized medicine.
To achieve its goals, JRC has laboratories and processing facilities for the development and production of
unique reference materials in the world. To meet customized needs, the JRC Institute of Reference Materials and
Measurements (JMC) in Geel, Belgium, has pilot facilities for the processing of multiparameter reference materials.
The risk of heterogeneity is, with few exceptions, present in any material. Therefore, before certification,
the reference materials are subjected to a homogeneity study. The main purpose of such testing is to verify, over a
reasonable number of units, that all MR units can be considered as 'identical' .
In this context, the ISO 35 guide describes two types of homogeneity, homogeneity in a single unit and
homogeneity between units of reference material in a batch, respectively.
The homogeneity of a unit of reference material indicates the minimum amount of material used to perform
a measurement and for which the uncertainty is still valid. Homogeneity between units refers to the variation of
homogeneity between units (vials) of reference material. The common element in both types of testing is that a
separation between heterogeneity and measurement variation must be established (Linsinger et al., 2001).
The stability of the reference material is assessed by analyzing the values of certified parameters in the
samples of stored materials at the recommended temperatures for the reference material, assuming that no
change in the composition of the reference material at this temperature occurs (Rutkowska et al., 2020). Long-term
stability studies, performed in real time, usually last around 12 months (Standardization, 2017) and aim to establish
the shelf life of the reference material, under specific environmental conditions, indicated in the instructions for use.
If the raw material is chosen for drying, either by heat treatment at high temperatures (1000C) or by
cryodeaching (lyophilization) at low temperatures, all factors that change the homogeneity and stability of MR must
be taken into account, both in storage and in use. If the analyte recommended for use is unstable in the presence
of oxygen, it is recommended to pack in a protected atmosphere, under inert gas (argon). Also, if the analyte in the
MRC matrix is photosensitive, it is recommended to pack it in a dark package (brown bottle) or aluminum foil.
According to the definition in the ISO 17034 standard, MR must be a sufficiently homogeneous and,
respectively, sufficiently stable material. The homogeneity study is necessary for all MR characterization schemes,
as it provides information on possible variations of inhomogeneity, the presence of impurities or deficiencies in the
production of granular reference materials. Homogeneity refers to the variation in the value of a property either
between MR units or within each MR unit. According to ISO Guide 35 it is always necessary to evaluate the
variation between units. Also, the ISO 17034: 2016 standard clearly specifies that homogeneity must be assessed
for each property of interest. Considering the importance of homogeneity in MR quality, it must be evaluated
according to the standardized recommendations in ISO Guide 35: 2017, recommendations presented in Table 1.
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Table 1
Recommendations of the ISO 35: 2017 Guide for conducting a homogeneity study
Nr. recommendation
7.4. Statistically valid
sampling schemes
7.5.Measurement
procedures for the
homogeneity study
7.6 Homogeneity study
models
7.7 Evaluation of
homogeneity between RM
units
7.9 Homogeneity of a unit
of RM

Name recommendation
7.4.1

Minimum number of units for a homogeneity study

7.4.3
7.5.1

Sampling for a homogeneity study
Choice of measurement procedure

7.5.2

Carrying out measurement procedures for homogeneity studies

7.6.1
7.6.2
7.7.1
7.7.2
7.7.3

The objective of the homogeneity study
The basic model of the homogeneity study
Initial inspection for the evolution of measurements and outliers
Inspection for the evolution of processes
Evaluation between RM units – “basic design”

7.7.4
7.9.1
7.9.2

Evaluation between RM units – “randomized block design”
Assessing the need for a homogeneity study within the unit
Testing the significant heterogeneity of an RM unit

The evaluation of the MR quality is performed in its own unit, if it is accredited in accordance with the
requirements of the ISO 17025: 2017 standard, or it is subcontracted to an ISO 17025 accredited supplier.
The minimum number of candidate MR units evaluated (see 7.4.1) must comply with the
recommendations of ISO Guide 35 on the random selection of samples tested to determine the degree of
homogeneity. Thus, for a homogeneity study, between 10 and 30 units, randomly selected, are chosen,
depending on the size of the batch.
According to recommendation 7.5.1 of ISO Guide 35, homogeneity studies require measurements
with the best repeatability available.
Also, the amount of MR required, expressed in number of units, is determined by the need for
distribution over the expected lifetime of MR, homogeneity study, stability study, characterization of MR
product, stability monitoring for the expected period of validity, planned quantity of each MR unit, which must
be sufficient for at least one measurement, to cover possible situations, such as, for example, studies to
meet customer requirements, the need for re-accreditation due to changes in storage conditions or an
increase in the number of features certificates.
MATERIAL AND METHOD
The ISO 35: 2017 guide recommends the elaboration of short feasibility studies carried out at the
beginning of the design of a reference material. Thus, in order to establish whether, under the conditions of a
minimum processing, wheat flour is a sufficiently homogeneous raw material to be used in the production of
multiparameter and multidose reference materials, a feasibility study was performed, as recommended in
point 6.4. from the ISO Guide 35: 2017.
The feasibility study was carried out in a candidate unit for accreditation, in accordance with the
requirements of the ISO 17034: 2016 standard. The unit, INCD IBA Bucharest, has the resources (material
and human) necessary to make the reference materials, including accredited testing laboratories 17025:
2017. The feasibility of producing a multi parameter and multidose cereal MR, MR001F-IBA Wheat Flour,
was evaluated according to the process diagram shown in Figure 1.
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ISO
17034
Clause
7.2

Project planning

ISO
17034

Selection / Acquisition of raw

Clause
63

ISO
17034
Clause
7.5

Storage of raw material

Homogenisati

Packaging

ISO
17034
Clause
7.10

Sealing

Labeling

Storage

Homogeneity studies

Fig.1 - 1 Process diagram for the production and quality assessment of MR001F-IBA Wheat Flour, in
accordance with the requirements of ISO 17034: 2017. Processes are associated with the requirements
of ISO 17034 (Clause 6.3; Clause 7.2; Clause 7.5; Clause 7.10).

• Raw materials
Wheat flour, type 650, packed in bags of 25 kg each, purchased from the commercial network, was used,
respecting the requirements provided in ISO Guide 35, in the sense provided in point 6.3 Purchase of raw material.
• MR processing
The wheat flour was homogenized and packed in transparent glass bottles, closed with a stopper provided
with a thread. Were made 24 vials / 100g each, according to the technological scheme presented in Figure 2.

1. Selection/ Acquisition of raw materials

2. Homogenisation

3.Packaging

4. Sealing

5. Storage

Fig.2 Technological production scheme MR001F – IBA Wheat Flour
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Table 2 shows the parameters used in the production of MR001F – IBA Wheat Flour
Technological parameters used in processing MR001F - IBA Wheat Four
Parameter
Value
Homogenization by
Quantity, g
3.000
electromagnetic sieving
1
Sieve, ∅ 1,00 mm
Vibration
1,5
Time, min
5
Packing by centrifugal
Quantity, g
2.400
portioning
n rotations/min
100
Vibration
70
Time, min
10
RM candidate (MR001F –
No. units
24
IBA Wheat Flour)
Quantity/vial, g
100

Table 2

Wheat flour was homogenized using digital electromagnetic sieving equipment, model BN 300N, using
stainless steel sieve certified ISO 3310.1 / 2016. The equipment used allows repeatability of the homogenization
due to digital control of amplitude and sieving time. The three-dimensional motion of the particles allows a good
homogenization of the sample of maximum 3,000g.
Also, the Retsch Sample Divider PT100 equipment with DR 100 vibration, used for MR portioning and
packaging achieves additional homogenization by dividing into small, successive quantities, depending on the
selected rotational speed (Table 2). The divider head of the Retsch equipment used in the experiments is equipped
with eight positions with G55 thread, with quick clamping system.
The portioned quantity depends on the volume of the vials used, experimentally packed in 200 ml vials. In
this phase of the experiments, the volume of the vials was correlated with the need for material used in the
homogeneity, stability and characterization studies MR001F-IBA Weat Four. The reference material packed in
colorless vials was sealed and stored at 40C. To eliminate the risk of heating during sealing, it was decided to seal
by electromagnetic induction and forced cooling using the LX6000A automatic equipment.
• Homogeneity assessment - Sampling
Homogeneity is an important requirement for all MRs and consequently, sampling must be representative
of the measured group. According to the recommendations of the ISO 35 Guide (recommendation 7), for a
homogeneity study, depending on the size of the batch, between 10 and 30 units are chosen, randomly selected.
Three vials from the batch, were randomly selected. Random selection of units was performed using the Research
Randomizer application (Figure 3).

Fig.3 - Research Randomizer application (used for random selection of measured units)
(https://www.pinterest.com/pin/136867276154599154/)

According to the requirement 7.10 of the international standard ISO 17034, the assessment of the
homogeneity of an MR must be performed both between the units (vials) of a batch of MR and inside the MR
unit.
Homogeneity assessment - Chemical analysis
The moisture content of MR001F-IBA Wheat Flour was determined by heating at 1300C for 90 min,
in accordance with ISO 712: 2010. Figure 4 shows the equipment and materials used in testing the MR001FIBA Wheat Flour product.
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Fig.4 - Equipment and materials used to determine the moisture content of MR001F-IBA Wheat Flour

• Statistical analysis
Statistical tests, for interpreting the results obtained from measurements performed on samples randomly
selected by MR, are decision methods that help to validate or invalidate, with a certain degree of certainty, a
statistical hypothesis. The following statistical tests were used:
- standard deviation (SDV)
-analysis of variance (ANOVA)
-accuracy of measuring the tested parameter. The results are expressed as mean standard deviation and
at p <0.05 the differences are considered significant.
The Microsoft Excel program was used for statistical analysis, with the significance level set at 95%. The
differences were considered significant for a value at p <0.05.
Result

• Reference material processing
One batch of RM001F-IBA Wheat Flour product was made, of 24 bottles/100g each, according to the
technological scheme presented in Figure 2.
• Homogeneity of reference material
The results of the 9 independent subsamples (n = 9) are presented in Table 3 and they comply with the
requirement of 7.10 of the international standard ISO 17034. Repeatability was expressed as a result for each unit
of reference material, for 2 degrees of freedom (n = 3), under repeatability conditions, in a single analytical cycle.
Using the procedure for measuring the moisture in wheat flour, information was obtained about the variance
between units and the variance within a unit, presented in Table 3.
Table 3

P1.1
P1.2
P1.3
Mean
SDV

P1

10.18
10.24
10.20
10.20
0.03

Humidity in the MR001F-IBA Wheat Flour
P5
P5.1
10.21
P5.2
10.26
P5.3
10.24
Mean
10.23
SDV
0.03

P8.1
P8.2
P8.3
Mean
SDV

P8

10.22
10.19
10.18
10.19
0.02

As can be seen from Table 3, the humidity varies below the value of the measurement uncertainty
(0.05%), and is relevant for the assessment of MR heterogeneity. Figure 5 shows the variation of humidity in
units P1; P5 and P8, respectively, in lot 1 MR001F-IBA Wheat Flour.
10.30
10.25
10.20
10.15
10.10

P1.1 P1.2 P1.3 P5.1 P5.2 P5.3 P8.1 P8.2 P8.3

Fig.5 - Variation of humidity between units (P1; P5; P8) and, respectively, inside each unit (P1.1; P1.2; P1.3)
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According to recommendation 7.7 of the ISO 35 Guide, the evaluation of the homogeneity study
follows both the trend of the values obtained from the measurement and the processing trend (fluctuations).

Fig. 6 – Humidity in the first batch for MR001F-IBA Wheat Flour
Anova: Single Factor
SUMMARY
Groups

Count

Sum

Average

Variance

Column 1

3

30.62

10.20667

0.000933

Column 2

3

30.71

10.23667

0.000633

Column 3

3

30.59

10.19667

0.000433

ANOVA
Source
Variation

of

SS

df

MS

F

P-value

F crit

Between Groups

0.0026

2

0.0013

1.949

0.222612

5.143253

Within Groups

0.004

6

0.000667

Total

0.0066

8

Analyzing the results, from the ANOVA table above, the test statistic F equals 1.949, which is less
then the F critical value (5,143) meaning that the average of all groups is considered to be equal. In other
words, the difference between the averages of all groups is not big enough to be statistically significant
(see figure 7).

Fig. 7 – F Distribution for ANOVA analysis in MR001F-IBA Wheat Flour

CONCLUSIONS
The objective of the study was to determine whether wheat flour is a sufficiently homogeneous and stable
raw material, so that it can be used in obtaining multiparameter and multidose reference materials. It was found
that the samples of MR001F-IBA are homogeneous for the conditions of testing the moisture content at 1300C for
90 minutes and therefore the production process of the respective reference material is validated. Thus, the
validated technology is used in the production cycle repeatedly, following the established procedure. The results
of the feasibility study are used in the accreditation of the manufacturer of reference material according to the
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requirements of the ISO 17034: 2016 standard and, respectively, the recommendations of the ISO 35: 2017
Guide. The paper helps to understand and develop reference materials. According to ISO Guide 35: 2017, the
confidence gained from previous experiences is reasonable as long as the materials used in the production of MR
and, respectively, the production process of MR batches have not changed in any way that could adversely affect
the end use. In this case, the verification of the production process is performed with the help of standard
deviation control diagrams for a small number of measured units.
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ABSTRACT
In recent years, with the rise of health-conscious consumers, interest in use gluten-free flours and lowcarbohydrate bakery products has also increased. Thus, due to their chemical composition and high
nutritional value, the food products (such as breads, noodles, cookies, cakes, snacks, biscuits) in which the
coconut flour is used, have become more and more popular. The aim of this study was to evaluate the
rheological characteristics of dough made from tow white wheat flour and coconut flour. Thus, the blends
were made from wheat flour and coconut flour in proportion of 5%, 10%, 15% 20%, 25% and 30%. The
blending of wheat flour with coconut flour at different level influence the rheological parameters of dough and
the mixing behavior of dough: water absorption increased significantly up to 15% addition of coconut flour;
dough development time and stability increased significantly as level of coconut flour increased; the degree
of softening decreased as level of coconut flour increased. The wheat-coconut flour dough has optimal
processing characteristics if coconut flour is used up to 15% and 20% level. After that level the alure of
farinographic curves become unstable, this is also reflected in the values of rheological characteristics,
measured with Brabender Farinograph.
REZUMAT
În ultimii ani, odată cu creșterea gradului de conștientizare a sănătății de către consumatori, a crescut și
interesul pentru consumul produselor de panificație obținute din făinuri aglutenice și cu conținut scăzut de
carbohidrați. Datoită compozitiei chimice și valorii nutritive ridicate, produsele care folosesc făina de cocos
au devenit din ce în ce mai populare. Obiectivul acestei lucrări îl reprezintă evaluarea carateristicilor
reologice ale aluatului obținut din făină albă de grâu și amestec cu făină de cocos, în proporție de 5%, 10%,
15% 20%, 25% și 30%. Amestecul dintre cele două făinuri ingleunțează caracteristicle reologice ale aluatului
obținut, astfel: capacitatea de hidratare a amestecului de făinuri a crescut semnificativ până la proba cu 15%
adaos făină de cocos; timpul de dezvoltare și stabilitatea aluatului au crescut cu creșterea conținutului de
făină de cocos în amestecul format, în timp ce valorile gradului de înmuiere a alautului au scăzut. Aluatul
obținut din amestecul fainii de grâu cu făină de cocos are un comportament optim la frământare în cazul
utilizării făinii de cocos până la un nivel de 15-20%. La probele cu peste 20% adaos de făină de cocos se
observă aluri instabile ale curbelor farinografice, și, de asemenea, acest lucru este reflectat și în valorile
caracteristicilor reologice înregistrare cu farinograful Brabender.
INTRODUCTION
The coconut (Cocos nucifera L.) is a member of the family Arecaceae and the only species of the genus
Cocos (Nampoothiri K. U. K et. al, 2018). In general, coconut flour is obtained as a by-product of coconut milk
and oil industry which is made from coconut meal leftover after processing or from ground fresh coconut pulp
(Adkins S., et. al. 2020; Chan Su Yin et.al., 2016). This flour has some health benefits because it is naturally
low in digestible carbohydrates, has a low glycemic index, free of trans-fatty acids, has two times more dietary
fiber than wheat bran (approximately 30 – 60 %), and, although is a non-gluten flour, is high in good proteins
(approximately 21 %). Coconut flour contains more protein than wheat flour (Nampoothiri K. U. K et.al, 2018;
Adkins S., et. al. 2020; Ramaswamy L. et.al., 2013).
Wheat (Triticum) is one of the oldest and most important and cultivated of the cereal crops in the world.
The most important of the wheat varieties known, are common wheat (Triticum aestivum), with a high protein
content and is used to bread making; durum wheat (Triticum durum) used for pasta making and soft wheat
(Triticum compactum) who is suitable for biscuits, cake and cooking making, in general. Wheat flour is a good
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source of complex carbohydrates, nutrients, minerals, B vitamins, fibre and fats. All these are found in different
percentages depending on the type of flour (whole wheat flour or refined wheat flour). Wheat flour is the basis
of baking products, and that for its gluten proteins content (gliadins and glutenin), who give dough its
viscoelastic properties.
In recent years, with the rise of health-conscious consumers, interest in use gluten-free flours and lowcarbohydrate bakery products has also increased. The use of coconut flour has gained importance as a main
ingredient in the formulation a host of functional food such as breads, noodles, cookies, cakes, snacks, biscuits
and desserts. The reasons for their use are its good quality and functional properties. In coherent with the
consumers demand for healthier choice of food products, many researchers (Noah A. A. et. al., 2018; Priya,
S.R et. al., 2016; Sujirtha N. et. al., 2015) have studied and reported the effect and nutritional importance of
supplementation wheat flour with coconut flour in baked products. Nutritional, mineral and functional properties
of coconut and wheat flour mixture changes as increased level of coconut flour from blend. Thus, the values for
moisture, protein, fat, fibre, and ash increased with the increasing levels of coconut flour, while carbohydrate
and energy contents decreased; the water absorption capacities and the oil absorption capacity increased as
the level of coconut flour increased; the content of calcium, phosphorus, potassium, magnesium, iron and zinc
increased gradually as the level of coconut increased (Folasade M. M. et. al., 2019).
The coconut flour use to enrich bakery products composition cause changes both in the quality of dough
and in the final products. Coconut flour influence bread dough rheology and its texture (Gunathilake K.D.P.P et.
al., 2008). Dough hardness, cohesiveness and adhesiveness become higher with increase of coconut flour
content (Lai Q.D. et. al., 2017).
The supplementation of wheat flour with 5%, 10%, 15% and 20% coconut flour in the production of bread
enhance the crude-fibre, protein and mineral content of the bread produced. Also, the bread with coconut flour
add has lower carbohydrates content and sensory characteristics better than bread without flour coconut, in
terms of color, taste, flavour and crumb structure (Erminawati W.S. et. al., 2017; Awe A.B. et. al., 2018; Pejcz
E.et. al., 2015; Raczyk, M. et. al. 2021). The higher fibre content in coconut flour has a positive nutritional effect
but could had a negative impact on the breads volume, because it can reduce the expansion of the gas cells
leading to a lower volume of loaves and smaller porosity of the crumb (Raczyk, M. et. al. 2021).
The addition of beyond 30 % coconut flour in biscuits, pizza base and puff pastry, results in products with
higher fiber and protein content, and lower energy, fat and digestible carbohydrates. (Sujirtha N. et. al., 2015;
Ramaswamy L. et. al., 2013). (Sujirtha N. et. al., 2015) made biscuits by substituting wheat flour with defatted
coconut flour in varying proportions of 0, 10, 20, 30, 40 and 50 % w/w. Substitution of wheat flour with 40%
defatted coconut flour for made biscuits led to obtained protein value of 10.52%, fiber of 11.01%, fat of 22.72%,
ash of 1.48%, while the carbohydrate content decreased by 21%. The moisture content increased due to the
increased protein content, which resulted in increase the water binding capacity of biscuits with levels of
defatted coconut flour.
In paper (Marikkar J.M.N. et. al., 2020) the researchers made cookies with coconut flour varying in wheat
flour from 10 to 60% (W/W). The supplementation with 30% coconut flour in cookies composition showed good
overall acceptability. So, the cookies showed an increase in moisture content by 0,69%, ash content by 0.39%,
protein content by 6.2%, crude fiber by 7.95% and decrease in carbohydrate by 16.48%. Cookies have
enhanced levels of protein and crude fiber contents. Also, in papers (Stoian D. et. al., 2016; Afoakwah N. et. al.,
2019) was obtained that the cookies and cakes formulated with 50 % coconut flour and 50% wheat flour scored
high content of protein, dietary fibre, calcium and minerals (Ca, K, P Zn, Mg and Fe). The texture properties of
cookies with adding coconut flour are affected: hardness value of cookies increased with adding more coconut
flour and diameter, thickness of cookies decreased (Lai Q. D. et. al., 2017).
As has been shown in numerous papers (Lai Q. D. et. al., 2017; Gunathilake K.D.P.P et. al., 2008;
Gunathilake K.D.P.P et. al., 2009), rheological analysis of wheat dough (simple or in mixture with another types
of flour) has been successfully predictors of their functionality in baking performance.
The objective of this study was to evaluate the effect of substituting white wheat flour with different levels
of coconut flour on dough rheological characteristics.
MATERIAL AND METHOD
The rheological characteristics of wheat dough and coconut-wheat dough mixture were determined by
Brabender E-Farinograph with electronic measuring system, according to AACC Method No. 54-21, ICC
115/1, ISO 5530-1, experimental methodology being presented in (Voicu Gh. et al., 2009; Voicu Gh. et al.,
2012).
The farinograph is the instrument that measures and records the mechanical strength of the dough
during the mixing at a certain temperature and rotational speed of the mixing arms. The strength (resistance)
of the dough during mixing is expressed as engine torque, in units known as Farinograph Units (FU) or
Brabender Units (BU) (1 BU ≈ 10-3 daN∙m). The strength of the dough is transposed into the consistency of
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the dough. The normal or the standard consistency is considered of 500 BU. With Brabender EFarinograph 300 g of flour is mixed with water until reaching the optimum consistency of the dough 500 BU
and is determined the following parameters: water absorption (%), dough development time (min), dough
stability (min), degree of softening of dough (BU) and farinographic quality number.
For the experiments were used samples of two types of white flour, wheat flour 650 and wheat flour
480, obtained from a commercial wheat flour company, in the Eastern part of Romania. The properties of the
two types of white wheat flour are presented in table 1.
Table 1
Physico-chemical characteristics of wheat flour
Type
Starch,
Humidity,
Raw
Gluten,
Ash,
Deformation
Falling
flour
(%)
(%)
protein,
(%)
(% max)
index,
number,
(%)
(s)
(mm)
WF 480
74,09
13,92
13,58
28,32
0,47
6
481
WF 650
73,26
13,78
14,94
30,9
0,63
6
491
Coconut flour used in experiments was purchased commercially and is characterized by fat content of
13,5g/100 g, fiber of 35,2 g/100 g and protein of 19,2g/100g. The higher content of coconut flour led to a dough
with a higher content of fiber, fat and protein, the latter being responsible for the structure of the dough.
Thus, 7 samples of each type of wheat flour were made: two samples made from only wheat flour (WF)
were used like control (100 % WF 480 and 100% WF 650) and the rest of the samples were represented by
mixture of each of the two types of wheat flour and coconut flour (CF) in proportion of 5%, 10%, 15%, 20%, 25%
and 30%.
RESULTS
The results obtained from experiments on the effect of coconut flour adding of farinographic
characteristics of the wheat flour dough are shown in table 2.
Table 2
Farinograph characteristics of wheat-coconut blends flour dough
Flour (%)

WA (%)

DT (min)

S (min)

DS (BU)

FQN

100% WF 480
WF 480 + 5% CF
WF 480 + 10% CF
WF 480 + 15% CF
WF 480 + 20% CF
WF 480 + 25% CF
WF 480 + 30% CF
100% WF 650
WF 650 + 5% CF
WF 650 + 10% CF
WF 650 + 15% CF
WF 650 + 20% CF
WF 650 + 25% CF
WF 650 + 30% CF

55.7
56.4
57.5
57.9
56.8
56.1
54.6
55.6
57.1
57.8
59.1
58.5
57.3
55.5

2.3
1.9
4.4
6.0
5.5
9.5
10.5
2.2
2.4
6.4
6.0
5.7
7.7
10.9

7.1
9.1
7.9
12.6
9.2
13.7
16.1
8.5
8.4
10.2
9.7
14.6
11.9
16.5

46
33
42
21
35
10
16
35
41
24
34
17
17
24

46
91
86
93
127
121
139
93
89
97
115
125
116
124

WF – wheat flour, CF – coconut flour, WA – water absorption, DT – development time, S – stability, DS – degree of softening,
FQN – farinographic quality number.

The results presented in Table 2 and figure 1 show that the addition of coconut flour to the white flour,
in different proportions, changed the rheological parameters.
Water absorption is the amount of water absorbed by the flour to bring the dough to a normal
consistency (500 BU) at the point of optimal development. Water absorption of both simple wheat flour types
had very close values, namely of 55.7 % for WF 480 and 55.6 for WF 650. The water absorption increased
as the level of coconut flour substitution increases in order to get the farinograms to 500 BU. Coconut-wheat
flour blends required more water than the simple wheat flour for hydration particles. Thus, the required
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amount of water for dough formation increased with increasing coconut flour. The longer the hydration of the
flour mixture particles, the longer the formation of the gluten network. The phenomenon of dehydration and
therefore of increasing the hydration capacity is induced by the increase of the fiber and protein content of
the flour blends. The contribution of fibers and protein in the flour blends being brought by the coconut flour.
The same trend was also reported in (Ștefan E.M. et al, 2018), where buckwheat flour was used. As seen in
Figure 1 and Table 2, for both types of flour, WF 480 and WF 650, water absorption increased significantly
up to 15% addition of coconut flour. After this ratio, further addition of CF results in a significant reduction of
water absorption, reaching of 54.6% in the case of samples with WF 480 (a lower level than the sample with
0% CF) and 55.5% in the case of samples with WF 650 (very close to the sample with 0% CF). This aspect
can be correlated with Figure 2, where it is observed that starting with 20 % level of CF, the alure of
farinogram curves become unstable. The most unstable farinogram being that at 30% level CF. The similar
results were also reported by (Gunathilake K.D.P.P. et al., 2009), where coconut flour was also used in blend
with wheat flour. They described that phenomenon as weakening the dough due to excessive dilution of
gluten forming proteins

Fig. 1 – Variation of dough rheological characteristics depending on the coconut flour ratio
Dough development time and stability increased significantly as level of coconut flour increased. The
addition of coconut flour up to 30% increased the dough development time to 10.5 min for WF 480 and 10.9 min
for WF 650, starting from de values of 2.3 min and 2.2 min, respectively. The wheat-coconut flour blend requires
more time to dough form because the components need a longer time to hydrate. Dough stability stage ends at
time when continued mixing the softening stage begins (weakening of dough consistency).
The degree of softening is inversely related to increasing of coconut flour level in the mixture with wheat
flour. The lowest values of the dough softening degree are observed in the case of samples with 25 % and 30%
addition of coconut flour. The same sample whose farinograms have an unstable allure. Farinograph Quality
index (FQN) increases very much with increasing coconut flour level, the highest values being having the samples
with 20%, 25% and 30% coconut flour added.
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The results are in accordance with that has been established in other scientific papers, namely the fact that
the wheat-coconut flour dough has optimal processing characteristics if coconut flour is used up to 15% and 20%
level. Also, up to 20% substitution of wheat flour with coconut flour are obtained quality bakery products
(Erminawati W.S. et. al., 2017; Awe A.B. et. al., Gunathilake K.D.P.P. et al., 2008, Gunathilake K.D.P.P. et al.,
2009).

Fig. 2 – Farinograms of different substitution levels of wheat flour 480/650 and coconut flour blends

CONCLUSIONS
The blending of wheat flour with coconut flour at different level influence the rheological parameters of
dough and the mixing behavior of dough. This can be appreciated both by the values of farinographic
characteristics and by observing the allure of the farinographic curves. The information referring to the effect
of wheat-coconut flour mixing on the rheological characteristics of dough can be used in technological
bakery products, to establish the technological parameters of the bakery, in order to achieve quality finished
products.
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ABSTRACT
An extension of a previously developed model for wheel traction is presented in this paper. The initial model
was based on Bekker's pressure-sinkage relationship and on the ASAE equations for traction force and
traction efficiency. As the initial model did not take into account the change of the tire cross-section
geometry, the model was extended by using three variants for tire cross-section: elliptical shape, spherical
segment shape and toroidal shape. Tire deformation under vertical load was taken into account by the
means of tire volume stiffness, and equations for the volume change of tire were developped for each case.
Experimental data, obtained when ploughing operations were performed, were used in order to validate the
results predicted by the models, using goodness-of-fit analysis.
It was concluded that the model based on the spherical segment shape of the tire cross section provided
acceptable results for both traction force and traction efficiency in comparison with the experimental values;
the other two models were more accurate in relation with the traction force, but proved to be less precise
when referring to traction efficiency
REZUMAT
Lucrarea prezintă o dezvoltare a unui model dezvoltat anterior referitor la tracţiunea roţii cu pneu. Modelul
iniţial era bazat pe relaţia presiune-înfundare în sol, elaborată de Bekker, şi pe ecuaţiile pentru forţa de
tracţiune şi randamentul de tracţiune din standardul ASAE. Deoarece modelul iniţial nu avea în vedere
modificarea sub sarcină a geometriei secţiunii transversale a pneului, acesta a fost extins prin luarea în
considerare a trei variante pentru forma secţiunii transversale: formă eliptică, formă provenind dintr-un
segment sferic şi formă toroidală. Deformarea pneului sub sarcină a fost luată în calcul prin intermediul
rigidităţii volumice, fiind stabilite, pentru fiecare variantă, ecuaţiile care descriu modificarea de volum.
Pentru validarea rezultatelor furnizate de către model s-au utilizate date experimentale, obţinute în timpul
executării arăturii, realizându-se o analiză a corespondenţei dintre datele teoretice şi cele experimentale.
S-a concluzionat că modelul bazat pe o formă a secţiunii transversale provenind dintr-un segment sferic a
furnizat rezultate acceptabile atât pentru forţa de tracţiune, cât şi pentru randamentul de tracţiune. Celelalte
două variante au furnizat rezultate mai precise în ceea ce priveşte forţa de tracţiune, dar mai puţin precise în
ceea ce priveşte randamentul de tracţiune.
INTRODUCTION
Soil compaction is one of the main threats for the agricultural land (Diserens et al., 2011) and may
significantly affect crop production (Mohsenimanesh et. al., 2009). Under these circumstances, accurate
prediction of tire traction could be an important tool for the management and control of soil compaction, as
the traction process has a significant effect over fuel consumption, yield and soil compaction (Pentos et. al.,
2020). In the meantime, the use computer models for predicting the traction characteristics has the potential
to significantly reduce the field testing process, which is expensive and time consuming.
The models concerning tire-soil interaction may be divided into three main categories (Pentos et. al.,
2020 ; Dallas et AL., 2019):
• empirical models, which relate vehicle and terrain characteristics by the means of experimental tests;
these are simple models, but their predictions are difficult to extrapolate for other conditions then the ones
in which the respective model was developed.
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numerical models, based on the Finite Element Method (FEM) or based on Artificial Neural Networks
(ANNs), require either accurate values for a great number of tire and soil parameters or a large number of
experimental data for the formulation, training and validation of the neural network. Due to the significant
variation of soil properties, the use of a certain model in other conditions than the original ones presents
the risk of providing less reliable results.
• semi-empirical models improve the empirical models by modelling some of the physical processes
connected to tire-soil interaction. The basis for this type of models is given by Bekker's pressure-sinkage
relationship for describing the tire-ground interaction (Schreiber and Kutzbach, 2008).
Semi-empirical models are a reasonable compromise between the simpler empirical models, for
which the range of applicability is limited to the cases having similar conditions to the ones from which the
models were derived, and the analytical models, which require in situ evaluation of a large number of soil
and tire properties (Rosca et al., 2014).
Although many semi-empirical models were developed over time, they generally do not take into
account tire volume and tire stiffness (Diserens et al., 2011).
A semi-empirical model was taken into account in this paper; the model is aiming to predict traction
force and traction efficiency for a 2WD agricultural tractor, under the assumption that the contact patch is a
super ellipse. Tire deformation under vertical load was taken into account by the means of tire volume
stiffness; three variants were considered in terms of tire cross-section geometry: elliptical shape, spherical
segment shape and toroidal shape.

•

MATERIALS AND METHODS
Description of of the initial model
The base model is the one presented in a previous paper (Rosca et al., 2014); according to fig. 1, it
was assumed that, under the vertical load
section height is reduced by z p .

G, the wheel sinks into the soil to the depth z c and the tire cross-

a)

b)

Fig. 1 – Schematics of the wheel-soil interaction model (Rosca et al., 2014)
a) wheel and soil deformation; b) contact surface

The basic equation of the model is:
G = p·A = q p · ∆V p ,

(1)

p is the tire-ground contact pressure, A is the area of the contact patch, q p is the tire volume stiffness
and ∆V p is the volume change of the tire in the contact area.
The tire-ground pressure was connected to the sinkage depth z c using the Bekker pressure-

where

sinkage relationship:

p = k ⋅ zn ,
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where k and

n are soil constants.
Tire deflection z p depends on the volume change ∆V p and is presented in the next section.

Wheel traction was calculated assuming that the traction force is limited only by the shear strength
of the soil, using the Mohr– Coulomb relationship (Maclaurin, 2007) for the maximum shear stress:

τ max = c + p ⋅ tgϕ
where

(3)

c is soil cohesion [kPa], p is the vertical pressure [kPa] and ϕ is the internal friction angle.

The traction force and traction efficiency were calculated using the formulae given in the ASAE
D497.7 standard (American Society of Agricultural Engineers, 2011):
F t,ef = F t – R r
(4)

 1
0.5 ⋅ s 
+ 0.04 +
Rr = G ⋅
B
Bn 
 n

 R
η tr = (1 − s ) ⋅ 1 − r
Ft

where F t is the traction force,
wheel slip.





(5)

(6)

R r is the rolling resistance of the wheel, B n is the wheel numeric and s is the

Geometry of tire cross-section
In the initial model (Roşca et. al., 2014) the tire change in volume due to deflection was evaluated

considering that its radius has increased from r 0 to r d as the tire was flattened in the contact area, while the
tire width was considered constant (fig. 2).

Fig. 2 - Initial tire deformation model (Rosca et. al., 2017)
∆V p - tyre change in volume due to deflection;

b - tire width;
r 0 – radius of the undeflected tire;
r d – radius of the contact patch under vertical load.

In the present study three cases were for the geometry of tire cross-section have been considered in
order to evaluate the volume change of the tire in the contact area:
• elliptical shape of the tire cross-section;
• spherical segment shape of the tire;
• toroidal shape of the tire.
a) Elliptical shape of the tire cross-section
The shape of the tire cross-section was considered to be an ellipse (Koutný, 2007); under the
vertical load, the cross-section is deformed while preserving its elliptical shape (fig. 3); thus, the minor axis
has decreased from h to h-z p and the major axis has increased from b to l w .
Assuming that the perimeter of the cross-section is the same, the major axis of the ellipse is given by
the following equation:
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l w = b 2 + 2 ⋅ h ⋅ z p − z 2p

(7)

The tire volume change ∆V p was calculated as the product between the cross-section area and the
length of the contact patch:
(8)
∆Vp = 0,5 ⋅ π ⋅ α ⋅ r0 ⋅ b ⋅ h − β ⋅ rd ⋅ l w ⋅ h − z p ,

[

)]

(

with the terms of the equation defined according to the notations shown in Fig. 1 and Fig. 3.

Fig. 3 - Elliptical shape of tire cross-section

b-tire width (unloaded state);
h – tire section height (unloaded state).

b) Tire as a spherical segment
In this case the tire was considered to be a spherical segment, delimited by two symmetrical vertical
planes and by the rim (Fig. 4).

Fig. 4 – Tire based on spherical segment (unloaded state)
d i – rim diameter;
b-tire width;
h – tire section height;
r 0 – tire free radius.

The volume change of the tire due to vertical load was calculated with the formula:
2
2


d2 
b
 di

2
d2 
b
d

2
− i .
∆Vp = α ⋅ b ⋅ 0,5 ⋅  i + x  + 0,5 ⋅ r0 +
− i  − β ⋅ b ⋅ 0,5 ⋅  + x d  + 0,5 ⋅ rd +
24
4 
24
4 
2

 2




2

2

(9)

c) Tire as a toroid
In this case the tire was considered to be a toroid, as shown in Fig. 5; in the loaded condition, the tire

section height has decreased from h to h-z p and tire radius in the contact area has increased from r 0 to r d
(see also Fig. 1). This assumption was also used by other authors (Ziani and Biarez, 1990).
The tire volume change for this case was given by the formula:
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r − 0,5 ⋅ d i
α ⋅ π⋅ h2 
h  β ⋅ π ⋅ (h − z p ) 
⋅  rd − d
∆Vp =
⋅  r0 −  −
2
2
2
2


2

.



(10)

Fig. 4 - Tire as a toroid
a) unloaded state dimensions;
b) loaded state dimensions.

Experimental data and goodness-of-fit analysis
Experimental tests were performed in order to obtain data regarding the traction force and traction
efficiency; the values predicted by the models were then compared with the experimental data based on a
goodness-of-fit analysis. The traction tests were performed during ploughing, using the Romanian 2WD U650 tractor; the tractor was fitted with a dynamometric frame and an electronic dynamometer. The main
characteristics of the tractor and drive tyre are summarized in Table 1.
Soil characteristics on the test field are shown in Table 2.
Table 1
Characteristics of the U-650 tractor and drive wheels
Item
Value
Load on the drive tire [kN]
11.75
Type of drive tire
14.00 – 38
Overall diameter of tire [m]
1.58
Tire width [m]
0.367
Lug width [m]
0.04
Lug length [m]
0.24
Lug height [m]
0.025
Distance between lugs [m]
0.195
Transversal radius of the under tread [m]
0.3

Characteristics of the test soil

Item
Soil deformation modulus, K [m]
k
Coefficients for the sinkage
equation
n
Soil cohesion, c [kPa]
Angle of internal friction, γ [0]
Average cone penetrometer index, CI [kPa]

Table 2
Value
0.05
55
1.3
25
32
970

In order to evaluate the goodness-of-fit between model and experimental data the following criteria were
considered (Schunn and Wallach, 2005):
• mean absolute deviation (MAD) – represents the mean of the absolute value of the deviation between each
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model prediction and its corresponding data point:
n

MAD =

∑m
i =1

− di

i

(11)

n

where m i is the model mean for point i, d i is the data mean for each point i and n is the total numbe of data to be
compared;
• root mean squared deviation (RMSD):
n

∑ (m

RMSD =
•

i =1

− di )

2

(12)

n

mean scaled absolute deviation (MSAD):
n

mi − di ⋅ mi

i =1

n ⋅ si

MSAD = ∑

•
•

i

(13)

where m i is the number of values contributing to each experimental data mean d i (in our case m i = 4) and s i
is the standard deviation for each data mean.
Pearson correlation coefficient r2;
percentage of points within 95% confidence interval of data (Pw95CI).
The goodness-of-fit analysis was applied for both traction force and traction efficiency data.

RESULTS AND DISCUSSION
Fig. 6 and 7 present the results concerning the traction force and traction efficiency of the tire, for the
three variants taken into account; the experimental data is also shown in the respective charts.
The data in Fig. 5 show that the variants for the elliptical shape of the tire cross-section and the toroidal
shape of the tire predicted quite similar values for the traction force for wheel slips lower that 30%; the values
predicted by the respective models were generally lower than the ones obtained during field tests.
On the other hand, the model based on the spherical segment shape of the tire has provided significantly higher
values in comparison with the ones resulted from the experiments.

Fig. 6 - Model and experimental data for traction force

Table 3 presents the results concerning the goodness-of-fit between the experimental data and the
model data; from this point of view the best goodness-of-fit was achieved for the first and third model.
Nevertheless, the Pearson correlation coefficient r2 is only 5.6% lower for the spherical segment model in
comparison with the other two models.
Fig. 7 presents the results concerning the traction efficiency; the chart clearly shows that the model
based on the spherical segment shape of the tire provided the best results. This assumption was confirmed
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by the results of the goodness-of-fit analysis, which are summarized in Table 4. Thus, for the above
mentioned model, all the items addressed by the goodness-of-fit analysis were more favourable in
comparison with the other two models (higher r2, lower MAD, MSAD and RMSD, all the model points within
the 95% confidence interval of the experimental data).
Table 3
Item
r2
MAD
MSAD
Pw95CI [%]
RMSD

Goodness-of-fit analysis for traction force
Model
elliptical cross-section
spherical segment shape
0.952
0.897
0.6927
1.3617
4.195
6.785
66.7
22.2
0.8613
1.4163

toroidal shape
0.951
0.7502
4.391
66.7
0.8899

Fig. 7 - Model and experimental data for traction efficiency

Table 4

Goodness-of-fit analysis for traction efficiency
Item
r2
MAD
MSAD
Pw95CI [%]
RMSD

elliptical cross-section
0.013
0.1087
1.861
77.8
0.1746

Model
spherical segment shape
0.657
0.0241
0.454
100
0.0333

toroidal shape
0.013
0.1104
1.888
77.8
0.1742

CONCLUSIONS
A modified semi-empirical model for the prediction of traction performance of a tractor driving wheel
is presented in this study. The model took into account three variants for the shape of the tire:
• elliptical shape of the tire cross-section;
• spherical segment shape of the tire;
• toroidal shape of the tire.
Each of the above mentioned variants led to a different equation for calculating the volume change
of the tire in the contact area, under vertical load.
Experimental results from ploughing tests were used in order to validate and verify the applicability of
the model and a goodness-of-fit analysis between experimental and model data was performed.
Based on the goodness-of-fit analysis it was concluded that, when considering the traction force
data, the Pearson coefficient r2 was comprised between 0.897 and 0.952, depending on the model taken into
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account; when referring to traction efficiency, only the model based on the spherical segment shape of the
tire provided reliable results (r2=0,657, compared to 0.013 for the other two models).
Overall, it was concluded that the model based on the spherical segment shape of the tire could be
considered as the best compromise for predicting reliable data for both the traction force and traction
efficiency.
However, it should be mentioned that the models were confronted with experimental data collected
for one type of soil and a certain soil condition; further tests, performed on different soils and in different
conditions, have the potential to improve the accuracy of the model.
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ABSTRACT
The paper includes the most important theoretical and practical considerations regarding the role of seeds
cleaning. The cleaning process is performed after assessing the physical-mechanical characteristics of the
row material, in order to establish the appropriate working technologies. Several cleaning methods are
known, the most used being vertical air flow cleaning, and mechanical cleaning using cylindrical sieves.
REZUMAT
Prezenta lucrare însumează cele mai importante considerații teoretice și practice referitoare la rolul curățirii.
Curățirea se realizează după ce se analizează caracteristicile fizico-mecanice ale produsului de bază, pentru
a stabili tehnologiile adecvate de lucru. Sunt cunoscute mai multe metode de curățire, cele mai utilizate fiind
curățarea in curent de aer vertical și cu ajutorul sitelor cilindrice.
INTRODUCTION
Seed cleaning involves achieving grain quality indicators and optimal parameters for the various
physico-chemical properties of the components from the seed mass (Mircea C. at all, 2020). Knowing the
parameters for achieving the separation, it is also important to determine the optimal operation of the
equipment in the production flow (Mircea et all, 2020; Petre et all, 2020; Badretdinov et all, 2020), in order to
obtain maximum quality, with a minimum consumption of energy and labor.
Some studies have identified the need for separation using more aggressive techniques applied to
seeds, especially for organic crops where the use of chemical herbicides are avoided (Nenciu et all, 2021),
or for the cleaning of various seeds intended for biofuels production (Yuan et al., 2018; Paun et. all, 2018;
Nenciu F. et all, 2020; Petre A.A., et all, 2021). The role of seed sorting in agriculture is to remove all foreign
bodies from the seed mass and minimize the rations of other contaminating seeds. For cleaning / sorting
cereals, several cleaning methods are known: vertical air flow; using sieves; or mixed processes. The main
types of cleaners are classified as follows: pre-suction cleaners, drum cleaners (cylindrical sieves), precleaners with flat sieves, seed selectors and gravity cleaners.
MATERIALS AND METHODS
The cleaning / sorting of cereals based on the load-bearing properties with the help of air currents is
based on the difference of the floating speeds, the coefficients of resistance and the floating coefficients in
the air, which characterize the aerodynamic properties of the seeds in an air stream.
The air currents used for cleaning / sorting cereal seeds can be either vertical according to fig.1.a or inclined
according to fig.1.b, (Stefănescu I.I., 2003; Shi et al, 2018).
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a) vertical air currents;

b) inclined air currents

Fig 1- Cleaning with air currents (Stefănescu I.I., 2003)

Obtaining an optimal cleaning of cereal seeds, in vertical air stream depends on the following factors:
(Stefănescu I.I., 2003)
• the speed of the air current, which is made according to: the characteristics of the initial material,
the critical (floating) speed of the basic culture and of the foreign bodies;
• the required air flow (m3 / s), for the processing of the material (kg / s), brought to the cleaning.
Cleaning / sorting of cereals with the help of sieves - is done by dimensions (length, width and
thickness) (fig.2.), comprising the following main moments: displacement of the seed mass whose
dimensions are larger than the dimensions of the sieve holes, distributed in a uniform layer on the sieve
surface, separation of seeds through the sieve holes. For separation by thickness, there are used sieves with
elongated (rectangular) holes (fig.2.a) (Stefănescu I.I., 2003).
Separation condition is the fulfillment of the condition according to relation 1:
a particcle ≤ a hole ≤ a impuritaies
(1)
• the particles must settle along the holes;
• the length of the hole must be greater than the length of the particle. [l 1 =(2...2.5)l] (Stefănescu I.I.,
2003).
For the separation by width, there are used sieves with round holes (fig. 2.b). Seeds that meet the
following condition can pass through the holes in the sieve: d≥b (Stefănescu I.I., 2003)

a) by thickness; b) by width; c) by length

Fig.2 - Cleaning / sorting of cereals using sieves (Stefănescu I.I., 2003)

In order to increase the cleaning productivity on the sieve, it is necessary for the large axis of the
particle to be perpendicular to the surface of the sieve, a condition achievable by designing an oscillating
motion, perpendicular to the plane of the sieve.
The study of the movement of the seed on the flat separation surface (fig. 3.a) considers the achievement of
as many contacts with it, the passage of small seeds through the meshes of the sieve and the continuous
movement of the seeds in the direction of evacuation. In order to achieve the relative movement of the seeds
on the sieve, it is necessary to meet the condition according to relation 2.
F i >F f

( 2)
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a) on a flat sieve

b) using the cylindrical sieve

c) using the trior

Fig.3 - The phases of particle movement on the sieve, using three separation techniques
(Stefănescu I.I., 2003)

Rotary cylindrical sieves, compared to other seed separating devices, have the advantage of
achieving an intense mixing of particles, in a simple construction, with small size and low electricity
consumption.
In general, the motion of the particle on the inner surface of the cylindrical sieve comprises the
following three states: relative rest; relative motion (sliding on the surface; free movement; independent of
the surface). (fig.3.b) (Stefănescu I.I., 2003).
The working capacity of the sieve is ensured when the index k <k *, in this case the material moves on
the sieve only by sliding, (single phase). (Stefănescu I.I., 2003, Voicu et al., 2008).
In the general cycle, four characteristic points of transition from one phase of the cycle to another
can be determined: point 1 - determined by the angle - indicates the transition from rest relative to sliding on
the surface: point 2 - determined by the angle - indicates the moment of particle detachment. on the surface;
point 3 - determined by the angle indicates the moment of encounter of the particle with the cylindrical
surface; point 4 - determined by the angle - indicates the beginning of the relative rest. The order of transition
from one state to another will be as follows: relative rest (phase 4-1), sliding (phase 1-2), free movement
(phase 2-3) and sliding (phase 3-4).
For length separation - it is made on surfaces with holes in the alveolar shape, and the equipment in
which this operation is performed are called trier (fig.3.c). (Căsăndroiu, 1993).
Cleaning-sorting cereals based on specific mass. The principles underlying the additional
separation operation on some special equipment design are based on the difference between the specific
mass (density) of the components. The material introduced in a conical sieve with rotary and vibrating
motion, receives an oscillating lifting movement along the mantle generator, separating the components of
the row material in fractions according to the specific masses.
RESULTS
At national and international level, the concerns of designers and builders to make cylindrical sieves
with rotating drum, for cleaning / sorting seeds are very advanced, due to the need to increase the quality of
seeds, used for both sowing and consumption. Depending on the type of grain being processed, the holes in
the rotating drum casing can be round or rectangular. (fig.4):

Fig. 4 - Operation of rotating cylindrical sieves (Stefănescu I.I., 2003)
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The elements identified in Figure 4 are the following: 1-feeding hopper; 2-chamber suction; 3- storage
of light impurities; 4- outlet; 5 - collection boxes; 6 - fan; 7-cyclone separation; 8-drum; 9-cylindrical mantles
with different holes; 10-group drum-drive; 11-spiral to remove light impurities; 12- intake air flow damper; 13drum tilt adjustment lever; A-uncleaned cereals; B-large foreign bodies; C- cleaned cereals; D-small foreign
bodies; E- light impurities; F- dust and chaff; G-air evacuated from the cyclone; H - cereal pre-cleaned by
suction.
Marot company has created a diversified range of equipment for seed cleaning, in the EAC range
(fig.5), that remove lightweight products and separate broken kernels and large-size waste from the good
grain. These operations are carried out by double-acting suction followed by a rotating drum, the raw
product being spread out in a uniform layer while an air flow blows through it.
The heaviest particles settle in the holding chamber and are extracted by a screw, while the
lightweight particles are expelled by suction. The grain then flows into a rotating drum with
interchangeable grids, the first of these sieves remove broken kernels and those following the good grain.
The succession of grids with different perforations make these devices remarkably useful for all
types of grain, at flow rates from 5 to 400 tonnes/hour.

Fig. 5 - Equipment for cleaning grain seeds, produced by Marot

(http://www.cfcai.com/marot/MAROT_PERFORMANCES_GB.htm#PRENETTOYEUR)

The range of equipment that uses rotating cylindrical sieves, produced by Marot
(http://www.cfcai.com/marot/MAROT_PERFORMANCES_GB.htm#PRENETTOYEUR)

Table 1

Nb
Drum
of grids
diam (mm)
EAC 53
5
3
460
EAC 153
15
3
630
EAC 354
25
4
630
EAC 503
50
3
805
EAC 704
70
4
805
EAC 1103
130
3
1260
EAC 2004
200
4
1260
EAC 2505
250
5
1260
EAC 3003
220
3
1610
A4010 / C4.1610
300
4
1610
A4010 / C5.1610
400
5
1610
*Flow rates for wheat PS 0.75 with 2% impurities.
Prime Solution Silo company has developed equipment used to clean wheat, barley, corn, oats,
rice, soybeans, sunflower, rapeseed, legume seeds, etc. (fig.6). The light mess is cleaned with aspiration.
The good product passes through sieves holes of different diameters. Large foreign substances are
removed at the end of the drum.
CLEANERS / MODELS

Flow rate (t/h)*
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Within the cleaning process, unwanted substances such as straw, wood fragments, pieces of corn
cob, or other wastes will not harm other equipment. Applications such as rough cleaning, precision
cleaning, seed cleaning, and grading can be performed for cereal and leguminous seeds.
Due to its continuous rotation, the product flow is better, being precise and lighter than vibro-sieves.
These sieves models have self-cleaning mechanism, and they can separate very large foreign substances
without clogging sieve inputs and outputs.
Prime Solution Silo drum sieves provide high efficiency and low power consumption with a strong
designed structure. Sieve hole diameter varies according to the product. Sieve changing is made easy
through opened side cover very quickly. Rollers make self-cleaning during sieving. According to the
situation of the foreign substances in the product, the drum sieve angle can be adjusted and the angular
adjustment action is made through a motorized mechanism. Drum rotation speed can be adjusted
electronically. The screening can be controlled during the operation through the sample receiving control
points.

Fig. 6 - Equipment for cleaning grain seeds, produced by the company Prime Solution Silo
(https://www.pssilo.com/en/grain-cleaning-machines/)

CONCLUSIONS
Rotary cylindrical sieves, compared to other seed separating equipment, have the advantage of
achieving an intense mixing of particles, having a simple construction, with small size and low electricity
consumption. The concerns of equipment designers and builders to make cylindrical rotating cleaners, is
dependent on the type of grain that is being processed. Considering the methods of cleaning grain or the
equipment design, the following groups of technology intended for separation have been identified:
A. Cylindrical sieves for cleaning / sorting cereals using air currents, simultaneously with cleaning by
particles shape and size, using cylindrical sieves;
B. Cylindrical sieves for cleaning / sorting grains only by shape and size, using rotative sieves;
C. Cylindrical sieves for cleaning / sorting grains only by shape and size using sieves and specific
vibration mass difference.
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ABSTRACT
Ecosystems around the world have become increasingly fragmented, and species used for food and
medicine are at increasing risk of extinction. Fragmentation, degradation of freshwater, marine and terrestrial
ecosystems is also a threat to food security. For example, world fisheries employ about 200 million people
and provide about 16% of the world's protein. Aquaculture has the potential to reduce the pressure on global
fisheries and significantly reduce the footprint of less sustainable terrestrial livestock systems in the supply of
animal protein to humans. However, two aspects of aquaculture can be addressed to improve the
sustainability of this agricultural technique.
REZUMAT
Ecosistemele din întreaga lume, au devenit din ce în ce mai fragmentate, iar speciile utilizate pentru alimente
și medicamente prezintă un risc tot mai mare de dispariție. Fragmentarea, degradarea ecosistemelor de apă
dulce, marină și terestră reprezintă, de asemenea, o amenințare la adresa securității alimentare. De
exemplu, pescuitul mondial angajează aproximativ 200 de milioane de oameni și furnizează aproximativ
16% din proteinele consumate la nivel mondial. Acvacultura are potențialul de a reduce presiunea asupra
pescuitului mondial și de a reduce semnificativ amprenta sistemelor de creștere a animalelor terestre mai
puțin durabile în aprovizionarea cu proteine animale a oamenilor. Cu toate acestea, două aspecte ale
acvaculturii pot fi abordate pentru a îmbunătăți durabilitatea acestei tehnici agricole.
INTRODUCTION
However, almost 80% of the world's fish stocks, for which assessment information is available, are
fully exploited, overexploited, sometimes even depleted or recovering after depletion (FAO Department of
Fisheries and Aquaculture, 2009). While the average catch of fish has decreased by 22% since 1959
globally for all assessed communities and, in addition, there is a trend of increasing stock growth by 14% of
assessed stocks in 2007 (Worm et al., 2009). Between 1980 and 2003, almost a quarter (24%) of the world's
land area was degraded, as measured by a decline in primary productivity. (Burlingame B., et al., 2010)
What is required is a paradigm shift in the way we think about aquaculture, especially its interaction
with natural and social systems. This new paradigm should be based on sustainable development “managing and conserving the natural resource base and guiding technological and institutional change in a
way that can ensure the realization and continued satisfaction of human needs for present and future
generations. Such development conserves soil, water, plants and genetic resources, is environmentally
degradable, technologically adequate, economically viable and socially acceptable, being called sustainable
aquaculture. (White K., et al., 2004)
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Fig. 1 - The most important aspects of sustainable aquaculture

Depending on the environmental regulations established by each country, fish farmers must either
treat or dispose of the effluent, which can be both costly and environmentally harmful. Without treatment, the
release of nutrient-rich water can lead to eutrophication and hypoxia in the watershed and localized coastal
areas, as well as excessive growth of macroalgae in coral reefs and other ecological and economic
disturbances.
Cultivation of plants in the effluent stream is a method of preventing its release into the environment
and obtaining additional economic benefits from crops that grow with by-products at no cost through
irrigation, artificial wetlands and other techniques. Another concern about sustainability is that aquaculture
relies largely on fishmeal as the primary food for fish. In terms of conservation, it discharges a debt by hiring
another, and alternative food ingredients are of great importance for the future of aquaculture. (Somerville
C., et. al., 2014).
MATERIAL AND METHOD
Integrated polyculture and aquaculture are methods of raising different organisms within the same
agricultural system, in which each species uses a distinct niche and distinct resources within the agricultural
complex (Figure 2). This may involve the growth of several aquatic organisms together or may involve the
growth of aquatic organisms in combination with terrestrial plants and / or animals. In both cases, waste from
one body is used as input to another, leading to optimal use of resources and reduction of pollution as a
whole.
Polyculture systems can provide mutual benefits to grown organisms by creating symbiotic
relationships, while allowing a balanced use of available aquatic resources, while intensive monoculture
systems extract resources from the system and put more stress on the environment. In addition, integrated
systems can increase the economic efficiency of fish farms by improving the conversion rates of input
materials. Integrated polyculture and aquaculture have the potential to address some of the issues arising
from the intensive breeding of finfish species. For example, the integration of fish culture with the culture of
algae and / or crustacean species has the potential to reduce the risk of eutrophication and also to exploit
large amounts of waste produced by fish farms. However, further research is needed to determine the
effectiveness of such systems, especially in open marine environments. (Toppe J., et al., 2010)
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Fig.2 - Integrated traditional aquaculture that uses past practices for a sustainable future (White K., et al., 2004)

Aquaculture is increasing the global food supply and has tremendous potential to address malnutrition
and diet-related diseases. Selected species and feed affect the nutrients available in aquaculture. Reducing
dependence on wild fishing, strengthening feed to increase nutrient content and expanding the diversity of
aquatic species are key areas for further research and development of new food products for sustainable
aquaculture.
Finally, the degree to which aquaculture will contribute to nutrition depends largely on who can access
the fish produced, which will be shaped by production technology, as well as trade and price dynamics.
(Fiorella K.J., et. al., 2021). Aquaculture continues to grow rapidly, especially through its significant growth in
Asia. World aquaculture production is growing much faster than animal husbandry and catch fishing, the
other two sources of animal protein are becoming extremely vital to the world's population.
There is widespread recognition that seafood production in the catch fishery is at or near peak and
that aquaculture will become increasingly important as a source of seafood production and, ultimately, the
source of main. Agriculture also involves the individual or corporate ownership of the cultivated stock. (FAO,
2009) For statistical purposes, aquatic organisms harvested by a natural or corporate person who owned
them during the growing period contribute to aquaculture, while aquatic organisms that are exploitable by the
public as a common property resource, with or without licenses, are the fishing harvest. (Lucas J.S., et al.,
2012).
Global aquaculture (Figure 3) has grown dramatically over the last 50 years to about 52.5 million tons
(68.3 million including aquatic plants) in 2008 to $ 98.5 billion ($ 106 billion including aquatic plants) and
accounts for about 50% of the world's fish food supply. Asia dominates this production, accounting for 89%
in volume and 79% in value, with China being by far the largest producer (32.7 million tonnes in 2008). Rapid
growth in this region has been driven by a variety of factors, including pre-existing aquaculture practices,
economic factors, population growth, a relaxed regulatory framework and expanding export opportunities.

Fig.3 - Global aquaculture production by region. Source: FAO (2010). (a) Aquaculture by quantity 2008 (excluding
aquatic plants). (b) Aquaculture after 2008 (excluding aquatic plants). Dark blue, Africa; maro, America; light green, Asia;
violet, Europe; light blue, Oceania.
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The development of aquaculture in Europe and North America was rapid in the 1980s and 1990s, but
has since stagnated, probably due to regulatory restrictions on sites and other competitive factors, although
as fish and seafood markets, they have continued to grow.
RESULTS
The growth rate of aquaculture between 1970 and 2006 was 6.9% per year (FAO 2009a), although it
appears to be slowing down (on average 5.8% between 2004 and 2008). This reflects the typical pattern,
which can be seen at national level, of adoption followed by rapid growth, which then slows down as
competition and other constraints increase.
The highest relative growth rates between 2006 and 2007 are in countries with relatively low production,
such as Lesotho (6450%), Rwanda (909.5%) and Ukraine (590.8%). Although they can be a useful indicator
of new initiatives, lower percentage growth in countries with already substantial production has a greater
impact. For example, a 5.2% increase in China accounted for 52.3% of the total increase in the global
aquaculture supply for 2007. The second most important country in this respect was Vietnam, which
contributed 16.7%. from additional aquaculture production with a growth rate of 30.1% (figure 4). (Koch, J. F.
A., 2016)

Fig.4 - Average annual growth rate of all aquaculture production in terms of quantity over a period of 5 years.
Calculated using the difference between the average values for the periods 2000-2002 and 2005-2007. Red, greater
than -10%; orange, from -3 to -10%; from 0 to -3%; purple, 0-3%; light blue, 3-10%; dark blue, more than 10%. Source: FAO
(2009 b).

Fig.5 - Average annual growth rate of all aquaculture production in terms of value over a period of 5 years.
Calculated using the difference between the average values for the periods 2000-2002 and 2005-2007. Red, greater
than -10%; orange, from -3 to -10%, from 0 to -3%; purple, 0-3%; light blue, 3-10%; dark blue, more than 10%. Source: FAO
(2009 b)

A small number of countries with substantial production contracted in 2007, especially Thailand,
Spain and Canada. The reasons were mainly related to the market and competitiveness, although unique
diseases and environmental events may also play a role in the one-year figures. Overall, these reductions
amounted to the equivalent of 1.6% of global supply (ie more than offset by growth elsewhere) (figure 5).
With the exception of aquatic plants, 310 species were recorded by the FAO as cultivated in 2008.
However, the top five species accounted for about 33% of production (19% of value), the top 10 for 53%
(45% of value). and the top 20 species for 74% of production in volume (63% in value). Freshwater fish
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production is dominated by different carp species, but tilapia and pangasius catfish have become more
significant. Coastal aquaculture includes primarily shrimp, oysters, mussels and mussels, and Atlantic
salmon as the main intensely bred marine fish. (Soto D., et al., 2008).

Fig.6 - Total world production for wild species (blue) and shrimp (red). Source FAO (2010).

It is possible to further expand wild aquaculture, especially in relatively untapped regions of Africa
and Latin America. However, a strengthening of the environmental ecosystem as well as competition for land
resources in some areas is likely to limit developments such as those observed in some Asian countries.
(Chapman D., et al., 2017).
Coastal aquaculture using terrestrial tanks has developed in some areas (eg South Korea, Spain,
Iceland), usually where other types of aquaculture would not be possible. Most use pumped water that
passes through tanks and is then discharged into the environment. However, an increasing number are
treating and reusing the flow of water, ensuring greater environmental isolation and therefore biosecurity. For
medium to high value marine fish species, floating cages have proven to be the most cost-effective
production system in a wide range of farm sizes and averages (as determined by conventional financial
assessment; Halwart M., et al. 2007). Most are based on feeding either complete diets or, for some species,

garbage fish. (Dwiloka B., et al. al., 2015)
The cage units can be sized and arranged flexibly to meet the needs of the farm. The expansion is
simple by increasing the volume of the cage or the number of units. Larger cages, especially in more
exposed locations, are becoming difficult and expensive to manage with manual labor, so a wide range of
vessels and specialized service equipment, especially in the salmon sector, have been developed to
overcome such constraints (figure 6). The sustained economies of scale sustained by mechanization have
contributed to a substantial reduction in production costs. (fig.7,8,9). (Amerah A.M. et al., 2013)

Fig. 7 - Development of the volume of production of Atlantic salmon and rainbow trout in Norway and
the number of employees (blue), illustrating trends in the industrialization of production systems (red). Source:
Fiskeridirektoratet (2008).
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Fig.8 - Estimation of global aquatic feed production composed in 2008 for the main farm species (as a
percentage of total aquatic feed production dry food. Source: Tacon and Metian

According to the latest global aquaculture statistics compiled by FAO, world aquaculture production
reached another record of 114.5 million tonnes live weight in 2018 (Figure 11), with a total value of fish sales
of 263 , $ 6 billion Total production was 82.1 million tons of aquatic animals ($ 250.1 billion), 32.4 million tons
of aquatic algae ($ 13.3 billion) and 26,000 tons of shells and ornamental pearls ($ 179,000).

Fig. 9 - World aquaculture production of aquatic animals and algae, 1990-2018.

World aquaculture production of farmed aquatic animals increased by an average of 5.3 percent per
year between 2001 and 2018 (Figure 12), while growth was only 4 percent in 2017 and 3.2 percent in 2018.
The recent low growth rate of fish has been caused by their sharp slowdown in China, the largest producer,
where aquaculture production has grown by only 2.2% in 2017 and 1.6% in 2018, while combined production
in the rest of the world still enjoyed a moderate increase of 6.7% and 5.5%, respectively, in the same two
years (Figure 10,11). (Sugiharto et al., 2019)

Fig.10 - The annual growth rate of aquaculture fish production is quantified in the new millennium
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The State of WORLD FISHERIES AND AQUACULTURE – Sustainability in action, Food and
Agriculture Organization of the United States, Rome, 2020

Fig.11 - World production, use and trade of fisheries and aquaculture

CONCLUSIONS
Looking ahead, there is a strong emphasis on improving resource efficiency through management and
integration or more technological solutions available through advances in engineering and bio-science. Both
approaches will be important and influenced by broader social and economic factors, including globalization,
urbanization, factor prices (especially energy) and consumer demand.
The integration of aquaculture, fisheries, agriculture and other productive or ecosystem management
activities has an integral role to play in the future of the aquaculture industry. Techniques include farm,
agriculture / aquaculture (IAA), integrated multi-trophic aquaculture (IMTA) and links to renewable energy
projects. Integration is a key element of the “ecosystem approach to aquaculture (EAA)”, which is a strategy
for integrating business into the wider ecosystem so as to promote sustainable development, equity and
social and ecological resilience interconnected by systems.
Aquaculture contributed 43% of aquatic animal feed for human consumption in 2017 (eg fish,
crustaceans and molluscs except mammals, reptiles and aquatic plants) and is expected to continue to grow
to meet future demand. it is very diverse and unlike many perceptions, it is dominated by crustaceans and
pond fish, herbivores and omnivores, using all or part of its natural productivity. The rapid increase in the
production of carnivorous species such as shrimp salmon and catfish has been driven by globalized trade
and the favorable economy of large-scale intensive aquaculture. Most aquaculture systems are based on low
environmental goods and services so an essential issue for the future is whether they are brought into the
company's accounts and the effects it would have on the production economy. Otherwise, increased
competition for natural resources will force governments to strategically allocate or leave the market to
determine their use based on the activities that can extract the most value. Other uncertainties include the
impact of climate change, future fisheries supplies (for competition and feed supply), practical limitations on
the scale and economics of integration, and the development and acceptability of new bioengineering
technologies.
In the medium term, increasing production will probably require expansion into new environments,
further intensification and efficiency gains for more sustainable and profitable production. The trend towards
intensive systems enhanced with key monocultures remains strong and at least for the foreseeable future
will significantly contribute to future supply. Dependence on external feed including selected fish material,
water and energy are key issues for aquaculture. Some new species will enter production and policies that
support reducing resource footprint and improving integration could lead to new developments as well as
reversing the decline in some more traditional systems.
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ABSTRACT
The paper proposes the use of several integrated management practices to reduce the main pest identified
in Seet Sorghum culture established within INMA Bucharest, namely Rhopalosiphum padi. The proposed
approaches involve applying integrated control methods with a low impact on the environment, achieve a
healthier harvest and protect biodiversity. This is achieved through the use of cultural practices (crop
rotation, tillage); resistance of host plants (by using pest-resistant hybrids); biological control (natural
enemies of aphids). By performing a proper management, has been possible to avoid the use of insecticides,
that can adversely affect the ecosystem.
REZUMAT
Lucrarea propune utilizarea managementului integrat pentru diminuarea principalului dăunător identificat în
cultura de sorg zaharat din cadrul INMA Bucureşti şi anume Rhopalosiphum padi. Abordarea propusă
presupune organizarea metodelor de combatere integrată şi utilizarea acestora în vederea protejării mediului
înconjurător, obţinerii unei recolte sănătoase şi protejarea biodiversităţii. Aceasta se realizează prin utilizarea
practicilor culturale (rotaţia culturilor, lucrările solului); rezistenţa plantelor gazdă (prin folosirea de hibrizi
rezistenţi la dăunători); controlul biologic (realizat cu ajutorul duşmanilor naturali ai insectelor dăunătoare).
Prin utilizarea unui management adecvat s-a putut evita utilizarea insecticidelor care pot afecta negativ
ecosistemul.
INTRODUCTION
The aim of this paper is to use integrated control methods to reduce pests from sweet sorghum
plantations and harmoniously combine the methods in order to develop a strategy for sustainable control of
pests, that have been identified in the crop.
The motivation of the research was to identify the best solutions for applying integrated management
methods, in order to control aphids (Rhoplalosiphum padi) in a sweet sorghum crop, having in regard that
this strategy is beneficial for organic crops, and represents an environmentally friendly process. Aphids are
significant pests of sweet sorghum, because the stems have a high sugar content, and therefore is a
consistent food source for Rhopalosiphum padi.
The integrated management methods, that can be used for control are: cultural control; resistance of
host plants; biological control; chemical control; biopesticides; intercropping. The research results obtained
by using integrated management, in order to control aphids in sweet sorghum crop confirm the effectiveness
of this strategy. The problems caused by climate change in non-irrigated areas in Romania lead to the need
to identify drought-resistant plants, such as sweet sorghum, in order to replace classical energy crops
(Nenciu F. et al, 2020; Nenciu F. et al, 2021).
Agriculture is severely affected by the presence of harmful insects (Deutsch C.A. et al, 2018), and
aphids in particular affect a wide variety of crops worldwide (Van Emden H. F. and Harrington R., 2017).
Regarding cultural control, Knutson et al (2018) considered that the preparation of the germination bed
should be carried out on the day, or at the latest, in the day before it is sown. This is beneficial because it
does not lose moisture from the soil, and the germination of sorghum seeds will be fast, which will reduce the
damage caused by soil pests (fire ants, wireworms, etc.).
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Land sanitation involves controlling weeds immediately after harvesting the precursor plantations,
activity that can destroy part of the winter habitat for larvae of certain pest species. Periodic removal of
vegetation, such as common grasses around sorghum crops also helps in removing aphids, (McLeod P. and
Greene J., 2004).
Crop rotation aims to stop the feeding of pests from the previous crop by establishing a new crop
that is not host to insects from the previous crop. (Cronholm et al, 2007). To support biological control, there
are various natural enemies that feed on the harmful insects of sweet sorghum. Among them are: ladybugs,
ants, beetles, spiders, solid beetles, syphid flies, wasp and entomopathogenic fungi. Natural enemies along
with biological control agents eliminate pest populations at all stages of development of sorghum culture.
Effective biocontrol using ladybugs (Coccinella septempunctata) on sweet sorghum crop requires the
establishment of the necessary conditions for the multiplication of the population, for these natural enemies
for aphids (Royer et al, 2015). In Australia aphids are often found at the top of the plant and are considered a
major pest of sweet sorghum with significant influences on production, but usually the number of aphids
decreases rapidly with the appearance of panicles and the intervention of natural enemies (Coccinella
repanda and Harmonia octomaculata), (Mexongsee B. and Chawanapong M., 1985). Biological control with
ladybugs (Coccinella septempunctata) that feed on aphids can reduce other harmful insects too, by reducing
the honey which is a food source for feeding other insects (Rondoni G. et al, 2020).
Climate generates a large part of the processes that drive the life cycle of aphids (survival,
reproduction and development), (Thierry H. et al, 2021). The development and reproduction of aphids are
significantly influenced by temperature, as highlighted by Wiest et al (2021), who conducted experiments in
different types of environments: growth chambers and outdoor air temperature environment with constant
and cyclic thermal regimes. Under the constant thermal regime, a progressive increase of the aphid
population was observed in the range of 5-25ºC, the largest population being registered around 25ºC. Under
the cyclic thermal regime, the most abundant population was noticed in the range of 20ºC -30ºC.
The development and reproduction of aphids are significantly influenced by temperature, as
highlighted by Wiest et al (2021), who conducted experiments in different types of environments: growth
chambers and outdoor air temperature environment with constant and cyclic thermal regimes. Under the
constant thermal regime, a progressive increase of the aphid population was observed in the range of 525ºC, the largest population being registered around 25ºC. Under the cyclic thermal regime, the most
abundant population was noticed in the range of 20-30ºC.
Natural enemies along with climate influence help slow down the aphid reproductive potential. There
is a peak density of the population of donor insects in most regions where sorghum is grown, which then
decreases sharply (Okosun, O.O. et al, 2021).
The resistance of host plants is the genetic ability of a plant to prevent or reduce damage caused by
an insect. In the resistance of host plants, one or more systems could be involved: antixenosis (nonpreference), antibiosis and tolerance. The ability of a host plant to escape damage due to its growth pattern
is usually called pseudo-resistance, (Nwanze K. F., 1997). Also, the resistance of host plants can reduce the
intensity of increasing the number of pests and improve the ratio between pests and their natural enemies.
Antigenoses is a mechanism that has consequences on the behaviour of insects, antibiosis affects the life of
the insect, and tolerance means the recovery of plants from the suffering caused by pests. (Singh B.U. et al
2011; Muturi P.W. et al 2012; Prasad G.S. et al 2015 cited by Okosun O.O. et al., 2021).
Leuschner (1985) considers that the most appropriate or feasible method depends on the insect
species and what facilities that are available. The use of hot spots is the cheapest and most widely used in
practice, being preferred in developing countries with limited research resources.
The combination of several genotypes, that have the ability to resist insects in sweet sorghum
hybrids can be auspicious to manage the main pests in sorghum culture, such as mosses, mites, aphids,
caterpillars, bedbugs, etc. (Okosun O.O. et al., 2021).
Breeding programs should be carried out for specific ecological regions, as sorghum adapted to
India does not grow well in Africa or on another continent and vice versa. Ideally, each country should have
its own sorghum improvement program tailored to the specific needs of that country. The emphasis should
be more on yield stability than on high yield.
Pest problems are more severe in the semi-arid and tropics, than in temperate conditions. Therefore,
the objectives should be focused both on strengthening the resistance to yield limiting factors and at the
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same time on improving the yield, in order to produce a well-adapted product and a variety or hybrid with
stable yield, (Leuschner K.,1985).
Integrated pest management is considered a decision-based process that involves the coordinated
use of several strategies to streamline the overall control of pest classes (insects, pathogens, weeds,
vertebrates) in an ecological, economic and healthy environment (Prokopy R.J., 2003).
The practice of integrated management includes the following:
• concomitant management of several pests;
• regular observation of pests and their nature as well as natural enemies;
• treatments involving the application of pesticides will be carried out only when the economic thresholds are
reached;
• integrated use of several suppression strategies to neutralize pests.
A holistic approach to integrate pest control should, over time, reduce pesticide use, save farmers
and protect the environment and human health. The term "integrated" involves the insertion of levels of
enemies / natural competitors in the decision-making process, and the use of appropriate, non-disruptive
strategies that maintain these agents.
MATERIALS AND METHODS
The experimental stages followed several methods of integrated culture management such as:
cultural control; host plant resistance and biological control.
Cultural control
The cultural measures adopted on sweet sorghum regarding the controlling and reduction the
damage caused by Rhoplalosiphum padi were:
• After harvesting the precursor plant, the weeding works were carried out with the disc harrow, immediately
followed by ploughing to destroy the pests left in the vegetal remains of the precursor culture, as well as in
the soil;
• Sorghum seed was certified and previously treated with fungicides and insecticides against soil diseases
and pests was used;
• 4 types of semi-late hybrids with different specifications were used, which show an increased production
yield, resistance to diseases and pests, drought, breakage, shaking and with increased efficiency in
capturing moisture and fertilizers from the soil;
• When preparing the germination bed, the crushing of the soil carried out with the disc harrow was taken
into account on the day the sowing was performed, for a better conservation of water from the soil and thus
enhancing the germination of sorghum hybrids, which helps to protect against pests from soil;
• The vegetation around the sweet sorghum has been regularly removed, as it can be a suitable host for
pests common to sorghum crops, such as: aphids, caterpillars, bedbugs, etc.;
• Within INMA crop location, a proper hygiene is maintained in all experimental cultures, in order to avoid the
migration of diseases and pests from one culture to another;
• Crop rotation techniques are practiced, which aims to create more favourable environmental conditions for
cultivated plants, a better supply of water and nutrients and the prevention of plant damaging caused by
weeds, diseases and pests. When organizing a crop rotation, a number of factors must be taken into
account, namely: natural conditions; economic-organizational requirements and agrobiological requirements
of plants.
Biological control
When applying the biological control, the development cycle of the ladybug Coccinella
septempunctata was taken into account, as can be seen from fig. no. 1.
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Fig. 1 The life cycle of a ladybug (coccinella septempunctata) (Source: Plant shop, 2014)

The cycle of a ladybug's life begins in spring and unfolds as follows:


March - April: ladybugs come back to life, becoming very active, looking for food: aphids, lice
(homoptera) and mosquitoes (dipterans);



May: mating takes place;



June - July: females lay eggs on the underside of the leaves, grouped 15-30 each, from which the
larvae emerge in 7-10 days, which feed on aphids and lice and their eggs for about 30 days, after
which they enter in the stern stage;



August: after 7-10 days in the stern stage, they come out as adult ladybugs, which we all know;



September: they feed on aphids, lice and mosquitoes, but do not mate until after winter;



October - February: Ladybugs go into hibernation and retreat under dry leaves, cracks in stones or
trees, abandoned buildings, barns, etc..;



After that the life cycle resumes again.
Resistance of host plants
In the studied soil 4 Sweet sorghum hybrids were tested as follows:

Supersille

Sweet sorghum hybrids used in the study
Saşm 1 şi Saşm 2

Table 1
BMR Gold

Maturity - semi-late

Maturity - semi-late

Maturity - semi-late

Characteristics:

Characteristics:

Characteristics:

- used for silo;

- stem thickness 25 - 30 mm and

- use for silo;

- excellent start in vegetation;

its height 3.6 -3.9 m;

- BMR type hybrid: with brown

- yield regularly;

- increased leaf size;

median rib;

- sowing density 250,000 /

- cellulose content 35-38%;

- very high digestibility: 60%;

350,000 kg / ha;

- the amount of sugar in the juice

- high content of soluble sugars:

- thermal favorability area

of the stem 14 - 16%;

22%;

- resistance to diseases;

- the plants use 7-8 times more

- 30% dry matter;

- resistant to breaking;

efficiently the soil moisture and 2-

- sterile panic, does not produce

- resistance to shaking;

3 times the fertilizers;

seeds;

- drought resistance.

- tolerates soil salinization;

- also, very good for the second

-

culture.

resistance to

diseases and

pests.

The method used to establish the biomass and juice production of the 4 hybrids
For each of the 4 sweet sorghum hybrids, the following determinations were performed:
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• A quantity of 100 plants has been taken as was harvested from the field;
• The leaves were cleaned from the stem, then the panicles with seeds and weighed separately;
• In order to find out the percentage of participation in the formation of epigeic biomass of panicles, leaves
and stems; the values obtained for the components were reported as a percentage;
• The strains were pressed, and the juice obtained was measured to determine the juice / sample yield, and
subsequently it was related to the ton of strains;
• for the extracted juice, the determination of soluble dry matter / BRIX was performed with the refractometer.
The method used to determine the number of plants affected by Rhopalosiphum padi
• To determine the number of affected plants in the sweet sorghum crop, we used the metric frame / roulette
and we performed 5 readings / hybrid in different places within the crop.
• The samples performed in the culture were taken on the diagonal of the soil, taking into account the
influence of the edge, that may affect the data collected.
• Following the observations made on the sweet sorghum crop, an average of 20 plants / m² emerged.
• The next step was to identify and count the plants attacked by the harmful insects discovered in the
measured perimeter.
The economic damage threshold for Rhoplalosiphum padi from sweet sorghum culture was identified
to be 1 in 2 plants / m² attacked. The attack takes place on leaves, panicles and sprout.

Fig. 2 Use the metric frame to determine the

Fig. 3 Pest monitoring scheme (X = sampling

number of plants affected by harmful insects

area)

RESULTS
Results regarding the cultural methods applied within the analyzed sugar sorghum
plantation
Table 2

Method of control by crop rotation, for a period of 5 years
2019

2020

2021

2022

2023

Triticale

Chickpeas

Camelina

S. sorghum

Mustard

Chickpeas

Camelina

S. sorghum

Mustard

Triticale

Camelina

S. sorghum

Mustard

Triticale

Chickpeas

S. sorghum

Mustard

Triticale

Chickpea

Camelina

Mustard

Triticale

Chickpeas

Camelina

S. sorghum
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Soil works and maintenance works on a sweet sorghum crop, made in order to control pests

Table 3

No.
Crt.

Name of the work

Means
used

Execution time

Remarks

1

Stubble

Disc harrow

Immediately after
harvesting the
precursor

Destruction of pests
remaining in plant debris

2

Summer plowing (28 cm)

Works with
reversible plow

July II

Water conservation and
destruction of soil pests

3

Maintenance work

Disc harrow

Before winter comes

Minimization of works in the
spring

4

Preparation of the
germination bed

Combinator

Spring before sowing

water conservation in the soil
potentiation of germination

5

Sowing (5-6 cm) +
fertilization complex
N+P+K

Cereal seed drills

April III

Treated seed, norm 5 kg

6

Hoeing no. 1 (8-12 cm)

Cultivator

Shortly after sunrise

Weed control

7

Hoeing no. 2 (7-8 cm)

Cultivator

8

Hoeing no. 3 (8-12 cm)

Cultivator

9

Harvesting

Manual

14-15 days from the
first hatching
15-20 days after the
second hatching
October I

* The cultivated area of sugar sorghum in the experiment was 4300 m²

Results on methods applied to sweet sorghum cultivation to improve the resistance of host
plants
BMR Gold, Supersille, Sasm 1 and 2 hybrids were tested in the study. Among them, it was identified
that Sash 1 and 2 hybrids that have characteristics that show higher pest resistance also recorded the
highest biomass productivity, as can be seen from fig. no. 4 and fig. no. 5

30
25
20

30
25

BMR Gold
Supersille

20

Saşm 1

15

BMR Gold
Supersille
Saşm 1

15

Saşm 2

10

10

5

5

0

0

Fig. 4 Resistance of sugar sorghum hybrids to pests
influencing productivity

Saşm 2

Fig. 5 Level of sorghum plant damage on hybrids

However, the hybrids analyzed also have some superior characteristics in terms of stem size that
influence productivity.
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Results on the monitoring and application of biological control of sugarcane crop pests
The monitoring of the sweet sorghum crop in order to analyze the harmful insects and their natural enemies
took place during the vegetation period May-October 2020. The main pest identified was the black louse
(homoptera).
• In May and June, a small number of pests were present.
• In the first decade of July 2020, an increase in the population of Rhopalosiphum padi was observed.
• Beginning in the third decade of July, the Rhopalosiphum padi population began to become abundant.
• During the same period, the presence of ladybird (Coccinella septempunctata) was observed in several
places in the culture, while feeding on eggs and larvae of Rhopalosiphum padi.

Fig. 6 Identification of the ladybug (Coccinella
septempunctata), natural enemy of the
Rhopalosiphum padi (Homoptera)

Fig. 7 Ladybug (coccinella septempunctata), while
feeding on Rhopalosiphum padi (Homoptera) eggs

•
In this respect, the monitoring of Rhopalosiphum padi and its enemy / competitor ladybug was
continued in the following period, finding in August a significant decrease in the number of Rhopalosiphum
padi.
•
At the time Rhopalosiphum padi had an important population growth (between June and July 2020),
the sweet sorghum crop was not affected below the economic damage threshold. As a result of the
intervention ladybugs (natural enemies of Rhopalosiphum padi), it was taken the decision not to use
insecticides to reduce the number of harmful insects.

Fig. nr. 8 Massive attack of Rhopalosiphum padi
(homoptera) on sugarcane cultivation

Fig. nr. 9 Diminishing the attack of Rhopalosiphum
padi (Homoptera) on the sorghum crop following the
intervention of natural enemies (Coccinella
septempunctata)
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Fig. nr. 10 Dynamics of Rhopalosiphum padi population evolution from sweet sorghum crop during the
monitoring period

The average temperature and precipitation recorded in 2020 (aquired ANM) during the vegetation
period of the studied sweet sorghum crop, created an environment conducive to the development of
Rhopalosiphum padi population. It can be seen from Fig. 11 the fact that with the increase of the average
temperature and on the decrease of the average precipitations (Fig. 12), the largest pest populations were
recorded. In August, although there were good conditions for the development of Rhopalosiphum padi, the
population begins to decline, as a result of the intervention of natural enemies (Coccinella septempunctata).
24

25
Temperatture, ºC

20
15

16

19.05

24

100
80

20

Precipitation, mm

30

15.05

60

88
63

63
45.5

45.5

40

10

20

5
0

10

0

Fig. 11 Average temperature recorded during
vegetation period in sugarcane cultivation

Fig. 12 Average precipitation recorded during
vegetation period in sugarcane cultivation

CONCLUSIONS
The development of aphid populations in the studied time interval (April-October 2020) was
positively influenced by the temperature and humidity regime (fig. 11; 12). The increase in the number of
aphids was predominant starting with the first decade of July, then becoming abundant in the third
decade of July.
The production of biomass and juice in the sweet sorghum crop obtained after testing several
hybrids, highlighted the importance of cultivating hybrids with disease and pest resistance in order to
increase the resistance of host plants and increase yields.
After monitoring the main pests and their natural enemies in the sweet sorghum crop, we found
that the main harmful insect, namely Rhopalosiphum padi, during the periods with the largest insect
populations did not affected the economic damage threshold and there is a balance between harmful insects
and their enemies / competitors, namely ladybug (Coccinella septempunctata).
In the conditions of a constant monitoring of harmful insects in the crop, it is also important to
monitor natural enemies because it can help predict pest variations, thus avoiding the use of insecticides that
can affect the ecosystem, especially biodiversity.
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The application of biological control methods for sweet sorghum against Rhopalosiphum padi involved
the presence of the ladybug insect, pest-resistant hybrids have been used, accompanied by application of
cultural practices such as: tillage, crop rotation, regular sanitation of vegetation around the crop.
Pest management using biological control has to be applied with caution, because if the other
management methods are not effectively integrated and certain conditions are not met, or monitored then
there is a major risk for the crop economy.
In the future, it is desired to study in detail the ladybug (Coccinella septempunctata), in order to
establish the number of ladybugs per m² in a crop, which can positively influence the efficiency of biological
control.
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ABSTRACT
The maintenance of technical systems aims to maximize their efficiency and minimize maintenance costs.
Most of the activities that generate profit are supported by technical systems that must operate at optimal
parameters. In the work is made an overview of the maintenance systems currently used for the technical
equipment, it shows how to choose the economic optimum in relation to the duration of stopping the
equipment for preventive maintenance and corrective maintenance activities, as well as the conceptual
model of the impact of maintenance on the profitability of companies that own technical equipment.
REZUMAT
Mentenanța sistemelor tehnice are scopul de a maximiza eficiența acestora si de a minimiza costurile de
întreținere. Cea mai mare parte a activităților care generează profit este susținută de sisteme tehnice care
trebuie să funcționeze la parametri optimi. În lucrare se face o trecere în revistă a sistemelor de mentenanță
utilizate în prezent pentru echipamentele tehnice, se arată modul de alegere a optimului economic în raport
cu durata de oprire a echipamentelor pentru activități de mentenanță preventivă și mentenanță corectivă,
precum și model conceptual al impactului mentenanței asupra profitabilității companiilor care deține
echipamente tehnice.
INTRODUCTION
The implementation of different maintenance models and the difficulties encountered in
implementation are issues intensely discussed in the specialized literature.
The life cycle of a product is the time interval from the moment of the decision to make it to the
withdrawal or total replacement of it with a new product, representing the time horizon in which the
programme product operates and evolves.
From the point of view of users, the most important parts of the life cycle of a product are current use
(operationality) and maintenance, the product being developed to meet the needs of consumers / users.
From the point of view of the manufacturers, the most important stages in the life cycle of a product are
those in which the product is built (Duran et al., 2020).
Regarding maintenance, according to the European standard EN 13306: 2001, it represents the set of
all technical, administrative and management actions (inspections, tests, measurements, replacements,
adjustments and repairs), during the life cycle of an equipment / system, designed to maintain or restore it in
a state in which it can perform its required function (necessary).
A maintenance service participates in improvement studies of the industrial process and must take
into account numerous restrictions such as quality, security, environment, costs, etc. (Cockerham, 2021).
Increasing the level of reliability of a technical system or maintaining it at a high level in operation is an
important aspect pursued in the maintenance process and is a generator of products and services that entail
positive effects in terms of increasing productivity, safety and security in the operation work, reducing
operating costs, maintenance and their economic development.
Maintenance management is defined as the process of maintaining a company's assets and
resources, while controlling time and costs, thus ensuring an appropriate efficiency of the manufacturing
process. Maintenance management has developed over time, moving from a handwriting to a computerized
maintenance management system that plans, tracks, measures and optimizes all forms of a maintenance
program in a single central system (Adeyeri, 2017; Marian, 2019).
Maintenance service management programs are customizable and focus around the type(s) of
maintenance used in a service unit.
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Regardless of the type of maintenance program, predictive or preventive, it is important that the
service unit focuses on the type of maintenance used and its role within the unit, as there is no single
solution in this regard. Most of the time, experts are called upon in these categories of activities, who
together with the staff of the service unit can identify and create an achievable plan for improvement.
The availability of a technical system represents its ability to perform its specific function after a period
of time spent on maintenance activities. It depends both on the reliability of the system and on the
organization of the maintenance activity and can be determined by the ratio of the operating time of the
system to its lifetime (operating time + downtime for other activities).
Availability can be instantaneous or punctual, representing the probability that the system will be
available for use at any given time after it is put into operation; average, calculated over a given time interval;
or permanent, representing the probability that the system will be available for use at a certain point of time
far removed from the time of its commissioning.
MATERIALS AND METHODS
Depending on the planning mode, the maintenance works can be grouped into two distinct categories:
preventive maintenance activities and corrective maintenance activities, fig.1.
PREVENTIVE MAINTENANCE (MP) is the systematic interventions that are carried out at regular
intervals or in accordance with certain predetermined criteria, which aim to prevent failures or reduce the
probability of failure. These activities are carried out while the equipment is still working and is operated
under normal operating conditions. It is carried out by systematic inspection, detection, cleaning and regular
replacement of the elements with certain degrees of failure, as a rule, together with periodical revision and
adjustment operations (Vilarinho et al., 2017).
Activities within preventive maintenance must lead to the improvement of indicators of reliability and
availability of elements and systems and start from a maintenance plan, which specifies maintenance tasks
and the corresponding time intervals, depending on operating times or operating cycles. Preventive
maintenance includes the types of systemic, forecast and conditional maintenance.

Fig. 1 - Classification of maintenance systems, (Marian, 2019)

Systemic preventive maintenance, as a form of preventive maintenance, is carried out according to a
standard technical plan of interventions, which takes into account the operating time of the equipment or its
degree of wear. It is specific to each type of equipment and includes maintenance, revisions and repair
activities (Marian, 2019; Stenstrom et al., 2013).
Preventive maintenance can be based on time, it means it is performed at different regular intervals of
time, or on different stages (cycles) of operation, it is performed after a certain number of cycles of use or
after a certain degree of wear of the elements of the technical system. The purpose of time-based
maintenance is to protect the beneficiary against the failure of known worn parts that have a predictable
average failure time (MTBF), that is, it assumes that the failure is age-related and a clear life of an element
can be determined.
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Within these activities, some consumables with a set term of use can be systematically replaced,
certain adjustments, maintenance, repairs planned at established periods can be made, with the subsequent
analysis of all refusals and wear detected during the consumption of resources, (Hupje, 2018).
However, more than 70% of the failure types of a technical system are not age-related, but most
failure modes give some signals that they are in the process of being produced or are about to occur.
Conditional maintenance (based on conditions) is therefore a form of preventive maintenance, which
can be achieved by monitoring the operating parameters of the key elements of a technical system with the
help of specific instruments (e.g. wear, noise, vibration analyzers, etc.), following that maintenance
interventions are performed before the occurrence of the defect (Ahmad and Kamaruddin, 2012).
Status monitoring does not fix the system and monitoring the condition does not stop failures, but
allows problems to be found before they become failure and cause greater inconvenience and high
intervention costs.
Forecast maintenance is an extension of conditional maintenance that is subordinated to the evolution
analysis of significant parameters for the degradation of the equipment, having at its disposal artificial
intelligence and specific sensors with remote data transmission, which allows delaying or planning
interventions at a favorable time. The central idea here is to predict when the malfunction will occur, and then
determine the appropriate time for the maintenance intervention.
CORRECTIVE MAINTENANCE (MC) means activities or interventions that correct the functional state
of an equipment by removing equipment failures and restoring its operating capacity corresponding to the
requirements set by the technical documentation (Marian, 2019).
Corrective maintenance activities may be planned and unplanned.
Planned corrective maintenance refers to maintenance activities that are performed according to a
predetermined documented plan, aiming to reduce downtime, while unplanned corrective maintenance (also
called reactive maintenance) refers to activities that are required in case of unforeseen failures.
From the above we can draw a relatively simple conclusion: maintenance is mainly of two types –
reactive maintenance and proactive maintenance.
Reactive maintenance (identified as corrective maintenance) is a traditional approach, which refers to
the interventions undertaken after the manifestation of defects / use: repair actions, replacement of
components that have failed, replacement / completion of consumable materials;
Proactive maintenance (modern, current and prospective) includes the activities assumed by the
enterprise without waiting for the manifestation of defects: periodical verification of the operating normality,
regular replacement / replenishment of consumable materials, replacement of parts / aggregates reached at
the end of the normal operating period, regular inspections to check the states, etc. (Badut, 2014).
Either way, the maintenance activity involves the decommissioning of the equipment for a certain
period of time. In order to shorten this period, there must also be an economic optimum between the time
required for preventive and corrective maintenance, respectively, for which the total duration of the stops is
minimal. (fig.2).

Fig. 2 - Identifying the economic optimum according to the duration of stops for maintenance activities
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In order for maintenance to be able to meet the major objectives mentioned above, a systematic
approach to activities, works and maintenance operations is required, the systemic concept imposing an
optimal organization of maintenance according to:
the system adopted (centralized, decentralized or mixed);
the tasks of the work teams (maintenance, preventive repair, etc.);
the characteristics of the work processes (continuous, discontinuous);
the complexity and degree of wear of the components;
how to prepare interventions (provision of spare parts, formation of complex teams, elaboration
of a work schedule, ergonomic organization of work, etc.)
As the complexity of the technological installations increases, changes in the structure of the
maintenance system are necessary, by developing own strategies that include:
establishing the adopted maintenance system and the maintenance and repair plans;
establishing the necessary resources – spare parts, materials, workmanship;
optimization of intervention plans with available resources;
establishing budgets of expenses for maintenance by production sections and workshops.
The most efficient maintenance strategy is the one that ensures the shortest periods of immobilization
of technological installations for restorations, with minimal expenses.
The types of maintenance management are in accordance with the categories of maintenance used
by the enterprise or by the service units (time-based maintenance, predictive maintenance, condition-based
maintenance, etc.).
Depending on the chosen strategy, maintenance costs may be different (allowing the company to find
the best price for new and / or improved assets), safety at work falls within the legal norms (maintenance
equipment and well-maintained installations prevent work accidents), productivity changes, human errors are
removed (especially when maintenance issues become automated).
Last but not least, a quality maintenance management system discovers exactly what happens every
day in the company and errors are much faster detected.
Fig. 3 is presented a conceptual model of the impact of maintenance on the profitability of the unit
(Maletic et al., 2014).

Fig. 3 - Conceptual model of maintenance impact on company’s profitability (Maletic et al., 2014)
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ECONOMIC INDICATORS FOR MAINTENANCE EVALUATION
The indicators used to express the maintenance activity are of a technical, economic, or time type or
other categories, but practically only some of them can be selected for concrete cases.
Here are some of the economic indicators for evaluating maintenance (Costinas and Comanescu,
2004).
Specific cost of maintenance:

𝐶𝐶

𝐶𝐶𝑠𝑠.𝑚𝑚 = 𝐶𝐶 𝑀𝑀

The specific cost of using stocks of spare parts:

The cost of the maintenance service:
•

•

•

𝐶𝐶𝑠𝑠.𝑝𝑝 =

(1)

𝑇𝑇𝑇𝑇

𝐶𝐶𝑀𝑀
𝐶𝐶𝐸𝐸

(2)

The cost of the maintenance service depending on the service provided

𝐶𝐶𝑠𝑠𝑠𝑠 = 𝐶𝐶𝑠𝑠𝑠𝑠 + 𝐶𝐶𝑠𝑠1 + ⋯ + 𝐶𝐶𝑛𝑛 + 𝐶𝐶𝑢𝑢1 + ⋯ + 𝐶𝐶𝑢𝑢𝑛𝑛 + 𝐶𝐶𝑆𝑆𝑆𝑆

(3)

The cost of the maintenance service depending on the maintenance strategy adopted

𝐶𝐶𝑠𝑠𝑠𝑠 = 𝐶𝐶𝑚𝑚𝑚𝑚 + 𝐶𝐶𝑚𝑚𝑚𝑚 + 𝐶𝐶𝑆𝑆𝑆𝑆

(4)

𝐶𝐶𝑠𝑠𝑠𝑠 = 𝐶𝐶𝑒𝑒𝑒𝑒 + 𝐶𝐶𝑠𝑠𝑠𝑠 + 𝐶𝐶𝑒𝑒𝑒𝑒

(5)

The cost of the maintenance service depending on the source of the costs

Share of planned maintenance:

𝑘𝑘𝑚𝑚𝑚𝑚 = 𝐶𝐶

𝐶𝐶𝑚𝑚𝑚𝑚

𝑚𝑚𝑚𝑚 +𝐶𝐶𝑚𝑚𝑚𝑚

(6)

C M is the total cost of maintenance activities; C TD is the total cost of the production activity of the
equipment; C E - the cost of preservation for unused equipment; C sb - the cost of basic services; C si
(i=1,2,…,n) - the cost of special services; C Uj (j=1,2,…,m) - the cost of standard services; C SN - the cost of
new services; C mp - cost of planned maintenance; C mc - the cost of corrective maintenance (unplanned,
intervened in case of random malfunctions); C er - the cost of repair teams, C sc - subcontracted cost; C ei where:

the cost of replaced equipment and other necessary materials.
Report k mp in practice, it has a variable optimum value from equipment to equipment. It is estimated
that preventive actions must anticipate, through inspections (including of a metrological nature) on the state
of the systems, organized at planned periods as they do in production.
The share of the repair cost in the total cost

Productivity indicators
• Production report performed:

𝑘𝑘𝑒𝑒𝑒𝑒 = 𝐶𝐶 𝑒𝑒𝑒𝑒

𝐶𝐶

(7)

𝑅𝑅𝑃𝑃 =

𝑁𝑁
𝑁𝑁𝑇𝑇𝑇𝑇

(8)

𝑃𝑃𝑅𝑅 =

𝑁𝑁
𝑇𝑇𝐹𝐹 +𝑇𝑇𝐴𝐴

𝑠𝑠𝑠𝑠

where: N is the number of production units performed and falling within the performance standard;
number of production units theoretically possible to be carried out by a technical equipment.
• • Real productivity

N T - the

(9)

where T F - the average of the operating time of the equipment between two successive failures and T A - the
average crash time.
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David Peterson proposed the use of two new indicators: the contribution of maintenance to the cost
per unit of product and the efficiency of the cost of maintenance, which compares the actual costs per unit of
product with the costs calculated per unit of product.
Maintenance cost / production unit achieved
Equipment that is used in production or for the provision of services needs maintenance in order to be
maintained in a state of preservation, and its use generates the need for investment for each production unit.
The proportion of the cost of the maintenance department's staff in the value of the equipment
The proportion of the cost of the maintenance department's staff in the value of the equipment can
give a rough indication of the efficiency of the implemented maintenance strategy.
The share of the contractor's cost in the maintenance budget
The budget scheme should provide for the amount of work done by the contractor in a given year. The
contractor's share in hours or money is important only to the extent that it is related to the prediction made.
ABOUT THE MAINTENANCE OF AGRICULTURAL EQUIPMENT
Maintenance of agricultural machinery follows the availability of machinery and related equipment for
crop exploitation (Maintenance, 2018).
In order to increase agricultural production, it is necessary to improve maintenance, in order to reduce
maintenance costs, but to keep operations safe. Preventive maintenance includes inspection, cleaning,
lubrication, adjustment, alignment and/or replacement of subsystems and secondary components that show
signs of fatigue. Preventive maintenance activities can be classified in one of two ways, component
maintenance and component replacement.
The general strategy of maintenance of agricultural equipment consists of preventive and corrective
maintenance programs.

Fig. 4 - General strategy for the maintenance of agricultural equipment, (Maintenance, 2018)

A survey carried out in 2005 shows that the daily check and maintenance is 72,45 and 63%
respectively for the engine, tractor transmission and braking system, even hydraulic devices and equipment
coupling unit. However, the operator did not always manage to eliminate the problems but needed a
technical expert, especially in terms of maintenance of electrical systems and automatic control systems
(Nakaji et al., 2006).
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Agricultural machinery is not cheap, and breakdowns are often just as expensive to repair. Premature
failures can also affect productivity and income when it is not possible to harvest on time. It is important that
all operators of a machine are aware of the maintenance and operation requirements, and the machine
manual must be kept nearby so that operators can analyze the understanding of the machine whenever
needed.
It is important to lubricate the moving elements of the machine and use good quality lubricants. It is
also necessary to eliminate accumulations and dirt so that the parts of the equipment can work smoothly at
any time. Operators must have a sufficient knowledge of the equipment so that any vibration, shock,
overheating, friction or strange noise can be removed, as these are signs of possible failures, which can
sometimes produce a major failure.
It is also important to carry out an adequate maintenance such as cleaning the filters, removing the
accumulations, vacuuming the dust from the inside and the one deposited on the agricultural equipment, in
order to detect in advance, the possible failures.
In addition, the spare parts management strategy for maintenance work must ensure that spare
parts are in the correct condition, in time for repair or replacement, for minimal production interruption and
minimal risk to the company.

Fig. 4 – Aspects from an agricultural tractor service and a proper spare parts depot

For example, air filters, lubrication filters, drive belts, brake pads and consumables such as rags,
nuts and screws, lubricants, etc., can use proper supply logic.
For a strategy of preventive maintenance and replacement of parts according to a schedule or a
certain degree of wear, with a relatively regular demand, then the supply strategy must be adapted to the
maintenance program. If predictive maintenance and replacement of parts based on conditions are used,
then the parts can be ordered at the right time from the supplier and brought before the time of failure, if the
time interval allows. For shorter time intervals, then the necessary items must be ordered and brought to the shed
earlier.
Therefore, when designing an equipment, the designer assumes that the machine will have a reasonable
maintenance and will not suffer major failures. If the care and maintenance of the equipment is not done regularly
and delays longer periods of time, then problems accumulate and, in the end, can cause malfunctions (larger or
smaller).
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CONCLUSIONS
Maintenance must be framed in a strategy that keeps up with the dynamics of production processes.
The maintenance of technical systems involves a number of advantages, which must be taken into
account: it has an important role for safety at work; ensures a long service life for the equipment; helps to operate
in optimal conditions; in the long run, it involves much lower costs; contributes to increasing the performance of
equipment.
Preventive maintenance is the maintenance that is carried out through a previous planning, and the
frequency of maintenance activities differs depending on the type of equipment, the flow of the production
processes carried out, but also on its age.
Predictive maintenance is based on the number of hours of operation or the number of work cycles of the
machine. Today, predictive maintenance based on the condition of the machine or certain conditions
(maintenance based on conditions) is increasingly applied.
When choosing the maintenance strategy, it should be borne in mind, first of all, that it does not involve the
execution of repair works in the shortest time, but is mainly a means of preventing losses caused by the problems
of machines / technical systems.
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ABSTRACT
Food industry uses various synthetic dyes to color food for attractive purposes, although it is known that these
substances can cause serious health problems. A healthy alternative to chemical dyes is the use of natural dyes
from vegetable sources (carrots, dried and ground beets). Such plant sources can be used to fortify bakery
products, providing extra nutritional value and flavor, due to the high content of biologically active substances such
as carotenoids and polyphenols. Therefore, in this paper, experimental variants of bakery products (breadsticks)
were obtained and tested using these ingredients in different proportions. Analyzes were also performed to
determine quality indicators for both beet and carrot (powder) and finished products (breadsticks) samples. The
high content of biologically active compounds (provitamins A, polyphenols) of the additives used contributed to
obtaining brightly colored, attractive-looking products, which enjoyed the positive appreciation of consumers.
REZUMAT
Industria alimentară utilizează diferiți coloranți sintetici în vederea colorării produselor alimentare în scop atractiv,
deși este știut faptul că aceste substanțe pot cauza probleme grave de sănătate. O alternativă sănătoasă pentru
coloranții chimici o reprezintă utilizarea unor coloranți naturali din surse vegetale (morcovi, sfeclă roșie sub formă
de uscată şi măcinată). Astfel de surse vegetale pot fi utilizate la fortificarea unor produse de panificaţie, oferind
un plus de valenţe nutritive şi savoare, datorită conținutului ridicat de substanţe biologic active precum
carotenoidele și polifenolii. De aceea, în prezenta lucrare au fost obţinute și testate variante experimentale de
produse de panificaţie (grisine) utilizând aceste ingrediente în proporţii diferite. Au fost totodată efectuate analize
pentru determinarea unor indicatori de calitate atât la probele de sfeclă roşie şi morcovi (pulbere), cât şi la
produsele finite (grisine). Conţinutul ridicat de compuşi biologic activi (provitaminele A, polifenoli) al adaosurilor
utilizate au contribuit la obţinerea unor produse viu colorate, cu aspect atrăgător, care s-au bucurat de aprecierea
pozitivă a consumatorilor.
INTRODUCTION
Food additives are substances used for a long time for preparation food, even though today some of the
old additives no longer go into this category. Thus, saltpeter or sea salt water were commonly used to prevent
meat spoilage. Despite what many believe, additives are not an invention of the modern world, only in the last
years, as market requirements changed, their use was expanded and the number of permitted additives
increased. The modern consumer wants increasingly attractive organoleptic products (aromatic, very sweet or
salty, intensely colored, etc.) and wants their term of validity to be long. At the same time, and for the production
segment and sales is more cost-effective to dispose of food with a "shelf life" as long as possible. This context led
to widespread use of additives and, hence, the need for legislation concerning their use in such a way as to
ensure safety for consumers. (Sucu, C., Turp, G.Y., 2018).
Food additives are, according to the definition of the World Health Organization, substances that are used
in the preparation of food products in order to improve their quality or to allow the application of advanced
processing technologies. These chemicals are divided into 24 categories and added in various foods to improve
their appearance, taste, aroma, to extend their shelf life and to apply certain special technological processes
specific to the food industry. For example, the stability of industrial ice cream, the preservability of cakes or
cookies, the attractive aroma of juices or drinks could never be achieved without the participation of food
additives. (Sen, T., et al., 2019), (Nahed, L.Z., Marwa, A.S., Amany, M.S., 2018).
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Food additives have been used since antiquity. The Romans used spices such as saffron to highlight the
color of food. Salt and vinegar were used to preserve meat and vegetables for long journeys. In the 1960s, the
authorities decided to make a standardized list of additives. In Europe, they are called E's (E comes from Europe).

In many other countries such as the United States or Australia, for example, only the code is used. (Msagati,
T.A.M., 2012)
Thus, vitamin C will be called E300 in Europe, and in the United States it can be found on labels with
code number 300, such as "food acid 300", "ascorbic acid (300)" or "vitamin C (300)". In the list of E's could be
found certain all-natural and harmless additives, such as saffron (E164), paprika (E160), vitamin C (E300) or
baking soda (E500). Many other additives are made by chemical processes, some of which must be completely
avoided, despite the fact that they have been approved by the authorities after testing.
Due to the changing consumer preferences, currently synthetic dyes are critically evaluated by
consumers showing their reluctance towards them, people being interested in food as natural as possible. Natural
dyes are now gaining popularity and considerable importance due to consumer awareness, as artificial dyes
cause serious health problems. Thus, the use of artificial dyes has decreased considerably and consumer interest
in natural dyes has increased significantly. (Ajay, S., Pradyuman, K., 2019), (Radomska, L.B., Harasym, J., 2017),
(Sen, T., Barrow, C.J., Deshmukh, S.K., 2019)
According to the current considerations, the consumer has become more selective, more attentive to the
composition of food, because the lifestyle of modern man is not exactly healthy, being constantly aggressed by
pollutants, and as a consequence, the consumers want to supplement their deficiencies of vitamins and other
substances necessary for the proper functioning of the body. (Shishir, M.R.I., Chen, W., 2017), (Shipp, J., AbdelAal, E.S.M., 2010)
The bakery and flour products industry occupies a significant place in the production of consumer goods,
providing the human body with a series of substances that are necessary for vital activity. The reasons for using
dyes in the bakery industry are listed as follows: maintaining the original appearance of the food even after
processing and during storage, ensuring the uniformity of the color, avoiding its variations, intensifying the normal
colour of food and thus maintaining their quality, protecting the aroma of the products, in order to make the
products more appetizing. (Rymbai, H., et al., 2011), (Agustina, A., Hidayati, N., Susanti, P., 2019).
On the other hand, by giving different colours to food, it helps to develop attractiveness for consumers,
especially children, which is a great thing because these dyes are real sources of health. (Ceclu, L., Nistor, O.V.,
2020).
According to several researchers, the usage of natural dyes has several advantages such as: nutritional,
antioxidant effects (anthocyanins), and some have certain pharmacological effects, role of food preservative,
therapeutic properties, imitates the natural colour of the product, the colour tone of the product is more natural,
most natural pigments come from animal and plant tissues, therefore ensuring consumer safety, anticancer,
antidiabetic effects, maintains the health of the cardiovascular system, prevents glaucoma, prevents obesity, etc.
(Sucu, C., Turp, G.Y., 2018)
The aim of the current paper to make an unique product that is particularly attractive for children, lacking
artificial food colours that can cause toxic or allergic reactions in the body, using as alternative pigments from plant
sources such as spinach, beets, carrots, etc. – coloured breadsticks.
MATERIALS AND METHODS
Materials
Carrots, red beetroot were collected for research purposes from a local ecological producer of vegetables
located in Cluj Napoca (Colina Farms, Cluj, Romania) and stored at 4…8oC until usage.
Several raw materials for the breadsticks were collected from a local supermarket in Brașov (Romania).
The raw materials were: white wheat flour type 650 – producer Băneasa mill, Bucharest (Romania), crystal sugar
– producer Bod Sugar Factory, Brașov (Romania), oil – producer Bunge Prio, Buzău (Romania), salt – producer
Salrom, Râmnicu Vâlcea (Romania), baker’s yeast (Saccharomyces cerevisiae) – producer Dr.Oetker, Arges
(Romania). Tap water was also used for samples preparation.
Methods
Powders obtaining. The vegetable powders used as dyers were obtained as follows: the carrots and the
red beetroot were washed, then the peel was removed, then chopped in small pieces. The pieces were scraped
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using (Tefal Fresh Express Max MB813538, 200W) and then dried using a dehydrator (BIOVITA DELUXE-10) for
12h at 45oC. The dehydrated samples were grinded using a grinder (Heinner HCG-200DGIX2). The collected
powders were then weighted and stored in dry places until usage.
Samples obtaining. The method of obtaining the breadsticks chosen was the direct method, which
consists in mixing, kneading and fermentation in a single phase of all raw materials. To achieve the objectives of
the experimental research, the samples were prepared as following: the flour and powder are subjected to the
sieving operation in order to avoid possible impurities after which they are mixed together to even out the powder
throughout the product, then the yeast together with the sugar were mixed until complete liquefaction, then
lukewarm water was added, oil and flour mixture with powder. The dough is then kneaded for 3-5 minutes using
(Tefal Wizzo, QB317538) speed 2. Results a homogeneous dough, then salt is added and kneading continues for
4-5 minutes.
Titratable acidity determination. Was performed according to SR 91:2007 using phenolphthalein as
indicator and titration using Natrium Hydroxide 0.1N.
Total Carotenoids Analysis (TC). Total carotenoids were determined according to (Burgos, G., et al.,
2009) without alkaline hydrolysis.
Extraction of carotenoids from 2 of powdered material or was sequentially carried out in triplicate with
acetone, shaking in 50 ml tubes at 10 000 rot/ min for 15 minutes. The supernatants were combined and 5 ml of
petroleum ether and 20 ml of ultra-pure water added. The tubes were shaken vigorously by hand and centrifuged
at 10 000 rot/ min for 1 minute. The top organic phase was removed and washed with pure water, separating both
phases as described above. The top organic phase was again removed and the absorbance of an aliquot was
measured at 450 nm against petroleum ether using a UV VIS spectrophotometer Spectronic Genesys 5 (Milton
Roy).
Total phenolic content (TPC). The total phenolic content was determined spectrophotometrically by Folin
Ciocalteu method. (Singleton, V.L., Orthofer, R, Lamuela Raventos, R.M., 1999) 50ml Folin Ciocalteu reagent
were added and mixed for 1 min. After 5 min., 80 µl of a 20% solution (w/v) of Na2CO3 were added and mixed
with a pipette; the microplates were shaken for 5 min. in the plate reader. After that, the plates were incubated at
room temperature in the dark, agitating at 150 rpm on a MicroPlate Shaker (Biosan PST-60HL-4, Latvia) for 90
min. The absorbance of the samples was determined at 725 nm (TecanSun Rise, software Magellan). Gallic acid
was used as standard and total phenolic content was expressed as milligrams GAE (Gallic acid equivalents) per
gram of dry weight (DW) materials.
Total flavonoids content (TFC). It is based on the nitration of any aromatic ring bearing a catechol group
(two contiguous hydroxyls in the aromatic ring) with its three or four positions unsubstituted or not sterically
blocked, followed by the formation of an aluminium complex which turns to red in basic medium (Kalita, D.,
Jayanty, S.S., 2014) Aliquots of 150 µl of extracts were transferred to 1.5ml tubes. Volumes of 600 µl distillated
water and 45 µl of a 7.5% solution sodium nitrite were added to each tube, mixed by inversion and left to react for
5 min. A volume of 45 µl aluminium chloride 10% solution was pipetted onto the tubes, mixed by inversion and
allowed to react for 1min. Finally, 300 µl of a 1N sodium hydroxide solution and 360 µl distillated water were
added and the tubes vortex mixed. The absorbance of every solution was measured at 510nm against the blank
using a spectrophotometer DR2800 (Hach Lange, USA).
Values of the absorbance samples were interpolated into a minimum squares regression equation (a 5point calibration curve with an R2 value of 0.998), which was calculated with the absorbance and the
corresponding concentration of each quercetin standard. Quercetin hydrate in ethanol was used as the standard.
Final results were calculated taking into account sample weight, extraction volumes and dilution factors applied
and were expressed as mg quercetin equivalents (QE) per gram of dry weight (DW) of sample.
Sensory evaluation. The sensory profile of samples was evaluated using hedonic scale and considering
two profiles – appearance and taste profile. As appearance were considered – colour, texture, colour intensity and
taste considered the following aspects – mouthfeel, intensity, crispness, flavour and overall acceptability. The
parameters were scored 1 to 5, using scores according to the intensity felt as follows – 1 – extremely attractive, 2
– moderately attractive, 3 – attractive, 4 – unappetizing, 5 – unattractive. The panelists were asked to sign
confidentiality and agreement forms. Between each sample tasting, the panelists were offered a glass of water
for palatine wave rinse. The volunteers who suffered from chronic digestive diseases were excluded from the
study.
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Table 1

Sample coding (for 100 g flour)
Flour
Carrot
Red beetroot
Water (ml)
Salt (g)
Oil (ml) Yeast (g)
Sugar (g)
Sample
(g)
powder (g)
powder (g)
PM
100
0
0
50
2.5
12
3
2
PC20
80
20
0
50
2.5
2.5
2.5
2.5
PC40
80
0
20
50
2.5
2.5
2.5
2.5
PB20
60
40
0
50
2.5
2.5
2.5
2.5
PB40
60
0
40
50
2.5
2.5
2.5
2.5
PM – blank sample, PC20 – sample with 20 g carrot powder, PC40 – sample with 40 g carrot powder, PB20 – sample
with 20 g red beetroot powder, PB40 – sample with 40 g red beetroot powder.

a
b
c
Fig. 1. The obtained dough (a – blank sample, b – sample with red beetroot powder, c – sample with carrot
powder)

RESULTS AND DISCUSSION
Determination of polyphenols content in red beetroot powder

Fig. 2. Calibration curve used to determine total polyphenol content (TPC)

Table 2

Obtained results for analysed powders
Samples
Powder
PM
PB20
PB40

Weight
(g)

Extract
volume
(ml)

1.025
1.038
1.033
1.09

10
10
10
10

Absorbance values
(725 nm)
I

II

III

Absorbance
at 725 nm
(average)

2.087
1.667
1.386
0.801

2.068
1.643
1.385
0.813

2.603
1.644
1.38
0.809

2.252
1.651
1.383
0.807

Polyphenol content
(mg GAE/ 100g sample)
1001.33
316.97
597.20
715.82

Concerning the performed analyses, it was found that the highest polyphenol content was 1001.33
mg GAE/ 100g sample recorded in the case of carrot powder. Lowest polyphenol content was 316.97 mg
GAE/ 100g sample for the control sample without vegetable powder. Instead, samples PB20 and PB40
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containing vegetable powder, were observed as having a significant polyphenol content – 597.20 mg GAE/
100g sample and 715.82 mg GAE/ 100g sample.
Determination of flavonoid content of red beetroot powder

Fig. 2. Calibration curve used to determine total flavonoid content (TFC)

Table 3

Obtained results for the analysed powder
Samples

Weight
(g)

Extract
volume
(ml)

Powder
PM
PB20
PB40

1.025
1.038
1.033
1.090

10
10
10
10

Absorbance values
(510nm)
I

II

III

Absorbance
at 510nm
(average)

3.155
2.060
2.216
2.404

3.462
2.261
2.208
2.399

3.447
2.263
2.202
2.394

3.354
2.194
2.208
2.399

Flavonoid content
(mg quercetin/ 100g sample)
279.79
150.51
182.54
187.96

Analysing the results in table 2, it can be observed that the highest flavonoid content was recorded for
vegetable powder – 279.79 mg quercetin/ 100g sample, followed by the sample with 40 g of red beetroot powder
– PB40 – 187.96 mg quercetin/ 100g sample and sample with 20 g red beetroot powder – PB20 – 182.54 mg
quercetin/ 100g sample. The lowest flavonoid content was recorded for blank sample 150.51 mg quercetin/ 100g
sample.
Determination of carotenoid content of carrot powder

Fig. 3. Calibration curve for carotenoid content

Sample
Ecological
carrot powder
Carrot powder

Table 4

Carotenoid concentration - carrot powder
Extinction Concentration (C)*
Total carotenoid concentration **
Weight (g)
at 460nm
(mg/ ml)
(mg/ 100g)
0.5

0.11

0.524

10.476

0.5

0.091

0.452

9.048
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* according to the standard curve
* calculated using formula

It can be seen that organic carrots have a higher carotenoid content, having about 10% more than
the second assortment. Instead, the much richer content of essential substances for the human body of
organic carrots, which were grown in their own garden, without any chemical fertilizer or without being
sprayed with substances against pests or diseases. According to (Rao, A.V., Rao, L.G., 2007), carotenoids
accomplish the role of antioxidant substances through the good functioning of human bady.
Titratable acidity determination

Table 5

The acidity profile of obtained samples
NaOH volume used (ml)
4.1

Titratable acidity (oA)
1.64

PB20

3.8

1.52

PB40

4.0

1.60

PC20

4.1

1.64

PC40

3.8

1.52

Samples
Blank sample

According to the results obtained and recorded in table 5, the highest acidity profile was obtained for
samples PB20 and PC40 – 1.52oA. The addition of red beetroot powder in lower amounts influenced the
acidity profile of final product, similar to the higher addition of carrot powder. A high amount of red beetroot
powder contributed to a decrease of acidity profile – PB40 – 1.6oA. Comparing, the sample with a lower
addition of carrot powder replied a lower acidity value – PC20 – 1.64oA, similar to the blank sample, where
no addition was performed. It can be observed that the content of betacyanin and betanin influenced the
acidity profile of samples when lower amount was added.
Sensory profile of samples

Sample
Blank sample

PB20
Breadsticks with
addition of red
beetroot powder
PB40

Breadsticks with
carrot powder
addition

PC20

PC40

Sensory analysis of obtained samples
Exterior appearance and in
Odour
section
Specifically, it
Shape of long and thin bars, with
does not show
a slightly crunchy consistency
foreign odours
The shape corresponds to the
name and indications in the data
sheet, namely, the shape of long
and thin bars, with a slightly
Specific to red
crunchy consistency.
beetroot powder,
The color is yellow with a
intense. It does
protocol, uniform tint, without
not have foreign,
unpleasant or
burns, without cracks and tears
altered product
on the surface.
odors
In section, the degree of baking
of the core is compliant, without
agglomerations of flour or
unpasteurized dough.
The shape corresponds to the
Specific to carrot
name and indications in the data
powder, slightly
sheet, namely, the shape of long
intense.
Does not
and thin bars, with a slightly
have foreign
crunchy consistency.
odors, unpleasant
The color is red with a brown tint, or spoiled product
uniform, without burns, without
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Table 6
Taste
Pleasant

Pleasant taste, it
is not sweet, it is
specific to red
beets

Pleasant, sweet
taste, with a slight
hint of carrots

The taste is
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Sample

Exterior appearance and in
section
cracks and tears on the surface.
In section, the degree of baking
of the core is compliant, without
agglomerations of flour or
unpasteurized dough.

Odour

Taste
sweeter and the
aroma of carrots
feels more intense

Fig. 4. Sensory profile

Analysing data from figure 4, it can be observed that samples with the higher addition of vegetable
powders – carrot and red beetroot obtained the highest score. According to overall acceptability score, the
sample was appreciated as according to consumers preferences, being scored with 5 points. Instead,
samples with lower content of vegetable powders – PC20 and PB20 recorded decreased values, due to
weak colour tone and flavour. Comparing to blank sample, the obtained samples with vegetable powders
addition were in acceptance of the consumers and can be mentioned as a healthy alternative for food
dyers and can be considered for children’s nutrition.
CONCLUSIONS
Due to the high content of natural dyes and antioxidants, powders obtained from some vegetable
sources (carrots, beets) can be used to obtain functional bakery products.
Beetroot and carrot powders with a high content of polyphenols and flavonoids, respectively carotenes
used in experimental studies did not negatively affect the sensory properties of the finished products,
regardless of the proportion in which they were added (20g, 40g).
The addition of these vegetable powders gave functional values to the finished product.
The samples with addition of vegetable dyes were in acceptance of the consumers demand and can
be considered as a healthy and nutritional alternative for food dyes created for children menu.
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ABSTRACT
Plowing is a technological operation that ensures the cutting, dislocation, lifting, overturning, crushing,
loosening and burying of plant debris and fertilizers in the soil, creating the premises to achieve adequate
conditions for plant cultivation. It is performed with the use of plows and represents the agricultural work with
the highest share in terms of energy and time consuming from all the soil tillage works. The paper aims to
present various models of plows equipped with slatted body, used to reduce the energy consumption and the
operating time.
REZUMAT
Aratul este operația tehnologica de prelucrare a solului prin care se asigura tăierea, dislocarea, ridicarea,
răsturnarea, mărunțirea, afânarea si îngroparea resturilor vegetale si a îngrășămintelor in sol si care
creează premisele realizării unor condiții adecvate pentru cultura plantelor. Se efectuează cu ajutorul
plugurilor si reprezintă lucrarea agricola cu ponderea cea mai ridicata din punct de vedere energetic si
fondului de timp destinat lucrărilor agricole. Lucrarea își propune sa prezinte variante de pluguri echipate cu
cormane lamelare, cu ajutorul cărora se obțin atât reducerea consumului energetic cat si reducerea fondului
de timp destinat acestei lucrări.
INTRODUCTION
The soil represents a relatively soft, loosen and friable layer, located on the surface of the earth's
crust and is a biologically active environment in which complex physico-chemical processes and
transformations take place. Due to the special properties, the soil acts directly on the development of plants
and animals. In addition to nutrients, the soil contains air and can support more or less water. Due to the
special structure and texture of the agricultural soil, can be ensured the accessibility of cultivated plants or
spontaneous flora, to either water or the nutrients (Guş P., 1999; Ludig M., et al, 2015; Nenciu F., et al,
2021).
For the agricultural sector, the soil has a double quality: it is a main means of production, through the
surface defined, and it is the object of work, considering the intervention in the process of agricultural activity.
(Bungescu S.T., et al 2009; Bungescu S.T., 2019; Marin E., et al, 2015).
The physico-chemical and mechanical properties of the soil must be known in order to approach
strategies for performing specific works in optimal agrotechnical conditions. These properties have a direct
influence on the use of machines and tractors, due to the interaction between the ground, the working
organs and their running system. The texture, the humus content, the structure and the physical-mechanical
properties of the soil have a direct influence on the degree of degradation of the working (active) organs of
the machines and of the energy consumptions when performing the agricultural works. The main physical
and physical-mechanical properties of the soil are the following: density (specific mass), porosity, humidity,
cohesion, consistency, adhesion, plasticity, friction forces, compressive strength, shear strength, specific
plowing resistance and physical maturity. The frictional forces in the soil appear in two forms: the internal
friction that takes place in the soil particles and the external friction, which occurs between the surfaces of
the active organs and the soil surface (Gennadii G., et al, 2021).
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Plowing is the technological operation of tillage which ensures the cutting, dislocation, lifting,
overturning, crushing, loosening and burying of vegetable residues and fertilizers in the soil which creates
the premises for achieving adequate conditions for plant cultivation. It is performed with the help of plows
and represents the agricultural work with the highest share in terms of energy and time for agricultural work.
Out of the total energy consumed for the mechanized works necessary for the tillage, around 30-38%
belongs to the plowing works. The most used plows are the moldboard type. These have registered a
spectacular evolution lately. The technical solutions adopted are able to offer a high degree of adaptability to
various soil categories, soil condition, degree of cover with plant debris, potential of the energy base, etc.
(Brătucu Gh., 2011; Marin E., et al, 2010)
In Europe, the most widespread and used tillage remains plowing, carried out with the plow. Most
agro-technicians acknowledge that plow iron laid the foundations of agriculture and there is no other tool to
raise the fertility of the land as the plow did in the past. Specialists strengthen the claims by saying that plow
overturning and crushing the arable soil, buries weeds and seeds, as well as the enemies of agricultural
plants. At the same time, the lower part of the soil, which has a structural physical composition, is brought to
the surface, while the upper part, is overturned at the bottom. The unstructured soil is then divided by the
living roots into glomeruli, and humus (a complex organic substance), which arises from the decomposition
of plant debris, contributes to the cementation of particles in the soil glomeruli. In this way, the necessary
conditions are created for the restoration of the soil structure (Bungescu S.T. et al, 2009).
The shredding of the arable layer ensures the penetration of water and air into the soil. At the same
time, because the narrow capillaries break between the soil particles, the drying of the soil surface is
prevented. Due to the easy access of air and water in the soil, the biochemical processes of decomposition
of organic waste are intensified and the mineral salts necessary for plant nutrition are formed, (Moise V., et
al, 2012; Schneemann, N.M., 2016; Nenciu F., et al, 2021).
Although today the fundamental work of the soil is being performed with other machines, having
completely different conception still continues to have the basic weight in the execution. The latest plow
constructions have a special ability to adapt to new tillage technologies. Moldboard plows are classified into:
cylindrical moldboard plows (accentuated loosening of the soil and a less pronounced overturning - light
soils); cultural or universal moldboard plows (used with satisfactory results on all types of soil), semi-helical
moldboard plows (good furrow overturning, less satisfactory crushing); helical moldboard plows (almost total
overturning of the soil, without shredding and loosening heavy, clayey and clay soils), lamellar moldboard
plows, “diamond” moldboard plows, pivoting plows with curved trapezoidal moldboard.
In the last years, lamellar plows (moldboard composed of interchangeable slats) are being used
more and more often by farmers in the European Union. On heavy and very heavy soils, with high humidity,
swampy, the classic plows do not execute a good quality work. In order to eliminate this shortcoming, have
been adopted plows constructions with slats (strips) which work very well on such soils.
The first lamellar moldboards were made by Bajac in France in years 1900, that equipped his
reversible plow with such an equipment.
The advantages of using plows with slats are the following:
- plows with slats work in very good conditions for all types of soil,
- they are constructed to have high efficiency on heavy soils with high humidity as well,
- reduce the size of the soil bulbs, and make a better shredded plowing, being easier to work later,
- the soil does not stick to the surface of the moldboard, regardless the type of soil,
- plows with slats reduce the traction force on all types of soil but especially on soils with high
humidity (on these soils the traction force is reduced by 20%)
- energy saving technique;
- reduce the costs with consumable parts;
- the presence of a divergence between the slats causes the stones to self-eliminate;
MATERIAL AND METHOD
The plow body is the core of any plowing equipment, being the first organ that defines the quality of
work. It is also responsible for the efficient operation of the plowing process. Methodical and efficient
reintegration of plant debris, even in the most difficult conditions, such as in corn stubble, is only one of the
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quality criteria. The equipment is capable of the toughest working conditions, for example when working on
sloping ground, to provide the best possible results.

Fig.1 The plow body equipped with slatted moldboard (http://www.maschio.com/assets/uploads/leaflet-plough-range-162017-02-w00228712r-ro-app.pdf)

In the last years the aim has been oriented towards making plow bodies as simple as possible. It is
no longer necessary to separate the whole assembly (plow knife-coulter-moldboard) but only the moldboard
can be replaced due to the small number of bolts, thus accelerating the operation. The quick change of the
moldboard allows the adaptation of the plow to different types of use and soil.

Fig. 2. Using slatted mouldboard on stubble

(http://www.maschio.com/assets/uploads/leaflet-plough-range16-2017-02-w00228712r-ro-app.pdf)

Fig.3 Using slatted mouldboard on soils with high
humidity. (http://www.maschio.com/assets/uploads/leaflet-ploughrange-16-2017-02-w00228712r-ro-app.pdf)

In Fig.2 and Fig.3 it is shown that using slatted moldboard, the earth overturning and the burial of the
vegetal is made in optimal conditions.
Below are presented various models of plows, that are being equipped with slatted moldboard, produced by
different companies.
Maschio Gaspardo is a company that has provided many options for plowing, that satisfy the most
demanding and different processing desires. The proposed solutions allow the adaptation of the machine
according to the worked land and the used tractor, below being presented the MIRCO and LINO models.
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Fig.4 The semi-mounted plow MIRCO

Fig.5 The semi-mounted plow LINO

(http://info.amazone.de/DisplayInfo.aspx?id=44148)

(http://info.amazone.de/DisplayInfo.aspx?id=44148)

The German company Lemken produces the reversible plow Juwel. The Juwel plow generation
combines safe use, easy operation and quality of work. Initially available with 3-7 coulters and a frame with a
140 mm box section, the Juwel 8 plow is suitable for medium and high-power tractors. The new TurnControl
system gives the operator increased control of plow rotation and tilt angle. Increased ground clearance of the
support wheel is another important feature. The electro-hydraulic control of the rotary device allows setting
the angle of inclination of the plow from the tractor seat, and it can also be "overridden" for the first or last
travel of the field. New squeegees, with improved shape and new foot position guarantee plowing without
blockages, even in difficult conditions, the depth and working angle can be easily adjusted without any
special tools. It is equipped with DuraMaxx bodies, for which the moldboard and slats were made without
holes. This allows the use of harder steels, which increases the service life compared to normal steels.

Fig.6 Juwel reversible plow (http://www.agrocomert.ro/plug.htm http://agro.md/ro/cat/plugi/pon7.html)

Diamond semi-mounted reversible plow include a number of new features, such as DuraMaxx bodies.
DuraMaxx slats are made of superior carbon steel, without holes made with a drill, allowing increased
hardness, greater resistance and a longer service life. Because they are not vaulted and rather simply
agitated, without the need for complex tools, they can be quickly changed. Individual slats are also available
in plastic to ensure that plowing is always ideal. Diamant 11 and Diamant 12 plows are available with a
maximum of 9 furrows. Both plows are also available with the Hydromatic automatic reset system. This
ensures that the trigger body is always in the ideal working position, even in difficult working conditions. The
upward movement of 38 cm and the lateral movement of 20 cm are more than enough, even for deep
plowing, to ensure continuous work, without any interruption. This is aided by high decoupling forces, which
can be easily adjusted from the comfort of the tractor seat to changing soil conditions. The Diamond 11 plow
is equipped with a traction magnification unit, similar to that used in the Karat range of semi-mounted
cultivators. Diamond 12 is available with a new traction control unit with hat management, included in its
basic version. The traction unit ensures that the weight is switched from the front axle of the plow and the
tractor to the rear axle of the tractor, thus reducing wheel slip to the tractor. Reduced wheel slip translates
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directly into increased output and reduced fuel consumption for the user. The traction unit at Diamant 12
automatically adjusts the pressure in the hydraulic system to adjust the compensation angle between the
plow and the tractor, so that the tractor always remains stable. The pressure in the traction drive unit can be
reduced to achieve a stable transport displacement. The electro-hydraulic angle adjustment is also new to
the Diamond 12. This means that the inclination of the plow can be adjusted directly from the tractor. The
rotary device keeps the plow non-mechanical in the pre-set position, so that the body remains securely
positioned in the ground, even when a packer is mounted.

Fig.7 Semi-mounted reversible plow Diamond

(http://www.agrocomert.ro/plug.htm http://agro.md/ro/cat/plugi/pon7.html)

Vari Titan reversible semi-mounted plow is a good option for different soil and weather conditions
that require an easily adjustable working width. With 9-12 furrow versions and working widths of up to 660
cm, the VariTitan offers the best possible output in the prevailing conditions. The control of the turning and
lifting functions by electric control allows safe handling and speed reversal. The working width can be
adjusted by the double-acting hydraulic cylinder for the front and rear of the plow. The exact working depth
can be adjusted in fine steps, without tools, to the chassis, and the rear support wheel, through the pins. This
ensures constant working depths. The front support wheel is located inside the plow frame, making the
VariTitan plow particularly easy to handle. Generously sized wheels minimize ground pressure when plowed
and ensure stability during road transport.

Fig. 8 Semi-mounted reversible plow VariTitan

(http://www.agrocomert.ro/plug.htm http://agro.md/ro/cat/plugi/pon7.html)

PON 70-40 + 1 semi-mounted reversible plows are designed for quality plowing on any type of soil
with high productivity and profitability. The high rigidity of the plow frame, obtained by using high quality steel
alloy (manganese and boron) -30MnB5 (Sweden) ensures a long service life. High resistance of workproduction parts due to the use high quality boron steel alloys, ensures a good saving of costs during the
plowing process. In addition, this construction of the plow can cope with a high working speed, of up to 11km
/ hour.
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Fig 9 Semi-mounted reversible plow PON 7-40+1
(http://www.wylzeagro.ro)

Fig 10 Regent Titan plow

(http://www.tehnoland.ro/wp-content/uploads/2014/02/leaflet-PRODUCT-RANGE-2012-ROM-TRK.pdf)

Class company ensure the lowest traction power of the tractor, thus leading to less fuel
consumption. Together with the unique stiffening process, which gives the parts very hard and smooth
surfaces, the intelligent design guarantees the ease of pulling, a characteristic for which AMAZONE plows
are known.

Fig. 11. Cayros XM plow

(http://info.amazone.de/DisplayInfo.aspx?id=44148)

RESULTS
Plowing is the most widespread and practiced agricultural work in Europe. There are many
advantages, due to the combination of multiple beneficial effects, both from an agronomic and practical point
of view. Among these, we can mention the efficient control of weeds, which are becoming more resistant to
herbicides, the decrease of the development of cryptogamic diseases and the decompaction of the soil for a
better root development.
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Due to the deep burial of plant debris, the ideal conditions for the next crop are being created. The
plows with the largest share in the European Union are reversible. Their lifting, reversing and lowering are
automatically controlled by the tractor's hydraulic system, semi-automatically sequentially or manually with
the help of a Joystick.
In recent years, the plow industry has developed, building equipment with specific characteristics such as
slatted mouldboards. The aim was to design complex aggregates, with the lowest possible energy
consumption, high reliability and the highest possible productivity so that the execution period of these works
to be performed as fast as possible. Due to the advantages of slatted mouldboards, (ground shredding,
successful use on any type of soil, reduction of energy consumption, by up to 20% and achieving speeds
almost double), make these plows to be used more often for the basic work of the soil. It is estimated that
30-35% of the total energy consumed is used for the mechanized works needed for the tillage.
When comparing both slated (lamellar) and classic mouldboard in terms of specific energy and
specific consumption, the following conclusions can be stated:
• Slated mouldboard work in very good conditions on all types of soil;
• The main advantage of Slated mouldboard is their capacity to work well in heavy soils with high humidity;
• Slated mouldboard reduce the size of soil lumps, and achieve a better shredded plowing;
• Under the specific conditions of the interaction between the slats and the soil, it does not stick to the
surface of the mouldboard, regardless of the type of soil;
• Slated moldboard reduce the traction force on all soil types, but especially on soils with high humidity (on
these soils the traction force is reduced with over 20%);
• The energy saving in the execution of the works may differ acordingly to the plow type;
• Using interchangeable (replaceable) slats, the costs for consumable parts are reduced;
• The presence of a divergence between the blades causes the stones to self-eliminate.
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ABSTRACT
To mitigate the effects of water scarcity in arid areas and to meet the increasing need of water in arid and
non-arid areas, wastewater reuse for irrigation became a usual practice. Raw wastewater contains excreted
organisms and pathogens (bacteria, viruses, fecal coliforms and intestinal helminthes) which can be
inactivated or removed by disinfection. In developing countries lacking sanitation systems, wastewater is
rarely treated for safe reuse, so farm workers, crop handlers and consumers are exposed to diseases.
Women are particularly exposed to skin irritations and infections by H. Pylori, E. coli, Salmonella and
rotavirus, as they do more work to produce vegetables and prepare meals. Typhoid fever, cholera and
diarrheal disease are transmitted by consumption of fresh vegetables contaminated by wastewater. Between
6–8% of children and 2% of immunosuppressed adults are infected with Giardia and Cryptopsporidium,
which cause them diarrheal disease, the second leading cause of 800,000 deaths of young children/year in
developing countries. This paper reviews the primary routes of exposure to health risks associated with
wastewater reuse in agriculture, highlighting the role of excreted microorganisms in disease occurrence in
people coming in direct contact with wastewater and in consumers of crops irrigated with untreated
wastewater.
REZUMAT
Pentru a atenua efectele deficitului de apă în zonele aride și a satisface nevoia tot mai mare de apă în
zonele aride și non-aride, reutilizarea apelor uzate pentru irigații a devenit o practică obișnuită. Apele uzate
brute conțin organisme și agenți patogeni excretați (bacterii, viruși, coliforme fecale și viermi intestinali) care
pot fi inactivați sau îndepărtați prin dezinfecție. În țările în curs de dezvoltare lipsite de sisteme de canalizare,
apele uzate sunt rara tratate pentru reutilizarea în condiții de siguranță, iar lucrătorii agricoli, manipulatorii și
consumatorii culturilor sunt expuși bolilor. Femeile sunt expuse în special la iritații ale pielii și infecții cu H.
Pylori, E. coli, Salmonella și rotavirus, deoarece lucrează mai mult pentru a produce legume și a pregăti
mesele. Febra tifoidă, holera și boala diareică se transmit prin consumul de legume proaspete contaminate
cu ape uzate. Între 6-8% dintre copii și 2% dintre adulții imunosupresați sunt infectați cu Giardia și
Cryptopsporidium, care le provoacă boala diareică, a doua cauză principală a 800.000 de decese ale copiilor
mici/an în țările în curs de dezvoltare. Această lucrare trece în revistă căile primare de expunere la riscuri de
sănătate asociate cu reutilizarea apelor uzate în agricultură, subliniind rolul microorganismelor excretate în
apariția bolilor la persoanele care vin în contact direct cu apele uzate și la consumatorii de culturi irigate cu
ape uzate netratate.
INTRODUCTION
Nowadays, the growing scarcity of freshwater resources is one of the most limiting factors for crop
production, food and energy security. The potential of irrigation to increase both agricultural productivity and
living standards, especially in rural areas, is unanimously recognized.
Wastewater is increasingly accepted as a resource, because it is available in large quantities, does
not depend on seasonal variability and is rich in organic nutrients. Wastewater recovery and reuse is not a
new concept, but a practice encountered a few centuries ago. The reuse of treated wastewater mainly for
irrigation of crops is an increasingly common practice, encouraged by governments and official bodies
around the world, and it accounts for 70% of total agricultural water consumption (Zhang and Shen, 2017;
Ungureanu et al., 2020 b). Large quantities of wastewater used in agriculture have led to a change in
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agricultural patterns, from seasonal cultivation to agriculture throughout the year, allowing farmers to have
more harvests per year and thus increase their incomes. In addition, nutrient-rich wastewater is particularly
important for farmers, as in most cases the need for chemical fertilizers decreases or is eliminated.
In developing countries, wastewater irrigation has become a planned and integral part of the
economy, as urban dwellers are engaged in agriculture not only for subsistence but also for income
generation from gardening. Irrigation with treated wastewater is already practiced in high-income countries
with semi-arid lands: France, Italy, Spain, Cyprus, Malta, Israel, Jordan and the USA. In countries with
moderate climates (eg Poland, Germany) this agricultural practice has not yet been implemented (Chojnacka
et al., 2020). Volumes of reused wastewater have increased by 10–29% per year in Europe, the United
States, China, and respectively by up to 41% in Australia (Zhang and Shen, 2017). To control the current
water deficit in Europe, the reuse of treated municipal wastewater and wastewater from animal farms should
increase more than twice in 2025 compared to 2000 (Lavrnić et al., 2017).
The reuse of wastewater in underdeveloped countries poses special problems. Indirect use of
wastewater occurs when domestic wastewater, agro-zootechnical wastewater and in some cases industrial
wastewater are discharged directly into urban watercourses without prior treatment. Direct use of wastewater
occurs mainly in underdeveloped countries, when farmers deliberately collects wastewater in-house or enter
the sewer lines and extract the wastewater. Thus, in conditions of water scarcity and deficient planning,
irrigation of agricultural crops with wastewater has prospered as an unplanned or spontaneous activity.
The safety of reuse of wastewater for crop irrigation is an important issue worldwide. If wastewater is
not treated properly before being used for irrigation, it can cause serious problems related to soil health
(salinization, toxicity due to sodium ions, chloride and boron, structural degradation, reduced aeration and
clogging of pores due to suspended solids in wastewater, reducing the hydraulic conductivity of the soil),
agricultural crops (accumulation of heavy metals, microbial loading, delayed or irregular maturation of plants
due to excess nutrients), groundwater (by leaching excess nitrates), but also to the health of farmers who
apply these waters to consumers of irrigated crops (Ungureanu et al., 2020 a).
In many developing countries, wastewater is not always completely treated. Wastewater contains
high levels of excreted pathogens, such as bacteria, viruses, protozoa, helminthes, intestinal worms, whose
usual limits are shown in Table 1. In many countries, the legislation on microbial parameters for wastewater
reuse is affected by different interpretations of the concept of microbiological risk; thus, legislation is often an
inadequate simplification to exploit the full potential of wastewater reuse in agriculture.
Table 1

Usual limits of some organisms excreted in raw (untreated) wastewater (Ungureanu et al., 2020 b)
Number / liter of
Number / liter of
Excreted organism
Excreted organism
wastewater
wastewater
Thermotolerant coliform

108 – 1010

Cryptosporidium parvum

Salmonella sp.

1 – 105

Entamoeba histolytica

Shigella sp.

10 –

104

Vibrio cholerae

102 – 105

Enteric viruses

105

Rotavirus

–

106

1 – 102

Giarida intestinalis

102 – 105

Ascaris lumbricoides

1 – 103

Ancylostoma / Necator

102 – 105

1 – 104

Trichuris trichiura

1 – 103
1 – 102

Globally, bacterial pathogens (Salmonella sp., Shigella sp., Legionella sp., Escherichia coli and
Vibrio cholerae), intestinal worms (Ascaris and Tenia sp.), and intestinal protozoa (Giardia and
Crysptospridium parvum) are of great interest to public health. Waterborne viruses including HAV, HEV,
adenovirus and rotavirus have the highest risk of transmission through wastewater reuse (WHO, 2006). The
profile of pathogens and the concentrations of specific pathogens in raw wastewater depend on both the
epidemiological status of individuals producing wastewater and the state of sewage systems and
technological possibilities for wastewater treatment.
Table 2 presents data on the survival of excreted pathogens in soil and plants (here, the value in
parentheses is the usual survival period). Under favorable conditions, viruses can survive for several months
in the soil and 2-3 weeks in crops. Pathogenic protozoa are particularly sensitive to high temperatures and
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are less persistent in the environment, and their survival for more than 2 weeks is unusual. Fecal bacteria
generally have a limited survival in water, but they can persist for months in moist organic soils.
Survival of pathogens excreted at 20-30°C (NGESTP, Annex 8)
Survival period (days)
The type of pathogen
In faeces and
In freshwater
In the soil
sewage sludge
and sewage
Viruses
Enterovirusuri
<100 (<20)
<120 (<50)
<100 (<20)
Bacteria
Fecal coliforms
<90 (<50)
<60 (<30)
<70 (<20)
Salmonella sp.
<60 (<30)
<60 (<30)
<70 (<20)
Shigella sp.
<30 (<10)
<30 (<10)
Vibrio cholera
<30 (<5)
<30 (<10)
<20 (<10)
Protozoa
Entamoebahistolytica cysts
<30 (<15)
<30 (<15)
<20 (<10)
Intestinal worms
Ascarislunbricoides eggs
Many months
Many months
Many months

Table 2
On agricultural
crops
<60 (<15)
<30 (<15)
<30 (<15)
<10 (<5)
<5 (<2)
<10 (<2)
<60 (<30)

The risk of developing a bacterial, protozoan or fungal infection due to exposure to wastewater is
much lower than that of developing an infection with pathogenic worm eggs, because the survival time of
these pathogens in the environment is shorter and there is a higher immunity of the host. The lowest risk is
for viral infections, mainly due to the high immunity of the host for virus infections (Cossio et al., 2019). It
should also be noted that the presence of pathogenic microorganisms in treated or untreated wastewater
does not mean that they will necessarily pose a threat to human health after watering the plants. The survival
of these pathogens is affected by many factors, including UV radiation and high temperatures in dry areas.
Other factors, such as low moisture, the presence of consortia of soil microorganisms and the type of crops
have an important role in determining the viability of pathogens (Farhadkhani et al., 2018) and hence their
transmission to humans via the food chain.
Inactivation of pathogens on crops is faster in hot and sunny weather than in cool, cloudy or rainy
weather. Worldwide, a limited number of field tests provided an approximate estimate of 0.5-2.0 log
pathogen reduction units per day, with a higher amount of pathogens expected in dry and hot conditions. A
suggested change of this measure is the use of uncontaminated irrigation water in the last days before
harvest. However, prolonged periods of irrigation cessation can negatively affect vegetable productivity and
freshness. Applying irrigation shutdowns before harvest, as a health protection measure, can be difficult for
leafy vegetable crops that need to be harvested at the peak of freshness. Discontinuation of irrigation before
harvest is not effective in reducing contamination during the wet season, because precipitation causes
recontamination of vegetables by spraying with soil particles, and humid conditions generally favor the
survival of the pathogen. Disposal of outer leaves that are in longer contact with contaminated soils and less
exposed to direct sunlight can also help reduce contamination of vegetables with fecal coliforms (Keraita et
al., 2007).
Wastewater treatment to ensure pathogen removal and reduce health risks is the most
recommended method of mitigating public health risks for both farmers and consumers of wastewater
irrigated crops. Sophisticated tertiary treatment systems and disinfection systems require energy,
infrastructure, maintenance and skilled labor, making them unfeasible for low-income countries. In many
cities in developing countries, most wastewater is not treated and remains an easily accessible and
inexpensive source of water for many urban farmers.
When planning the projects for wastewater reuse, training and awareness-raising activities for
farmers must be taken into account, so that they can develop skills and knowledge about the use of
recovered water, so that all groups at risk can be protected. In addition to health and environmental issues,
training programs should also focus on technical aspects of wastewater and effluent reuse, such as the
introduction of micro-irrigation techniques to reduce farmers' exposure to reclaimed water. Political efforts
should be aimed at updating the knowledge, skills and an attitude of agricultural producers, through frequent
training and workshops, so that farmers who use untreated wastewater for irrigation of crops can better
appreciate the health risks posed by wastewater irrigation and knows how to adopt risk reduction strategies
288

INTERNATIONAL SYMPOSIUM

(Valipour and Singh, 2016). Awareness and educational training programs should be extended to be
included in school curricula. Furthermore, promoting improved hygiene and safe food preparation remain
crucial even when irrigation water seems safe.
MATERIALS AND METHODS
Wastewater-related diseases are transmitted when an infected person excretes pathogens into the
environment; pathogens are then transported by a suitable agent (eg food or water) and ingested by a
susceptible human host. In general, most wastewater carries several of these pathogens, which have been
excreted by infected individuals.
Wastewater irrigation is often seen as a way of reintroducing pathogens into the community (Shah et
al., 2019), forming an integral element of the WASH (Water, Sanitation and Hygiene) nexus. Thus,
wastewater irrigation is often seen as a source of vulnerability parallel to the absence of sanitation, carrying
fecal pathogens through water, hands, farm, environment, and food into the community and resulting in
adverse effects on the human health (Fig. 1).

Fig. 1 – Faecal-oral transmission routes for pathogens (Falkenberg et al., 2018)

(boxes are variables in the transmission process, arrows are the transmission pathways of faecal-oral pathogens, and dotted lines are
primary and secondary barriers)

When irrigating with wastewater, the risks to human health are classified into three categories,
depending on the potential of the pathogens to transmit the diseases through wastewater (Kilelu C.W.,
2004):
- high risk (high incidence of excess infection): intestinal worms (Ancylostoma, Ascaris, Trichuris and
Taenia);
- medium risk (average incidence of excess infection): bacterial infections (Cholera vibrio,
Salmonella typhosa, Shigella and possibly others) and protozoan infections;
- low risk (low incidence of excess infection): viral infections.
The assessment and management of health risk associated with exposure to microbial hazards
through wastewater meets special challenges (Campos C., 2008):
- not all microbial risks (pathogens) are recognized and can be easily listed or studied;
- adverse health effects may occur after a single exposure, however water quality varies greatly and
rapidly;
- management actions are rarely effective, and their outcome can be difficult to predict;
- when water use is unsafe, conventional testing indicates this only after exposure of people to risks
has taken place, ie too late to help prevent disease.
Although the risks to human health when irrigating with wastewater cannot be accurately estimated,
they cannot be ignored. Human and animal pathogens, phytopathogens and antibiotic-resistant bacteria and
their genes are important biological contaminants that can be transported by wastewater and / or enriched in
soil. Also, the mixture of many chemical contaminants, including xenobiotics, pharmaceuticals with traces of
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metals, can have unpredictable consequences for both environmental and human health (Becerra-Castro et
al., 2015).
Another common routes of exposure to health risks associated with wastewater irrigation is
presented in Figure 2.

Fig. 2 – Exposure routes associated with wastewater irrigation for consumers, agricultural workers and their
families and communities living nearby (Dickin et al., 2016)

Public health risks dominate the negative attitude of the consumers and their decisions on the
consumption of agricultural crops irrigated with wastewater, especially those irrigated with untreated
wastewater and consumed raw. The additional issues posed by mad cow disease, bird flu, SARS and other
pandemics such as cholera and diarrhea will further increase the risk associated with the consumption of
wastewater irrigated crops. Additional risk factors may also be due to new regulations on wastewater or
product marketing, restrictions on market access and lower prices for vegetables and fruits. Public policies to
ensure product safety and to protect consumer health will emerge more noticeably in the future, but their
integration with water policy and basic water programs will pose huge challenges (Hanjra et al., 2012).
Most developed countries where wastewater is reused have public health and environmental
guidelines for wastewater treatment and reuse practices. These regulations as guidelines or code of practice
are intended to protect the health of both consumers and workers, and can even prohibit the irrigation with
wastewater at specific times before harvest, require appropriate clothing and ensure preventive care of
workers. Wastewater reuse guidelines, although variable in different countries, are usually very strict due to
water pollution control requirements.
RESULTS
Public health risks related to microbiological contaminants in wastewater used in irrigated agriculture
relate to four broad categories of the population:
- Agricultural workers (farmers) who are directly exposed to wastewater in the fields.
- Wastewater crop traders, handlers and technical / operational staff.
- Consumers of crops grown with improperly treated wastewater.
-Populations living near farms that use wastewater, including children, elderly and immunecompromised people, who are most at risk.
The first two groups are mainly exposed at a professional level, due to direct contact with
wastewater during application in irrigation and handling of products. Consumers are exposed directly to their
diet, while residents near areas irrigated with sewage can be exposed to farm leaks, groundwater
contamination and aerosols.
 Exposure of agricultural workers to health risks
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Exposure of agricultural workers (farmers) and consequently their family members is significant due
to the variability of possible routes, the frequency and duration of exposure. Depending on the level of
mechanization of irrigation works in the farm, the dangers to human health are due to direct exposure to
wastewater by planting and weeding operations (it is well known that farmers often work manually, without
gloves and/or barefoot in the fields), variable exposure associated with different methods irrigation (for
example, gravitational flow irrigation or manual irrigation with buckets), but also to accidental inhalation of
sprayed aerosols, which is more common when using wastewater in high-income countries.
The danger posed by direct contact with wastewater during its application in agriculture depends to a
large extent on the type of irrigation practiced and the individual behavior of agricultural workers. For
example, although wastewater used in irrigation is more heavily contaminated than soil irrigated with these
waters, the direct contact with soil is sometimes the determining factor in exposure to health risks when
assessing the transmission of oral-fecal disease to farmers due to soil-to-mouth and hand-to-mouth events
(Antwi-Agyei et al., 2016). The use of irrigation containers (e.g, boxes or buckets) to collect water for
irrigation from ponds, as in the case in many developing countries where wastewater irrigation is a common
practice, results in the highest exposure and therefore it involves a higher risk due to the lack of using
personal protective equipment (nose masks, boots, gloves etc). Irrigation in furrows or by flooding the land
increases the possibility of direct contact with wastewater, hence it increases the risk of infection outbreaks.
For agricultural workers, the health risks due to wastewater irrigation are mainly skin irritations
(dermatitis, urticarial infections, itching and blisters on the hands and feet) and nail infections including
koilonychias or spoon-formed nails (Drechsel et al., 2008) and fungal infections of the toes or nails (Vuong et
al., 2007), diarrhea (Trang et al., 2007), helminth and intestinal worms infections (Pham-Duc et al., 2013;
Amoah et al., 2016; Amoah et al., 2018), common cold caused by rhinoviruses and enteroviruses (Brisebois
et al., 2018), and epilepsy (Lam et al., 2015). Most skin and intestinal infections occur among persons
infected mainly via occupational exposure and ingestion of products contaminated by irrigation with partially
treated or untreated wastewater (Adegoke et al., 2018).
Studies around the world suggest that awareness of health risks is not high among farmers (Hanjra
et al., 2012). In many farms in developing countries where irrigation with wastewater is a commnon practice,
farmers are not aware of the risks or possible consequences for their environment and health. Also, many
agricultural workers cannot afford treatment for some of the health problems caused by exposure. Farmers'
household members may be illiterate, or lack adequate information and resources, and have been exposed
to poor sanitation for most of their lives. Therefore, many agricultural workers accept these health risks for
the benefit of their occupation and, in the general context of their living conditions, contact with wastewater
used in irrigation could be just one of the many health challenges (Qadir et al., 2010).
 Exposure of women to health risks
Women are a particularly important target group, not only because they are a vulnerable group but
also because they often apply various methods to reduce the risks. In many countries, women provide much
of the work needed to produce vegetables in their own gardens or on farms, and they carry out much of the
weeding and transplanting of plants, which means they are exposed them to long-term contact with
wastewater (Li et al., 2014). Women are generally responsible for preparing meals for their families, thus
unintentionally creating the possibility of transferring pathogens to family members, unless of course, very
good hygiene is maintained. In West Africa, where in 10 out of 13 countries, mainly men grow vegetables,
women dominate the trade, especially in retail, of most vegetables; thus an important target group for the
application of risk reduction measures are the markets (Drechsel et al., 2008).
 Exposure of children to health risks
Children are especially vulnerable to contaminants in wastewater. Irrigation with untreated
wastewater leads to a higher prevalence of ascariasis and hookworm infections among children (Hanjra et
al., 2012). Children in households exposed to contact with untreated wastewater used in irrigation have a 3
times higher risk of infection with Ascaris lumbricoides than those in households that do not irrigate with
wastewater. Children can be exposed to wastewater by playing in contaminated areas, which increases the
frequency and duration of exposure to this contaminated environment (An et al., 2007).
Children are less likely to practice sanitary behaviors such as hand washing and are often involved
in agricultural work. A study by Melloul and Hassani (1999) in an area irrigated with wastewater from
Marrakesh, reported that boys who helped with agricultural work had a higher risk of Salmonella infection
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than girls who stayed at home. However, all children in the irrigated wastewater area, especially those under
the age of 10, had a higher prevalence of the disease compared to the control areas.
 Exposure of consumers to health risks
From the authorities' point of view, in the main risk group are the consumers of food from wastewater
irrigated crops. Consumers are in the most sensitive group, but most of them are not aware of the source of
the product they consume and the fact that these products come from wastewater irrigation containing
various contaminants. Farmers should feel responsible for this group, manage and apply their wastewater
according to the regulations in force in each country, so as to avoid contamination of crops.
Food consumption of agricultural crops is the most frequently studied way of contamination, and
studies available in the literature include over 100 vegetables, fruits and cereals. Research in the world
literature has focused primarily on food contamination, although a study by Farahat and Linderholm (2013)
examined the contamination of crops used for medicinal products and supplements. Chary et al., (2008) and
Yang et al., (2006) considered human contamination through milk and meat consumption, while several
other studies examined forage crops. Contamination of green leafy plants can take place in several ways, for
example through soil, manure, agricultural equipment, human handling, post-harvest cleaning processes and
others, but irrigation water is considered the most important source of crop contamination. There have been
a number of reported outbreaks globally that have been associated with the consumption of green leaves
contaminated with pathogenic strains of Escherichia coli. When Escherichia coli infections are resistant to
antibiotics (AR-E. Coli) and, in particular, resistant to multiple antibiotics, serious complications may occur in
the treatment of infected patients (O'Flaherty et al., 2019).
 Exposure of nearby residents to irrigated areas with wastewater to health risks
Larger populations of water users downstream of wastewater areas will be exposed to uncertain
health risks if wastewater is discharged into open water bodies. This applies especially in semi-arid and arid
countries where the only open water bodies are irrigation canals and agricultural canals. In addition to
agricultural use, these irrigation canals serve several domestic uses, such as washing, bathing and providing
drinking water. Most studies of this group of people at risk have included poor living conditions, such as lack
of access to safe drinking water and sanitation (Blumenthal et al., 2001; Ensink et al., 2008). In addition to
occupational and food hazards, people living or commuting near agricutural fields or other type of lands
irrigated land with wastewater may be exposed indirectly. For example, sports on cricket grounds near
contaminated soil have been reported as possible sources of accidental ingestion (Ensink et al., 2006).
Wastewater applied in irrigation in the form of aerosols (ie with sprayers or sprinklers) are sources of
pathogen contamination of irrigators, but also of community members in the surrounding area (AyusoGabella et al., 2011).
Residents near farms should be fully informed about the location of all fields where wastewater is
used. In this way, they can avoid entering these lands. In high-income countries, there are still risks to the
health of communities near wastewater irrigated areas, where insufficiently treated wastewater is used to
grow non-food crops. For example, contamination of groundwater and drinking water, as well as nearby
areas (food fields) is related to the use of wastewater to irrigate energy crops used as biomass sources
(Carlander et al., 2009). A study conducted by Ferrer et al. (2012) identified a range of exposures to
contaminants through recreational activities such as swimming, bathing and fishing in channels
contaminated with untreated domestic, livestock and industrial wastewater, in addition to exposures from
vegetable cultivation. Increased urbanization and industrial development have increased levels of
contamination in canals, so these multiple routes of exposure pose serious health risks. A key challenge for
health risk assessment due to wastewater use is that people living near or in wastewater irrigated areas may
face exposures from a number of sources, and the assessment of specific risk factors is more very difficult.
 Other categories of people exposed to health risks
Another category of people exposed to risks is the general public who use landscaped areas
irrigated with wastewater, especially if children play on the irrigated lawn or other people come into direct
contact with the lawn. If high concentrations of pathogens remain on the lawn at the time of application, the
risks of human transmission are higher. However, agricultural workers are not responsible for this category of
wastewater application. Although many studies have shown high levels of contamination of vegetables
grown by irrigation with wastewater, which increase the risk of negative effects on public health for both
farmers and consumers, other ways of contamination must be considered. Health risks due to the
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reproduction of mosquitoes, which are vectors of malaria transmission, in wastewater that are treated in
stabilization ponds before recovery have also been identified (Mukhtar et al., 2006; Dickin et al., 2016).
If proper care has not been taken at the treatment stage and farmers irrigating wastewater do not use
proper practices, pathogens may be present on crops in such concentrations as to contaminate the hands or
clothing of workers handling or packaging the contaminated crops. The unhygienic distribution and handling
of food in markets, including the washing of sewage products, are other sources of microbiological
contamination, at levels even higher than those due to irrigation of wastewater on the farm.
Diseases caused by pathogens in wastewater
A summary of the pathogenic microorganisms in the wastewater and the diseases they cause is
presented in Table 3.
Table 3
Some water-borne diseases related to wastewater (Jaramillo and Restrepo, 2017)
Disease
Pathogen agent
Typhoid fever
Salmonella typhi
Paratyphoid fever 2
Salmonella paratyphi
Gastroenteritis 1
Salmonella typhimurium
Gastroenteritis 2
Enterovirus, parvovirus, rotavirus
Cholera
Vibrio cholerae
Bacillary dysentery 2
Shigella dysenteriae
Amebiasis 2
Emntamoeba histolytica
Giardiasis 1
Giardia duodenalis
1
Cryptosporidiosis
Cryptosporidium
Cyclosporiasis 2
Cyclospora cayetanesis
Infectious hepatitis 1
Hepatitis A
Infantile paralysis
Polyovirus
Leptospirosis 1
Leptospira icterohaemorrhagiae
Ear infections
Pseudomonas aeruginosa
Scab
Sarcoptes scabiei
Trachoma
Chlamydia trachomatis
Schistosomiasis 2
Schistosoma
Malaria
Plasmodium
Yellow fever
Flavivirus
Dengue
Flavivirus
1 Human and / or animal waste; 2 Human waste

 Infections with intestinal parasites
Dilution of wastewater with clean water leads to a decrease in the number of coliform eggs and worms,
but in most cases they will remain too high according to the guidelines of the World Health Organization. Farmers
who used mainly untreated wastewater had a higher rate of intestinal parasite infection compared to farmers who
diluted wastewater with groundwater. Intestinal nematodes Ascaris lumbricoides, Anclyostoma duodenale,
Necator americanus and Trichuris pose the highest health risks (Zhang and Shen, 2017; Contreras et al., 2017).
In developed countries, 2% of adults and 6-8% of children are infected with Giardia protozoan cysts, causing
virulent outbreaks (Plutzer et al., 2010).
 Diarrheal disease
Professional exposure to wastewater during agricultural activities contributes significantly to the risk of
diarrhea in adults (Do et al., 2007; Ferrer et al., 2012), and the risk is much higher in combination with poor
personal hygiene practices (Pham-Duc et al., 2014). Diarrheal disease threatens the health and proper
development of young children, with 800,000 premature deaths being attributed to this disease each year.
Diarrheal disease remains the second leading cause of death for young children in developing countries
(UNICEF, 2012). Cryptopsporidium and Giardia are protozoan pathogens highly resistant to disinfection; they
have an extremely low infectious dose and 10–30 cysts or oocysts can cause clinical infection (Campos C., 2008).
Cryptosporidium, the second most common pathogen in wastewater worldwide, is responsible in 2% of all cases
of diarrhea in developed countries, including 7% in children and 14% in AIDS patients (Kotloff et al., 2013).
Cyclospora cayetanensis is a another protozoan associated with relapsing diarrhea (Campos C., 2008).
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There is an increase in the incidence of nonspecific diarrhea when more than 104 thermotolerant coliforms
per 100 mL are found in water. A study conducted in Pakistan found higher incidences of diarrheal diseases and a
high prevalence of roundworms in families who irrigated their crops with wastewater compared to those
consuming products non-irrigated with wastewater (Feenstra and van der Hoek, 2000). An equivalent increase in
fecal coliforms that cause contamination of water sources has a higher risk of diarrhea in infants than
contamination of drinking water stored in households, as family members are likely to develop immunity to
pathogens frequently found in the home (Hanjra et al. al., 2012). In recent years, global efforts have been initiated
to reduce the risk of diarrheal disease, aiming to create safer and improved drinking water sources through the
provision and proper treatment of drinking water, as well as ensuring access to improved drinking water and
sanitation services. However, it should be noted that although improved water sources have lower chances of
contamination compared to unimproved sources, it is estimated that a quarter of the improved sources are
contaminated with fecal pathogens (Bain et al., 2014).
 Gastroenteriris
Outbreaks of enteric viral infections such as acute gastroenteritis have been reported due to the
consumption of irrigated vegetables with wastewater (Toze S., 2006; Moazeni et al., 2017). Entericpathogens
Escherichia coli and some Campilobacter species are considered to be a significant cause of acute gastroenteritis
transmitted by contaminated water or by eating contaminated food. The infectious dose of Campilobacter is small,
but its epidemiological incidence is similar to that of Salmonella. Only some strains of Yersinia enterocolítica are
virulent factors and pathogens that are transmitted through water and the consumption of contaminated food,
causing gastrointestinal infections (Campos et al., 2008).
 Other diseases
Untreated wastewater can be responsible for several diseases and conditions resulting from infection
with pathogens. These diseases include malaria, typhoid fever (Salmonella sp.); dysentery or shigellosis
epidemics (Shigella sp. and Entamoeba hystolytica); vomiting or malabsorption (adenovirus, rotavirus,
Cryptosporidium parvum, Giardia intestinalis – formely known as Giardia lambila, Trichuris trichiura, Taenia
solium, Shistosoma sp.); cholera (Vibrio cholerae); ascariasis (Ascaris lumbricoides); anemia (Necator
americanus), as well as seropositive responses for Helicobacter pylori, the latter leading to chronic infections and
even cancer (Aziz et al., 2015).
CONCLUSIONS
Wastewater is a widely available resource and its safe reuse can become a valuable strategy for
managing water demand, as it can reduce the large amounts of freshwater needed for irrigation and meet the
growing freshwater needs of cities in developing countries. On the other hand, in less developed countries,
access to untreated wastewater and its reuse for agricultural purposes increases farmers' vulnerability to a
number of health risks.
In agricultural areas where wastewater is used for crop irrigation, health education programs must be
implemented to raise awareness and to promote a preventive behavior (i.e. personal hygiene, use of protective
clothing, etc.) in order to reduce the occurence of diseases and protect human health.
If investments in small-scale on-farm treatment systems and/or in municipal wastewater treatment plants are
made, following mechanical-biological treatment coupled with a disinfection step, the effluent can be safely used
in agriculture and can ensure a series of economic, social, agricultural and ecological benefits.
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ABSTRACT
In the recent decades, it was observed that the usage of lean manufacturing (LM) was increasingly used in
production systems. This approach focuses on reducing the manufacturer’s fear concerning production
system by applying optimal, proven and accessible standard methods that are easy to understand and to
apply. The current paper focuses on the application of a series of lean manufacturing tools in one Romanian
bread making company. The paper presents the main implementation issues, the obtained results after the
application of the tools in the production system. The benefits and improvements were analysed and it leads
to continuous improvement and increasing production systems efficiency in order to diminish the amount of
waste.
REZUMAT
În ultima perioadă, s-a observat o preocupare crescândă în sistemele de producție pentru aplicarea
conceptului de fabricație lean (LM). Această abordare se concentrează pe reducerea temerilor producătorilor
referitoare la sistemele de fabricație prin aplicarea unor metode optime, demonstrate și accesibile care se
caracterizează prin facilitate în înțelegere și aplicare. Lucrarea curentă se concentrează pe aplicarea unei
serii de concept utilizate de către sistemul lean cu aplicare într-o fabrică de panificație din România.
Lucrarea prezintă principalele modalități de implementare și rezultatele obținute după aplicarea metodei în
sistemul de fabricație. Beneficiile și îmbunătățirile au fost analizate și s-a observat tendința către
îmbunătățire continua și sporirea eficienței sistemelor de fabricație cu scopul de a diminua cantitățile de
deșeuri și produse neconforme.
INTRODUCTION
Innovation is according to Merriam-Webster Dictionary something new or applied to an existing
product as a change referring to a product, idea or field. Several authors (Tohidi, H., Jabbari, M.M., 2016),
mention innovation as a defining success factor for productivity, ensuring a company profit and
competitiveness through the market. OECD Glossary of Statistical Terms defines process innovation as the
implementation of a new or significantly improved production or delivery method, including significant
changes in the manner of techniques and/ or software. (OECD, 2005) Process innovation intends to
decrease unit costs necessary for production process or delivery, increasing quality and produce or deliver
new or significantly improved products. (OECD, 2005.1)
The concept of "lean manufacturing" is considered today a practice in production management, which
is based on the idea that material resources should be used only where value is created, that effort, space,
warehouses should be as little as possible, and losses of any kind must be eliminated. The premise of the
emergence of the concept of lean manufacturing organization was the development of total quality
management - Total Quality Management (TQM). It involves an approach to improving the quality of
products and services by continuously improving all processes related to their manufacture, quality
orientation on customer perceptions and needs, production without defects. The focus of production
management is a priority on improving processes, reducing attention to employee criticism (criticism at the
organizational level) and the decision-making process based on data. Thus, TQM is an integrated
management philosophy and a set of practices that focus on continuous improvement, meeting customer
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requirements, reducing the repetition of processing or work processes, long-term thinking, increased
employee involvement and teamwork, redesigning the process, competitive benchmarking, problem solving
in the team, constant measurement of results and closer relationships with suppliers.
The philosophy and lean thinking are based on two practices, namely: elimination of losses from the
production process (MUDA), which is the most important, and continuous quality inspection (JIDOKA), the
latter practice being an operational process designed to ensure a level "0" of losses or within accepted limits
(Gamage, J., et al., 2010; Rao, P.S., Niraj, M., 2016). As a result, the objective of continuous reduction of
losses (waste of any kind, materials, labour, unnecessary operating times, etc.) leads to a decrease in the
time between launching the order from the customer and shipping the products to him, production
management being permanently concerned with eliminating "Everything that increases time and cost."
Lean manufacturing (LM) has been proved to be an efficient instrument in manner of providing
products or services with excellent attributes to clients by reducing waste, improving productivity, training the
staff and improving quality. Lean manufacturing tools have been frequently used in companies that export
products worldwide, mainly to developed countries. The key element of LM is mass production and it should
focus on improving performance of production processes in order to create high quality products. LM is
considered an adequate example of process innovation concerning companies, focusing on continuous
improvement as a main groundwork. Senior management is implied in ensuring resources for providing highquality products and outstanding processes by using different methods or instruments such as lean
manufacturing (Kaizen, 5’s, reducing the seven crucial waste categories, SMED). Nowadays, manufacturing
process is perceived by two approaches: sustainable economic growth and the failing of old management
styles related to employees without no multi-task training. (Landers, R.G., et al., 2020)
According to the lean philosophy, activities that do not generate added value are identified and are
either reduced in duration or eliminated, which leads to reduced manufacturing costs, improved productivity,
quality and, finally, reduced product delivery time to the client. The lean philosophy was created starting from
the idea of eliminating any type of losses that may occur in the production system. The concern for reducing
and eliminating losses is closely related to the "supreme" desire of manufacturers to generate added value to
the finished product, in accordance with the expressed needs of customers. The seven types of losses
defined are: overproduction, waiting, transport, unnecessary processing, unnecessary stocks, movements,
defects. Following this point of view, to the seven losses was added an eighth loss supported by Toyota's
philosophy: stopping the creativity of employees. Lean production uses half of the human effort, half of the
production space, half of the investment to make the means of production (tools, devices, verifiers, etc.), half
of the scheduled, standardized hours, so that the development of a new product requires half from the time
determined in the classical variant.
Food industry is one of the most complex and unique industries comparing to other industries and the
application of lean manufacturing was often perceived as an advantage due to a series of advantages such
as: extra output, lower costs, better yields, improved systems, better working environment, keeping in
contact with consumer needs, eliminating contamination.
LM was perceived as rather difficult to apply in food processing industry. Several authors (Dora, M.K.,
2014) identified a sequence of factors that are considered important when deciding to apply LM principles:
the high perishability of products, complex process flow, diversity of raw and auxiliary materials, oscillating
demand.
Bread making, as a branch of food industry with significant importance in the national economy of
states is one of the most challenging industry considering the continuous change of raw and auxiliary
materials used and applied technologies. The bread making market needs to find a way to overcome the
challenge of the economic crises and operational cost increase – raw components, energy and other
resources. (La Sala, P., 2017) As a consequence, the main questions of the current study are: Can Lean
Manufacturing improve the quality of the final products? In what extent the efficiency of the process will be
higher? The competitiveness of the business can be enhanced?
MATERIALS AND METHODS
5S Methodology
The methodology represents a systematic form of management that involves the usage of multiple
instruments from several areas, such as floor type, workplace cleanliness, ergonomics and work area
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organization. The 5S methodology leads on five pillars, named after Japanese stages: Seiri, Seiton, Seiso,
Seiketsu, Shitsuke. The stages are represented and explained in Figure 1.

Fig. 1 – The 5S Concept

The steps describe the stages of visual management, each term starting with S and having a
corresponding definition in English as related in Figure 1. 5S is an indispensable ingredient of the
management of the workplace, of a good administration of the processes and the activities related to it.
Through a good management of the inventory, the materials related to their activity, the employees acquire
and practice self-discipline. 5S activities include:
• seiri – sort: the right arrangement. It involves sorting unnecessary objects from work. For example,
machines, tools, devices, unused defective products, etc. should be removed from work;
• seiton – set in order: sort the remaining objects. Each rack or pallet of tools must have a well-defined
place so that its location can be easily identified for use;
• seiso - shine: cleans, cleans everything that remains. Clean and paint to give you a pleasant
appearance;
• seiketsu - standardize: personal cleaning. Keep the workplace clean of dirt, dust and oil to provide a
pleasant working environment;
• shitsuke - sustain: discipline. It means work instructions, safety measures, better discipline and a work
culture.
Visual Management is promoted in the workplace so that all employees understand correctly,
transparently and can manage their own activity in a safe, clean and organized environment, which
accelerates communication and continuous improvement. It facilitates the dissemination of information on
the current, actual situation of the production flow (for example, information on the safety of the working
environment, operations, stored quantities, quality level and condition of the equipment, etc.), production,
thus providing motivation and feeling of pride to continue the activity at maximum intensity (Steenkamp, L.P.,
et al., 2017)
In recent years there has been a revival of visual management in the management of production and
operations, as the concept has evolved and its techniques have diversified. Researchers study the
implementation of visual management independently of other lean practices (Bateman, N., et al., 2016),
especially in the context of continuous improvement efforts. Therefore, modern visual management goes
beyond the provision of information on the evolution of key processes or performance indicators (KPIs) and
also includes strategic information and the visualization of continuous improvement progress. (Bateman, N.,
et al., 2016)
Recent empirical studies suggest that visual management facilitates the sharing of strategic
information between departments within a company and involves the involvement of teams in continuous
improvement (Bateman, N., et al., 2016), both of which are key factors for the success of initiatives in this
field. Overall, the importance of visual management has increased, as it is used more as a control and
guidance tool to support continuous improvement initiatives, than as a principle for job design. Given the
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extended role of visual management in today's production environment, more research is needed on this
topic to facilitate its application in the practice of different organizations. (Tezel, A., et al., 2016)
Single Minute Exchange Or Die (SMED) Methodology
Changing tools "in one minute" (Single Minute Exchange of Die, SMED) is a fast and efficient method
of converting a manufacturing process related to making one product to another (next). In the case of lean
manufacturing, the goal of reducing time loss has led to the creation of orderly tool storage devices, which
allow their extremely rapid change in order to reconfigure the machines for a new operation related to the
technological flow of making another product. The concept states that all steps, the maneuvers to be
performed can take less than 10 minutes. Also, the rapid change of tools helps to reduce costs due to time
savings, as well as an increase in the flexibility of the production system. (Godina, R., et al., 2018)
This method aims to increase the flexibility of manufacturing by reducing the time required to change
the manufacturing series, changes that have a long duration, have a complex character and are performed
by highly qualified workers.
The analyses performed highlight the fact that the size of a manufacturing series is proportional to the
cost of launching into manufacturing, which, in turn, is proportional to the time of changing the equipment for
adjustments. To reduce by 50% the time of changing the series, the size of the manufacturing batch must be
reduced to 70% compared to the initial economic quantity of the batch, and for a 75% reduction of the
change times, the batch to be launched in manufacturing must represent 50% of the optimal batch size.
It follows that in order to reduce the change times of the manufacturing series, the size of the
manufacturing batches must be reduced, which at the same time responds to the requirements of increasing
the production flexibility.
Following the reduction of the change times of the manufacturing series at the MAZDA Japanese
plant, the SMED method was designed and applied.
Following the process of changing the manufacturing series, according to the method, internal
operations were identified, which require a stop of the machine, so a stop of production and external
operations that can be performed when the machine is in operation and does not require stops. (Ulutas, B.,
2011)
The application of the SMED method has as starting point the analysis of the existing situation, with
the question – “What?”, following the choice of the sector that requires the most urgent improvement and to
apply the reduction methodology to answer the question – “How?”, going through the following steps:
• Stage 0: Observing each operation in order to determine as accurately as possible the time required to
perform each operation;
• Stage I: Separation of internal operations from the external ones;
• Stage II: Transforming as much as possible the internal operations into external operations;
• Stage III: Rationalization of the settings for the transition to the new manufacturing series.
By applying the method, the aim is to reduce the internal operations to the minimum necessary and to
reduce the stopping times by passing some internal operations in external operations that can be performed
without the need to stop the production process. (Costa, E., et al., 2013)
Research Methodology
The research was carried out in a bread making organization located in Romania and trading on the
Romanian market. The name of the company is not going to be published for data protection reasons. The
data collected from the company was analysed in order to complete the qualitative research of the current
study. The company was aimed to diminish the number of nonconformities and increase working satisfaction
towards the employees, reaching to the need for continuous improvement.
The bread making company focusing on the current study is one of the major companies in the field
from the Romanian industry with 12 factories and over 150 stores. The organization includes milling units,
production units and selling units, counting about 6000 employees in 2019. The company produces fresh
bread and bread products, frozen products and milling products – flour, bran, hominy. In the last years, the
company managed to trade the products across the border reaching to different countries. The study was
focused on fresh bread production, the working shift being divided in three shifts and three technological
flows – white whole-wheat bread, intermediate bread, whole wheat bread. The case study was developed on
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the main technological flow – white whole-wheat bread production applying 5S and SMED methodology.
Considering the fact that the internationalization of the company has become more intense, it was
considered convenient to apply lean manufacturing principles in order to improve process efficiency.
RESULTS
Application of 5S and SMED method on the process
The study was focused on one of the technological flows – white wheat bread production. The
technological flow produces white wheat bread - 300g, 500g and 1000g and white wheat buns – 50g.
In order to apply lean management instruments, the staff was taught on the principles and regulations that
were going to be applied, lean management instruments were explained and the aim of the applied methods.
Both applied methods were explained and motivated, so the staff could better understand and assume the
working procedures in order to achieve better results and ensure the success.
5S methodology
The methodology was supposed to be applied on a series of working areas in the factory – raw and
auxiliary materials reception, raw and auxiliary materials dosing, raw and auxiliary materials preparation,
dough dividing, baking and cooling. Firstly, all the steps were analysed concerning the organization of work,
equipment, staff distribution, staff movement and materials flow.
The main matters identified were: disorganized equipment, storage of the raw and auxiliary materials,
distance between storage and equipment, excessive quantity of raw materials existing in the technological
flow area (flour bags deposited on the floor near the equipment). The existence of these matters was
affecting productivity and work efficiency. In some cases, the matters could affect workers safety and health:
the presence of raw and auxiliary materials on the floor caused a slippery surface and endangered the safety
of workers, the flour bags disturbed workers movement. Also, the cleanliness of the surfaces encouraged the
development of several microorganisms – mould and bacteria.
The analysis of the current status of the production was performed according to the issues required by
the 5S methodology and was adjusted on each work area.

5S check list applied
Category

Check item

1S: Sort
“Eliminate the
items that are
not useful from
the production
area”

Materials

2S: Set in
order
“Reorganizing
the items
required for
production so
as to be easy
to access and
to use”
3S: Shine
“Cleaning the
production
areas and
implying the
workers in the
cleaning
process of the
working area”

Equipment
Tools
Supplies
Documents
Jars
Placement
Floors
Tools
Instructions,
regulations,
standards
Equipment
Supplies
Tools

Table 1

Evaluation Criteria
Excessive raw material bags, empty bags, containers resulted from the
emptying of raw and auxiliary materials?
Equipment that is not used in the area, defective equipment present?
Unnecessary tables, bowls, knives, scissors, tools?
Excess cap, gloves stored in the area?
Procedures, regulations, organizing instructions stored on the workstations?
Raw and auxiliary materials jars are accessible and labelled?
Jars are filled at the beginning of the production flow?
Jars are easy to use? Containers are easy to identify? Containers are located
near the equipment? Supplies are accessible to workers?
Disinfecting areas are situated near the production entries?
Marked and properly cleaned?
Easy located and accessible?
Cleaned and set in order?
Accessible for workers?
Easy to read and observe?
Easy to manipulate?
Clean and located correspondingly?
Cleaning schedule is performed regularly?
Cleaning agents are used properly?
Supplies are kept in separate areas?
Supplies are kept in disinfected containers?
Supplies are stored in separate areas?
Tools are cleaned regularly?
Tools are cleaned on a regular basis or schedule?
Cleaning register is kept?
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Category

Check item
Work areas

4S:
Standardize
“The workers
develop activity
in the same
way and
according to
the same
regulations”
5S: Sustain
“The workers
take control of
all the actions
that happen in
the
organization”

Tools
Materials
Equipment
Standards
Work area
Documents,
procedures
Workers
Equipment

Evaluation Criteria
Floors are cleaned regularly?
Disinfectant bottles are filled regularly?
Cleaning is performed on a regular basis?
Tools are suitable according to the regulations?
The material of the tools is standardized?
Raw and auxiliary materials are stored according to the standard regulations?
The handling of raw and auxiliary materials is standardized?
Equipment is maintained and operated corresponding to the standard
regulations?
Equipment is configured according to the standard procedures?
Visibility of the standard procedures is ensured?
Standards are continuously updated according to the period?
Workers are trained according to the standard procedures?
Disinfected, clean, organized and tidy?
The procedures suppose organization of the workplace?
All the tools and equipment are on the right place?
Are procedures updated and revised regularly?
Documents and procedures are current?
Check the application of procedures?
All the workers are 5S trained?
New workers are 5S trained?
Equipment is periodically technically checked?
Equipment is set on the right place?

SMED methodology
Analysing the sequentially of the tools in the manufacturing process, one of the tools was identified as
important for innovation – baking area. It was observed that the area had, during a month, about 30
changeovers, the times between changes being estimated at about 15-20 minutes. This aspect was noticed
for improving efficiency and productivity. Among all the equipment, one was identified as significant: tunnel
oven. SMED methodology was implemented in order to reorganise the changeover process between
charges.
The first step to implement SMED was a critical analysis of the actual conditions and manufacturing
system. The importance of this study was relevant due to the fact that a better understood of the switchover
actions and potential dysfunctionalities can help to improve the process. The research was conducted by
continuous monitoring, communication with the staff involved in the process and finding out process details.
The data were collected from head manager and process engineer and concluded the following aspects: the
period to develop actions was too long, the time to charge and discharge the trays with the products was
prolonged, the staff had to change the equipment and gloves after each stage and the position of the trays
was not adequate – too far from the oven.
The main issue observed was that the workers had different working procedures for the same
operation – fact that implied long times for processing and transition. Among the 15 workers in this area, 7
had their own strategies for developing the same task. It was also observed that the staff proceeded to
introducing the trays with the products in the oven just few minutes after the oven was ready. Several
dysfunctionalities identified in this area were the following:
• lack of staff training;
• lack of procedures;
• the indicators for placing the trays and other instruments were missing;
• absence of standards and documents that regulate the working directions;
• lack of training in equipment functioning.
Table 2
Number of assignments and duration of each action before applying SMED methodology
Baking
Actions
Duty
Duration
Shutdown
5
00:15:22
Configuration
24
01:10:14
Startup
7
00:32:14
Total
36
01:57:50
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The duties were classified as internal or external and organized according to the SMED methodology
regulations. The convert stage focused on converting the configuration stage into external (introducing water
into the container for steaming system, adjusting conveyor belt speed, setting baking temperature).
Performing tasks before the first charge and filling the container while adjusting conveyor belt speed and
adjusting temperature in the same time by three operators, not just by one single person were a series of
modifications applied. In table 3, can be observed how the number of assignments and duration of each
action was diminished.

Number of assignments and duration of each action after applying SMED methodology
Baking
Actions
Duty
Duration
External
5
00:10:34
Shutdown
0
00:00:00
Configuration
23
01:00:04
Startup
5
00:20:14
Total
28
01:20:18

Table 3

Diminishing the configuration times and charge and discharge periods, provided several increases in profit
with minimum financial investment. In addition, it was established a series of facts that were really
encouraging: regulation of several procedures, work area organization, visual management concepts
application, organization of storage and working areas and improvement of the manufacturing system.
Considering the reminded and analysed aspects, the lean manufacturing concepts were really effective for
improvement and can be considered as a first step in the continuous improvement process.
CONCLUSIONS
This paper presented an application of lean manufacturing procedures in a breadmaking factory. The
implementation was considered effective, leading to several gains concerning the organisational procedures
and financial gain. This procedure can be applied in order to improve production flexibility and continuous
improvement methodologies. Considering this aspects, lean manufacturing concept ca be successfully
applied in several other areas, bringing benefits for both manufacturers and involved staff.
Lean methodology, which has evolved over time from a set of principles of organizing production
processes to a true organizational culture, and which aims to create value for the customer, while reducing
costs, shortening process cycles and improving quality can be considered a reference for manufacturing
companies involved in production.
Furthermore, the paper highlights that the workers involvement in the production represents the
definitive aspect for successfully implement lean manufacturing methodology in a large category of areas.
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ABSTRACT
Pasta and bread are the most common available processed cereal products. Pasta have unique nutritional
characteristics due to the fact that the starch is slowly digested and absorbed in the small intestine, being
considered a product “with low glycemic index”. Controlling the glycemic index is necessary for maintaining
optimal weight and preventing disease. Glycemic index varies depending on the level of carbohydrates in
food. The quantity and quality of carbohydrate in food influence the variation of blood glucose and insulin
and their role in the physiological process after food ingestion by humans.
REZUMAT
Pastele făinoase și pâinea sunt produsele cerealiere consumate pe scară largă. Pastele făinoase au
caracteristici nutriționale unice datorită faptului că amidonul este digerat lent și absorbit în intestinul subțire,
fiind considerat un produs „cu indice glicemic scăzut”. Controlul indicelui glicemic este necesar pentru
menținerea greutății optime și prevenirea de boli. Indicele glicemic variază în funcție de nivelul de
carbohidrați din alimente. Cantitatea și calitatea carbohidraților din alimente influențează variația glucozei în
sânge și insulinei și rolul acestora în procesul fiziologic după ingestia alimentelor de către oameni.
INTRODUCTION
The glycemic index (GI) is a measure of the glucose increase in blood that occurs after consuming an
established portion of available carbohydrates from a food sample compared to a reference food. Increasing
the proportion of low-glycemic carbohydrates in the diet has been associated with a number of health
benefits, including protection against diabetes, coronary heart disease and obesity. These benefits were the
basis for the recommendation to increase the intake of carbohydrates with low GI.
GI is a parameter used to classify carbohydrate-containing foods depending on to their ability to affect
the postprandial glycemic response.
The GI of a specific food depends on several factors such as the type and amount of carbohydrates it
contains, the amount of entrapped carbohydrate molecules and the content of fats, proteins, organic acid in
food (Kaur et al., 2016). Therefore, controlling the glycemic index is necessary for maintaining optimal weight
and preventing disease. The following types of foods have low GI: oats and whole-grain barley (which
contain high levels of viscous soluble fibre), pasta due to their low degree of starch gelatinization, products
with starch that is cooled after cooking like boiled potatoes (Augustin et al., 2015; Atkinson et al., 2021). The
glycemic index varies depending on the level of carbohydrates in food. Fructose has a low GI (15 ± 4) and
can be found in honey, apples, grapes, and most berries (Choo et al., 2008).
In order to classify foods based on the glycemic response, the concept of glycemic index is defined as
the postprandial incremental glycemic area after a test mass and expressed as a percentage of the
corresponding area after an equi-carbohydrate portion of a reference food (white bread or glucose).
Depending on the GI values (when fresh white wheat bread is used as a reference: GIbread = 100), food
products can be classified as follows: food with low GI for GI values < 60, food with medium GI for GI
between 60 and 85 and food with GI high for GI > 85. Using glucose as a standard food (GIglucose = 100), the
GI of a food can be classified as low (≤ 55), medium (56 – 69) and high (≥ 70).
The glycemic response is related to the rate of digestion and absorption of carbohydrate-containing
foods using in vitro methods that mimic in vivo digestion processes. In vitro digestibility of starch is performed
to mimic hydrolysis reactions in the human gut, involving simulated mastication, a proteolytic step followed
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by incubation to mimic the stomach, and restriction of pancreatic α-amylase through dialysis tubes to mimic
the gut.
The enzymatic digestion of starch is influenced by several factors, such as: the structure of the starch
granules, the presence of lipids, proteins or minerals, the amylose / amylopectin ratio, the digestion
conditions and the size of the flour particles. The presence of proteins or lipids influences the starch
digestion and reduces the glycemic response by limiting the accessibility of starch, by encapsulating it.
It is important that the in vitro procedure allows the simulation of the starch enzymatic digestion at the
optimal speed. In the procedure described by Goni et al. (1997), several enzymes are used: a protease
(pepsin) to avoid protein-starch interactions, α-amylase for starch hydrolysis, and finally amyloglucoxidase
that releases glucose from starch hydrolysis products. The methodologies proposed in other studies differ
depending on the type of enzyme used, so, in some cases only amylase is used, while in other studies,
amylase is combined with proteases.
Pasta possesses unique nutritional characteristics such as starch which is slowly digested and
absorbed in the small intestine. Moreover, pasta has become even more popular due to its nutritional
properties mainly for being a product “with low GI” (Bjorck et al., 2000).
This paper aims to evaluate the effect of different ingredients addition into the pasta formulation over
the glycemic index values.
MATERIALS AND METHODS
There are several differences between the methods used for the analysis of the glycemic index. The
sample preparation (i.e., the destruction of the structure of the food) is an important factor. The most
common procedures in the sample preparation are crushing, chewing, chopping and homogenizing. Grinding
and chopping are used before cooking, but food is usually destroyed after cooking, except for samples
consumed without being cooked, which can change the rate of the in vitro hydrolysis. In the case of chewing,
it could have many variations between and within individuals, and it has been confirmed that different
degrees of chewing can cause variations in the glycemic response, therefore the use of liquid
homogenization is desirable (Goni et al., 1997).
Starch hydrolysis index and glycemic index calculation
For the determination of the starch hydrolysis index, which is used for the estimation of the glycemic
index, the procedure proposed by Germaine et al. (2008) is briefly described. Pasta samples are cooked
until their optimal cooking time, rinsed with water and minced. Portions of minced pasta containing 1 g of
starch were weighted in a solution of 0.05 mol/L sodium potassium phosphate buffer with pH 6.9 (100 mL),
placed in water bath at 37 °C, and α-amylase from porcine pancreas (110 U) was added to the suspensions.
Samples aliquots from the suspension were removed at different moments (time = 0, 30, 60, 90, 120 and
180 min), placed in boiling water bath, cooled on ice water and quantified for reducing sugar content.
The amount of reducing sugars released (RSR) was determined spectrophotometrically (λ = 540 nm)
after reaction with 3,5-dinitrosalicylic acid reagent. A maltose standard (1 g/L) is used for the calculation. The
amounts of RSR are calculated as maltose equivalents (in g) as a percentage of the total available
carbohydrates (TAC) in the 4 g sample, using the following formula:

𝑅𝑅𝑅𝑅𝑅𝑅 =

𝐴𝐴𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 500 × 0.95
× 100
𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑇𝑇𝑇𝑇𝑇𝑇

(1)
where: Asample is the absorbance of the sample, Amaltose standard is the absorbance of the maltose standard, TAC
represents total available carbohydrates (mg in 4 g of sample), 500 is the total volume (mL) in the reaction
glass, 0.95 is the conversion factor from maltose in starch. The amount of carbohydrates available in 4 g of
bread is calculated based on the following formula: [100 - (moisture + fat + protein + ash)].
RSR is plotted against the digestion time, and the area under the hydrolysis curve (AUC) and the
hydrolysis index (HI) are calculated using the equation (2):

𝐻𝐻𝐻𝐻 =

𝐴𝐴𝐴𝐴𝐴𝐴𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (0−180 𝑚𝑚𝑚𝑚𝑚𝑚 )
× 100
𝐴𝐴𝐴𝐴𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 /𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 (0−180 𝑚𝑚𝑚𝑚𝑚𝑚 )
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Thus, the hydrolysis index is obtained by dividing the area under the hydrolysis curve of the sample by
the area of a standard material (white bread or glucose) over the same period of time (0 – 180 min).
The predicted glycemic index (GI) of samples is calculated from HI values according to equation 3
(Granfeldt et al., 1992):

𝐺𝐺𝐺𝐺 = 0.862 × 𝐻𝐻𝐻𝐻 + 8.198

(3)
In order to obtain GI relative to glucose as standard food (GI glucose = 100), the estimated GI values
obtained from the white bread as reference are multiplied by 0.7.
RESULTS
The increase of the glycaemic index is limited when starch digestion is slow which is related to the
blood glucose concentration after food consumption (Bohn et al., 2018). Addition of different ingredients
influence the starch digestion. For example, addition of saffron extract on fresh pasta slowed down the
starch digestion, thus, decreasing the glycemic index of pasta (Armellini et al., 2019).
Table 1 shows the glycemic index values in some pasta products with different ingredients in order to
identify the effect of additions over the GI.
Lalegani et al. (2018) showed that the use of pistachio green hull extract powder in durum wheat
semolina pasta decreased the GI from 53 (control – no powder addition) to 36 (1.5% pistachio powder).
Therefore, pasta supplemented with 1% and 1.5% pistachio extract powder were considered as a low
glycemic index products and pasta supplemented with 0.5% extract as a moderate glycemic index product.
These values were reported taking into account bread as a reference value (Table 1).
The addition of chickpea flour to pasta formulation led to the decrease of the glycemic index. The
decrease was from 80.68 for control to 61.45 for pasta with 40% chickpea flour addition. Therefore, chickpea
flour is considered an alternative for people with special caloric or metabolic requirements (Osorio-Díaz et
al., 2008).
Interactions between starch and other components, such as dietary fibre, have been suggested to
further reduce the rate of starch digestion and, thus, decrease the glycemic response. By combining the
benefits of low-glycemic pasta with the benefits of dietary fibre, innovative functional foods can be developed
for the prevention and treatment of diseases such as diabetes and coronary heart disease.
Bustos et al. (2011) made pasta with wheat flour and three types of dietary fibre such as (resistant starch
type II and type IV and oat bran replacing wheat flour in four proportions (w/w): 2.5, 5.0, 7.5, and 10.0 g/100
g. It was observed that the glycemic index tended to decrease in all samples compared to the control (with
no fibre included), except for 10 g/100 g, of oat fibre addition.
The addition of olive pomace powder into durum wheat semolina pasta led to a decreasing of the
pasta glycemic index, affecting the rate of starch digestibility (Simonato et al., 2019). The rapidly digested
starch which is responsible for a rapid increase of glucose and insulin levels in blood, decreased in the olive
fortified pasta. However, the slowly digested starch which allows a sustained release of blood glucose level
over time, increased in pasta samples with 5% and 10% olive powder. Therefore, due to the increase of the
slowly digested starch which is good indicator of the rate of starch digestion and glycemic response, all pasta
samples fortified with olive pomace powder registered a decrease level of the glycemic index compared to
control.
On the other side, carob flour addition into wheat pasta showed an increasing of the glycemic index
from 72.2 to 83.9. This type of pasta has a high glycemic index so it is not recommended for people
predisposed to diabetes, obesity and cardiovascular diseases. These are a good source of carbohydrates
suitable for athletes and people with an active lifestyle, who have higher energy requirements (Seczyk et al.,
2016).
Marinangeli et al. (2009) also noticed an increase of the glycemic index from 83.6 (control pasta) to
93.3 (pasta with 30% of whole yellow pea flour addition). According to De Marco et al. (2014) who developed
wheat pasta enriched with spirulina (5%, 10% and 20 %), the glycemic index values are similar to control
(Table 1).
Recently, Galloa et al. (2020) studied 2 types of pasta on the market: durum wheat spaghetti and
whole durum wheat spaghetti, uncooked and boiled at 9 min and 8 min, respectively (Table 1). The GI
differences between uncooked samples could be due to the differences of the gluten network of the two
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types of pasta which influences the accessibility of starch granules to the amylolytic enzymes. Moreover, the
different accessibility of the enzyme to starch granules and the lower glycemic index of wheat and whole
wheat may also be due to the difference in compactness of the structure of the 2 samples.
Table 1

The glycemic index values on different types of pasta products.
Product name
Ingredients
GI Value
References
Pasta sample supplemented with durum wheat semolina with different
Lalegani et al. (2018)
pistachio green hull
percentage of pistachio green hull extract
powder ((w/w) of wheat flour):
0%
53.44
0.5%
48.72
1%
44.14
1.5%
36.17
Durum wheat spaghetti enhanced Durum wheat (Control)
80.68
Osorio-Díaz et al. (2008)
with chickpea flour
Durum wheat flour with 20% chickpea 70.70
flour
Durum wheat flour with 40% chickpea 61.45
flour
Wheat flour with different dietary Control
83.4
Bustos et al. (2011)
fibre
Resistant starch type II
2.5 g/100 g
74.8
5.0 g/100 g
70.3
7.5 g/100 g
66.2
10.0 g/100 g
66.4
Resistant starch type IV
2.5 g/100 g
67.6
5.0 g/100 g
69.3
7.5 g/100 g
70.0
10.0 g/100 g
65.5
Oat bran
2.5 g/100 g
72.2
5.0 g/100 g
71.4
7.5 g/100 g
2.2
10.0 g/100 g
82.4
Wheat pasta fortified with olive Durum wheat semolina flour with olive
Simonato et al. (2019)
pomace powder
pomace powder:
0% (Control)
63.21
5%
61
10%
60.46
Durum wheat pasta fortified with Durum wheat semolina with carob flour:
Seczyk et al. (2016)
carob
0%
72.2
1%
74.6
2%
78.5
3%
79.9
4%
80.6
5%
83.9
Reference white bread
94.4
Whole wheat pasta fortified with Whole wheat flour (Control)
83.6
Marinangeli et al. (2009)
whole yellow pea flour
Whole wheat flour fortified with 30% of
whole yellow pea flour
93.3
Wheat pasta fortified with spirulina Wheat flour (Control)
75
De Marco et al. (2014)
biomass
Wheat flour combined with an increasing
amount of spirulina biomass:
5 g/100 g
72
10 g/100 g
75
20 g/100 g
72
Durum wheat spaghetti
Uncooked pasta
46.17
Galloa et al. (2020)
Cooked pasta
91.34
Whole durum wheat spaghetti
Uncooked pasta
48.51
Cooked pasta
92.29

CONCLUSIONS
With the help of the CAE FlowVision complex software, the capabilities of modern information systems
for modeling objects in the agri-food industry, simulating the processes that take place in them, the
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performance of technical analysis and based on the results of design processing equipment with high
performance indicators were demonstrated.
The use of computer modeling allows the determination of the parameters of pneumatic transport
equipment to greatly improve the accuracy. This leads to improved design quality and the creation of high
technology and reliable equipment in the agri-food industry.
Effective pneumatic transport is done by transporting and handling particles which increases the loadingunloading rate by up to 150%, eliminates operating losses, eliminates almost completely mechanical
deformation, known as cracking, this being a feature of basis for modern trade in quality granular or powdery
materials. Also, pneumatic transport systems, compared to the old conveyor system with scrapers and
mechanical bucket elevator, reduce operating costs by up to 50%, require a small number of staff, no longer
need: mechanical belt, band electrician, etc. Pasta products progressively releases the carbohydrates the
body needs and, as a result, leads to decreased postprandial blood glucose and insulin responses in human
subjects, with potential benefits for both healthy consumers and diabetics. The slower release of starch
degradation products from pasta, compared to other cereal products, can be attributed to the compact
structure of pasta resulting from the extrusion process, and which it is characterized by a very compact
protein network, which involves the starch granules and delays the α-amylase activity.
The degree of starch hydrolysis and the glycemic index are complex parameters, and their values
depend on many factors related to the method of pasta processing, their structure, starch properties and the
content or encapsulation of starch granules in the protein network.
Ingredients such as pistachio powder, chickpea flour, olive pomace powder and dietary fibre
(resistant starch II, resistant starch IV and oat bran) added into pasta formulations led to the reduction of the
glycemic response. On the other side, pasta supplemented with carob flour and white yellow pea flour had
higher glycemic index compared with pasta without addition.
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ABSTRACT
There are many production methods used in aquaculture: intensive, extensive, in natural environment or in
basins, in fresh or salt water (mariculture), in systems of continuous flow or traditional or modern
recirculation, classical or organic, indoors or in open spaces, etc. Fish farming is a branch of aquaculture,
which deals with the growth, reproduction and qualitative and quantitative improvement of fish populations in
natural and managed waters, but also with the selection, feeding, fluctuation of fish populations, exploitation
and regulation fishing, guarding, import of embryonated eggs, canned milk or fish.
REZUMAT
Există multe metode de producție utilizate în acvacultură: intensivă, extinsă, în mediu natural sau în bazine,
în apă dulce sau sărată (maricultură), în sisteme cu flux continuu sau recirculare tradițională sau modernă,
clasică sau organică, în interior sau în spații deschise, etc. Creșterea peștilor este o ramură a acvaculturii,
care se ocupă cu creșterea, reproducerea și îmbunătățirea calitativă și cantitativă a populațiilor de pești din
apele naturale și gestionate, dar și cu selecția, hrănirea, fluctuația populațiilor de pești, exploatarea și
reglementarea pescuitului, paza , import de ouă embrionate, conserve de lapte sau pește.
INTRODUCTION
Monocultural growth system. Represents the growth of a single species in a space intended for this
purpose. Advantages: lack of competitors in food, fish material should not be sorted, good productivity in
fishing and delivery. Disadvantages: not all trophic levels are capitalized, the number of ponds increases if
you want to cultivate more species.
Monoculture is recommended in the classic, semi-intensive and intensive systems for raising chickens
and is mandatory for intensive breeding of fish for consumption and super-intensive breeding for any age
category. Although it is a tolerant species to environmental conditions, in fish farms a good water supply of
quality ponds and a correct feeding must be ensured, in order to obtain reasonable productions in conditions
of economic efficiency (Akpotayire S. I., et al., 2018, Barrington K., et al., 2019, Dinesh K. G., et al.,2017).
In Romania, carp is raised in ponds and ponds, in monoculture or polyculture with other species of
cyprinids (Chinese carp). When growing in monoculture, it is recommended to use small ponds (<5 ha), with
independent feeding and evacuation.
The productions are made in cycles of 2-3 summers (1.5 - 2.5 years) and can usually be obtained 2-3
t/ ha, or 5-6 t / ha in the case of using aerators or with high flows of fresh water. Carp can also be raised in
cages or floating ponds. Feeding is traditionally done with mixtures of cereals, fishmeal and technical plants
(soybean meal or sunflower), usually made on the farm. In recent years, extruded feed has begun to be
used, which allows for high yields, excellent meat quality and increased economic efficiency by reducing the
production cycle, labor and other costs.
Last but not least, feed with extruded granules may be cheaper than with conventional mixtures (urns).
Thus, to obtain a kg of growth boost, 1.5-1.7 kg of granulated feed are used (even less if the feed is of
superior quality), compared to 3-5 kg of grain mixture and other components (traditional feed).
Polyculture growth system. 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 and disadvantages: competition
between species, need for additional labor in harvest fishing, additional warehouses for parking fish.
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Polyculture is recommended in lakes, ponds and some ponds for extensive, semi-intensive and
sometimes intensive production. Polyculture in a mixture of species is the most profitable due to the use by
the fish population of all trophic levels. That is why in establishing the popular formula, the fish farmer must
take into account the natural trophic regime of the fish species that he wants to use in polyculture. As much
as they are used in polyculture species that have a trophic spectrum as varied as possible, the more the tofic
niches of the populated pond are better exploited, determining a high fish production (Akpotayire S. I., et al.,
2018; John Bostock, et al., 2010; Lorenzen K., 2008).
MATERIALS AND METHODS
Carp growth. The classic method of growing carp is in land basins (ponds, ponds), fish production
being different depending on the environmental conditions offered by the fish pond and the conditions
offered by the fish farm. The main carp farming systems:
Extensive production that relies only on the natural productivity of the basin without intervening with
additional feed. Carp food is based on zooplankton, larvae. With this method, productions of 250 - 500 kg of
fish / ha cannot be exceeded. This growing system is suitable for lakes with large areas where it is not
profitable to feed and stimulate natural productivity with fertilizers.
Semi-intensive production involving fertilizers (organic or chemical) to stimulate the natural productivity
of the basin (zooplankton and phytoplankton) and is used as supplementary food for classic feed - a mixture
of cereals with soybean meal or sunflower. This type of growth is suitable for fish ponds with areas between
15 - 100 ha. Fish production can vary between 600 and 2,000 kg / ha depending on the water source, the
volume of water in the basin and the quality of the feed. This growth system is most often used in our country
with less risk of ammonia / nitrite poisoning due to relatively low yields per volume of water (Akpotayire S. I.,
2018; Bostock J., 2010).
Intensive production is more demanding and requires more attention to water quality. Do not use
fertilizers as water quality can deteriorate rapidly. In this case, the fish feed is based only on granulated feed
with an adequate level of protein for each species. A particularly important factor is the flow of water that
receives the basins, but also the aeration (oxygenation) of the water in order to avoid the ammonia
intoxication resulting from the metabolism of fish and the degradation of uneaten feed.
The water flow is calculated according to the production we want to achieve. Intensive production can
be carried out in ponds with small dimensions of up to 1-2 ha because at these surfaces you can easily
control and intervene on the quality of water and dissolved oxygen. Another variant of intensive productions
are the floats or floating cages that can be arranged on the course of a river or on the surface of a lake. In
the intensive system, productions can be made between 2,000 kg / ha - 20,000 kg / ha.
Superintensive productions can only be achieved in systems with water recirculation and
thermostatization. The yields in this system are higher than 20,000 kg / ha but require a fairly large initial
investment. The super-intensive system is usually made in halls with fiberglass pools and the system is very
complex requiring pumps for water recirculation, particulate filters, biliary filters where ammonia and nitrites
from fish metabolism are neutralized, ultraviolet filters for germ destruction pathogens and water heating and
cooling systems. The growth start is very high due to maintaining a constant water temperature, which keeps
the fish's metabolism in the ideal parameters which results in a good digestion, a good feed conversion, so a
fast growth (IFFO 2018; Bostock J., 2010).
In our country, the type of carp growth in a semi-intensive system, in a 3-year cycle, tends to become
unprofitable, and most aquaculturists begin to pay more attention to feed and water quality, thus shortening
the production cycle to 2 years. Before the popular pools are kept dry and lime chloride is administered in the
puddles. A metal sieve is mounted at the feeding mouth to prevent the penetration of other fish species that
may prey on juveniles (perch, ghibort, pikeperch) or that may be competing for food (crucian, redfish, etc.).
The introduced carp brood will be purebred or hybrid with a good growth start and the administered
fodder will be of the extruded type with at least 35% protein. Feeding should be done in two secrets every 12
hours. In order to avoid the agglomeration of fish at the feeding table and for the uniform consumption of
food for all fish, 10-15 feeding tables / ha are necessary.
During the growth of the young, the occurrence of the phenomenon of water flowering due to the
explosive development of algae and submerged and floating vegetation must be prevented. It is very
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important that the average weight of a summer brood reaches 120 g so that in the second year of growth we
can achieve consumption carp with a weight of 1100-1500 g. For productions exceeding 2,000 kg / ha
aerators are mandatory.
In the second year of growth, it is changed from granulated fodder to classic type fodder for economic
reasons, but also due to the fact that in the growing ponds, larger than 2 ha, the losses of granulated fodder
in water mass are high. Raising carp for consumption is more economical in the 15 - 40 ha basins with a final
production of 2,000 kg / ha.
The administration of the fodder in April and the beginning of May is done at a depth of 50 - 60 cm
because the water is warmer and the fodder consumption is better. From the middle of May, the feeding
tables move to a depth of 150 - 170 cm. Good results can be obtained with a classic recipe with 40%
sunflower meal, 10% soybean meal, 30% wheat, 20% corn administered from April to July, then go on a
percentage of 25% sunflower meal , 5% soybean meal, 30% wheat and 40% corn. In conclusion,
productions can be made in a two-summer cycle if we pay attention to water and feed quality. Water quality
is a very important factor in fish production (Akpotayire, S. I., 2018; FAO 2018, Olsen Y., et al., 2008).
Any loading of water with ammonia and nitrites considerably decreases the growth rate of fish and at
high concentrations mass mortality occurs. Ammonia (in NH3 form) is neurotoxic. It is absorbed into the
blood at the gills and affects the brain. In high concentrations it destroys the gills and causes bleeding at the
base of the fins. Contrary to popular belief, almost 90% of the ammonia in fish metabolism is eliminated by
the gills, and only the rest by the kidneys.
Symptoms of ammonia poisoning include agitation, swimming on one side, open mouth and lids, dark
or light gills (extreme), bleeding, skin discoloration, rapid breathing. Nitrites (NO2) are less toxic than
ammonia, and in low concentrations do not visibly affect the fish, but slow down its growth rate. Nitrites bind
to hemoglobin to form methemoglobin, which does not carry oxygen to cells. That a first symptom in this
condition is the swimming of the fish on the surface and the coloring of the gills in brown.Water quality is a
very important factor in fish production. Any loading of water with ammonia and nitrites considerably
decreases the growth rate of fish and at high concentrations mass mortality occurs. Ammonia (in NH3 form)
is neurotoxic. It is absorbed into the blood at the gills and affects the brain. In high concentrations it destroys
the gills and causes bleeding at the base of the fins (Voicea I., et al., 2020; Voicea I., et al., 2020).
Contrary to popular belief, almost 90% of the ammonia in fish metabolism is eliminated by the gills,
and only the rest by the kidneys. Symptoms of ammonia poisoning include agitation, swimming on one side,
open mouth and lids, dark or light gills (extreme), bleeding, skin discoloration, rapid breathing. Nitrites (NO2)
are less toxic than ammonia, and in low concentrations do not visibly affect the fish, but slow down its growth
rate. Nitrites bind to hemoglobin to form methemoglobin, which does not carry oxygen to cells. That a first
symptom in this condition is the swimming of the fish on the surface and the coloring of the gills in brown
(Akpotayire S. I., 2018; Voicea I., et al., 2020)
RESULTS
Feed feed for aquaculture. As in any other field of meat production, and in aquaculture, ensuring a
quality diet is crucial in achieving a high-performance fish production, both in terms of quality and quantity. At
the same time, feed-feed for fish from farms is one of the highest costs, which has a direct impact on
profitability,[14]
Combined fodder, plus and minus. One of the most common feed formulas administered in fish
farms is that of combined feed formulas, used especially in intensive aquaculture, resulting directly in the
health of fish, in their growth and development. At the same time, according to the legislation in force,
compound feedingstuffs must have as little impact as possible on water quality.
As in Romania, carp farms are widespread, there are great reservations in terms of increasing
productivity, the situation being somewhat common to Eastern European countries, most of them, with
technologies as old as 50 years. In reply, however, the production is ensured on large areas of water gloss
and on the natural productivity of the ponds, occasionally resorting to additional feeding. However, as a rule,
extensive feed is not used on extensive farms, although this would increase production mainly through the
pace of growth and improved meat quality.
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In opposition, one of the biggest mistakes is that some of the aquaculturists use extensive
technologies on small areas of water gloss of several hectares, areas that are, in fact, ideal for intensive
technologies, which give the best result, in regarding the intensification of production.
Thus, if we talk about carp production, by using high quality feed it is relatively easy to achieve a
production of 7-10 t / ha / year. At the same time, carp breeding in ponds and flow-through systems is almost
unused, although it can ensure a production of 300 kg / m3 of water (FAO 2018, FAO 2019; IFFO 2018).

Fig. 1 – Aquaculture system (FAO 2018)

Feed categories. In the cypriniculture of Eastern European countries, different vegetable materials
and oils, grits, etc. are usually used as food, although this type of food should be administered rarely and
only as a supplement, in addition to natural food, due to the fact that only 5% it is digested, the remaining
95% being eliminated, the only utility of the resulting feces being that of plankton fertilizer.

Fig.2 – Granulated fodder (Voicea I., et. al., 2021)

In turn, the multiplication of plankton generates the greening of water and, worse, the decrease of its
oxygenation, the increase of sludge, the accumulation of ammonia and nitrites, however, to the detriment of
a quality production. In this case, it is more than necessary to permanently refresh the water in the pools,
clean them, which generates other shortcomings: the penetration of pathogens, pollution of natural waters,
death of fish and decreased production.
On the other hand, when using compound feed, the results are beneficial. If the fish is fed with
vegetable feed (flours, bran, grits), the meat of the fish will be poorer in protein, due to the high content of
carbohydrates. Here too, however, great care must be taken, because the excess can lead to the
accumulation of fat, just as it can lead to a large amount of fat, if the fish is raised for too long. For example,
3-year-old carps become sexually mature, growth slows down, glands begin to develop, and fat accumulates
in increased amounts. In reply, all specialists agree that a "wild" fish is tastier, due to its natural food, [8,14.
The most valuable components of feed are proteins, which directly influence the growth of fish. Their
use is closely linked to carbohydrates and fats which are sources of energy for basic metabolism and for the
use of proteins in increasing body weight. If there is too much protein, or too little fat and carbohydrates,
some of the protein will be used as an energy source. This is unprofitable. The conversion of the food is
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poor, the feed being polluting for water, through the nitrogen-based compounds from the feces that are
eliminated. Therefore, food should be balanced in percentage of protein, fat and carbohydrates.
In turn, fats are extremely important, being the support of fat-soluble vitamins (A, D, E, K). Vitamins
are not expensive components for feed producers, which is why compound feeds have a high vitamin
content.
The problem is that those vitamins must be stable in food, here is the importance of proper
packaging and storage of feed. If we take a look at the chemical composition of the feed entered in the feed
sheet, we notice that there is not a very big difference between the different assortments, but the price and
the quality can have big variations. This is due to the origin of the components.
The method of preparation is also important. The pellet feed is superior to the traditional one, having
a homogeneous composition, a constant quality, it does not dissipate in water and is easy to store. Extruded
feed, however, is a step ahead, allowing increased digestibility, with a higher fat content, less pollutants and
having a better conversion. Extruded feed is 20-30% more expensive, but it is still more economical than
pellets (IFFO 2018; Bostock J. Et al., 2010; Voicea I. et al., 2020).
In cypress farming it is difficult to calculate the conversion of a certain feed, because it also depends
on other factors, such as: stocking density, fish size, available natural food, temperature, oxygen, water
quality. In practice it can be said that a good quality extruded feed can lead to a feed conversion between
0.9-1.3 (Lorenzen K., 2008).
CONCLUSIONS
The location of the farm, water, nutrients and energy are the most important aspects related to the
ecological sustainability of aquaculture farms. Regarding water, both the required quantity and quality are the
most important aspects. Fresh water is obtained from surface sources: rivers, lakes or underground sources.
An important element in all systems is the reduction of the amount of water in order not to put additional
pressure on the natural ecosystem. Best management practices depend on the type of aquaculture.
The extensive and semi-intensive growth systems that characterize aquaculture in Romania, need
water only to replace the one lost by evaporation or infiltration. Also, recirculating systems such as some
trout farms are examples of a significant reduction in the amount of water used. Efficient use of the
necessary nutrients is also essential for ecological sustainability. The most important aspect is to reduce
food losses through an advanced feeding system and by choosing the right feed.
The use of growth formulas in polyculture, which characterizes aquaculture in traditional farms, is a
way of efficient use of nutrients, due to the use of different trophic niches by species in the popular structure
of basins, which increases sustainability. Regarding the location of the farm, the environmental services
brought by the traditional aquaculture farms in Romania are recognized, which occupy large areas, but also
the advantages offered by intensive aquaculture in recirculating systems that use small areas and can be
located near urban areas.
Energy use is also a topic of major interest for all actors in the sector, both for those who practice fish
farming in recirculating systems, but also for those who practice aquaculture in traditional farms, by using
high-performance equipment or using alternative sources of energy. The aim is to produce at least the same
amount of fish with less energy or a larger amount with the same amount of energy.
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ABSTRACT
In recent times, the healthy lifestyle has gained more and more followers, involving a diet rich in fruits and
vegetables, which due to bioactive compounds, vitamins, minerals, etc., can have a beneficial effect on
human health. Natural fruit juices are part of the so-called functional nutrition, for which the food industry is
currently showing a special interest. This paper presents the technologies used to obtain berry natural juices.
New trends for their conservation are also presented, given their increased efficiency and low impact on
qualitative properties.
REZUMAT
În ultimul timp, stilul de viață sănătos a câștigat din ce în ce mai mulți adepți, ceea ce implică și o dietă
bogată în fructe și legume, care datorită compușilor bioactivi, vitaminelor, mineralelor etc., poate avea un
efect benefic asupra sănătății umane. Sucurile naturale de fructe fac parte din așa-numita nutriție
funcțională, pentru care industria alimentară manifestă în acest moment un interes special. Această lucrare
prezintă tehnologiile folosite pentru obținerea sucurilor naturale de fructe de pădure. De asemenea sunt
prezentate noile tendințe pentru conservarea lor, având în vedere eficiența sporită și impactul redus asupra
proprietăților lor calitative.
INTRODUCTION
Adopting a healthy lifestyle involves following some basic rules, including a healthy and balanced
diet (Mititelu M. et.al, 2020, De Rider D.et al). Aware of its importance for health, people are willing to buy
organic fruits and vegetables, as well as organically manufactured products (Putnik P. et al, 2020). The
protective properties of fruits and vegetables are due to the presence of low-molecular antioxidants, which
protect the cells of the human body and their structures against oxidative damage. (Harasym J., Oledzki R.
2014). In recent decades there has been a steady increase in interest in studying all types of fruits, due to
the health benefits that are directly related to the presence of phytochemicals that also act as antioxidants
(such as polyphenols or carotenoids), to which nutritional value, delicious taste, content of vitamins, minerals
and fibre are added (Rudolph A. et al 2021, Dhalaria R. et al.2020, Skrovankova S. 2015).
The current living conditions, characterized by an alert rhythm, but also a dose of convenience, have
determined many people to prefer the consumption of natural juices, instead of fresh fruits. The profile
industry has moved towards the manufacture of new products (juices), but also towards functional juices
(existing products enriched with functional ingredients), due to the popularity of nutraceuticals and functional
foods. (Putnik P. et al, 2020, Skrovankova S.et al, 2015). Thus, some fruit juices are appreciated for their
unique nutritional composition, due to their bioactive ingredients. Others are enriched with fruits with a high
level of bioactive compounds, to which probiotics, omega-3 fatty acids, etc. are added. (Putnik P. et al, 2020,
Patel A.R. 2017)
According to EU statistics, the trends presented above are confirmed, as in the period 2014-2019,
the production of nectar decreased by 7.57%, and that of concentrated juices decreased by 12.65%, while
the production of juices for which concentrates had not been used increased by 16.6% (2019 AIJN Report).
Due to its geographical position, soil and climatic conditions, long tradition in fruit growing, fruit varieties with
high biological and productive potential created by research stations, Romania has a high potential to
produce a wide range of fruits (Pirvutoiu I., Popescu A., 2013,). The local fruit market, although varied, is
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characterized by a high seasonality, also having a high level of perishability and self-consumption, because
of the lack of facilities and storage systems at producers. To these, the existence of small farms with high
inputs, outdated technologies and the lack of a marketing strategy are added. (Niculae I., Costaiche G.M.
2016). Among other uses, the juice industry can effectively capitalize on local fruit varieties, combining the
preservation of traditional agriculture with the economic benefits that can be achieved locally (Putnik P. et al,
2020).
The paper presents a brief synthesis of the technologies used to obtain natural berry juices, as well
as new trends regarding their conservation, in order to reduce the negative impact on quality.
MATERIALS AND METHODS
Juices are classified according to the extraction methods adopted or the degree of processing applied,
as follows: clarified juices, concentrates, pulps, purees, and nectars. Other classifications refer to: natural
juice, mixed juice, syrups, and cordials (Mushtaq M. 2018).
The quality of fruit juices is determined by the quality of the raw material (variety/cultivar, texture, stage
of maturation, etc.), to which the way of performing each of the technological stages/phases of the
manufacturing processes, sanitary approaches and those of waste elimination are added (Alvarez R. et al,
2012, Rydzak L. et al, 2020). The technological stages refer to: harvest fruits, store and deliver fruit raw
materials, fruit selection, washing, drying, peeling/deseeding, pulp maceration, pressing/ squeezing,
pasteurization, clarification, drying or concentration, storage and packing (fig.1) (Mushtaq M. 2018). Juice
making methods and tools should operate gently, be optimized and environmentally friendly so that the
juices retain the physical, chemical, sensory, organoleptic and nutritional characteristics of the fruit they are
made of, without compromising the potential benefits to human health. (Mushtaq M. et al, 2018).

Fig. 1 – General technological scheme for juice production (Mushtaq M. 2018)

The technology of manufacturing natural juices contains a smaller number of stages and implicitly of
operations than that of concentrated juices. These are: fruit processing prior to pressing which refers to
reception, temporary storage, sorting, washing, removal of rachis, stalks, seeds, possibly drying, crushing,
pressing; filtration; pasteurization, packaging, storage. New juice manufacturing technologies include
sophisticated machines, fast, reliable data acquisition devices and automatic process control, to facilitate the
development of various processes, to which are added a wide range of software packages for controlling key
operations and management functions starting from the supply chain to quality control and production
analysis. The technology for juice production is adopted depending on the category of fruit used. The
selection of raw materials affects the quantity, quality and sensory and nutritional benefits of juices. In
addition to manual screening of fruit on conveyor belts, there are currently a variety of sophisticated probes
or testers that offer a selection of fruit, depending on colour, stage of maturity, volatile and aromatic
substances, pheromones or microbial load. (Mushtaq M. et al, 2018). Washing the fruit after sorting has the
role of minimizing the physical and chemical contamination of the fruit before it enters the extraction unit.
Conveyor type machines are used for washing, differently configured, depending on the category of fruit for
which they are used. (Mushtaq M. 2018). Thus, in the case of berries, because they are very sensitive,
washing is done gently, the conveyor type equipment being equipped with washing areas with spray water
and air drying areas, arranged sequentially.
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In order to make the process more efficient, the washing machines are combined by means of an
elevator with a crusher. For the berries, cylindrical type crushers are used, whose active elements due to the
helical arrangement and the rotational movement along a perforated housing ensure both the crushing and
the advance of the material. The frequency of rotation as well as the size of the holes can vary depending on
the fruit or the desired quality of the juice. (Mushtaq M. 2018)
The use of a press appropriate to the type of fruit and the final product is a key element especially for
fruit juice producers in local markets, in order to promote high quality products with special properties for
health. (Wilczynski K.2019). Hydraulic presses are most often used to extract the juices from the purees
resulting from the crushing of the berries (fig.2). After loading is complete, a high pressure of approx.
6000PSI (approx. 0.04 MN m-2) is applied through an adjustable piston, which causes the vacuoles in the
fruit cells to break, releasing natural bioactive compounds (minerals, enzymes, etc.). The resulting juice is
passed through a fine screen made of special materials (e.g., muslin) and then stored for further processing.
(Mushtaq M. 2018)

Fig. 2 – Representation of the first and last steps in hydraulic pressing

The extraction can be performed in one or more cycles, hot or cold, in order to obtain an optimal efficiency,
according to SRML technology, which uses a pneumatic press. (www.srml.com).
Another type of press that can be used for berries is the belt one. The pulp of crushed fruit is spread
continuously and evenly on the lower belt, on which an upper belt acts. The belts are tensioned and are made of
special materials intended for food industry, having a fabric that allows the juice to pass. The material caught
between the belts reaches the main pressing area, where a main roller acts, with “L” profile pressing elements.
The largest amount of juice is extracted in this area. Then, the fruit residue between the belts is further pressed
into a cascade of rollers with a small diameter, but increasing pressure, to extract the last parts of juice. This type
of press has a high yield of over 90%. The controlled tensioned belts are driven by different motors and cleaned
simultaneously after the juice is extracted. (Mushtaq M. 2018).
Regarding non-thermal processes, they are often combined with various heat treatments, ultraviolet or pulsed
light, antimicrobial additives, etc. which through their synergistic effects determine the general improvement of the
quality of the juices obtained. (Putnik P. et al, 2020).
Vegetable and fruit juices are traditionally preserved by heat processing. The most important factor
affecting microbial damage is acidity, and the heat processing requirements for various foods depend mainly on
pH. Berries have medium to high acidity (their pH is equal to or greater than 4.5). To protect the quality of the
juices, pasteurization is applied in order to inactivate specific enzymes (Ağçam, E. et al, 2018).
There are four types of conventional pasteurization, depending on the intensity of the heat treatment
applied: high temperature - long time (HTLT); high temperature - short time (HTST), mild temperature - long time
(MTLT); mild temperature - short time (MTST). HTST pasteurization is developed to ensure a high quality of the
product by minimizing the intensity of heat treatment, which is carried out by applying temperatures above 800 C
for a duration of less than 30 s, which have the effect of reducing the action of certain enzymes (PME – Pectin
methyl esterase). , PPO - polyphenol oxidase, POD - peroxidase) in some juices (Petruzzi, L. et al, 2017).
Thermal preservation by pasteurization of natural fruit juices is frequently applied, but more recently
consumers prefer minimally processed safe foods with high quality attributes. These requirements have led
to the development of alternative non-thermal processing technologies (Jimenez- Sanchez C. et al. 2017).
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RESULTS
Alternative juice treatment technologies cover: non-thermal electrical treatments, high pressure
processing, ultrasound, radiation processing, inert gas treatments, cold plasma and membrane processing.
Table 1 summarizes the mode of operation of each of them. (Bevilacqua A. et al 2018)
Operation of alternative juice treatment technologies (Bevilacqua A. et al 2018)
Type of
treatment
Electrical
Pressure

Ultrasound
Radiation

Gas

Cold plasma
Membrane

Table 1

Mode of operation
The antimicrobial activity relies upon the use of two electrodes which generate pulsed electric
fields, high voltage currents or radio-frequencies.
Products are placed into a high-pressure vessel in their flexible packages and submitted to
high pressure by water (high hydrostatic pressure). For homogenization, juices and
beverages are forced to pass through a small valve and divided into nanobubbles
(micronisation; high pressure homogenization).
Products are treated through sonic waves generated by probes or in a bath. The
antimicrobial activity is the result of cavitation.
Products are treated by radiation at different wavelengths (UV, γ -radiation, electron beams).
The process can be either continuous or discontinuous (pulsed light).
A particular application is the use of nanoparticles of titanium dioxide, which produce strong
oxidizing agents when irradiated by UV.
Some applications are alternative ways to high hydrostatic pressure, as the increase of
pressure is generated by a gas (nitrogen or helium) in pressure change technology [PCT] or
supercritical CO2 in dense phase carbon dioxide [DPCD]). Ozonation relies on the use of O3
as an antimicrobial agent; it is spread into the media through a sparger.
Cold plasma is generated by using electricity and a carrier gas. The result is electrical
discharges and subsequent ionization of atmospheric air.
Sterilization relies on the physical separation of microorganisms through membranes (microor nanofiltration); the treatments differ for the pores of the membranes. In this class, we can
also find reverse- and forward osmosis; the main aim of this technology is juice
concentration, but a secondary goal is the antimicrobial effect.

Further, some of the types of alternative technologies used to treat berry juices and the technological
conditions for their application are presented.
Table 1
Operation of alternative berry juice treatment technologies (Bevilacqua A. et al 2018)

Type of
treatment
Pulsed electric
fields

Plant material
used

Blueberry

Blueberry
High hydrostatic
pressure

Apple,
blueberry,
blackberry,
raspberry, red
currant, grape,
orange,
strawberry

Type of
product

Processing
conditions

Effects

Juice

30 kV/cm; 54 μs
and 20 to 35 kV/cm;
27 to 82 μs

E. coli reduced by 5.12 log CFU/mL.
Ascorbic acid was reduced by 14.78%,
whereas anthocyanin content was reduced
by 3.64%. Good retention of colour and
nutrients.

200 to 600 MPa;
5 to 15 min; <42 °C

The microbial load after the HPP
treatments was always below the detection
limit. More than 92% ascorbic acid
retention. Increase of total phenolic
content. Colour changes were not visually
detectable.

100 to 300 MPa;
5 min;
−5 to 45 °C

Microbial inactivation was proportional to
the pressure applied. At the highest
pressure level, the lactic acid population
was reduced more effectively at 45 °C (6
log reduction) than at −5 °C (3.3 log
reduction).

Juice

Smoothie

321

INTERNATIONAL SYMPOSIUM
Type of
treatment

Plant material
used
Sea buckthorn

Type of
product
Juice

HHP processing (600 MPa/5 min/35 °C)
achieve a 90% PME enzyme inactivation.
Slight increase in antioxidant activity at 200
to 600 MPa at 25°C.

Juice

500 W; 40% to
100%; 20 kHz; 25
°C

The highest log reduction in total aerobes
(1.36 log CFU/mL) was achieved with high
intensity (100 amplitude) sonication
condition.
Good
preservation
of
anthocyanins and colour.

Nectar

600 W; 60 to 120
μm; 20 kHz; 3 to 9
min; 20 °C

The largest increase in consistency
coefficient was determined after ultrasonic
treatment at 120 μm/3 min

Juice

600 W; 20 kHz; 60
to 120 μm; 3 to 9
min; 20 °C

Sonication is not very effective against Al.
acidoterrestris DSM 3922

Nectar

600 W; 60 to 120
μm; 20 kHz; 3 to 9
min; 20 °C

Largest increase in consistency coefficient
was determined after
ultrasonic treatment at 60 μm/3 min.

Juice

560 W; 350 MPa

5.2 log reduction of E. coli O157:H7

Juice

Polyamide thin-film
composite
membrane 2.6 m2;
25 to 35 bars; 20
and 40 °C

Antioxidant capacity was increased by
34%. LDL oxidation inhibition increased up
to 41%.

Juice

Polyamide thin-film
composite
membrane 2.6 m2;
25 to 35 bars; 20
and 40 °C

Juice

Ceramic membrane
0.2 μm; 0.5 to 3 bar;
22 to 55 °C

Cranberry

Manosonication

Blueberry
Blueberry

Membrane
processing

Cranberry

Red raspberry

Effects

200 to 600 MPa;
5 to 40 min;
25 to 35 °C

Blueberry

Ultrasound

Processing
conditions

Antioxidant capacity was increased by
30%. LDL (low density lipoproteins Cholesterol) oxidation inhibition was
increased up to 45%.
A minimal loss of anthocyanins (from 630
to 540 mg/L). Light transmission at 625 nm
in permeate was above 85% and the
residual pectin (900 mg/L) was completely
removed.

Also, in order to increase the efficiency, the combination of non-thermal juice treatment technologies
with each other or with the classic pasteurization ones, applied before or after the alternative ones, was
studied.
CONCLUSIONS
Heat treatment of natural fruit juices remains the most common method, which ensures the quality and
food safety of juices, being the most cost-effective at this time. Regarding berry juices, it is important that the
classic or alternative/non-thermal technologies applied affect as little as possible the content of bioactive
compounds, appearance (colour), inactivate enzymes and ensure the destruction of microorganisms and
pathogens. Some of the alternative technologies are applied on an industrial scale (e.g. high pressure),
others only at laboratory level, because of high costs. The optimization of alternative non-thermal juice
treatment technologies remains an interesting topic for researchers and manufacturers in the field.
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ABSTRACT
The importance of soil mechanization technologies in vineyards results from the following advantages:
increased productivity, achievement of higher quality working/energy indices, works being performed in the
optimal period of time, achievement of high and constant yields per unit of cultivated area, reduction of
production cost, etc. The paper presents studies and research on innovative mechanization technologies for
the maintenance of vineyards cultivated under the specific conditions of wine-growing or vineyard regions in
Romania. The research results allow useful recommendations for farmers who want to use innovative
technical equipment to carry out various technological operations in vineyard maintenance processes.
REZUMAT
Importanţa tehnologiilor de mecanizare a lucrărilor solulului în plantațiile de viță de vie rezultă din
următoarele avantaje: creşterea productivităţii, realizarea unor indici calitativi de lucru/energetici superiori,
executarea lucrărilor în perioada optimă de timp, realizare unor producţii ridicate şi constante pe unitatea de
suprafaţă cultivată, reducerea costului de producție etc. În lucrare sunt prezentate studii și cercetări privind
tehnologiile inovative de mecanizare pentru întreținerea plantațiilor de viță de vie cultivate în condițiile
specifice regiunilor viticole sau podgoriilor din România. Rezultatele cercetărilor permit recomandări utile
pentru fermierii care doresc să utilizeze echipamente tehnice inovative pentru executarea diferitelor operaţii
tehnologice din cadrul proceselor de lucru de întreţinere a plantaţiilor viticole.
INTRODUCTION
By complexing the soil works with the application of fertilizers, herbicides and perennial herbs, the
following soil maintenance systems are practiced in the vineyards planted nationally and internationally:
- Permanent grass cover soil maintenance system that has proven to be a viable system
compatible with the principles of sustainable viticulture that can partially replace the classic soil
maintenance system. The system is applied differently, depending on the climatic zone and the type
of soil (Dobrei A., 2010).
- Soil maintenance system as a black field is the traditional system by which the soil is
permanently maintained in a worked and loose state. Although the black field ensures the use of
water from the soil with maximum efficiency, as well as the accumulation of large amounts of sugars
in the grains, the system is uneconomical because it requires a cost of approx. 14081 euro / ha and
a required number of 119.8 working days (Dobrei A., 2011).
- Soil maintenance system using green manure consists in covering intermediate crops that
accumulate biomass [6]. The adoption of green manure practices is considered useful because it
protects the soil from erosion, allows better traffic by mechanical means, limits compaction caused
by passing machines, improves aeration with the action of root systems, makes possible better
rainfall retention, increases biodiversity and ensures organic substances, helping to restore the
humus fraction mineralized annually and improving the microbiological activity of the soil (Mescalchin
E. And Zanzotti R., 2018; Valenti L., et al., 2012; Zanzotti R., and Mescalchin E., 2019).
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- Herbicide soil maintenance system removes the weeds from the vegetation period of the vine.
Herbicide is effective in fruit-bearing vineyards when applied in strips, or when carried out as part of
integrated weed control measures (Fiera C.,2020).
In the plantations it is possible to achieve either a herbicide of the soil in strips, on the row of vines, or
a total herbicide (applied 2 times, but less recommended due to the danger of environmental pollution) [9]. If
necessary, weeds can be controlled by herbicide, using herbicides with total action, which destroy the roots
of perennial plants in depth, thus stopping further impoverishment of the soil and improving its fertility (water,
air and heat regime (Enache V., 2013).
When the treatment is carried out, a significant part of the dispersed pesticides falls on the soil,
causing soil pollution. University of Agricultural Sciences and Veterinary Medicine Iasi, has designed
equipment used on machines to apply phytosanitary treatments in vineyards that reduce soil pollution using
the principle of recycling pesticides that are not retained by the viticultural foliar system (Diaconu A., 2017).
MATERIALS AND METHODS
Research materials and methods include the use of reading sheets of articles in the literature
(international scientific databases Thomson ISI, ScienceDirect, SpringerLink, CABI, ELSEVIER/SciVerse
SCOPUS, Google Scholar etc.).
RESULTS
In the vine plantations on fruit, a series of specific works are applied (fig. 1) which aim at obtaining
quantitative and qualitative productions depending on the variety, to ensure normal growths on the stump
that allow a proper fruiting and in the years next, increase the longevity of vine stems and prevent disease
and pests (https://www.horticultorul.ro/vita-de-vie/ingrijire-vita-pe-rod/)

Autumn
plowing

Revised
trellis
Dry cuttings

Fertilized soil
(in autumn)
weeding of shoots

Conducting the
strings before
budding

normalization of the
inflorescence load

Harvested
grapes

Spring
plowing

pinching the shoots

Green works
and
operations

the row of shoots
weeding

Dig big one
at a time

partially leafless
Phytosanitary
treatment

Mechanical
plowshares

The legacy of
the shoots

Fig. 1. Works in vine plantations on fruit by fruit
Soil loosening equipment, crust breaking and weed destruction
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The plow with feeler AI series (fig. 2) is sold in Romania by the company Lantec IND in different
constructive variants presented in table 1. They are plows that are used in vine plantations, allowing the work
of the land directly under the row of plants.
They are equipped with a hydraulically operated feeler, which retracts the active organ when the
machine reaches the plants, without causing any damage. They consist of a mobile body and can have one
to 4 fixed bodies. Optionally they are equipped with bodies for billiards.

Fig. 2. Plug with feeler series AI (http://www.lantecind.ro/seriaAI.php )

Model

AI 15
AI 15/2
AI 15/3
AI 15/4

Constructive variants of the plow with probe AI series
Minimum
Workin
Mobile body
Maximum
Tractor
row width
g width
withdrawal
tractor speed
power
(m)
(m)
(m)
(km/h)
(CP)
1,8
0,5
0,3
5
45
2,3
0,8
0,3
5
50
2.8
1,1
0,3
5
60
3,3
1,4
0,3
5
70

Table 1
Workin
g depth
(cm)
15
15
15
15

PLUSH WITH HORN BLADES ON BOTH SIDES VELOX SERIES 8 (fig. 3) is sold in Romania by
the company Lantec IND in different constructive variants presented in table 2. There are plows that are
used in vineyards and orchards, allowing the work of the land directly under the row of plants. They are
equipped with a hydraulically operated probe, which retracts the active organ when the machine reaches the
plants, without causing any damage.
The active parts are usually sliding blades, but can be equipped with a number of accessories, such
as: drive disc batteries or bolt discs. It acts simultaneously on both sides, allowing the complete work of a
row, at the same passage.

Fig. 3. Plow with hoe blade VELOX series 8 (https://www.rinieri.com/fr/p/velox-8.html )
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Model

S
L

Constructive variants of the plow with probe AI series
Minimum
Working
Mobile
Maximum
Tractor
width between
width (m)
body
tractor
power
rows (m)
withdrawal
speed
(CP)
(m)
(km/h)
1,3
0,6
0,35
10
50
2,4
0,6
0,35
10
50

Working
depth (cm)

15
15

ROT 700 CUTTER (fig. 4) made by Ozonteh Impex S.R.L. from the Republic of Moldova is intended
for cultivation between rows in the vineyard. It is strong and has a massive construction, the machine being
provided to perform tasks in the most difficult working conditions and on all types of soil. Standard
equipment:
- Hydraulic head adjustment;
- Hydraulic tilt adjustment head;
- Manual controls for young orchards.

Fig. 4. ROT cutter 700

(https://agritehnica.md/freza-cu-palpator-pentru-vie-si-livada-rot-700/ )
The main technical characteristics of the ROT 700 cutter are presented in table 3.
Technical characteristics of the ROT 700 cutter
Characteristic name
Value
Required power, CP
17
Nr. blades, pcs.
33
Length, mm
900
Width, mm
2200
Height, mm
800
Working depth, cm
15...20
Mass, kg
250

Table 3

CM TURBO CULTIVATOR (fig. 5) made by RINIERI S.R.L. from Italy in various construction variants
presented in Table 4 is intended for loosening the soil, breaking the crust and destroying weeds between
rows and on the row of vine stalks. The work carried out leads to the creation of optimal conditions for water,
nutrients, microbiological activity and normal development of plants.

Fig. 5. CM TURBO cultivator [15]
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Model

CM 5/110
CM 7/150
CM 9/200

Constructive variants of the CM TURBO cultivator

180-220
220-265
265-315

5
7
9

190-235
230-275
280-325

60
70
80

610
690
800

25
25
25

To date, weeding by loosening the soil, breaking the crust and destroying weeds in vineyards is
done with various variants of technical equipment (see Table 5), depending on the biological characteristics
of the varieties, ecological conditions, forms of management of calves, plantation age, etc.
The work of hoeing on a row of vines

Hailing equipment in vineyards
The work of hoeing on two rows
of vines

CONCLUSIONS
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Table 5

The hoe work one by one and
between rows
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The research results allow useful recommendations for farmers who want to use innovative
mechanization technologies for the maintenance of vineyards grown under conditions specific to wine
regions or vineyards in Romania.
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TECHNOLOGIES FOR PHYTOSANITARY CONTROL IN VITICULTURE
/
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ABSTRACT
This article presents the use of phytosanitary control technologies in viticulture to reduce pests or pests in
the vineyard. Viticulture is the area with the highest use of pesticides, as its specialization and intensification
have made it increasingly susceptible to pests and diseases, as well as the effects of climate change.
Vineyard management enhances important aspects of the vineyard ecosystem, in particular combating pests
and emerging diseases.
REZUMAT
În acest articol, este prezentată utilizarea tehnologiilor controlului fitosanitar in viticultura pentru reducerea
dăunătorilor sau a bolilor dăunătoare din podgorie. Viticultura este zona cu cea mai mare utilizare a
pesticidelor, deoarece specializarea și intensificarea acestuia l-au făcut din ce în ce mai susceptibil la
dăunători și a bolilor, precum și a efectelor schimbărilor climatice. Gestionarea podgoriilor sporește
aspectele importante ale ecosistemului podgoriilor, în special combaterea acestor dăunătorilor și a bolilor ce
apar.
INTRODUCTION
Success in organic viticulture production is mainly based on implementing a production system that
minimizes the incidence of disease and pest with the use of pesticides, without compromising crop
productivity. Viticulture is the stage with the largest relative contribution to the overall environmental impact
and the bottle production is the subsequent stage. In order to improve the environmental performance of the
supply chain for wine, it is necessary to optimise the dosage of phytosanitary products used during
viticulture. When using pesticides to control pests and diseases, and also when using herbicides to control
weeds, it is essential that these be applied safely and effectively. Incorrect spray application can result in
major pesticide wastage or phytotoxicity (United States Department of Agriculture, & United States and
California Environmental Protection Agencies, June 2009).
Grape phylloxera (Figure 1)feed on grape roots, stunting or killing vines. Phylloxera cause greater
injury in areas with heavier clay soils, although problems occur in all winegrowing regions. Phylloxera can be
managed culturally and chemically, but the only reliable means for control is the planting of resistant
rootstocks. Pre-plant applications of fumigants targeting nematodes or oak root fungus may provide limited
suppression of existing phylloxera in replanting situations. Post-plant insecticides provide suppression only,
due to the difficulty in penetrating the heavy clay soils that the pest prefers and because populations rebound
quickly. Although insecticides may be applied throughout the year, best timing generally is associated with
rapid root growth during the spring and/or fall (early post-harvest) (Houston et al, 2017).

Fig.1. Phylloxera - Leaf form of phylloxera, grape Phylloxera vastatrix. (Gastón et al., 2021)
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Mealybugs are Pseudococcus species (grape, obscure, and long-tailed mealybugs) (Figure 2) and
vine mealybugs cause problems. Vine mealybug (a species from the genus Planococcus) is a serious new
pest, occurring in winegrowing areas. Intensive efforts are being devoted to limit the spread of vine
mealybug. Mealybugs can transmit grape viruses, reduce vine growth, and render grapes unmarketable by
contaminating clusters with their life stages, honeydew, and sooty mold (honeydew is the substrate). Vine
mealybug is of key concern because it has a high rate of population increase, an ability to excrete excessive
honeydew, a portion of the population is always secluded under bark or on roots, few natural enemies, and
multiple hosts. Vine mealybug can be found living on roots of grapes in soil as deep as two feet, especially
when tended by ants or in sandy soils. Insecticides may be applied during delayed dormancy, spring,
summer, and post-harvest. Optimal timing of treatment(s) depends on the species and should be made
when more susceptible life stages (crawlers and young nymphs) are exposed on plant surfaces (Gastón et al.,

2021).

The European fruit lecanium (i.e., brown apricot scale)(Figure 3) produces honeydew that can result
in excess sooty mold on berries and leaves. At high densities, lecanium feeding can stunt vine growth.
Indigenous parasitoids and predators generally suppress lecanium to sub-economic levels. Management
includes monitoring, preserving natural enemies, and insecticide applications as necessary. Parasitism of
nymphs should be monitored during late dormancy and necessary insecticides should target crawlers (first
instars), present May through June .

Fig.3.European fruit lecanium
(http://treefruit.wsu.edu/cropprotection/opm/european-fruit-lecanuim/)

Fig.2.Grape mealybug / Med. Mealy bug
Planococcus ficus (Gastón et al., 2021)

Cutworms(Figure 4 ) are infrequent pests occurring in small pockets of vineyards and damaging
vines by feeding on buds and young shoots. Most vines compensate for this injury by developing shoots
from secondary buds and/or increasing berry size. Spot treatment with insecticides may be necessary
around bud break. Grape bud beetle occurs in localized areas where emerging adults aggregate and feed on
opening buds, requiring occasional spot treatments (Andy, 2015).

Fig.4. Cutworm and grape bud beetle (Amphicerus bicaudatus) (Andy , 2015)

Grape Cane Borer (Amphicerus bicaudatus) adults are brown to black in color, cylindrical, and 1cm
long (Figure 4). For a period of two to three weeks the adults feed on dead wood in and around the
vineyard. They generally prefer to feed on the pith (spongy area in the middle of the cane) and in the process
generate sawdust that is conspicuous on the leaves. This can be used as in indication of their presence in
the vineyard at this time of year (Figure 5) (Hesler et al.,2007).
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Fig.5. Adult grape cane borer in a damaged grape
cane (Hesler et al.,2007)

Fig.6. Sawdust generated by adults feeding on
deadwood in late summer(Hesler et al.,2007)

Smaller green leafhopper (Empoasca vitis ) (Figure 7) A phloem-feeding leafhopper causing veinal
browning, as well as marginal rolling and burning;

Fig.8. Armillaria root rot
https://agriculture.vic.gov.au/biosecurity/plantdiseases/fruit-and-nut-diseases/stonefruits/armillaria-root-rot

Fig.7. Leafhopper Emoasca vitis (Hesler et al.,2007)

Root feeding by plant-parasitic nematodes reduces water and nutrient uptake, which can decrease
vine vigor and yield. The five most important species or groups are root knot nematode, ring nematode,
dagger nematode, root lesion nematode, and citrus nematode. Although causing only occasional yield
reduction, the dagger nematode is the most destructive because it vectors grapevine fanleaf virus. Chemical
(pre or post plant) and/or cultural tactics are used for control. Post-plant nematicides may be applied
throughout the year, but, best timing generally is associated with rapid root growth during the spring and/or
fall (early post harvest). (United States Department of Agriculture, & United States and California
Environmental Protection Agencies, June 2009)
Oak root fungus (Armillaria root rot) (Figure 8) this disease leads to non-productive vines that
frequently die within two to four years. Grape roots acquire inoculum from the preceding orchard crop or
nearby oak trees, therefore, the disease is most common in newly established fields that are planted on land
recently cleared of native vegetation. When infected plants are removed, infected roots that remain below
ground
serve
as
a
source
of
inoculum
for
vines
planted
in
the
same
location.(https://pnwhandbooks.org/plantdisease/host-disease/grape-vitis-spp-armillaria-root-rot)
Powdery mildew (Figure 9) is caused by Erysiphe necator, all European varieties are more or less
susceptible. It infects all green tissues on the grapevine, including leaves and young berries and can cause
serious crop loss. Warmer and drier climates favour the attack. Main symptoms are easily identifiable: graywhite, dusty formation that is more evident on the upper side of the leaves; it can also infect buds, flowers,
young fruit, and young stems; (https://www.rhs.org.uk/advice/profile?pid=253)

Fig.9. Powdery mildew Erysiphe necator
(https://www.rhs.org.uk/advice/profile?pi
d=253)

Fig.10. Grapevine trunk diseases (GTDs) (Gastón
et al., 2021)
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Grapevine trunk diseases (Figure 10)(GTDs) include Eutypa, Esca and Botryospaeria (Black Dead
Arm) dieback. Each can be caused by different species of one fungus belonging to one genus or different
genera. They may cause the plants to die (more or less rapidly), are only partly related to climatic conditions
and mainly to variety sensitivity. GTDs are present in many European wine regions but the symptoms may
not always be visible (Gastón et al., 2021).
Phomopsis cane and leafspot (Figure 11) is common in regions with spring rains occurring after bud
break. The fungus overwinters as pycnidia and new infections begin when rain splashes spores onto
developing green tissues. Leaves, clusters, and other shoot tissues can become infected
griculture.vic.gov.au/biosecurity/plant-diseases/grapevine-diseases/phomopsis-cane-and-leaf-spot-ofgrapevines)

Fig.11. Phomopsis affecting vine leaf, shoots and cane
(https://agriculture.vic.gov.au/biosecurity/plant-diseases/grapevine-diseases/phomopsis-cane-andleaf-spot-of-grapevines)

Esca (black measles) (Figure 12)typically occurs in older vines and is caused by a complex of
fungal pathogens that propagate in old, rotted vascular tissue. Spores released from these tissues reinfect
vines through pruning wounds. Symptoms are most prevalent during July and August. Leaves of infected
vines often display chlorotic interveinal areas. Severely infected vines can experience leaf drop, cane
dieback, and cracked and dried fruit. Young esca, also known as Petri disease or young vine decline, is a
related disease in young vines that likely originates from infected nursery stock.(Houston et al, 2017)

Fig.12.Symptoms associated with esca of
grapevine: black measles on the berries.

Fig.13.Grey mould /
Botrytis cinerea (Gastón et al., 2021)

(Houston et al, 2017)

Grey mould (Botrytis – bunch rot) Succulent plant tissues (young shoots or flower parts) are
susceptible to infection by Botrytis. Rainy, warm springs increase disease incidence and severity. Its
relevance strongly depends on climatic conditions and canopy density, as air circulation prevents the
pathogen development. Its impact, compared to downy and powdery mildew, is more related to specific
yearly climatic conditions and to the level of damage caused by other pests and diseases. (Gastón et al.,
2021)
Vertebrates can also cause problems to vineyards throughout the year. Problems occur when
vertebrates move into or live near vineyards and seek vineyards for food and cover. Direct feeding damage
by rodents is greatest to young vines. During harvesting, management tactics may be implemented for
ground squirrels, meadow voles (field mice), pocket gophers, deer, coyotes, and birds. (Gastón et al., 2021)
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MATERIAL AND METHODS
In the technological process of field crops, an important link is the application of phytosanitary
treatments, the chemical method for combating diseases and pests being the most used method due to the
high efficiency, the relatively low unitary cost, and the multiple possibilities of application, without neglecting
the great disadvantage of this method - environment pollution. (Rosu et al,. 2018)
Semiochemicals like pheromones and kairomones are molecules that serve communication
purposes between individuals from a same or a different species. They can efficiently attract insects even at
low population densities, they are species-specific, they have little adverse impacts on natural enemies and
their persistence in the field is generally longer than insecticides. In organic vine yard, sex pheromones are
mostly used to monitor the presence and abundance of a specific pest (pest detection), as massive trapping
agent, and for mating disruption (Léo et al., 2012).
Chemical control with natural products In organic crop production, chemical control is only used
when all other methods have failed. Only a few non-synthetic chemicals are accepted in organic grape
production. Most organic chemical insecticides originate from plant extracts or mineral sources. Approval of
non-synthetic chemicals for organic production is legislated by country regulations that can restrict the use of
a particular product. (https://www.rhs.org.uk/advice/profile?pid=253)
When chemical controls are needed, improved equipment such as air blast and electrostatic
sprayers, or the application of systemic materials through the irrigation system, have allowed growers to
improve coverage and reduce pesticide drift . Furthermore, the introduction of “reduced risk” and/or
“organophosphate or carbamate alternative” pesticides that make use of novel chemistries and modes of
action (e.g., spirotetramat) can potentially reduce non-target impacts and/or the overall quantity of chemical
controls applied in the vineyard. IPM does not eliminate pesticide use, it has certainly reduced it, and
contributed to the more effective and judicious use of chemical controls in modern viticulture (Houston et al,
2017).
The spraying and dusting works in the vineyard can be performed with terrestrial mechanical means,
but also with airplanes or helicopters, after having the advantage that the spraying work can be done
immediately after the rain, when there is the greatest danger of handling the calf.
(https://www.lumeasatului.ro/articole-revista/actualitate/6738-ecoprotect-l3-un-nou-echipament-gregoirepentru-tratamente-fitosanitare-in-vii-cu-recupararea-surplusului-de-solutie.html)
Equipment for phytosanitary treatments with low volume of liquid and controlled application, avoids
the loss of substances when applied in very large quantities, helping to protect the environment.
The Ecoprotect L3 machine (Figure 14) uses a spray system with 3 pairs of lightweight flexible
polyethylene panels (Gregoire patent), placed on either side of the row of vines. They stiffen under the effect
of the air generated by the turbine, but remain flexible and without risk of damage on impact, when the
panels fold and, after overcoming the obstacle, return to their original position. . The structure has no rigid
elements in the row area and is not brittle.(https://nhr.ro/gregoire-ecoprotect-masina-pentru-tratamentefitosanitare-in-vii-cu-recuperarea-surplusului-de-solutie/)

Fig. 14. Gregoire grape harvester with Ecoprotect spraying equipment L3 (https://nhr.ro/gregoireecoprotect-masina-pentru-tratamente-fitosanitare-in-vii-cu-recuperarea-surplusului-de-solutie/)

The solution is sprayed from opposite sides, performing a complete and effective treatment, and the
excess substances drips on the panels at the bottom, from where it is recovered and transferred back to the
tank.
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The machine is designed to reduce the dose of liquid per hectare, use a higher concentration of the
solution and optimum application regardless of weather conditions. (https://nhr.ro/gregoire-ecoprotectmasina-pentru-tratamente-fitosanitare-in-vii-cu-recuperarea-surplusului-de-solutie/)
At the beginning of the vegetation, 50-80% of the solution is recovered. The air flow is directed from
opposite sides, as in Figure 15. During vegetation, at the last treatments, when the vine has many leaves,
about 10% of the solution is recovered, depending on the thickness of the leaf layer to be penetrated. The air
flow intersects , speakers are positioned in a cross flow to optimize the quality of the application. Depending
on the condition of the crop, a sufficient number of spray nozzles are used to cover the entire surface of the
(https://www.lumeasatului.ro/articole-revista/actualitate/6738-ecoprotect-l3-un-nou-echipamentplants.
gregoire-pentru-tratamente-fitosanitare-in-vii-cu-recupararea-surplusului-de-solutie.html)

Fig 15. Air flow control scheme (https://www.lumeasatului.ro/articole-revista/actualitate/6738-ecoprotect-l3-unnou-echipament-gregoire-pentru-tratamente-fitosanitare-in-vii-cu-recupararea-surplusului-de-solutie.html)

An efficient treatment scheme for diseases and pests throughout the vegetation period is established
depending on the developmental phases of the plant.(table 1.) (https://www.gazetadeagricultura.info/strugurivita-de-vie/20866-tratamentele-pentru-combaterea-daunatorilor-in-viticultura-recomandari-fitosanitare.html).
Table1. Efficient treatment scheme during developmental phases (https://www.gazetadeagricultura.info/strugurivita-de-vie/20866-tratamentele-pentru-combaterea-daunatorilor-in-viticultura-recomandari-fitosanitare.html)

Phenophase

Shoots 3-5cm
Shoots 10-15cm

Before flowering

Disease/pest
Mites
Mildew
Manna
Mildew
Mites
Manna
Mildew
Moth

After flowering

Manna
Mildew
rottenness

Growing grains

Manna
Mildew

Compaction of
bunches

Manna
Mildew
Mites

Growing bunches

Manna
Mildew
Rottenness

First fruits

Manna
Rottenness

Product
MICROTHIOL
VERTIMEC PRO 3

Dosage/ha
3kg/ha
0,75l/ha

CAPTAN 80 WDG
KARATHANE GOLD
ENVIDOR 240 SC
DITHANE M45
BUMPER 250 EC
VERTIMEC PRO

1,25kg/ha
0,5l/ha
0,4 1 /ha
2 kg/ha
0,2 l/ha
0,75 l/ha

MIKAL FLASH
FALCON 460 SC
CANTUS
UNIVERSALIS
TOPSIN 70 WDG

3 kg/ha
0,3 l/ha
1 kg/ha
2 l/ha
1 kg/ha

VONDOZEB
TOPSIN 70 WDG
NOVADIM
PROGRESS
DITHANE M 45
BUMPER 250 EC
MYTHOS
VONDOZEB
PYRUS 400 SC

2 kg/ha
1 kg/ha
1 l/ha
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2 kg/ha
0,2 l/ha
3 l/ha
2 kg/ha
1,5 l/ha
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The RIV 400 atomized spray pumps are made in different variants and with different capacities.
Atomizer spray pump, designed for works in: viticulture, horticulture, maintenance of parks and gardens,
nurseries, vegetable growing (Figure 16). The solutions are distributed on the plants by spraying in the form
of very fine drops or by very fine powders. Pest control machines must work with high productivity, to allow
the execution of things in a short time and with minimum expenses. (https://www.lumeasatului.ro/articolerevista/actualitate/6738-ecoprotect-l3-un-nou-echipament-gregoire-pentru-tratamente-fitosanitare-in-vii-curecupararea-surplusului-de-solutie.html)

Fig.16. Spray pump 300L-RICO and RIV-400 tank capacity mounted sprayer
(https://www.lumeasatului.ro/articole-revista/actualitate/6738-ecoprotect-l3-un-nou-echipament-gregoire-pentrutratamente-fitosanitare-in-vii-cu-recupararea-surplusului-de-solutie.html)

In figure 17. Is represented an air assisted sprayer ’’DDM 1000“ type, produced by
DalDeganMorava, which was aggregated with the tractor ’’MTZ 82“.
The air assisted sprayer was towed and had the tank volume of 1000 l. The attached air assisted
sprayer type ''Kertitox bora 200'', available at purchase price of €8.250, was aggregated with the tractor type
MTZ-82 which was available at the purchase price of €16.100 .The air assisted sprayer was equipped with
one console and six more sensors at both sides. Each sensor turned on and off one nozzle at the time. The
estimated cost of this adjustment was €10.000. The investment necessary for the adjustment is returned
after seven years of exploitation of 50 ha orchards and 30 ha vineyards during one season and all stages of
plant development. (Sedlar et al,. 2011)

Fig. 17 - Agregate tractor „MTZ 82“ and air-assisted sprayer „DDM 1000“(Sedlar et al,. 2011)
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The main approach in ecologically based pest management is to increase agroecosystem diversity
and complexity as a foundation for establishing beneficial interactions that aid in keeping pest populations in
check. Diverse and complex vineyards may be harder to manage, but when properly implemented,
phytosanitary treatment leads to a great improvement for viticulture.
After carrying out each phytosanitary / herbicide treatment, it is recommended that the farmer keep
records daily by completing in a register of records the treatments with plant protection products, it is
necessary to do so to optimize the dosage of fertilizers and phytosanitary products used during viticulture.
Current knowledge of which plants are the most useful sources of pollen, nectar, habitat, and other
critical needs is far from complete. Clearly, many plants encourage natural enemies, but scientists have
much more to learn about which plants are associated with which beneficials, and how and when to make
desirable plants available to target organisms. Because beneficial’s interactions are site-specific, geographic
location and overall farm management are critical variables.
REFERENCES
Andy Muza: Grape Insect Pests to Watch for from: Bud Swell through Immediate Pre-Bloom Stages, Disease
Management April 2015
California Winegrape Work Group, Pest Management Strategic Plan for Winegrape Production in California
Prepared for the California Winegrape Industry, United States Department of Agriculture, & United
States and California Environmental Protection Agencies, June 2009
Gastón Gutiérrez-Gamboa WeiZheng Fernando Martínez de Toda, Current viticultural techniques to mitigate
the effects of global warming on grape and wine quality: A comprehensive review Food research
International January 2021https://www.sciencedirect.com/science/article/abs/pii/S0963996920309716
Hesler Stephen; Loeb, Gregory M.; Martinson, Timothy, NYS IPM Type: Fruits IPM Fact Sheet, 2007, New
York State IPM Program
Houston Wilson, Kent M. Daane, Ecologically-Based Pest Management in California Vineyards, Department
of Entomology, University of California, Published: 11 October 2017
Léo Garcia, Florian Celettec, Christian Garya, Aude Ripoched,e, f , Héctor Valdés-Gómezg, Aurélie Metaya,
Management of service crops for the provision of ecosystem, March 2012
Ph.D. Eng. Sedlar Al., Ph.D. Eng. Bugarin R., Ph.D. Eng. Turan J., Prof. Ph.D. Eng. ðukić N.,Technical and
economic analysis of classical and selective pesticides application in apricot and apple
orchards,ISB-INMA THE 2011
Roşu Niţu M. Căsăndroiu T., Matache M. G., Pruteanu A., Găgeanu I. Estimation of evaporation losses and
assessment of substance use for spraying works in field crops, ISB-INMA TEH 2018
https://agriculture.vic.gov.au/biosecurity/plant-diseases/fruit-and-nut-diseases/stone-fruits/armillaria-root-rot
https://agriculture.vic.gov.au/biosecurity/plant-diseases/grapevine-diseases/phomopsis-cane-and-leaf-spotof-grapevines
https://nhr.ro/gregoire-ecoprotect-masina-pentru-tratamente-fitosanitare-in-vii-cu-recuperarea-surplusului-desolutie/
https://pnwhandbooks.org/plantdisease/host-disease/grape-vitis-spp-armillaria-root-rot
http://treefruit.wsu.edu/crop-protection/opm/european-fruit-lecanuim/
https://www.gazetadeagricultura.info/struguri-vita-de-vie/20866-tratamentele-pentru-combatereadaunatorilorin-viticultura-recomandari-fitosanitare.html
https://www.lumeasatului.ro/articole-revista/actualitate/6738-ecoprotect-l3-un-nou-echipament-gregoirepentru-tratamente-fitosanitare-in-vii-cu-recupararea-surplusului-de-solutie.html
https://www.rhs.org.uk/advice/profile?pid=253

337

INTERNATIONAL SYMPOSIUM

AGRIDRONES, THE USE OF UAV DRONES AS UAS OPERATIONAL TOOLS IN
PRECISION AGRICULTURE. A REVIEW
/
AGRIDRONE, UTILIZAREA DRONELOR UAV CA INSTRUMENTE OPERAŢIONALE
UAS ÎN AGRICULTURA DE PRECIZIE. O TRECERE ÎN REVISTĂ
Constantin (Marin) A-M.*1), Caba I-L.1), Vladut V.1), Matache M.1), Voicea I.1), Bracacescu C.1), Vîlcu C.*1,2), Gheorghe G.1),
Fătu V.3)
2)

1)
INMA – Bucharest / Romania; 2) UPB - Faculty of Biotechnical Systems Engineering / Romania;
PUB – "Politehnica" University of Bucharest, Faculty of Biotechnical Systems Engineering, Bucharest / Romania
3)
ICDPP Bucharest / Romania
Tel: +40757 631 657; +40720 392 341; E-mail: marin.anamaria26@gmail.com; constantin.vilcu@inma.ro

Keywords: UAVs, agricultural drones, UAS, precision agriculture, multispectral monitoring of crops
ABSTRACT
The current digital revolution has the potential to profoundly change agriculture, and managerial decisionmaking is becoming clearer, smarter and simpler. Combining the farmer's experience and instinct with the
information provided by state-of-the-art integrated technologies, the farm manager is better informed and
makes optimal choices to increase agricultural productivity yields. The drones used in agriculture or
agridrones are UAS aerial platforms equipped for monitoring, spraying phytosanitary agent or other
operations in areas difficult to access or dangerous to the human operator. The paper presents the current
state of agridrones by reviewing professional aerial platforms, used as operational tools in precision
agriculture.
REZUMAT
Revoluția digitală actuală are potențialul de a schimba profund agricultura, iar luarea deciziilor manageriale
devine clară, inteligentă și mai simplă. Combinând experiența și instinctul fermierului cu informațiile furnizate
de tehnologii integrate de ultimă generație, managerul fermei este informat mai bine și face alegeri optime
de creștere a randamentelor de productivitate agricolă. Dronele utilizate în agricultură sau agridrone sunt
platformele aeriene UAS echipate pentru monitorizare, pulverizare agent fitosanitar sau alte operațiuni în
zonele greu accesibile sau periculoase operatorului uman. Lucrarea prezinta stadiul actual al agridronelor
prin trecerea in revista a platformelor aeriene profesionale, utilizate ca instrumente operaționale in
agricultura de precizie.
ABBREVIATIONS
AI
– Artificial Intelligence
AUW
– All Up Weight
BKT
– Basic Knowledge Transfer
EVI
– Enhanced Vegetation Index
GPS
– Global Positioning System
ML
– Machine Learning
MPG
– Moto-propulsor Group
MTOW – Maximum Take Off Weight

NIR
NDVI
ROI
RPAS
SRS
UAS
UAV
VRA

–
–
–
–
–
–
–
–

Near InfraRed
Normalized Difference Vegetation Index
Return on Investment
Remotely Piloted Aircraft System
Smart Robotic Systems
Unmanned Aerial Systems
Unmanned Aerial Vehicles
Variable Rate Applications

INTRODUCTION
The integration of digital technology in agriculture has taken shape today globally and is slowly but
surely making classical agriculture a precision agriculture (agriculture-4.0). The use of aerial drone’s UAVs
as autonomous operational platforms UAS in agricultural environments (e.g., https://laorizont.ro/agriculturade-precizie-4-0/) is more common today. Through these aerial platforms it is possible to easily map the
arable land, obtain the scanned footprint of agricultural crops by recording multispectral maps, maintaining a
real record of the health of crops with fast updating and areas that need attention from farmers.
There is a very wide variety of agridrones today, so that, at first glance, we can say that almost
everything that could be done in the field of UAS has been achieved. And yet, there are still niches in which
we can bring novelty elements, such as in-situ sampling of soil samples using agridrones equipped with
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miniature robotic sampling arm. We must also not forget the difficult execution operations in agricultural
environments in isolated or inaccessible areas that have a high degree of danger to the human operator
(e.g., http://www.dronele.ro/airborg-h8-10k-drone-hybrid-sea-endurance/), operations that can be
successfully taken over by multifunctional agridrones. The literature [1] highlights current global concerns
about UAVs for agricultural use. Two characteristics of agridrones are paramount: payload and flight
autonomy (endurance). These characteristics are usually related to those of helicopters and / or light aircraft
used for agricultural services. E.g.: The main shortcoming of commercial drones is their lower payload
capacity in comparison with helicopters. Nevertheless, drone manufacturers have increased the number of
rotors from 4 to 6 or even 8 so as to reduce this gap and currently drones with a maximum payload capability
of 22 kg are available on the market. Not only does payload capacity increase with the number of rotors, but
there is also an improvement in safety, since the aircraft usually is able to fly in deteriorate mode when one
or even more rotors is under failure, allowing for landing in a safe manner. (del Cerro, J. et al., 2021).
Combined with the constructive characteristics (structure size, traction propulsion system, electrical
capacity [mAh] onboard energy system, payload, own weight AUW) and flight performance of agridrones
(range, cruising speed, altitude) dictated by the integrated systems (FC autopilot, communication and air
navigation, RC station, NIR camera), the operational characteristics of the UAS are generally given by the
execution elements and the on-board equipment (hardware-software), "Edge-AI devices” whose acquisition
cost represents, in most cases, more than 50% of the total value of agridrone. There are two most commonly
used applications of agridrones in agriculture-4.0: crop monitoring and spraying for phytosanitary treatment.
Aerial monitoring of crop vegetation status is generally done with tri-copters or quad-copters that have the
AUW of the order of units (<10 kg). For phytosanitary treatments where the payload of agridrones is of the
order of tens of kg (> 10) and their MTOW is at least double the payload, multicopters model hexa-rotor and /
or octo-rotor or with several powertrains are used (MPG) with rotating wing CW and CCW (propeller). For
other applications or tasks of UAS systems in agriculture, the beginning is timid and / or just beginning to
take shape. The following is a brief presentation of professional UAS platforms for the agricultural
environment. The information is from the public sites accessed in the period 2020 ÷ 2021, they have an
academic character for didactic use and not a commercial one (not mercantile or market purpose). The
paper does not aim to be exhaustive but examples given by UAS platforms must cover the current tasks of
agridrones in precision farms.
α-UAS Aurelia X6 Pro (Aerospace) (link: https://uavsystemsinternational.com/products/aurelia-x6pro) is an aerial platform designed for professional and agro-industrial use, has a flight range of up to 55 min
and unbeatable payload versatility for loads up to 5 kg for an AUW of 10,346 kg. The UAS platform
presented in Fig.1, is easy to transport, handle, pilot and versatile in monitoring operations. The purchase
price of the UAS Aurelia X6 Pro is $ 8,699.95 USD (equivalent: € 7,520.44).

Fig. 1 – UAS agridrone, model Aurelia X6 Pro (Aerospace)

β-UAS SwitchBlade-Elite (link: http://www.visionaerial.com/platforms/switchblade/), is a professional
tricopter model, fast and easy to fly, with high crop monitoring performance. The UAS is part of the category
of light agridrones equipped with high-performance devices (see Fig. 2). It has a wide range of on-board
sensors, including GPS, Radar, Lidar, as well as infrared, ultraviolet and visual cameras that provide multiple
varieties of hyperspectral images of monitored crops. The drone has a cruising speed of more than 100
km/h, a maximum operational altitude of 4,500 m and a range of ~ 40 min. The diameter of the propulsion
system is 0.862 m, the UAS weight without battery is 2.70 kg, the payload of 2.30 kg and an AUW of max.
5.00 kg. The agridrone is foldable and easy to transport. The purchase price of SwitchBlade-Elite starts at ~
$ 9,450.00 (equivalent to € 7,970.93) and increases depending on equipment and offline analysis software
applications.
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Fig. 2 – UAS agridrone, model SwitchBlade-Elite

γ-UAS BirdsEyeView Aerobotics (see link: https://www.birdseyeview.aero/), model FireFLY6 Pro is
a professional UAS with fixed wing / VTOL and hexa-rotor pivoting propulsion system. It has an AUW of ~
4.50 kg and a flight range of ~ 50 min. The payload of the drone (video camera, infrared sensors, MicaSense
RedEdge-M multispectral sensors, etc.) of ~ 0.70 kg is chosen by the operator depending on the flight
mission and attached to the UAS platform mounting slot. The on-board monitoring equipment is activated via
the plug-and-play system. The frame of the carbon fibre drone has the overall dimensions: L * W * H ≡ 0.828
* 1.524 * 0.234 m. The land area covered by agridrone overflight is greater than 240 ha at a speed of 16. (6)
m / s, (60 km / h). This productivity performance is made possible by the fixed-wing design of the FireFLY6
Pro. The agridrone, easy to transport and pilot, is versatile in monitoring operations. The FireFLY6 Pro aerial
platform from Fig. 3, fully equipped has a purchase price of ~ $ 18,444.00 (equivalent to € 15,557.23).

Fig. 3 – UAS agridrone, model FireFLY6 Pro

δ-UAS AirBoard AGRO (link: https://www.idra.co/post/latvian-startup-airboard-launches-agriculturedrone-for-vineyards-video; https://www.facebook.com/airboardofficial/), is a professional model quad-copter,
octo-rotor with a payload of ~60.00 kg and flight autonomy of ~15 min. The estimated MTOW is ~120 kg.
The higher the payload, the lower the flight range due to the limited possibility of storing electricity on board
the agridrone. UAS platform model AGRO from Fig. 4 is a agridrone for pesticide spraying, intended
especially for vineyards in steep hilly areas for phytosanitary treatment. Note the cylindrical tank of the spray
system and the way of hooking on the platform structure. The transverse rod has 10 spray nozzles and is
fixed to the landing gear. The land area covered by overflight is ~ 0.80 ha at low altitude (ground-oriented onboard radar helps to improve the quality of precision spraying). AirBoard Agro platform costs ~$65,000.0
(equivalent to €54,824.50).

Fig. 4 – UAS agridrone, model AirBoard AGRO

ε-UAS Agri Y25 (see link: https://www.richenpower.com/), professional hexa-copter model with AUW
of 59.20 kg has the maximum take-off weight MTOW of 82 kg and flight range of ~ 30 min (see Fig. 5). The
land area covered by overflight is ~ 14 ha / hour at a maximum operating speed of 7 m / s. The capacity of
the phytosanitary agent tank is 20 l standard (max. 25 l). The spray system has 8 nozzles and achieves a
spray flow of maximum 3.60 l / min with a droplet size of (130 ÷ 250) μm. The overall dimensions of the
agridrone with crossed arms are: L*W*H ≡ 1.35*0.96*0.998 m. The landing gear provides a stationary
ground clearance of 0.25 m, so that the UAS can take off and land between plants. The Agri Y25 aerial
platform has a "hybrid-engine" of MPG propulsion system. The electro generator group with thermal motor,
works in buffer with the electric battery through an electronic management system of the generated electric
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power. The Y25 is fully electrically driven and easy to pilot RC. High precision positioning, cloud
management, everything you want to have a UAS system as a stand-alone agricultural sprayer is fully
integrated. Agri Y25 allows the spraying by variable rate application of the phytosanitary agent, punctually
and only where necessary, thus reducing the use of chemicals on agricultural land. The agridrones Agri Y25
can also perform formation flights (swarms of drones), thus optimizing the productivity of the spraying
operation. The purchase price of ε-UAS is ~$ 27,200.00, (equivalent to € 23,058.75). Cost Cutting is always
Top Priority ≡ 0.48 USD / ha.

Fig. 5 – UAS agridrone, model Agri Y25

ζ-UAS, DRONE4AGRO (see link: https://drone4agro.com/) is a professional multirotor multi-copter
with 8, 12, 16 or 24 MPG, corresponding to the payload of 15, 25, 50 and respectively 80 kg. The UAS range
given by the spray arm depends on the number of engines and can have a length of 3, 4,50, 6 or 9 m. The
flight autonomy of agridrone, regardless of the variant, does not exceed 25 minutes. The weight of agridrone
without phytosanitary agent (AUW) is the same as the weight of the payload it can carry. For the payload of
50 kg, we have an MTOW of 100 kg. Note the simplicity of the Drone4Agro platform frame structures made
from a CF (∅4 ") country with MPG transverse support. Also, the sprayed phytosanitary agent is stored in two
cylindrical PVC tanks centred equidistant from the centre of gravity (CG). The image of Fig. 6 for ζ-UAS
platform does not require additional comments; we do not have a price offer yet!

Fig. 6 –UAS agridrone, model DRONE4AGRO-Loweheiser

η-UAS, AeroSeeder (see link: https://www.aeroseeder.com/) is a professional octo-copter, an UAS
system for sowing operations of cover crops and spraying plants. It has an AUW of 25.00 kg at a payload of
13.60 kg. The cruising speed of 35.0 km/h, ensures the coverage of an arable land area by overflight of ~
240 acres (~ 97,128 ha) in 8 hours. The overall dimensions of agridrone are: diameter 1.65 m and height
1.39 m. There is a special construction of the structure of the agridrone. AeroSeeder is guided by GPS,
equipped with altitude and terrain tracking sensors. It flies autonomously on a predetermined route. The
agridrone, easy to transport and handle, is versatile in sowing operations. The purchase price of the
AeroSeeder air platform is ~ $ 11,000.00 (equivalent to € 9,257.63).

Fig. 7 – UAS agridrone, model AeroSeeder

θ-UAS, GAIA 160AG (see link: https://www.foxtechfpv.com/gaia-160-ag-hexacopter-arf-combo.html)
is a professional platform hexa-copter aerial platform with AUW of 24.00 kg, 22.50 kg pesticides payload,
MTOW of 46.5 kg and flight range of ~ 18 min (see Fig. 8). Made of CF (carbon fibre), agridrone has low
weight and high strength. The closed structure of the fuselage protects the GAIA hexa-copter and the
equipment embedded in rain and dust. The agridrone is equipped with a 2.8-meter-long tube with four
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nozzles. The new water-saving nozzles save excessive pesticide consumption and at the same time improve
spray efficiency. The pesticide container has a distribution network to prevent liquids from escaping in flight.
The vortex of the propeller helps the agridrone to spray the pesticide evenly on both the front and back of the
plant's leaves. The GAIA 160AG aerial platform is equipped with 6 (six) high-efficiency MPGs, which can
develop a lifting force of over 70 daN. The agridrone supports both manual and automatic flight, and can
perform automatic spraying on planned flight routes. The UAS platform is equipped with a set of PALADIN
flight controllers, which allow easy take-off and landing at the push of a button. Adopting a reliable algorithm,
the PALADIN flight controller ensures a stable agridrone flight attitude. The microwave radar module can
provide high-precision altitude information, so the GAIA 160AG flies over crops at a constant spray distance
to ensure uniformity of the sprayed pesticide. The UAS platform has an integrated on-board flow meter for
spraying. The radio controller is DA16S + with datalink and radio link built into the interior, with a
transmission distance of up to 8 km. All this makes pesticide spraying work efficiently and safely. The
purchase price of the GAIA 160AG aerial platform is ~ $ 4,559.00 (equivalent to € 3,943.27).

Fig. 8 – UAS agridrone, model GAIA 160AG

ι-UAS, VoloDrone (see link: https://www.volocopter.com/solutions/volodrone) is an aerial platform,
model multi-copter octodeca-rotor with rotating wing and the following basic specifications: 200 kg payload,
30 min flight autonomy, 80 km/h cruising speed, range up to 40 km. The spray system has two phytosanitary
tanks, a pressure pump, an 18-nozzle bar and a GPS management controller for spraying up to 6 ha/hour.
Due to the low altitude in flight, a very large coverage of the area and improved spray management can be
achieved. VoloDrone is a sustainable and cost-effective alternative to helicopters, with GPS control being
possible operations specific to the work area. The UAS platform works 100% electrically and flies without
emissions. Clean and quiet, it is the perfect multifunctional operational tool in agriculture-4.0, as it can
increase productivity in plant protection, sowing, management of precision farm emergency missions, frost
control and many other heavy lifting operations. It is estimated a purchase price of more than 200,000.00 €.

Fig. 9 – UAS agridrone, model VoloDrone

κ-UAS, Hercules 20 (see link: https://www.dronevolt.com/en/expert-solutions/hercules-20/) is an
autonomous UAS spraying system for precision agriculture. At an AUW of ~ 15.00 kg, it accepts a payload of
15.00 kg and can take off at an MTOW of 33.00 kg. With the 2 additional batteries, the Hercules 20 is an
extremely versatile platform and a heavy lifting system with excellent endurance capabilities that can fly for
up to 40 minutes in a wide range of operating conditions. The maximum flight speed is 25 km/h. The aerial
platform integrates an AI spray system, which makes the difference in the multifunctional UAS category.
Thanks to its expertise in AI, Drone-Volt offers multifunctional solutions based on computer vision and
artificial neural networks, such as: (i) Object detection, counting, segmentation and tracking; (ii) Detection
and monitoring of humans or animals; (iii) Counting the crowd; (iv) Thermal detection; (v) NIR mapping; (vi)
Detection of compliance; (vii) Detection of the use of protective equipment; (viii) Face detection and
recognition; (ix) Fire detection (flames and smoke); (x) Collaborative operations in "Swarms" of agridrones.
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The platform shown in Fig.10, easy to transport and pilot, is ideal for demanding missions and applications.
The purchase price of the Hercules 20 is ~$13,919.40 +VAT USA (equivalent 12,032.25 €).

Fig. 10 – UAS agridrone, model Hercules 20

λ-UAS type 4.0-MHRT is a new INMA concept (https://inma.ro/en/) of multifunctional UAS platform in
the field of agriculture-4.0, for aerial mapping applications of crops and phytosanitary treatments. The UAS
platform has the following general characteristics: (i) Total System Weight, AUW = 33.00 kg; (ii) Payload
(phytosanitary agent), PL = 33.00 kg; Maximum take-off weight, MTOW = 70.00 kg; Flight autonomy
(depending on the flight mission), FA = 17 ÷ 34 min; Maximum flight altitude, FA = 200 m; Minimum flight
altitude, ~ 2 m; Cruising speed, CS = 30 km/h; Overall Dimensions, (L*W*H) = (1.00*1.00*0.50) m; Landing
gear height, LGH = 0.172 m. The agridrone allows the spray of the phytosanitary agent by applying at a
variable rate (only in hot spots) to reduce pollution by reducing chemicals (ZP - zero pollution) or can be
programmed for a uniform coverage of crops in the monitored perimeter. The novelty element is represented
by the Delta wing with integrated tank of the phytosanitary agent. To increase productivity (ROI), it can fly
collaboratively in the drone’s swarm. It is estimated an offer price of €34,567.00.

Fig. 11 – UAS agridrone, model 4.0-MHRT INMA-Y6

MATERIALS AND METHODS
Currently, to build an edge-system UAS agridrone model requires "skills of mechatronics" and a
proper method of optimizing the flight platform. The first step in the design flow of the UAS aerial platform is
given by "Purpose of the UAS in precision agriculture": monitoring the health of agricultural crops; spray
phytosanitary agent for ecological treatments; logistics operations for heavy lifting capacities; other flight
missions. The second step refers to "Drone design requirements" and concerns in particular "embedded
equipment’s", hardware-software of the UAS system. The third step of the flow is represented by "Initial
concept and design of agridrones". The UAS concept in the present paper is given in Fig. 12 b) and
represents a multifunctional agridrone with multiple flight missions. Based on the introductory data, only step
IV of the design flow regarding the “Market survey of agridrone” is approached.
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a) Flowchart of the preliminary design process of UAS, [2]

b) Initial Concept and Design 4.0-MHRT

Fig. 12 – UAS agridrones design process

According to the literature [2], a preliminary design flow identical to that of high-payload drones has
been adopted. The flow chart of the UAS platform design flow is presented in Fig. 12 a). E.g.: Similar to the
standard approach in fixed-wing aircraft, the proposed conceptual design phase starts with the generation of
initial concepts and designs based on the defined design requirements to envision the desired vehicle
configuration. This initial design exploration is crucial as it drives the entire design phase all the way to the
detailed design. The detailed market survey provides statistical data of available products that have similar
capabilities or design requirements. The market data is used to derive empirical trends of critical vehicle
components which drives the subsequent mass sizing process. Hence, it is crucial to have reliable market
data to ensure that the resulting UAV design is realistic within current market standards and novel
technologies. This paper summarizes the current market trends in the area of heavy-lift drones. (Wayne Ong,
et al., 2019).
For step no. 4 - Market survey, we start from the natural question of a horticultural farmer: "How
much is a kg of agridrone?". The price of a UAS air platform is quoted in one currency (e.g., €, $, £, ...). In
modern economies, prices are expressed in units of a certain form of currency. More precisely, for raw
materials, prices are expressed as currency per unit weight, (e.g., €/kg) [3]. We extrapolate: "What is the
correct price of an agridrone?". E.g.: In addition to the differences between real and ideal prices, it may be
impossible at any time to know what the "right" price of a particular product should be, even if it is traded for
a real price anyway. The "right" level of prices is only an ideal price, i.e., a price at which supply and demand
would tend to balance. However, due to insufficient information, this price can never be reached; supply and
demand can only be adjusted at random, using inadequate information. (Randall S. Kroszner, 2017).
Ignoring the financial and accounting speculations between the notions of cost and price for an industrial
product unit called agridrone, we define below the TEI indicator (Technical-Economic Indicator) that can be
useful to the farmer in choosing an aerial platform UAS model agridrone. Thus, the delivery price of a UAS
composed of direct, indirect manufacturing costs and other commercial additions is transformed after the
purchase of the aerial platform from a "fair price" into a direct cost of equipping the farmer for a precision
agricultural process. The amortization of the value of the purchased UAS system is done in a short time and
will positively influence the ROI indicator of the agricultural process, according to the case studies
disseminated in the literature. By definition, the notion of Specific Cost (SC) of a UAS aerial platform,
purchased by the farmer for the agricultural process is the commercial quality indicator given by the ratio
between the purchase price per piece (PP) and the total weight of the system (AUW). Denoted by ζ, the unit
of measurement [€/kg] results from the relation:
𝑆𝑆𝑆𝑆 = 𝜁𝜁 = 𝑃𝑃𝑃𝑃�𝐴𝐴𝐴𝐴𝐴𝐴 ,
[€�𝑘𝑘𝑘𝑘]
(1)
For the purchase of an agridrone UAS platform, it is recommended to calculate the TEI – technicaleconomic indicator (quality-price), given by the relation:
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where:

𝑇𝑇𝑇𝑇𝑇𝑇 = 𝜓𝜓 = 𝜁𝜁 ∗

𝑃𝑃𝑃𝑃
𝐹𝐹𝐹𝐹
∗
,
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 60

ζ
- represents the specific cost (1);
PL
- payload in kg;
MTOW - total take-off load in kg;
FA
- flight autonomy in min,

€
[ ∙ ℎ]
𝑘𝑘𝑘𝑘

(2)

and in which, always the restrictions (3) are not false:
𝑃𝑃𝑃𝑃
<1
�𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
(3)
𝐹𝐹𝐹𝐹
≤1
60
Using the general data of the UAS platforms presented in the introduction of the work, the summary
table below with the SC and TEI indicators corresponding to the models (α ÷ λ)-UAS shown above is
obtained.
Table 1
#
m
1
2
3
4
5
6
7

n

General
characteristics
UAS
AUW [kg]
Payload (PL) [kg]
MTOW [kg]
Flight Autonomy
(FA) [min]
Purchase Price [€]
Specific Cost
SC = ζ [€/kg]
T-E Indicator
TEI = ψ [€/kg*h]

CS & TEI, Matrix Indicators of aerial platforms (α ÷ λ)-UAS

1
2
3
Aerial mapping of crop

4
5
6
Crop spraying activities

7

8
9
10
(11)
Heavy lifting multifunctional operations

α-UAS

β-UAS

γ-UAS

δ-UAS

ε-UAS

ζ-UAS

η-UAS

θ-UAS

ι-UAS

κ-UAS

λ-UAS

10.35
5.00
15.35

5.00
2.30
7.30

4.50
0.70
5.20

60.00
60.00
120.0

59.20
20.00
82.00

50.00
50.00
100.0

25.00
13.60
38.60

24.00
22.50
46.50

300.00
200.00
500.00

15.00
15.00
33.00

33.00
33.00
70.00

55

40

50

15

30

25

(60)

18

30

40

34

7,520.4

7,970.9

15,557.

54,825.

23,059.

56,789.

9,257.6

3,943.3

234,567.

12,032.

34,567.

726.61

1594.2

3457.1

913.75

389.51

1135.8

370.30

164.30

781.89

802.13

1047.5

216.95

334.85

387.82

114.22

47.50

236.62

130.47

23.85

156.37

243.07

279.83

It is quite difficult for the manager of a horticultural farm to choose an agridrone from such a diverse
palette of UAS platforms. Between the giant ι-UAS with PL of 200.00 kg and the agile α-UAS with 55 min
FA, the farmer's options will, in the first instance, turn to the θ-UAS system with PP of €3,943.39, which is
much more affordable from a financial point of view for Start-up farms from agriculture-4.0. It is found in the
Discussions section of the paper with a prior analysis, so that the choice of comparative becomes easy.
Based on the data from Table 1, the graphic representation from Fig. 13 was obtained in which bar-graph
TEI diagrams suggests an optimal choice of an agridrone given the criteria: payload, flight autonomy and
last but not least the purchase price per piece of an aerial platform. The Pareto curve indicates that the κUAS and λ-UAS platforms are of interest and need to be analysed.

a) Technical-Economic Indicator TEI = ψ [€/kg*h]

b) Pareto curve of the 80/20 principle for TEI indicator of UAS

Fig. 13 – TEI bar-graph diagrams for aerial platforms (α ÷ λ)-UAS
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The design requirements of a multifunctional agridrone that responds to complex operational plans
with multiple flight missions are further highlighted.
Design requirements for Mission Plan of UAS platforms
Monitoring systems, the “EVI” principle
NDVI or the vegetation index of the normalized difference is the graphical indicator, relatively simple,
which is used to analyses non-contact measurements, made from a UAS platform in space, in order to
assess the vegetation state of the observed target. The following relationship gives the formula for
calculating the vegetation index for the monitored crop: NDVI = (NIR – RED) / (NIR + RED). NDVI graphic
images can be obtained in the form of a color graphic indicator using even digital RGB cameras through
simple modifications to obtain results compared to those obtained from multispectral cameras designed to
monitor the health of plants. Photosynthetically active vegetation, in particular, absorbs most of the red light
(RED) that hits it, while reflecting much of the near-infrared (NIR) light. Dead or stressed vegetation reflects
more red light and less infrared light. It is shown in Fig. 14 the hard-software principle of monitoring the state
of crop vegetation.
i.

a) Teledyne FLIR gimbal
camera, https://www.flir.eu/
products/vue-tz20-r/

b) Precision Observation with Drones, Course
c) Remote Sensing Data and Methods, Course
BE385
ABE 485/585
Link of source: https://vip.arizona.edu/VIP_Teaching.php, The University of Arizona

Fig. 14 – The hard-software principle of monitoring state of the crop vegetation
Link of source: https://modis.gsfc.nasa.gov/data/dataprod/

The Enhanced vegetation index (EVI) has been developed as an alternative vegetation index to
address some of the limitations of NDVI. EVI has been developed specifically to: (i) be more sensitive to
changes in high biomass areas (a serious shortcoming of NDVI); (ii) reduces the influence of atmospheric
conditions on vegetation index values and correct the background signals of vegetation. EVI tends to be
more sensitive to differences in vegetation, such as the Leaf Area Index (LAI), vegetation structure, and plant
phenology and stress than NDVI, which generally only responds to the amount of chlorophyll present. With
the launch of MODIS sensors, NASA adopted EVI as a standard MODIS product that is distributed by USGS
(https://www.usgs.gov/). The greenery index EVI is calculated with the relation:
𝑁𝑁𝑁𝑁𝑁𝑁 − 𝑅𝑅𝑅𝑅𝑅𝑅
(4)
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐺𝐺 ∙
𝑁𝑁𝑁𝑁𝑁𝑁 + 𝐶𝐶1 ∙ 𝑅𝑅𝑅𝑅𝑅𝑅 − 𝐶𝐶2 ∙ 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 + 𝐿𝐿
where:
-

NIR, RED, and BLUE are the fully or partially corrected atmospheric surface reflectance’s (for

Rayleigh scattering and ozone absorption);
L is the background adjustment of vegetation for the correction of nonlinear, differential, and radiant
transfer of vegetation;
- C1 and C2 are the coefficients of the term aerosol resistance (which uses the blue stripe to correct
the influences of aerosols in the red stripe);
- G is a gain or scaling factor. The coefficients adopted for the MODIS EVI standard algorithm: L = 1,
C1 = 6, C2 = 7.5 and G = 2.5.
As software / hardware requirements, EVI requires input data measurements of the surface
reflectance of the blue, red, and near-infrared bands. Given the appropriate inputs, EVI is quite easy to
calculate using image processing software (e.g., ERDAS Image, ENVI, IDRISI) or GIS software that can do
raster processing (e.g., ArcGIS with Extension for Space Analysers, GRASS). However, most EVI
applications have used the MODIS EVI standard products that can be downloaded from the USGS LPDAAC
(https://lpdaac.usgs.gov/). Fig. 15 a) & b) gives as an example the colour graphic indicator for the two
-
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variants of the vegetation index: MODIS EVI (b) compared to NDVI (a) for a location at the same time. The
NDVI image shows a larger area in dark green because NDVI loses its sensitivity to changes in vegetation in
areas with superior biomass. The EVI image maintains a more consistent sensitivity to changes in vegetation
and, in this example, has a more uniform distribution of the greenery values of the vegetation regardless of
aerosols.
Within the NUCLEU national program of INMA, works were carried out to determine the vegetation
status of the analysed crops based on spectral maps made by aerial mapping with agricultural drone
FAE750H. Several monitoring flows {cartographic scanning → process → spectral analysis → managerial
decisions} were performed for the crop investigated in the precision farm by aerial mapping with an agridrone
of the INMA institute, [4]. The Pix4D program used converts multispectral images by evaluating areas with
different productivity through NDVI vegetation indices, using RGB images to generate high-resolution
orthomosaic images. The results obtained from the images in the process area with Agisoft Photoscan are
presented in Fig. 15 c) and d). After identifying the problems for each area, the farm manager determined the
phytosanitary treatments to be applied, respectively the application of insecticides or georeferenced
fertilizers. For this purpose, georeferenced maps with homogeneous NVDI areas were exported and routes
were generated for the application of phytosanitary treatments using GPS technology.

a) NDVI

b) EVI

c) FIELD INMA

d) INMA method to identify areas

Fig. 15 – a) and b) Details of vegetation index NDVI versus EVI (source: http://rangeview.arizona.edu);
c) NDVI map of the vegetation status of the monitored crop; d) Application of the INMA visual-intuitive
method to identify areas with homogeneous characteristics (Cujbescu, D., et al, 2018)

ii.

Phytosanitary agent spray system
Most industrial drone manufacturers add a tank and nozzles to a Hub and chassis fully equipped as
an aircraft, to make an agricultural aerial sprayer. The spraying operation of the phytosanitary agent
performed by a UAS platform thus equipped will be of quality (VRA), if and only if, the on-board spraying
system is efficient through the integrated hard & soft components. The “embedded” spray model in the
Hercules 20 aerial platform is an autonomous reference system for UAS agridrones used as operational
tools in agriculture-4.0. The aerial platform contains a tank for the phytosanitary agent and an extendable rod
with 4 or more spray atomizers depending on the work plan. The Hercules 20 platform has a high level of
autonomy using a smart camera consisting of an integrated NVIDIA graphics card that allows advanced AI
applications. This is an optimal solution for applications that require real-time response, a basic functional
feature in agriculture-4.0. The figure below shows the Drone-Volt from France concept, with regard to the
phytosanitary agent spray system: (a) the classic UAS spray system assembly; (b) detail rotary head
atomizer of agridrone spray system; (c) Drone → PC communication for ground-based AI solutions; (d)
AgroFlyData - cloud-based AI solutions.

347

INTERNATIONAL SYMPOSIUM

a) UAS spray system assembly

b) The detail rotary head atomizer of H20 spray system

c) AI solutions based on the ground station

d) Cloud-based AI solutions

Fig. 16 – Phytosanitary agent spray system of Hercules 20

Source: https://www.dronevolt.com/fr/solutions/charges-utiles-drone/systeme-spray-autonome/ ;
https://www.dronevolt.com/fr/bureau-detudes/intelligence-artificielle-drone/

The following are some of the key specifications of the Hercules 20, which distinguish this platform
from other UAS agridrones in the same operating class.
a) Spread the pesticide safely on hard-to-reach plots or on hills: (i) Minimum 4 nozzles; (ii) Precise
spray flow control; (iii) Drop size adjustment via a mobile IoT application; (iv) 20 l tank; (v) IP67
protection against water and dust;
b) Powerful atomizer: (i) 6 to 10 l sprayed / hectare depending on the size of the droplets with coverage
~ 2 times larger than the current agridrons on the market; (ii) Adequate spraying to prevent drops
from falling from the plant if it is too large or dispersing into the atmosphere if it is too small; (III)
Homogeneous droplet size (95 ÷ 100% have the same size);
c) Rotary atomizing head: (i) Light and simplified structure; (ii) Brushless system; (iii) Completely
waterproof; (iv) Resistant to chemicals; (v) Low energy consumption;
d) Integrated control: (i) Control through the iOS / Android application; (ii) Bluetooth transmission; (iii)
Quick and easy installation; (iv) Detachable battery; (v) Long life expectancy; (vi) IP67 protection;
e) The importance of the size of the drops or how much surface can be covered with a single drop? By
reducing and controlling the size of the drops, the spraying system of UAS agridrone can cover a
much larger area with a unit of phytosanitary agent. By halving the size of the drops, you get eight
times more coverage, says Drone-Volt.
Artificial intelligence gives UAS platforms the ability to interact intelligently. This is why the fusion of
drones and AI is the answer to many needs in aerial imaging for different sectors such as security and / or
agriculture. Based on the experience gained in computer vision and deep learning (Machine Learning), ML
offers the most suitable solution to farmers and can achieve their goals through three axes: artificial
intelligence on board, through ground station (online - real-time video processing; offline - post-flight video
processing) or in the cloud. Drone-Volt offers new solutions for cloud-based AI applications, enabling
subscriber farmers to process data remotely on GPU servers.
iii.

Flight control system (autopilot) and embedded equipment
UAVs or UAS operational platforms dedicated to agricultural flight missions, like any aircraft, have
integrated electronic systems that ensure the flight attitude, air navigation and work mission for which they
were designed. Also known as "Avionics", these systems are a set of "hardware-software" components
interfaced by standardized RPAS protocols so that the operation of the aircraft is safe and the operational
process of use is safe. The block diagram of the avionics system for a multifunctional agridrone (aerial
mapping and phytosanitary agent spraying) is presented in Fig.17, in order to generally identify the on-board
systems.
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Fig. 17 – The block diagram of avionics system for a UAS agridrone

The flight controller (FC) or Autopilot is the brain of the agridrone. FC receives signals from the
sensors of the systems with which it is interfaced and controls the execution elements so as to ensure the
flight attitude and the working mission of the agridrone out of any state of danger (emergency). The UAS air
platform autopilot manufactured in Y6 configuration is interfaced with the following systems:
- Propulsion system (PS) consisting of 6 (six) ESC speed regulators and 6 (six) MPG powertrains
(brushless electric motor with propeller propellers, 3 CW & 3 CCW);
- Remote control (RC) system consisting of the remote control of the ground transmitter and the
receiver on board the agridrone (RCR);
- Air navigation system (GPS Compass) used especially for the scheduled flight by parameterizing the
route of crop perimeter to be monitored;
- The monitoring system consists of HD camera (high definition in the visible spectrum or NIR), PI
controller processing - image recording and WiFi transmitter of slides to the ground receiving station;
- Crop Spraying System (CSS) of agricultural crops is presented in the standard version. In the AI
version, the interface connections are more complex;
- Electricity distribution system on board the agridrone also includes the electronic board BEC (Battery
Eliminator Circuit). Power distribution node (PDN) prim onboard power management is a crucial
component of flight range. Non-polluting methods of electricity generation-distribution-storage on
board UAS aerial platforms are still a niche of interest in future research directions.
Along with previous design requirements, the agridrone avionics system is an essential component
in the development of the Mission Plan for a multifunctional flight platform, as embedded equipment’s
performance ultimately makes the difference between UASs in the same category of applications.
DISCUSSIONS
There are two most commonly used applications of agridrones in agriculture-4.0: monitoring or
aerial mapping and spraying crops for phytosanitary treatment. Aerial monitoring of crop vegetation
status is generally done with tri-copters or quad-copters that have AUW of the order of kg units. For
phytosanitary treatments where the payload, including the AUW are of the order of tens of kg,
multicopters model hexa-rotor, octo-rotor or with a propulsion system doubled by engines with rotating
wing CW and CCW (propeller) are used. For other agridrones applications, the onset is shy and / or just
beginning to take shape. The literature in the field of agriculture-4.0 supports these statements, [5]. E.g.:
Agriculture-4.0 is made with agridrones and other mechatronic systems (SRS) available to increase the ROI,
ensure the sustainability of the farming process and reduce environmental pollution near to "zero pollution".
So, the role of agridrones as UAS platforms is crucial in precision farming for sustainable agriculture. Aerial
monitoring of crop vegetation status is a major factor in precision agricultural management. The health status
of crops is analysed based on vegetation indices determined by reliable measurements performed with
optical sensors installed onboard agridrones. The monitoring of the resources and the state of the vegetation
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is performed aerially with non-contact sensors, the automatic data acquisition being correlated with the GPS
coordinates and their processing in the GIS system for making spectral maps, all necessary in spatial and
precision management. Detection, identification, and quantification of crop diseases are therefore done by
monitoring, the best results are obtained by thermography, chlorophyll-fluorescence, or with multi- and
hyperspectral sensors. (Caba, I.L., et all, 2021).
Thus, the usual optimization requirements or constraints for a multifunctional aerial platform UAS as
agridrone model are: (i) Monitoring the vegetation status of agricultural crops and phytosanitary spraying
operations by variable rate application, as main factors in the advanced management of precision
agriculture; (ii) Maximizing functions “𝑓𝑓𝐹𝐹𝐹𝐹 (𝑡𝑡) ≡ Flight Autonomy” and “𝑔𝑔𝑃𝑃𝑃𝑃 (𝜏𝜏𝑚𝑚 ) ≡ Payload” by CAE
technique for the optimal solution of multifunctional agridrone of “heavy lift” capacity. The experiments made
by the company Drone-Volt (https://www.dronevolt.com/en/) on the H20 agridrone for the determination of
the flight autonomy depending on the payload led to the obtaining of the graph presented in Fig. 18.

Fig. 18 - The flight autonomy of the H20 drone depending on the payload
(https://www.dronevolt.com/en/,.https://www.dronevolt.com/fr/solutions/charges-utiles-drone/systeme-spray-autonome/)

From the TEI analysis bar-graph diagrams for aerial platforms (α ÷ λ)-UAS presented in Fig. 13 b),
the Pareto curve, corroborated with above technical requirements, indicates that the κ-UAS aerial platform is
an optimal choice for any precision farm in horticulture. In the concept phase, for technological level TRL 4 ÷
5, the agridrone λ-UAS will operate only FPV in RC mode. The UAS system is scalable for subsequent
upgrades of TRL 6 ÷ 7 level. So, the parameterization of the FC autopilot for autonomous flight is
considered, including in formation flight (in swarms of drones) as well as collaborative flight missions with
other SRSs.
CONCLUSIONS
Four characteristics of agridrones are paramount: the total weight of the UAS naked system
(AUW), the payload ( PL), the Maximum Take Off Weight ( MTOW) and the flight autonomy ( FA). In
proportion to their increase, the necessary traction of the propulsion system and the capacity of the
accumulator battery increase. The critical function from this point of view is given by the energy system
on board the agridrone. The hybrid system is a solution for agridrones with a payload of more than 25
kg, but it is not recommended because it pollutes the agricultural environment. The operational flight
speed of agridrones is relatively low (~16 m/s for aerial monitoring of crops and <10 m/s for
phytosanitary treatments), which is why the aerodynamics of the multi-copter structure is no longer a
priority. For these speeds of movement of solid bodies in the air, regardless of their 3D geometric
shape, the resistance to advance is negligible in relation to the traction force developed by the
propulsion system of the agridrone. This is one of the reasons why, in general, the mechanical structure
of multi-copter drones is often in the form of a frame for fixing the propulsion system and installing onboard equipment. This is not the case with flying wing drones and ultra-light UAVs.
The agridrones intended for aerial monitoring operations of crops are generally light UAS
systems with AUW ≤ 5.00 kg and high flight autonomy, within the range of values (25 ÷ 50) min. The
agridrones intended for phytosanitary treatment operations are medium weight UAS systems with a
payload of (25 ÷ 60) kg and MTOW ∈ (50,120) kg. The flight range for these UAS systems is reduced to
(15 ÷ 25) min due to the capacity of the on-board batteries. These characteristics of agridrones are
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important for the operational productivity of the work mission. Other features related to the information
quality of the monitored data and / or the accuracy of the execution of phytosanitary treatments make it
possible to increase the ROI by increasing crop productivity. On-board equipment (Edge-AI devices)
today makes the difference between agridrones used in precision agriculture.
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ABSTRACT
Biocomposites based on chitosan attracted considerable attention due to their versatile physicochemical
properties, and superior antimicrobial and antioxidant activity.this study investigates the physico-chemical
properties and examines the antibacterial and antioxidant activities of biocomposites of
chitosan/Tempo(2,2,6,6-tetra-methylpiperidens-1-ol) (2,2,6,6 tetra-methylpiperidin-1-oxyl radical).the Filemes
have been prepared by incorporating various concentrations of chitosan (100 , 85 , and 75 % by weight),
TEMPO cellulose nanopibre (0 , 15 and 25 % by mass %) and sorbitol (25 % by weight). Biocomposite films
were left in the oven at 40 °C for 2-4 days. The successful incorporation of the chitosan was confirmed by
FTIR and by ABS measurements. The results of the antimicrobial activity showed a symmetrical reduction in
the development of Salmonella enterica bacteria, E coli and Listeria monocytogenes on the film surface with
the increase in chitosan.the results also showed a symnificative increase in antioxidant activity on films with
a higher concentration of chitosan.the improvement of antioxidant and antimicrobial activities indicates that
these chitosan films can be successfully used as material packing for various food items.
REZUMAT
Biocompozite pe bază de chitosan au atras o atenție considerabilă datorită proprietăților lor fizico-chimice
versatile, si activitate antimicrobiană și antioxidantă superioară.Acest studiu investighează proprietățile
fizico-chimice și examinează activitățile antibacteriene și antioxidante ale biocompozitelor
chitosan/Tempo(2,2,6,6-tetra-metilpiperidens-1 1-ol) (1 tetra-metilpiperidin-2,2,6,6-oxil radical).Filemele au
fost preparate prin încorporarea diferitelor concentrații de chitosan (100 , 85 , si 75 % din greutate),
nanofibrele din celuloză TEMPO (0, 15 și 25 % din masă) și sorbitol (25 % din greutate). Filmele
biocomcompozite au fost lăsate în cuptor la 40 °C timp de 2-4 zile. Încorporarea cu succes a chitosanului a
fost confirmată de FTIR și de măsurătorile ABS. Rezultatele activității antimicrobiene au arătat o reducere
simetrică a dezvoltării bacteriilor Salmonella enterica; E coli și Listeria monocytogenes pe suprafața filmului
cu creșterea chitosanului. Rezultatele au arătat, de asemenea, o creștere semnificativă a activității
antioxidante pe filmele cu o concentrație mai mare de chitosan. Îmbunătățirea activităților antioxidante și
antimicrobiene indică faptul că aceste filme de chitosan pot fi utilizate cu succes ca ambalaj pentru diverse
produse alimentare.
INTRODUCTION
Today, packaging materials are some of the major challenges facing the food industry.The most
important requirement for consumers is to have high quality food without the presence of chemical
preservatives.Food packaging materials with antioxidant and antimicrobial properties are a technology in
progress Development, which could have a symmetric impact on storage life and the quality of
alimentelor.Componentele antioxidants and antimicrobials present in packaging may serve as carrier to keep
large preservative concentrates on the food surface. Preparation of antimicrobial packaging films using
natural resources is an area of interest that is explored (No, Meyers, Prinyawiwatkul, & XU, 2007; Reesha,
Panda, Bindu, & Varghese, 2015, Soni, Hassan, Schiling, & Mahmoud, 2016).Bio packaging materials can
improve food quality and increase food life;are intended to function as barriers to oxygen , flavor , moisture ,
skirt and oil (Rhim, Hong, Park, & NG, 2006; Wong, Camirand, & Pavlath, 1994).in addition, biopolymerbased films are an excellent environment to incorporate a wide variety of additives such as antimicrobials,
antioxidants , anti-funcials , colorants and other nutrients (Han, 2003; Park & Zhao, 2004).in the paricular,
biopolymer-based anti-oxidant and anti-microbial films receive a lot of attention from the food industry for
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their potential to be applied in a wide variety of products such as meat, cereals, cheese, fruit and vegetables
(Cha & Chinnan, 2004; Han, 2003, Shiekh, Malik, Al-Thabaiti, & Shiekh, 2013).
Chitosan is a polysaccharide consisting of (1,4)-2-amino-deoxy-beta-d-glucan, which is the second
most abundant polysaccharide found in nature after cellulose (Dutta, Dutta, & Tripathi, 2004).
The active development of biodegradable packaging threads used to improve nutritional stability, quality
and shelf life of food is a possible use of chitosan biopolymers (Chen, Zheng, Wang, Lee, & Park, 2002).
Chitosan has strong antimicrobial, antioxidant and anti-Hungarian activities reported by various
researchers (Dutta, Tripathi, Mehrtra, & Dutta, 2009).
Despite these unique properties and the numerous benefits of the chitosan, chitosan films have poor
mechanical functionality, also a weak barrier against water and gas vapor, which limits its applications in
food packaging.
Because of this, several methods have been applied to improve the barriers and mechanical
performance of chitosan films (Soni et al.,2016).
The formation of biopolymer-based composite foils from the use of green polymers is becoming an
increasingly recognized alternative to the future production of materials for a more sustainable society.
In particular, chitosan and cellulose are main interests due to structural similarity which can lead to materials
that combine the properties of the chitosan with impressive mechanical characteristics Of the cellulose fiber
(Wu et al., 2004; Yin, Luo, Chen, and Khutoryanski, 2006).
Cellulose is the most common polysaccharide on earth and a classic example of a renewable
resource that can be used to generate potential reinforcement biomaterials called cellulose nanopibers.in
recent decades, the advancement of cellulose Nano fiber (CNC) has gained considerable attention due to
low cost, low density, renewal and non-abrasive nature.
All these important characteristics of the NQFs allow them to create bio-composites with easy
process capability and make them attractive candidates in nanomaterials research areas. In our previous
study, transparent bio-nano-composite sheets based on nano-fiber of chitosan and oxidized tempo with
improved mechanical and barrier properties have been successfully prepared (Soni et al., 2016).
These fully individualized cellulose nanoparticles (NNC) were extracted from cotton strains (Soni, Hassan, &
Mahmoud, 2015) by tempo mediated oxidation (2,2,6,6-tetramethylpiperidine-1-oxide radical) under the
aqueous condition (Sato, Kimura, Nishyama, & Isogai, 2007).
This oxidation phenomenon together with the ultrasound process selectively converts primary
alcohols (eOH) into aldehyde (Echo) and eventually groups of carboxylate (eCOO) (Soni et al., 2015, 2016).
The width and length of the TEMPO-NTFs were between 3-15 nm and 10-100 nm. [3]
This study aims to further examine the physico-chemical characteristics of the chitosan/TEMPO-CNF films
and to examine their antimicrobial and antioxidant properties. Antimicrobial activity of these films has been
demonstrated against a Gram-positive bacterium (Listeria. Monocytogenes) and a Gram-negative bacteria
(Escherichia coli and Salmonella. Enterica). The antioxidant activity has been determined using the
analytical test dpph and ABTS.
MATERIALS AND METHODS
2.1. Materials
The cellulose has been isolated from the cotton strains by alkaline-acid pre-treatment and used for
the preparation of nanocelulose by the cruise control oxidation method (Soni et al., 2015). The Chitosan (DD
72%) was synthesized from the brown shrimp exoskeletons in the Bay of Mississippi (penaeus aztucus). All
chemicals used in this study were purchased from commercial resources and used in this way were received
without any further purification.
The following chemicals were purchased from Fisher Scientific, USA. Sorbitol, glacial acetic acid,
ethanol (95 %), hydrochloric acid, sodium hydroxide, potassium hydroxide, potassium persulphate, acetic
acid and tempo [(2,2,6,6-tetramethylpiperidine-1-yl)oxy radical].
ABTS (2,2′-azino-bis(3-ethylbenzthiazoline-6-sulphonic)), DPPH (2,2-diphenyl-1-picrylhydrazyl) and
Trolox were purchased from the Aldrich logo in the USA. the teflon petri vessel (140mm×140 mm) was
purchased from Fluoro Lab, USA. Bacterial strains (ATCC), yeast extract and peptone water from Becton
Dickinson, MD, USA.
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2.2 Preparation and characterization of chitosan
Shrimp Exoskeletons have been obtained from the Gulf Coast of Mississippi, Biloxy, MS, which have
been dried in the oven at 40 °C for 48 h, ground and shielded by the universal vibratory screen in particle
size of 30 mesh-4 mm and finally, the moisture content has been determined. The mingled shrimp
Exoskeletons were placed in Ziploc and refrigerated bags.
The chitin was separated at several treatment steps for the preparation of the chitosan. In the first
stage, the ground peels were soaked in a 4 % HCl (1:14 g/v) solution at 23 °C for 40 hours to remove
minerals (mainly CaCO3), then the remaining chitin was filtered and washed with distiled water to neutral. In
the second step, the chitin was treated with 5 % NaOH solution (1:12 g/v) at 90 °C for 24 hours to remove
proteins and sugars from the raw chitin. After cooling, the chitin was collected and washed with distiled
water. In the third step the chitin was deacetylated with 70 % NaOH solution (1:14 g/v) at 23 °C for 75 hours
until the chitosan was produced, which has been washed several times with distiled water to obtain neutral
pH, followed by filtration to produce a creamy white product. Finally, the moisture content was determined
and the chitosan was kept in Ziploc bags for characterization.
2.3 Characterization of the chitosan
2.3.1. Determination of moisture content
The moisture content of the prepared chitosan was carried out in accordance with method NREL/TP510-42621. The mass of water was determined by drying the sample to constant weight and measuring the
sample after and before drying. The weight of the water was the difference between the weights of the dry,
wet and dried samples in the oven.
2.3.2. Ash content
To determine the ash content of the chitosan, 2,0 g of the chitosan sample was placed in the lit,
cooled and previously tar crucible. The samples have been heated in the pre-heated damping oven at 700
°C for 4 hours. The crucible has been allowed to cool in the oven to less than 200 °C and then placed in the
desiccator. The ash content has been determined in accordance with the NREL/TP-510-42622 procedure.
The percentage value of ash shall be calculated using the following equation:
2.3.3. Degree of deacetylation (%) by potentiometric titration
The chitosan (0, 25 g) was dissolved in 30 ml of 0, 1 M HCl and diluted with 10 ml of deionized
water. Under continuous agitation, 0.1M NaOH was added in drops until the pH reached a value of 3. A
value of f(x) of the corresponding volume of NaOH added was calculated using the following formula:

Where V0 is the volume of the chitosan solution (ml), V is the volume of NaOH added (ml), NB is the
concentration of NaOH (M), [H+] is the concentration of H + (M), [OH ] is the concentration of OH− (M). A
linear titration curve was obtained by plotting the volume f(x) vs. the corresponding volume of NaOH. By
extrapolation of the linear titration curve to xaxis, the volume NaOH can be estimated at the end point. Five
replies were made for the synthesized sample of chitosan. Deacetylation (DD) was calculated using the
following formula (Tan,Kor, Tan, & Wong, 1998) where NA is the HCl concentration (M), VA is the HCl
volume (ml), NB is the NaOH concentration (M), VB is the volume of NaOH at the end point (ml) and W is the
sample mass (g).

2.3.4. Degree of deacetylation (%) by elemental analysis
The deacetylation of the chitosan samples was calculated from the following formula (Jiang, Chen, &
Zhong, 2003; Kasai, arrer & Charlet, 2000):
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Table 1. The deacetylation of the chitosan samples was calculated from the following formula (Jiang,
Chen, & Zhong, 2003; Kasai, arrer & Charlet, 2000)

Where C/N is the carbon/nitrogen ration measured from the elemental composition of the chitosan samples.
2.3.5. Basic analysis
The content of carbon, hydrogen, nitrogen and oxygen (by subtraction) was measured with an EC440 elementary analyzer (Exeter Analytical, North Chelmsford, MA). Approximately 1 to 2,5 mg of samples
(chitin and chitosan) were weighed in a tin capsule using an ultra-micromolobalans (Sartorius, data
Weigthing systems, Inc., Elk Grove, IL). The sheet-plate capsule was immediately sealed with an Exeter
analytical capsule sealing device and placed inside a nickel sleeve to inject the sample. Static combustion
was carried out at 900 °C in pure oxygen and the sample was reduced to 700 °C. Helium has been used to
transport combustion products through the analytical system and also for the cleaning of the instrument. A
calibration verification standard was injected after every ten samples to ensure quality control. The oxygen
content has been calculated by subtraction. All determinations were made in three copies (Table 1).
2.3.6. Casting of chitosan/TEMPO-CNFs films
The films were cast using the same method as described in the previous study (Soni et al., 2016).
The vacuum was applied to release film solutions to prevent the formation of microbes in films. The
solutions were cast on 140 mm × 140 mm petri dishes and dried in the oven at 40 °C for 2-4 days. It was
then carefully peeled from the petri dishes.
Before characterization, all film samples were preconditioned for at least 48 hours in a constant
temperature and humidity chamber at 25 °C with a relative humidity of 50 % to ensure the stabilization of
their water content. Water vapor permeability, oxygen permeability and tensile resistance have been studied
in our previous work. The ratio of film components, thickness and moisture content value for each film is
given in Table 2.
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Table 2. The ratio of film components, thickness and moisture content value for each film is given in
Table 2. (Soni et al., 2016)

2.4. Characterization of the chitosan/TEMPO-CNFs films
2.4.1. Infrared analysis with Fourier transformation (FTIR)
Fourier transforms infrared analysis for (FTIR) chitosan, TEMPOCNFs and their films were
performed by Thermo Scientific Nicolet iS50 FT-IR spectrometer in the operating range from 400 to 4000
cm-1. The resolution was set to 4 cm-1 and in all cases 10 scans were recorded per sample.
2.4.2. Thermal gravimetric analysis (TGA)
Thermogravimetric analysis of synthesized chitosan, TMEPO-CNFs, and their different films were
performed in doubles using Thermo Scientific SDT Q600 Series Thermodigimetry Analyzer (TA Instrument).
The samples weighed between 9-11 mg in alumina buckets and heated from room temperature to 700 °C at
a heating rate of 10 °C/min. All experiments have been carried out in a nitrogen atmosphere at a rate of 35
ml/min to prevent degradation by thermal oxidation.
2.5.Antimicrobial activity
2.5.1. Bacterial strains and growing conditions
Three different bacteria have been used in this study, including: (A) a mixture of Salmonella enterica
cocktail (S. In the case of a new or a new Member State, the Commission shall Typhimurium and S.
Newport), (b) a mixture of Escherichia cocktail. Coli O157:H7 (C7927, ED933 and 204 P) and (c) a mixture of
Listeria monocytogenes cocktail (Scott A, F5069 and LCDC 81-861). These strains have been selected on
the basis of their prevalence in food and their ability to survive in food over time (Ferreira, Wiedmann,
Teixeira and Stasiewicz, 2014; Heiman, Body, Johnson, Griffin, & gt; Gould, 2015; Jorquera et al.,
2015,Lagaron, Ocio, & amp, gt; Lopez-Rubio, 2011).
All bacterial strains have been obtained from the ATCC and our personal culture collection. The
bacterial strains have been grown in the 0,6% yeast extract Tryptic soya broth and incubated at 37 °C for 24
hours prior to use. Three strains of each bacteria were mixed with an equal volume to give approximately
105 CFUml-1 in 0,1 % peptone water.
2.5.2. Evaluation of antimicrobial activity in vitro
The antimicrobial activity of chitosan film against Salmonella enterica, E. coli O157:H7 and Listeria
monocytogenes was evaluated on the basis of the disc diffusion test. 100 μl of each strain mixture has been
streaked on the appropriate selective medium: Deoxycholate lysine (XLD) xylose (difco, Becton Dickinson)
for Salmonella enterica, cefixime-terlurite sorbital MacConkey (CT-SMAC) (difco, Becton Dickinson) agar for
E. coli oford:H7 and Oxagar (MOA); Using the modified DIFCO Oxford Antimicrobic Supplement) for Listeria
monocytogenes. The film samples of the chitosan/TEMPO-CNFs (100/0, 85/15,75/25) and the control
sample (TEMPO-CNF film) were prepared in 8mm diameter discs and sterilized using 1 kGy x-ray irradiation.
The film samples were placed on the surface of the inoculated agar plates using a sterile tweezers and
lightly pressed to ensure full contact with the agar surface.
The plates were then incubated at 37 °C for 24 hours, then the area where the film was placed and
its surroundings were carefully observed (rim et al., 2006).
All experiments were repeated three times using two samples per experiment for a total of six data
points per treatment. Inhibition activity was measured on the basis of the diameter of the inhibition zone. If
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there was no clear area around him, assume there was no inhibition zone. The contact area was used to
evaluate growth inhibition under film discs in direct contact with target micro-organisms in the agar.
2.6.Antioxidant properties
2.6.1.Preparation of the sample
To obtain the sample extracts, 250 mg of synthesized chitosan and each biocomposite film based on
chitosan/TEMPO-CNF (100/0, 85/15 and 75/25) were placed in capped centrifugal plastic tubes and 25 ml of
methanol was added. The tubes were then centrifuged (Fisher Scientific, AccuSpin™ 3R) at 1000 rpm for
10 minutes at 30°C and the supernatant was transferred to another set of glass tubes. The obtained extracts
were stored at 23 °C and measured before 24 hours.
2.6.2.Activity to eliminate DPPH free radicals
The antioxidant activity of biocomposites chitosan and chitosan/TEMPO-CNFs has been assessed
using the free radicals cleaning dpph test according to the method described by (Wangcharoen & Mortuk,
2007) with slight modifications. An aliquot quantity of 0,6 ml of the supernatant (prepared samples), 1,2 ml
0,8 mm dpph solution and 10,2 ml methanol were mixed and stored at room temperature for 1 min. then the
absorbance at 517 nm was measured by means of a UV-VIS Varian carry100 spectrophotometer (Australia).
The cleaning activity DPPH was calculated on the basis of a calibration curve established with Trolox and
expressed in mg Trolox equivalent/g film. Two replicate tests were performed for each experiment.
2.6.3.radical ABTS free cleaning activity
The ABTS free radical cleaning activity of bio-composite films and synthesized chitosan was measured
according to the method described by (Carasco-Castilla et al., 2012) with modifications. The radical cation ABTS
(final concentration of 7mM) was prepared by dissolving ABTS in 2,45 mm potassium persulphate and kept in a
dark place for 12-18 hours. The absorbance of this radical cation solution was adjusted to 0,70 ± 0,02 at 734 nm
with methanol dilution. This solution was used as a working solution. A 5,0 ml dilute solution of radical ABTS
cation and a 0,05 ml aliquot solution of the supernatant from each sample were mixed and allowed to continue for
6 minutes. Absorbance values for all solutions were measured at 743 nm. The activity was determined as an
equivalent sample/g of mg Trolox by calculation on a calibration curve established with Trolox.for each experiment
two replication attempts were made to minimize the experimental error.
RESULTS AND DISCUSSIONS
3.1. Infrared Fourier transformation analysis (FTIR)
Fig. 1, shows the FTIR spectrum of the prepared chitosan species ,TEMPO-CNF and bio-composite
films of different compositions. Glucosamine, a major group (NH2 representing the free amino) present in
the chitosan, has a principal absorption band between 1220 and 1020 cm-1 at C2. TEMPO-CNF have a
prominent peak of 1610 cm-1, corresponding to the carbonyl groups (Morán,Alvarez, Cyras, & VÁZQUEZ,
2008, Soni et al., 2015). In all bio-composite films with different compositions (100/0, 85/15 and 75/25) the
3348 cm-1 tape is associated with hydrogen connections OH and NH. The dominant spectral band at 3340
and 1040 cm-1 corresponds to the stretching vibrations of the OH and C-O ether groups.

Fig.1. FTIR spectra of the prepared receipts, TEMPO-CNF and various biocomposite films.
(Bhawna Sonia et.al 2018)

The 1592cm-1 tape is associated with the stretch and bending of the neh (el brim et al.,2015). The
spectral bands observed in all bio-composite films in the region 1639–1648 cm–1 are attributed to the
357

INTERNATIONAL SYMPOSIUM

bending of the adsorbed water by OeH. Spectra have been developed after drying, but part of the polymer
adsorbed water is difficult to extract due to polymeric interaction (Morán et al., 2008). Peaks in the region
2898–2900 cm-1 show antisymmetrical and symmetrical vibrations of CH2 groups (Soni et al., 2015). Other
peaks include CH2 shears at 1410-1420 cm-1, Czech bending at 368-1373 cm-1, CH2 agitation at 1317 cm1, COLOC pyranose ring vibrating at 1048cm-1 in both chitosan and cellulose molecules and β-glycosidic at
891–896 cm-1 (Chen et al., 2011; Garride & Wyeth, 2003, Kumar, negi, Choudhary, & amp, Bhardwaj,
2014). The major bands of chitosan at 1633 cm-1 and 1520 cm-1 correspond to the extent of the carbon
(C)O of the acetyl groups and neh bending vibrations.
Broadband at 3200-3450 cm-1 in bio-composite follicles has moved easily to a larger wave number,
which suggests a strong interaction between positively charged chitosan (eNH3+) groups and negatively
charged carboxylate groups (eCOO) on TEMPO-CNF (de Mesquita, Donnore, & amp; PEREIRA, 2010; Li,
Zhou, & Zhang, 2009). When TEMPOs-CNFs have been included in chitosan films, the neh bending band
has almost disappeared, which suggests the formation of hydrogen links between the chitosan and the
CNC.these results indicate that the molecular link of hydrogen occurs between TEMPO-CNFs and the
chitosan molecules in the mixed sheets, This leads to a good mixed movement (Soni et al., 2016).
3.2. Gravimetric thermal analysis (TGA)
The thermal stability of the prepared chitosan, TEMPOs-CNFs and all bio-composite films of different
composition is shown in Fig. 2. All samples showed a slight decrease in weight at low temperature from 100
to 125 °C in the interval due to evaporation of intermolecular absorbed water and acetic acid (Kumar et al.,
2014; Soni et al., 2016). However, the pyrolysis processes and degradation behavior of these samples are
completely different in the high temperature range. The TGA-related weight (%) curve and solid lines, if
thermal degradation of the chitosan has been initiated at 292 °C in the nitrogenous atmosphere. The DTG
curve represented by the derating weight. (%/°C) and dashed lines. An extended pyrolysis process starts at
215 °C and reaches a maximum of 380 °C (Neto et al., 2005; Tirkistani, 1998). This range corresponds to
the decomposition (oxidative and thermal) of biopolymers and vaporization and removal of volatile products.
Thermal degradation of TEMPO-CNF starts at 215 °C and the entire TEMPO-CNF pyrolysis process is in the
temperature range of 180-260 °C to 260-350 °C, thus displaying two large peaks. The reason may be the
formation of the groups of carboxylate (eCOO) in TEMPO-CNF by tempo mediated oxidation in the primary
groups of the EOH C6 cellulose which lead to a significant decrease in the thermal degradation point (Soni et
al., 2016). This result shows that the carboxylate groups created by tempo mediated oxidation contribute to
a significant reduction in the degradation temperature due to their nano-sized fibers (Soni et al., 2015).
In bio-composite films, the amount of water absorbed in the pure chotsan film (100/0) is higher than that of mixed
chitosan/TEMPONF film (in particular, 72/25). Suggesting that TEMPONF was properly dispersed in the chitosan
for this reason, preventing the absorption of moisture by the films (Soni and colab., 2016).in the TGA
thermography, thermal degradation of the chitosan film 100/0 and other TEMPO-CNF reinforced films (85/15 and
72/25) Initiated at 240 to 250oC below N2 atmosphere.However, all films in the DTG curve have shown prominent
pyrolysis with degradation in one step and the associated major loss in weight is observed between 220-380oC.

Fig.2. The TGA and DTG curebe of the prepared chitosan, TEMPO-CNF and various biocomposite films.
(Bhawna Sonia et.al 2018)
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As shown in this research, there are not many differences in the degradation temperature for all
bio_composite films.therefore, these films demonstrate reasonable thermal stability, which is mainly due to the
presence of high compactivity and the crystalline structure between TEMPO-CNF and chitosan polymer (Soni and
colab.,2016).this result shows that the inserted eCOOH fragments may affect the thermal stability of the chitosanbased composites due to their nano-sized fibers and the large number of vacant heads.
3.3.Antimicrobial activity
Antimicrobial activity is very important for the packaging of food, in this research is evaluated by the disc
diffusion method. Fig.3 presented photographs of the antimicrobial properties of the blank sample and of the
various bio-composite films with three mixtures of bacterial strains of cocktails.all the chitosan/TEMPO-CNF films
(100/0,85/15 and 75/25) showed a clear antimicrobial property on both the Gram-positive and the Gram-negative
bacteria.
The TEMPO-CNF film (control sample) shows no antimicrobial effect, while the different
chitosan/TEMPOCNF films have a complete inhibition for all three types of bacteria (Salmonella enterica, Ecoli
O157:H7 and Listeria monocytogenes).25 film compositions showed a lower inhibition.this may be due to the
concentration of amino groups in the combination of chitosan film (100/0) concerning antimicrobial
property.therefore, the significant reduction in growth of the tested bacteria increases by increasing the
percentage concentration of chitosan in the film (antimicrobial activity:100/0>85/15>75/25/).
For mixtures 85/15 and 75/25, TEMPOs-CNFs have dispersed homogeneously in the matrix of the
chitosan.thus, The local concentration of the amino groups in these samples is lower than that of the treated
chitosan film (100/0).one of the reasons for the antimicrobial activity of the chitosan may be the positive loading of
the amine group (eNH3+) at pH values lower than pKa(pH<6,3) carrying 50% of its total charged electricity.allows
for interactions with Negatively charged microbial cell membranes, which are likely to cause leakage of nucleic
acids, proteins, low molecular weight materials and other intracellular constituents (Helander,NurliahoLassila,Ahenainen,Rhoades and Roller,2001;Lagaron and colab.,2011).another reason for the antimicrobial
characteristic scan is the frochitegan and electron cell adsorption. Disturbing the physiological activities of the
micro-organisms and causing their death(Kong,Chen,Xin,&Park,2010;Raafat&Sahl.).
This excellent dispersion of TEMPO-CNF in nanometric sizes with diameters of 3-20nm and length
10.100nm (Soni and colab., 2015) are strongly mixed in chitosan biopolymers and formed a composite frame that
is directly correlated with its effectiveness for improving the properties of bio-composite films.higher concentration
of TEMPO-CNF(15-25% by weight) It increases the link between the chains between biopolymers which obstruct
the transmission of water vapor and the reduction of the diffusion of water vapor through the film. The films with
85/15 and 75/25 demonstrated excellent oxygen barrier properties (Soni and colab.,2016).these properties
improve the antimicrobial properties of these bio-composite films and co-lead to a limitation of aoribe spore
germination.
3.4. Antioxidant activity
The removal activities of the free radicals DPPH and ABTS of the bio-composite chitosan/TEMPMI-CNF
films are presented in Fig.4.in this study, Trolox, a non-oxidant with a wide range of antioxidant properties, was
used as a common reference standard for these two tested oxidants (Thaipong,Boonprakob,Crosby,CisnerosStudlos-Stevilos-2006.Stevilor), indicated as previous ones. The chitosan showed good antioxidant activities, in
particular the ability to remove hydroxyl radicals (Yen,Yang and Mau,2008).it was also indicated that the degree of
antioxidant activity in bio-composite films is generally proportional to the amount of antioxidant compounds added
to the film (Moradi and colab,.2012).these observations seem to be true for the currently prepared films, because
antioxidant activity has gradually increased with the incorporation of several chitosani into the film.as is clear in the
figure, The TEMPO-CNF (witness) film showed a very low activity of removing radicals for the two tests compared
to the chitosan/TEMPO compositions.the increase in the amount of chitosan in films a gradually increases the
antioxidant activities of films.
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Fig.3.The antimicrobial property of various biocomposite films on a-inoculated media a mixture of Salmonella enterica
cocktail;(b) a mixture of E coli O157:H7 cocktail;(c) a mixture of Listeria monocytogenes cocktail.(Bhawna Sonia et.al
2018)

Fig.4.antioxidant activities of the aniferites biocomposite films determined by two antioxidant tests (DPPH and ABTS
test) (Bhawna Sonia et.al 2018)

The antioxidative activity for biocomposite films (75/25,85/15 and 100/0) for the elimination of ABTS
radicals was 5,8, 7,9 and 11,3 respectively.similarly, the antioxidative activity for biocomposite films 75/25 , 85/15
and 100/0 for the elimination of ABTS radicals was 2,1 , 6,1 and 8,2 respectively, it can be concluded that the
antioxidative activities of films over the ABTS radical are slightly higher than those of the DPPH radical.
CONCLUSIONS
Four different compositions of chitosan films have been developed and characterized?TEMPO-CNF,
And their antimicrobial and antioxidant activities were tested.the FTIR spectrum indicated the presence of
intermolecular hydrogen link between TEMPO-CNF and chitosan molecules in mixing films, which sweetly at
a good miscibility of amestecurilor.Comportamentul thermal revealed that biocomposite films have greater
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thermal stability.antimicrobial effects of all Biocomposites with different ratios and concentrations against
food pathogenic bacteria, namely Salmonella enetica, E coli O157:H& and Listeria monocytogenes, have
been evaluated in vitro and confritmated by disc diffusion test.
The antimicrobial test method shows that all biocomposite films possess antimicrobial activity
against pathogenic dietary bacteria, Even if films 85/15 and 72/25 have a lower concentration of chitosan.all
films showed the same inhibition against the Gram-positive and Gram-negative bacteria.similarly, antioxidant
activity increased with a higher concentration of chitosan in the film.the results of this study clearly indicated
that incorporation of TEMPO-CNF into a chitosan biopolymer it may lead to the production of new classes of
bionanocomposite with higher antimicrobial and antioxidative activities.
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ABSTRACT
Furrow irrigation can be used to irrigate many different crops, such as vegetables and fruit trees, but it is
most convenient for growing ordinary crops (corn, sunflower, potatoes, soybeans, wheat). In fact, it is
suitable for all crops that would be damaged if water covered their stem or crown. Until recently, furrow
irrigation was a type of low-cost irrigation system, but due to modernization its establishment and
maintenance require additional costs and efforts. These improvements have placed furrow irrigation at a
whole new level. The stress analysis allows designers and engineers to validate the performance and safety
of product quality throughout the creation of the design. SOLIDWORKS simulation integrates seamlessly
with the design process, so we can regulate linear stress analysis directly from the SOLIDWORKS CAD
model, resulting in more than costly protection, reduced rendering and delays, and greater time and costefficiency.
REZUMAT
Irigarea brazdelor poate fi folosită pentru a iriga multe culturi diferite, ar fi legumele și pomii fructiferi, dar este
cea mai convenabilă pentru cultivarea culturilor de rând (porumb, floarea-soarelui, cartofi, soia, grâu). De
fapt, este potrivit pentru toate culturile care ar fi deteriorate dacă apa le-ar acoperi tulpina sau coroană. Până
de curând, irigarea brazdelor era doar un tip de sistem de irigare low-cost, dar datorită modernizării,
înființarea și întreținerea acestuia necesită costuri și eforturi suplimentare. Aceste îmbunătățiri au plasat
irigarea brazdei la un nivel complet nou. Analiza distribuției eforturilor unitare permite proiectanților și
inginerilor să valideze performanța și siguranța calității produselor pe tot parcursul creării designului.
Simularea SOLIDWORKS se integrează perfect cu procesul de proiectare, astfel putem să rulăm analiza
liniară la stres direct din modelul CAD SOLIDWORKS, rezultând mai puține prototipuri costisitoare, redarea
și întârzieri reduse și o eficiență mai mare a timpului și a costurilor.
INTRODUCTION
The Finite Element Analysis (FEA) is the simulation of any given physical phenomenon using the
numerical technique called Finite Element Method (FEM). Engineers use FEA software to reduce the number
of physical prototypes and experiments and optimize components in their design phase to develop better
products, faster while saving on expenses. (https://www.simscale.com/docs/simwiki/fea-finite-elementanalysis/what-is-fea-finite-element-analysis/)
The analysis with SOLIDWORKS Simulation starts from the geometric representation of the model,
be it part or assembly. In our case, for each analysis we will have an assembly composed of two parts, a
universal rotor support and the rotor blade itself.
Geometry must be discretized into correct and reasonably small finished elements. By small size we
do not mean the size of the element but the number of elements in the mesh. The discretization requirement
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has very important implications, so we must ensure that the CAD geometry is really discrete in order to
obtain correct results.
As a rule, but not always, the discretization needs lead to a change in the CAD geometry. These
changes mean the cancellation/suppression of some features, idealizations or deletion of certain elements.
When we have at our disposal a discrete geometry, but not discretized, material properties, loads,
restrictions are applied, and information is provided regarding the analysis that we want to perform.
After this stage follows the division of the model into finite elements by means of a discretization
process, known as "mesh". Loads and restrictions are also discretized, and after the model reaches the
"mesh" stage they are applied to the nodes of the network of finite elements.
At the end of this stage, after obtaining the finished model, a "solver" offered by SW Simulation is
used to obtain the data of interest.
Analyzing the results can be one of the most difficult steps. The analysis provides very detailed
results that can be presented in any format. The correct interpretation of the results requires account to be
taken of the assessments, simplifications and errors introduced in the first three steps. FEM-FEA results are
provided either in the form of displacement, tension or effort.
The model analysis process contains several key steps:

• Create a study: each analysis performed on an element is a study. We can have more studies for one
model;

•
•
•
•
•

Apply material (application of material): we apply certain properties of the material;
Apply fixtures (adding supports): grips are added to represent exactly the physical model we want;
Apply loads (application of loads);
Mesh to model (discretization of the model);
Run the study (running the calculation): the solver calculates the displacement, voltage and effort at
which the model is requested;

• Analysis of results (analysis of results).(SOLIDWORKS Simulation Professional, 2018).
MATERIAL AND METHOD
The equipment for shaping the soil in compartmentalized furrows PCVM2,2+EMBC consists of the
following main subassemblies: a device for opening the watering channel, a device for making
compartmentalized furrows provided with a control mechanism and two arrow knives for simultaneously
performing the hoeing.

Fig.1 Overview of PCVM2,2+EMBC2 equipment

The experiments in exploitation conditions for the determination of the qualitative indices were
performed on the experimental lot belonging to INMA-Bucharest. The research was carried out in a soil
following a maize crop.

Fig.2 The experimental lot where the tests were carried out
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Experimental conditions:
Tractor used
Working width
Working speed
Soil type
Main works foreruns
Rotor palette size
Palette shape

Universal 445-L
1400 mm
2,1; 2,5; 3,1 km/h
Argillaceous chernozems
Ploughing, Harrowing;
400x200x260mm;
Straight surface unoptimized and optimized;

To determine the forces in the rotor measurements have been made using strain-gauges

Fig.3 Preparation of the machine for the determination of energy indices

Fig.4 Rotor blade dimensions for the unoptimized/optimized equipment

Table 1 shows the obtained force values, for the two working organs, 1 - the straight-range with the
initial dimensions, 2 - the straight-range at the optimized dimensions, recorded for different speeds. The
velocity values were calculated for a test length of 30 m at which the following values for time resulted,
t1=50s, t2=42s, t3=34s.

Speed, Km/h

Table 1

The obtained force values

Average force per organ, kN
1

2

2,16
2,57
2,84

0,33
0,38
0,41

0,50
0,53
0,55

3,17

0,44

0,58
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Static studies provide tools for the linear stress analysis of parts and assemblies loaded by static
loads. In order to start the stress analysis, we must introduce the CAD model of the ensemble and create a
new study. After performing this step we assigned the material corresponding to the analyzed model.

Fig.5 CAD model of the unoptimized and optimized rotor

In our case, the assembly consists of two components: the rotor blade and the rotor support, both of
which are made of a carbon steel of general use (standardization EURONORM 10025- E295).
The material is an extremely important entry information for any analysis. The result of that analysis
is directly correlated with the material of the analyzed part. There are several properties of materials –
breaking limit, hardness, elasticity module – that play a special role in the success/failure of the part's
behavior under a certain strain. (https://vladac-uvab.webnode.ro/_files/200000498-e9581e9583/lab.2%20%20AEF_SW.pdf)

Fig. 6 Material characteristics

In any type of stress analysis, it is very important that the analyzed part is constrained so that the
effect of the applied requests is as close as possible to the real one. If these constraints are not applied, the
part is free in space, moving in the direction of applying the stresses, and the tensions and deformations will
be void.
In our case, the rotors will be "fixed" in the areas where the screw holes are located, but also in the
area where the mounting is done on the workstation (see table 2). For better accuracy, a contact set will be
required between the rotor blade and the rotor support.
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Fixture name
Fixed-1

Components
Reaction force(N)

Rotor Fixtures

Fixture Image

Table 2
Fixture Details
Entities: 4 face(s)
Type: Fixed Geometry

X
2.964,68

Y
807,916

0

0

Components
Reaction force(N)

X
-3.824,68

Y
-807,921

Z
6,1542

Resultant
3.909,09

Reaction Moment(N.m)

0

0

0

0

Reaction Moment(N.m)
Fixed-2

Z
-6,1541
0
Entities:
Type:

Resultant
3.072,8
0
32 face(s)
Fixed Geometry

For the unoptimized rotor, the average force applied is 390N (the force obtained at an average
working speed of the organ under analysis) and is found on the most requested edge of the blade,
respectively on the edge that first comes into contact with the ground.
Discretization is the basis of FEA. This action divides the solid/surface into elements of finite size
and shape. These elements are joined together in common points, called vertices. These nodes define the
transfer of applied requests from one element to another. Discretization is an extremely important stage in
the economy of the whole analysis. Mesh control, referring to the permission to specify different element
sizes for different components, surfaces, edges or points. SW Simulation estimates a global size for the
analyzed model, taking into account volume, surface size and other geometric details. The number of
vertices and elements depends on the geometry and dimensions of the analyzed object, the size of the
elements, the tolerance of the discretization, its control, but also the specifications of the contacts.

Fig.7 Mesh of the unoptimized and optimized rotor

RESULTS
• Unoptimized rotor
When transforming the CAD SolidWorks model into the CAE SolidWorks model, due to the initial model, an
assembly resulted that could not be used to perform the structural analysis. To solve this impediment, we
isolated each benchmark, we pointed out each piece and assembled until it came to the final shape. After
making the final assembly with all the benchmarks, it is necessary to check the existence of the interferences
in the structure, Figure 3, because the presence of interference (overlapping or gaps) can cause the analysis
program not to run, or, worse, run with incorrect results. (Krasnicenko, 1964.)
For this type of rotor, the average force applied is 390N, and the mesh has 17669 knots and 9509
elements, with the minimum element size of 8.35948 mm, and the maximum size of 41.7974 mm.
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Study results for the unoptimized rotor

Name
Stres-1

Type
By: Von Mises Stress

Name
Displacement-1

Type
URES: The resulting
displacement
Type
ESTRN: Equivalent
deformation

Name
Deformation-1

Min
4.483e-09 N/mm^2 (MPa)
Nod: 6590
Min
0,000e+00 mm
Nod: 47
Min
2,676e-14
Element: 3323

Table 3
Max
8.791e+01 N/mm^2 (MPa)
Nod: 7776
Max
2.368e+00 mm
Nod: 9644
Max
2,330e-04
Element: 4532

The main results of linear-elastic static structural analysis are: the values of the reactions in the rotor
blade, the distribution of the vector field of the relative-resultant displacement in the structure, the distribution
of the tensor fields of the specific deformation.
In Figure 8(second image) the distribution maps of the relative displacement field values resulting on
the structure surface are graphically represented. Note that the maximum value (about 2.3 mm) is located at
the inferior edge of the structure.
Increasing the movement, in the conditions of the considered stress, by admitting the backlash,
contributes to the relaxation of the structure and implicitly to the increase of the safety factor. However,
exaggerated backlash generally leads to more or less premature wear (Gheorghe et. al., 2018).
In Figure 8, the distribution of the total specific deformation values is graphically represented by the color
map. The area of maximum stress (first image) is also highlighted in detail. The maximum tension will be
located in the screw holes area and the maximum specific deformation in the inferior area of the rotor blade.
The maximum equivalent tension is similarly represented graphically in Figure 8 (third image).
Note: The desired accuracy set in the study properties (in your case 99%) does not mean that the resulting
stresses will be within the maximum error of 1%. In finite element method measures other than stresses are
used to evaluate the accuracy of the solution. However, it can be concluded that as the adaptive algorithm
refines the mesh, the stress solution becomes more accurate.

Fig.8 Graphical results displayed after running the analysis (Von Mises equivalent requests, displacements,
deformations) for the unoptimized rotor

Optimized rotor
For this type of rotor, the average applied force is 540 N, and the mesh has 11361 knots and 5305
elements, with the minimum size of the element 7.23419 mm, and the maximum size of 36.1709 mm.
•

Study results for the optimized rotor

Name
Stres-2

Type
By: Von Mises Stress

Name
Displacement-2

Type
URES: The resulting

Min
0,000e+00 N/mm^2 (MPa)
Nod: 1561
Min
0,000e+00 mm
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Table 6
Max
1.205e+02 N/mm^2 (MPa)
Nod: 326
Max
2.753e+00 mm
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Name
Deformation-2

displacement
Type
ESTRN: Equivalent deformation

Nod: 13
Min
0.000e+00
Element: 731

Nod: 62
Max
3.451e-04
Element: 4707

Fig.9 Graphical results displayed after running the analysis (Von Mises equivalent requests, displacements,
deformations) for the optimized rotor

Engineers use stress to aid in the design of structures. The external load and the geometry of the
structure tells us what stress is being exerted within the material, but it tells us nothing about the material
itself. Each material has an ultimate stress – a measure of how much stress the material can withstand
before failing. https://whatispiping.com/factor-of-safety/
To properly design a safe structure, we need to ensure that the applied stress from the external
loading never exceeds the ultimate stress of the material. Part of the difficulty with this task is that we don't
always know exactly what the external load is – it may vary unpredictably, and the structure may have to
withstand unexpectedly high loads. To account for this uncertainty, we incorporate a Factor of Safety into our
design. The factor of safety is just a ratio of the failure load or stress to the allowable load or stress.
SolidWorks calculates the FOS as you calculate it manually by dividing the calculated stress from the FEM
results by the yield strength (https://www.quora.com/How-does-SolidWorks-calculate-the-factor-of-safety,
https://www.bu.edu/moss/mechanics-of-materials-stress/)

Fig. 10 Safety factor distribution on the optimized rotor blade surface

Large factors of safety in a region indicate that you can save material from that region. Many codes require a
minimum factor of safety between 1.5 and 3.0.
• A factor of safety less than 1.0 at a location indicates that the material at that location has failed.
• A factor of safety of 1.0 at a location indicates that the material at that location has just started to fail.
• A factor of safety larger than 1.0 at a location indicates that the material at that location is safe.
• The material at a location will start to fail if you apply new loads equal to the current loads multiplied by
the resulting factor of safety, and assuming that the stresses/strains remain in the linear
range.(https://help.solidworks.com/2017/english/SolidWorks/cworks/c_Factor_of_Safety_Check.htm?id=2
cc5be67f01746c589a6d003af20fa4a)
A very basic equation to calculate FOS is to divide the ultimate (or maximum) stress by the typical
(or working) stress. A FOS of 1 means that a structure or component will fail exactly when it reaches the
design load, and cannot support any additional load. Structures or components with FOS < 1 are not viable;
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basically, 1 is the minimum. With the equation above, an FOS of 2 means that a component will fail at twice
the design load, and so on.(https://www.creativemechanisms.com/blog/factor-of-safety-in-design-andengineering-the-basics)
Figure 10 shows the graphical representation of the safety factor distribution in the structure. The
minimum value of the safety coefficient is 2.4. For agricultural machinery for soil works, the usual safety
coefficient values are between 1.8 and 2.2. The optimized rotor, therefore, is not oversized or works under
much tougher conditions and the slightly increased value is not worrisome. The latter situation can appear
either due to use under improper conditions, or due to accidents (impact with hard rocks or roots in the soil).
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CONCLUSIONS
Determining inner efforts in solid body points is one of the problems of the strength of materials. If
the values of inner efforts are known, one can determine which are the most requested points of the solid
body, and it can be appreciated whether or not the solid body resists the action of the applied loads. In this
way it becomes possible to establish the dimensions of the solid body so that its resistance is ensured The
design of a product is carried out based on operating schemes, the judicious choice of the materials of the
component parts, the determination of the optimal dimensions based on the resistance calculations, the
drawing of the overall drawing and the execution drawings. The criteria underlying the choice of the optimal
constructive and functional solution are: safety in operation, consumption of material and in operation,
consumption of material and energy and a manufacturing technology that ensures a very good quality/price
ratio.
In many industries, information technologies and CAD/CAE (Design/Computer-Aided Engineering)
software are omnipresent, particularly in mechanical engineering. Application of CAD/CAE software in
designing and manufacturing results in reduction in physical prototyping and reduced product development
time.
Stress analysis allows designers and engineers to validate product quality performance and safety
throughout design creation. Solidworks simulation integrates seamlessly with the design process, so we can
run linear stress analysis directly from the CAD SOLIDWORKS model, resulting in fewer costly prototypes,
reduced delays and cost efficiency.
.
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ABSTRACT
Waste treatment is a difficult, complex, costly, and time-consuming challenge for companies and
municipalities. Some companies offer waste treatment solutions based on a unique industrial process, called
co-processing, which ensures the simultaneous recycling and recovery of waste. This industrial-scale
application of the principles for the circular economy complies with strict European and international
standards and offers the best environmental performance. This paper presents the process of co-processing
(pre-treatment and co-incineration) of waste in Romanian cement plants and its advantages.
REZUMAT
Tratarea deșeurilor este o provocare dificilă, complexă, costisitoare și de durată pentru companii și
municipalități. Sunt societăți care oferă soluții de tratare a deșeurilor pe baza unui proces industrial unic,
denumit co-procesare, care asigură reciclarea și recuperarea simultană a deșeurilor. Această aplicare la
scară industrială a principiilor economiei circulare respectă standardele stricte de la nivel european și
internațional și oferă cele mai bune performanțe de mediu. În această lucrare se prezintă procesul de coprocesare (pre-tratarea și co-incinerarea) deșeurilor în fabricile de ciment din România precum și avantajele
acestuia.
INTRODUCTION
In the cement industry, there are several technological and economic opportunities to replace natural
resources with waste from other industries. They are mainly used as raw materials, as additives to clinker
grinding, as well as alternative fuels. Mainly the wastes that can be recovered in the cement industry can be
divided into two categories:
- non-energetic waste (alternative materials) - which can be used mainly as substitutes for the silicoaluminum component of the raw material mixture, but also partially for limestone, as corrective additives in
the raw material mixture or as additives in the grinding of cement as clinker substitute.
- energetic waste (alternative fuels) - used to burn the clinker.
The co-processing of energy waste is the heat treatment process, through which all its energy content
is recovered, the resulting residue is incorporated into the combustion product, which is the Portland clinker.
By co-processing in cement plants, waste becomes an alternative source of raw materials (recovery
by recycling the mineral content of waste) and fuels (recovery by energy recovery of the energy content of
waste). Co-processing of waste in the cement industry is a method of waste recovery, recognized at the EU
level as one of the best practices for resource efficiency.
Co-processing refers to the simultaneous recycling of mineral materials and energy recovery in a
single industrial process: the manufacture of cement. The mineral part of the waste replaces the primary
mineral materials (such as limestone, clay, or iron) and the combustible part provides the fuel needed in
clinker production (Geocycle, 2016). As a result, 100% of incoming waste is recycled or recovered without
generating other waste (Manfredi and Pant, 2011; Queiroz Lamas, 2013; Mutz, and Nandan, 2014; Saveyn
et al., 2016). The used technology also ensures the high-performance destruction of toxic components
(Karstensen, 2008). Developed 40 years ago in Europe, this recycling process is now widely used and
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constantly improved worldwide. Cement kilns can use both energies and recycle some of the material
content of the waste. In this sense, it is a valuable path from waste to energy (Saveyn et al., 2016).
Approximately 1.3 million tonnes of obsolete tires are sent annually for energy recovery (including coincineration in cement kilns). On average, 92% of them are sent for energy recovery by co-processing to
cement plant kilns. Moreover, a 2015 study shows that 13.5 million tonnes of recovered solid fuel / wastederived fuel were reused, out of the 17 million tonnes of sorting waste in the EU. Of these, approximately 12
million tons were burned in cement plants and waste incineration plants (Saveyn et al., 2016).

Fig.1 - Simplified scheme of the cooling oven assembly, for obtaining the clinker, with the use of combustible
waste (Vijay et. al., 2016)

The potential benefits of co-processing technology for solid waste in cement kilns can be estimated by
the level of greenhouse gas emissions. Thus, the Ukrainian cement industry has identified the possibility of
reducing the consumption of anthracite coal in clinker production up to 262 kt/year and preventing emissions
of up to 284 ktCO2eq / year by replacing coal. Also, for the waste management sector, the potential for coprocessing was identified by eliminating MSW up to 1,213 kt MSW / year, correlated with the prevention of
greenhouse gas emissions of up to 111 ktCO2eq / year in landfills ( Kleshchov, 2019).
There are currently considerable differences in the co-processing rate in the EU Member States, with
some countries achieving a co-processing rate of only 7%, compared to 95% in others. The EU-28 average
is currently 41%. Significant differences were observed between the EU Member States regarding the use of
different treatment methods. For example, some Member States had very high recycling rates (Italy and
Belgium), while others promoted the use of landfills (Bulgaria, Romania, Greece, Sweden, and Finland).
Increasing the waste processing rate in the EU-28 to 60% will have the following effects:
• reduction of CO2 emissions by 26.0 million tons;
• processing of 15.7 million tons of waste;
• saving 11.1 million tons of coal equivalent;
• reduction of public investment of 12.2 billion euros in waste and power plants (WTE).
Co-processing technology is unique because it includes both material recycling and energy recovery
in an existing industrial process. These two aspects are the cornerstones of waste management legislation in
many parts of the world and in the international context. The benefits of co-processing are widely recognized
(Saveyn et al., 2016) and have led to the publication of specific guidelines for co-processing under the
United Nations Basel Convention (Basel Conv., 2012).
The studies also tested various options from minimization to recycling and destruction by coprocessing in a cement kiln, following the strictest environmental regulations in Ecuador for the management
of waste oils.
However, in the co-processing of waste in the cement industry, different pollutants can influence
environmental factors and the health of living things in the area. In Europe, such emissions are defined by
the European Waste Incineration Directive (2000/76 / EC) and the European Polluting Emissions Register
(EPER, 96/61 / EC). About 50 pollutants are covered with air and water emission thresholds (kg/year). It is
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stated that in Europe, cement kiln emissions to soil and water do not reach the EPER threshold values
(Rohland, 2006).
In Romania, although the developments have been significant in the last 10 years and the cement
producers have made investments of over 130 million euros in this respect, the alternative energy resources
still provide only about 25-30% of the thermal energy needed for the clinker process.
The amount of industrial and municipal waste co-processed in the cement industry in Romania in the
period 2004-2020 was approximately 4,000,000 tons, which is the equivalent of municipal waste generated
in a year of 24 cities with over 250,000 inhabitants. Thus, about 1,200,000 tons of fossil fuels and as many
tons of CO2 were saved.
MATERIALS AND METHODS
Efficient use of natural resources is an important goal of recycling companies. The increase of the
ecological efficiency of the production process is achieved especially by:
• co-processing of waste in cement plants,
• reduction of clinker factor (clinker/cement ratio used in the manufacturing process),
• increasing energy efficiency,
• intensive use, in the process of preparation of raw materials, of materials previously stored in the
form of waste from the exploitation of limestone quarries. Thus, the limestone quarries related to the
factories in Romania have increased their lifespan, reducing the consumption of natural geological
reserves. Co-processing of waste in cement plants is a method commonly used worldwide to treat
waste safely and simultaneously capitalize on its material and energy content.

Fig.2 – Incineration and storage compared to co-processing in cement plants

Co-processing of waste (sorted industrial or household) under controlled conditions (in terms of quality,
environmental protection, and health and safety) has multiple benefits:
• conservation of natural resources - by partially replacing traditional fossil fuels (coal, fuel oil, gas)
and traditional raw materials (limestone, clay, marl) with some alternatives,
• indirect reduction of gas emissions that would be generated if the waste were treated by another
method (burning in specially built incinerators, landfill),
• medium and long-term reduction of cement production costs (if all costs of collection, transport, pretreatment, and co-processing are covered by waste generators).
However, not every type of waste can be co-processed in a cement plant. First of all, they are
subjected to mandatory physico-chemical analyzes, performed in laboratories equipped with specialized
apparatus. In addition to the detailed analyzes, when deciding whether or not a waste is accepted for coprocessing, several factors are taken into account to guarantee:
• the health and safety of employees, but also of those who live near cement plants,
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• protection of local environmental factors,
• maintaining the quality of the final product,
• the operation in good conditions of the cement production process.
The co-processing, within the cement plants in Romania, has known a continuous evolution, the
investments in this field representing over 30 million euros. The development of this activity at cement plants
makes it possible to co-process a wide range of waste:
• oil (from waste oils and their emulsions to sludge, tar, and contaminated soil),
• rubber (including whole worn tires),
• plastic, paper, leather, textiles, wood (including sawdust), as such or impregnated/contaminated with
various substances, from industrial sources or the sorting of household waste.

Fig.3 - Examples of co-processable waste in cement plants

These wastes are introduced for co-processing as such or pre-treated (eg drying, chopping,
shredding, homogenization) to stabilize and optimize their quality. Pre-treatment is, therefore, an integral part
of the waste recovery process. Most of the time, the wastes are prepared for co-processing by companies
specialized in the field of pretreatment. Some companies that do this, also pre-treat pre-sorted solid waste,
collected from waste generators.
Since 2000, a selective collection system for internally generated waste has been introduced in all
locations of cement plants in Romania, to optimize their management and improve the possibilities of
recycling and energy recovery of waste. Moreover, specific training and education, and motivation
campaigns for their employees to implement proper waste management take place periodically.
The Heidelberg cement website it is shown that the use of waste in the production process in the three
cement plants of HeidelbergCement Romania complies with the applicable legislation, both at the national
level and at the European level. Also, in the last 15 years, only 1% of the total amount of industrial waste
processed in their cement plants came from outside Romania. Also here it is shown that, in the last 10 years,
the HeidelbergCement Group has invested only at the European level over 1 billion euros in energy
efficiency and emission reduction measures (www.heidelbergcement.ro, 2020).
A recycling company has the following activities:
• taking over industrial waste from suppliers,
• collection of sorted municipal waste,
• mechanical treatment of industrial waste,
• mechanical treatment of sorted municipal waste.
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Fig.4 - Mixing shredding plant in two successive stages - the shredder

Fig.5 - Filter installation with dust removal bags

The main activity of a co-processing company is the production of fluff - a mixture of sorted, nonhazardous, chopped industrial and municipal waste. It is used as an alternative fuel to the clinker kiln of
cement plants. Through its activity, it ensures the preliminary recovery of waste (through their mechanical
processing - shredding), and the final recovery - co-incineration is performed in the rotary clinker kiln.
RESULTS
The processing of the waste mixture in the recovery plant consists in shredding the mixture in two
successive stages (SH1 - shredder 1 and SH2 - shredder 2), extraction of ferrous parts using the metal separator,
extraction of inert (heavy) bodies, and using the heavy body separator, storage of the finished product in the
bunkers with the rolling floor, from where it is delivered to a clinker oven through a system of conveyor belts.
In this sense, at a waste co-processing company in Romania, the capacity of the mechanical processing
plant by shredding non-hazardous solid waste is 200000 t / year (640 t / day, 35 t / hour) waste. The particle size
of the shredded waste is 80 mm for the heavy fraction, and that of the main burner (light fraction) is 30 mm.
Waste accepted for mechanical pre-processing is temporarily stored, either in the existing hall on-site temporary storage area with a capacity of 1800 tons, or in the pre-homogenization hopper where up to 1000 tons
of waste for processing can be stored. After processing, the shredded waste is temporarily stored in two
compartments of 300 tons of waste each (Geocycle Ro, 2021).
To ensure that all emissions fall within the limits imposed by the Comprehensive Environmental
Authorization (AIM), total dust measurements were performed at the waste co-processing company on the
following equipment according to table 1.
The integrated environmental permit (AIM) of the monitored co-processing company provides for a total
dust concentration in the flue gases of 50 mg / Nm3.
As can be seen from Table 1, all total powder concentrations were within the limits set by the AIM at the
time of data collection.
Ferrous and heavy materials extracted from the technological flow, are collected separately and delivered
to accredited units for this purpose. The entire installation is equipped with a filter with dust bags.
Table 1
Dust emission values at the dust removal plant basket in the production hall and at the filter basket in the
temporary storage area of the shredded material
Generator source /
Vgn
Cn
C’n
QVn
T
ta
Measurement
Vga
Pollutant retention
(oC)
period
(Nm3)
(Nm3)
(mg/Nm3) (mg/Nm3) (Nm3/h)
(oC)
equipment
F1 / Basket of the dust
19.03.2020
0.25227
0.20337
1.58
2.83
18322.7
40.8 19.8
removal installation in the
25.06.2020
0.27059
0.21924
2.36
2.92
20390.3
28.2 23.1
production hall / Bag filter
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F1 / Filter basket in the
temporary storage area of
the shredded material /
Bag filter

27.08.2020

0.28187

0.23106

1.29

1.57

20918.9

30.4

24.5

05.11.2020

0.24974

0.22287

4.18

4.69

22132.6

7.7

5.8

19.03.2020

0.25447

0.20940

1.54

1.87

4188.5

27.8

22.7

25.06.2020

0.26084

0.21484

1.61

1.95

3900

24.5

22.2

27.08.2020

0.27451

0.22976

1.81

2.16

4256.9

26.1

25.1

05.11.2020

0.26979

0.19802

2.28

3.11

5751.6

22.4

6.8

where: Vga - the volume of gas extracted in humid conditions; Vgn - the volume of gas extracted in dry
conditions; Cn - concentration of dust in humid conditions; C’n - powder concentration in dry conditions, for a
volume of 10% O2; QVn - dry flue gas flow from the pipe at 10% O2; T - the temperature at the measuring
point; ta - atmospheric temperature on the day (s) of the test.
Waste processing and recovery is an eminently beneficial activity for the environment, otherwise, it
should be disposed of in another way, perhaps by storage, and at this time, due to the installation, this waste
serves a useful purpose, being transformed into an alternative fuel delivered to cement plants.
To ensure that all emissions remain within environmental protection regulations, emissions should
ideally be measured and analyzed directly at the kiln draft. This is the only way that allows responsible
people to react on time, optimizing those processes and facilities if breaches of limit values occur.
During the "annual emission measurements", the furnace must operate with the average composition
of the raw material and the fuel mixture as during the year and the production of clinker. If the furnace needs
previous adjustments for conversion to the standard Holcim unit: [mg / m3], 0 [° C], 1013 [mbar], dry to 10 [%]
oxygen for annual emission measurements, then the furnace must be stabilized within 24 hours of
adjustment. In tower-cyclone furnaces, emissions of nitrogen oxide (NOx), volatile organic compounds
(VOC), benzene (C6H6), and heavy metals (excluding mercury) depend heavily on the mode of operation of
the furnace (direct or compound operation).
Emissions of sulfur dioxide (SO2), hydrochloric acid (HCl), ammonia (NH3), mercury (Hg), and
dioxides/furans (PCDD / PCF) depend on the furnace operation. The last compounds must therefore be
measured in both modes of operation. If this is not possible then the direct mode is preferred.
The amount of sorted industrial and municipal waste co-processed in the Romanian cement industry
in the period 2004-2014 was approximately 2,000,000 tons, the equivalent of municipal waste generated in a
year of 24 cities with over 250,000 inhabitants. This saved about 1,200,000 tons of fossil fuels and as many
tons of CO2.
In Europe, approximately 1.1 million tonnes of used tires are recovered and recycled annually in cement
kilns.
ADVANTAGES OF CO-PROCESSING WASTE
It is understood that all forms of recycling should be encouraged and evaluated to ensure the best
environmental, social, and economic results.
Co-processing (pre-treatment and co-incineration) of waste in the cement plant enjoys all the
advantages offered by the technological conditions already existing in the cement manufacturing process
(SRI, 2016):
• a very high temperature of the flame (2000 °C) and of the material (1450 °C),
• the standing time in the oven at temperatures higher than 1100 °C is 5 - 6 sec,
• oxygen-rich atmosphere, which helps complete waste incineration and better efficiency than
incinerators,
• the waste in the kiln is in contact with a large flow of alkaline (basic) materials which neutralize the
potential acid gases in the combustion and destruction of the waste,
• there is no ash left after co-processing, the minerals being trapped in the clinker matrix,
• the technology of co-processing in cement kilns is accepted by the Basel Convention for the
Disposal of Hazardous Wastes,
• reduce global greenhouse gas emissions and conserve fossil fuel resources,
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•

integrated solutions for waste management and immobilization of toxic and heavy metals.
Adding to these the total recovery of the calorific value of the waste, the lack of other secondary
materials (slag, ash) generation that requires subsequent storage, we can say that this method is an ideal
solution to solve the waste problem, in complete safety for both the environment. as well as for the quality of
our finished product (cement). Co-processing of waste in cement plants proves to be a "win-win" activity for
all the factors involved.
For waste generators, it offers:
• the guarantee of total destruction, relatively cheap, in complete safety conditions for the environment,
• closing the products life cycle,
• avoiding environmental problems and related penalties.
For cement producers, it ensures the partial substitution of traditional fuels and raw materials with
alternative ones from waste. Active involvement in environmental protection as a Depolluter and provider of
environmental services, by avoiding greenhouse gas emissions that could be generated in the case of waste
storage or incineration without energy recovery.
However, society and the environment have the greatest benefits, the method resulting in:
• conservation of natural resources: coal, fuel oil, gas, gypsum, limestone, clay, etc.,
• indirect reduction of gas emissions, which would be generated if the waste were treated by storage
or incineration in specially designed incinerators,
• reduction of environmental risks (uncontrolled storage, soil, water pollution, etc.),
• avoidance of overcrowding of controlled landfills (dumps),
• improving the image of the environment.
The energetically and/or material recovered wastes that can be processed in cement plants are
declared in the integrated environmental permits which are issued by local environmental protection
authorities following a detailed process of verification in Technical Commissions (CATs) and publish debate.
To each integrated environmental permit the following lists are annexed: the list of wastes with an
insignificant impact on the environment that may be accepted for co-incineration and the list of wastes that
may be accepted for co-incineration only after prior notification to the environmental protection authority and
obtaining the accept for waste coprocessing.
In order to be co-processed in the cement industry, upon entering the factory combustible wastes are
subjected to analyzes and determinations in plant laboratories, equipped with state-of-the-art equipment and
RENAR accredited for such determinations, regarding:
• the degree of its homogeneity;
• the water and ash content placed in the oven;
• the maximum content of chlorine, sulfur, and alkalis introduced into the furnace;
• granulometry of solid alternative fuels, depending on the type of furnace and the supply point;
• heavy metal and dioxin/furan content (emission limitations);
• the content in elements that affect the quality of the clinker
The conditions imposed by the cement producers aim at:
• failure to affect the quality of the cement in terms of technical performance and environmental
protection;
• failure to affect the manufacturing process from an economic, ecological, and occupational safety
point of view;
• compliance with the technical, economic, and environmental legal requirements for the placing on
the market of the product.
Complementary to recycling, co-processing makes it possible to divert waste from landfills and avoid
the generation of greenhouse gases or methane (a greenhouse gas 21 times stronger than CO2) that would
occur after storage. waste (CIROM, 2021).

CONCLUSIONS
Energy recovery (co-processing) of waste in the cement industry is a safe process through which over
100 types of waste are transformed, in optimal conditions, into alternative fuel. According to a recent study
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by Ecofys, 44% of the fuels currently used in the cement industry in Europe are alternative fuels. The study
also indicates that the cement industry has the potential to replace up to 60% of traditional fuels with pretreated waste by 2050. Thus, increasing the co-processing rate of waste to 60% will prevent the European
Union, the emission of 26 million tonnes of CO2 annually.
An important fact must be mentioned, namely that the emissions resulting from the technological
process of cement manufacturing are continuously monitored. In addition, periodically a neutral laboratory
accredited RENAR, verifies these emissions.
Based on the measurements performed in the cement plants in Romania, it was found that emissions
of NOx, CO, HF, HCl, OCD, dioxins, and furans as well as heavy metals are well below the Integrated
Environmental Permit limit, which demonstrates the insignificant impact of combustion. waste.
In addition, the Environmental Guard also carries out controls at cement plants, to check the level of
parameters, being a total transparency in the communication of the control results.
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ABSTRACT
Food security is currently one of the main issues within the social policy of any civilized country. The
preservation of food products, including those from the vegetable - horticultural sector, is performed
according to a series of principles and methods that involve compliance with certain technologies depending
on the purpose of the method. The paper presents aspects regarding the preservation of food products with
the help of high pressures, as well as the current stage of the realization of technical equipment that uses
this technology.
REZUMAT
Siguranţa alimentelor este în prezent una din principalele problematici ale politicii sociale ale oricărei ţări
civilizate. Conservarea produselor alimentare, inclusiv a celor care provin din sectorul vegetal - horticol, se
face după o serie de principii şi metode care presupun respectarea anumitor tehnologii în funcţie de scopul
metodei. În lucrare sunt prezentate aspecte privind conservarea produselor alimentare cu ajutorul presiunilor
înalte, precum si stadiul actual al realizarii de echipamente tehnice care utilizeaza aceasta tehnologie.
INTRODUCTION
Fruits and vegetables play an important role in human nutrition providing vitamins, minerals, fibers
and essential nutrients. In order to prolong the marketing of these products and ensure nutrients throughout
the year, preservation by different methods of fruit and vegetables is necessary (Ingeaua et al., 2015).
Consumed in fresh-state, horticultural products can be carriers of some optional pathogenic microorganisms:
bacteria, yeasts, molds (Sorica et al., 2015). Food safety and food-borne diseases remain a major public
health concern. In the developed countries like the United States, the percentage of people suffering from
food-borne diseases each year has been reported to be as high as 30%, thus reinforcing the need to ensure
safe and nutritionally wholesome foods. Conventionally, food products are preserved by applying thermal
processing methods like pasteurization, canning and/or using chemical preservatives (Ronit et al., 2020).
Even though many food preservation methods have been developed over time, most of the current
approaches impact the quality of foods and/or change the regular form and aspect (Baisan, 2018).
The category of modern preservation methods includes thermal and athermal methods. The most
important athermal preservation methods are:
- preservation using high pressures;
- preservation using the magnetic field;
- preservation using ionizing radiation;
- preservation using the pulsating magnetic field;
- preservation using ultra-short light pulses;
- preservation using ultraviolet radiation (Lungu, 2020).
High pressure treatment (UHP), as a potential food preservation technique, was reported almost 100
years ago. This type of treatment has regained the interest of specialists around the world in recent years,
probably due to the commercial success gained in Japan. In modern terms, high pressure treatment
technology is a new, non-thermal processing technique by which products are subjected to high hydrostatic
pressure, generally in the range of 100-600 MPa, at room temperature.
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It has been shown that high pressure can significantly reduce microbial load and enzymatic activity,
while changing the properties of ingredients and foods, with minimal unwanted modifications (inevitable with
conventional heat treatment), such as: losses of flavor, color and nutrients. Given that UHP treatments distort
proteins and polyglycerides, this technology is also of interest in the field of food texturing.
In both fields of application, preservation and texturing, the non-thermal character of the technology
opens new opportunities for the food industry to make new products with superior sensory and nutritional
qualities, with a new texture, much more convenient, much safer and with a higher commercial preservability.
Taking into account the fact that current consumer demands are mainly for "fresh" products, high
pressure, especially in combination with a moderate heat treatment, offers possibilities for the realization of
new products with improved sensory properties.
For the past 20 years, the interest of food processors has focused on high-pressure processing. The
Japanese were remarkably successful in obtaining high-pressure processed foods in the 1980s. Highpressure processed foods, already available on the Japanese market, include a rich assortment of fresh fruitflavored jams, souces and dressings for salads, ready-to-eat desserts, grapefruit and tangerines juices with
the same flavor as the "freshly squeezed" product. Fruit juices are also available in France, and avocado
puree (guacamole) obtained by processing at high pressures is one of the best-selling products in the United
States
(https://jurnalul.ro/viata-sanatoasa/trup-minte-suflet/tehnologie-presiuni-inalte-alimente-sanatoase128688.html).
High Pressure Processing (HPP) has been gaining popularity in Portuguese speaking countries,
especially in Brazil and Portugal. This interest is due to an increase in the demand for healthier and natural
foods, which can be achieved by using a non-thermal preservation method such as HPP
(http://blog.hiperbaric.com/en/).
Current commercial applications of high pressure treatment technology can be achieved in two
fundamentally different ways, namely: in the container, which means that the high hydrostatic pressure
treatment process is performed after filling and sealing the product in the final or intermediate packaging, or
in bulk followed by aseptic packaging. The applications of high hydrostatic pressure that can currently be
found worldwide are presented in Table 1 (https://www.proiecte.ro/industria-alimentara/procesareaproduselor-alimentare-cu-presiune-inalta-70505):
Table 1
Commercial applications of high hydrostatic pressure treatment
Aplication domain
Processing conditions

Cold isostatic pressing (CIP)
Warm isostatic pressing (WIP)
Hot isostatic pressing (HIP)
Quartz crystal growth apparatus
Simulators
Chemical reactors

Pressure
[Mpa]

Temperature
[°C]

50-600

temperature

200-400
200- 250
100-400
1000-2000
200
430
miscellaneous miscellaneous
200-250

300

Duration of a pressurization
- depressurization cycle
0.3-5 min
minutes
5-10 hours
4-6 weeks
miscellaneous
months (continuous)

Regarding the processing of food liquids at high pressure, Table 2 presents the advantages and
disadvantages of the two systems, namely in container and bulk.
Table 2
Advantages and disadvantages of high pressure processing
Advantages
Container treatment
Bulk treatment
Applicable to all types of food, both liquid and solid
Simple handling materials (pumps, pipes, valves,
etc.)
Minimal risks of contamination after treatment
High flexibility of the container (can be made of
glass, metal, etc.)
The high pressure treatment part is ready to use
Maximum efficiency of the volume of high pressure
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(available). No major changes are required

vessels (> 90%)
Minimum downtime for the treatment vessel (quick
loading / unloading, no closing / opening required)
Disadvantages
Container treatment
Bulk treatment
Handling of complex material
Applicable only to pumpable products
Low volume efficiency (50-70%)
Aseptic packaging is still required due to the
increased risk of contamination after treatment
Low container flexibility
Requirement for aseptic design of all high pressure
components in contact with food
High dead times of high pressure vessels (loading /
unloading, filling, opening, closing)
MATERIAL AND METHOD
The food industry has experienced a constant development in recent years, and has been identified
so far different methods and techniques for food preservation (Baisan, 2018).
The high pressure treatment method is used to inactivate certain microorganisms and enzymes, with
a direct consequence on prolonging the shelf life of food. The level of inactivation of microorganisms
depends, however, on a number of factors, such as: pH, product temperature and the level of water activity
in the product.
The mechanism of inactivation consists in the destruction of the cell membrane, accompanied by the
elimination of cell juice. The pressure level to which the packaged food is subjected varies between 3-12
kbar, depending on the type of microorganisms to be inactivated. Despite the high value of pressures, the
product does not undergo physico-chemical changes. Inactivation of the most resistant bacterial spores
requires, however, the combination of high pressure treatment with light heat treatment.
Following detailed research on UHP treatments, the mechanism of destruction of microorganisms
has been established, namely: the lethal effect on bacterial spores occurs mainly when the pressure is
lowered and the pressurized water moves with a very high rate of adiabatic expansion. . Based on this
principle, the pressurization and depressurization cycles are those that give the treatment efficiency in
inactivating the spores, more than the UHP treatments with prolonged maintenance time or higher
temperatures. The effects of UHP on yeasts and molds are shown in Table 3.
(https://www.proiecte.ro/industria-alimentara/procesarea-produselor-alimentare-cu-presiune-inalta-70505):

Effect on yeasts and molds when using UHP treatment (23 °C; 10 min)
Product
pH
Initial no./ml
No./ml after
No./ml after
2000 kg/cm2
3000 kg/cm2
Oranges

3.4

5.2 xl03

1.2 x 102

0

Lemons
Tangerines

2.5
3.8

1.4x103
2.0x103

2
2.7x102

0
0

Table 3

The most suitable products for the treatment of UHP are fruit-based products (juices, nectar, fruit
creams), which have a high value of water activity, but, lately, numerous studies and research have focused
on the effect of these treatments on the functional properties, namely, on some components of various food
products, such as: starch, proteins, vitamins.
RESULTS
There are many well-recognized processing technologies, developed worldwide in the field of food
science and technology and currently being marketed for the transformation of raw materials into various
edible foods.
In this context, Avure Technologies produces high pressure processing installations, from the AV20M, AV-30M and AV-40M range.
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Fig. 1. HP-AVM 20M, AV-30M and AV-40M systems (https://www.avure-hpp-foods.com/)
These installations can be easily extended depending on the hourly processing capacity, from 1300
kg to 1800 kg and 2300 kg respectively, depending on the working process.
Table 4 presents the technical characteristics for each installation model:
Table 4

Technical characteristics
Model
Number of high pressure pumping units (K22A)
Number of pressure lifters
Standardized annual working capacity
Pressure holding time: 1 minute
Standardized annual working capacity
Pressure holding time: 3 minutes
Standardized working capacity per hour
Pressure holding time: 1 minute
Standardized working capacity per hour
Pressure holding time: 3 minutes
Number of cycles / hour
Pressure holding time: 3 minutes (50/60 Hz)
Utility requirements
Cold water

AV-20M
0.5
2

AV-30M
1
4

AV-40M
2
8

12,000,000 kg

19,000,000 kg

26,800,000 kg

10,000,000 kg

14,200,000 kg

18,100,000 kg

1,500 kg

2,400 kg

3,400 kg

1,300 kg

1,800 kg

2,300 kg

5.4

7.7

9.8

160 kVA
190 A
150 kW
160 kVA
220 A
150 kW

Current source (three-phase / 480V / 60 Hz)

Current source (three-phase / 400V / 50 Hz)
Air source

220 L/min
310 kVA
370 A
290 kW
290 kVA
420 A
280 kW
7 bar and 100 L/min

600 kVA
720 A
570 kW
580 kVA
830 A
550 kW

The installations from the AV-40X, AV-50X, AV-60X and AV-70X range are presented below:

Fig. 2. HP-AVX 40X, AV-50X, AV-60X and AV-70X systems (https://www.avure-hpp-foods.com/)
These installations can be easily extended depending on the hourly processing capacity, from
approx. 2500 kg to 3300 kg, 3700 kg and 4000 kg respectively, depending on the work process.
Table 5 presents the technical characteristics for each installation model:
Table 5
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Technical characteristics
Model
Number of high pressure pumping units
(K22A)
Each pump includes 4 pressure lifters
Standardized annual working capacity
Pressure holding time: 1 minute
Standardized annual working capacity
Pressure holding time: 3 minutes
Standardized working capacity per hour
Pressure holding time: 1 minute
Standardized working capacity per hour
Pressure holding time: 3 minutes
Utility requirements
Cold water

AV-40X

AV-50X

AV-60X

AV-70X

1

2

3

4

25,330,000 kg

37,420,000 kg

46,050,000 kg

48,930,000 kg

19,570,000 kg

25,900,000 kg

28,780,000 kg

31,660,000 kg

3,247 kg

4,797 kg

5,904 kg

6,273 kg

2,509 kg

3,321 kg

3,690 kg

4,059 kg

300 L/min at 1 °C
890 kVA
1070 A
750 kW
850 kVA
1230 A
725 kW
6 bar and 200 L/min

Current source (three-phase / 480V / 60 Hz)

Current source (three-phase / 400V / 50 Hz)
Air source

Hiperbaric is the world's leading company specialised in the design, manufacture and marketing of
industrial equipment using High Pressure Technologies.
The Hiperbaric In-Pack range of industrial equipment for high pressure processing of packaged
products is the widest on the market. It is composed of equipment with vessels or processing chambers of
different capacities, meeting the requirements of all our clients from start-ups or SMEs to large multinational
companies. All equipment works with a maximum pressure of 6,000 bar (600 MPa / 87,000 psi)
(http://blog.hiperbaric.com/en/). The equipments that use high pressure technologies from the Hiperbaric
range are presented in the figures below:

Fig. 3. Hiperbaric 55

Fig. 4. Hiperbaric 135

Fig. 5. Hiperbaric 300

Fig. 6. Hiperbaric 420

Fig. 7. Hiperbaric 420

Table 6 presents the technical characteristics for each model:
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Technical characteristics
Model
Throughput
kg/hour [pounds/hour]
Vessel Capacity
liters [US liq. Gallons]
Vessel diameter inside
mm [inches]
Dimensions
meters [feet]

Hiperbaric 55

Hiperbaric 135

Hiperbaric 300

Hiperbaric 420

Hiperbaric 525

270 [590]

670 [1,480]

1,410 [3,100]

2,600 [5,730]

3,210 [7,080]

55 [14.5]

135 [36.7]

300[79.3]

420 [111]

525 [150]

200 [7.9]

300 [11.8]

300 [11.8]

380 [15]

380 [15]

L: 8 [26.2]
W: 2.8 [6.8]
H: 2.2 [7.2]

L: 10.2 [33.4]
W: 3.2 [10.6]
H: 2.6 [8.5]

L: 17.4 [57]
W: 4.4 [14.4]
H: 4.3 [14]

L: 17.2 [56.4]
W: 4.4 [14.4]
H: 4.3 [14]

L: 18.5 [60.6]
W: 4.4 [14.4]
H: 4.3 [14]

CONCLUSIONS
The high pressure treatment method is used to inactivate certain microorganisms and enzymes, with a
direct consequence on prolonging the shelf life of food. The level of inactivation of microorganisms depends,
however, on a number of factors, such as: pH, product temperature and the level of water activity in the product.
The most suitable products for the treatment of UHP are fruit-based products (juices, nectar, fruit creams),
which have a high value of water activity, but, lately, numerous studies and research have focused on the effect of
these treatments on the functional properties, namely, on some components of various food products, such as:
starch, proteins, vitamins.
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ABSTRACT
The present study proposes an innovative concept in the construction of a polygonal dryer for hemp seeds
harvested from experimental plots. By simulating the CFD (Computational Fluid Dynamics) of the innovative
dryer for hemp seeds, in this paper we obtain 3D representations of the flow field of the drying agent within
the technological drying process. In case of drying the hemp seeds that will be used for sowing, by
simulating the dryer, optimal values of the working parameters (velocity and temperature) are obtained, in
order to preserve the superior germination quality of the hemp seeds.
REZUMAT
Prezentul studiul prezinta un concept inovativ in constructia uscatorului poligonal pentru semintele de
canepa recoltate de pe loturi experimentale. Prin simularea CFD (Computational Fluid Dynamics) a
uscătorului inovativ pentru semințe de cânepă, în prezenta lucrare se obțin reprezentări 3D ale câmpului de
curgere a agentului de uscare in cadrul procesului tehnologic de uscare. In cazul uscării semintelor de
cânepa ce vor fi utilizate pentru însămanțare, prin simularea uscătorului se obțin valori optime ale
parametrilor de lucru (viteză și temperature), in vederea păstrării calității superioare de germinare a
semințelor de cânepă.
INTRODUCTION
The equipment is used for drying hemp seeds harvested from experimental lots. The technological
system includes a support with 3 elements of perforated sheet that distributes heat, a metal housing that
includes the constructive elements of the system, two sliding systems with plates positioned with linear
guides and driven by two mechanisms screw-nut with hand wheel that allows unloading seeds in the tubs of
two conveyor belts with squeegees and which have a discharge hopper provided with an adjusting device.
Many mathematical models have been developed to simulate the heat and the moisture transfer in
aerated bulk stored grains (Amini, G., et al, 2021). The models were obtained at relatively low temperatures
and low humidity to grain (Cârlescu P., Arsenoaia V et al ,2018). The models simulated forced convective
heat and moisture transfer in vertical direction (Cârlescu P., Tenu I.,2018; Cârlescu P., Arsenoaia V, et
al,2017), but the model was not validated (Chang,C. et al., 1994) and (Sinicio,R. et al., 1997) developed a
rigorous model to predict the temperature and moisture content of wheat during storage with aeration(
Guaita, M., Panero, L, et al,2021) and found that prediction result is in reasonable agreement with observed
data (Thorpe, 2008) calculated on CFD models to a software that simulates heat and moisture transfer in the
bad grain. Based model and simulation of (Thorpe, G.R., 2008; Muscalu, A. et al., 2016) developed and
validated by experimental measurements of temperature transducers introduction the theoretical model at
different points in a grain silo (Inada, K., Ohanna, P, et al,2020).
Obtaining a temperature and humidity gradient as uniform as possible during drying is important in
obtaining quality dried hemp seeds (Kenenia, Y.G., Hvoslef-Eideb, A.K.et al, 2019). To this end, active
control equipment for drying hemp seeds has been designed. The article aims to simulate the flow of hot air
in the equipment with active control for drying hemp seeds in order to obtain the distribution of the field of
velocities, temperatures and relative humidity in the hemp layer that is subjected to drying(Muscalu A.,
Cârlescu P.,2018)
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Knowing the temperature distribution in the hemp layer indicates the uniformity of heating and drying,
respectively. By knowing the humidity profile of the intergranular air in the hemp layer, it is possible to
optimize the flow and temperature of the hot air at the entrance to the equipment with active control for the
drying hemp (Wen-Bo, M., Yan-Yan, N, et al, 2021).
MATERIALS AND METHODS
The active control equipment for drying hemp seeds is designed to achieve a gentle drying of the
seeds to keep their germination power active. The CFD (Computational Fluid Dynamics) simulation was
performed to obtain high-performance equipment in the drying operation.
The geometry of the equipment with active control was conditioned by the shape of the dryer
chamber, being made with four regions of layer drying of hemp seeds, provided with three perforated
distributors introduced in the layer with the role of drying uniformity and which are coupled to a central
distributor. warm air. The lateral introduction of hot air into the drying equipment was imposed by
technological conditions. The active control equipment for drying hemp seeds is shown in fig. 1, and the
simplified geometry of the equipment necessary for CFD simulation and its composition is presented in (fig.
2).

FIG. 1 - Equipment with active control for drying
hemp seeds:
1-support; 2-housing; 3-lane unloading; - drying
cap; 5- hot air distributor; 6 - hot air fan; 7-hot air
generator; 8-band seed transport; 9-support
conveyor belt; 10-electrical panel for command
and control

FIG. 2 - Geometry of the equipment in CFD simulation:
1-hot air inlet duct; 2- central hot air distributor in the
equipment; 3- perforated hot air distributor; 4- wall dryer;
5- cone distribution of hemp seeds; 6- used drying agent
outlet; 7- layer of hemp seeds subjected to drying

The discretization of the geometry of the equipment with active control for drying hemp seeds is
unstructured being performed with the Ansys-Gambit program (fig. 3). In the region of those distributors and
the layer of hemp seeds subjected to drying, the discretization was performed with a larger number of knots.
Discretization was performed with a sufficiently large number of volumes so that the accuracy of the results
was not affected and the computation time was reasonable. The average number of nodes resulting from the
discretization was 1,594,075, and the quality of the discretization was 0.7.
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Fig. 3 - Grid for geometry of the drying equipment

Fig. 4 - Boundary condition for the CFD simulation

The discretization of the geometry of the equipment with active control for drying hemp seeds is
unstructured being performed with the Ansys-Gambit program (fig. 3). In the region of those distributors and
the layer of hemp seeds subjected to drying, the discretization was performed with a larger number of knots.
Discretization was performed with a sufficiently large number of volumes so that the accuracy of the results
was not affected and the computation time was reasonable. The average number of nodes resulting from the
discretization was 1,594,075, and the quality of the discretization was 0. 7.

Table 1

Boundary conditions for drying equipment
Boundary sections
Boundary conditions
Inlet
velocity v=ct.; temperature Ta=ct; moisture Xa= f(τ)
Outlet
p=0
Wall
(n
–
normal
to the surface)
∂v ∂n = 0
Volums

fluid (air)/solid bed (hemp)

Through the drying equipment, hot air flows from the central distributor to the three perforated
distributors positioned in the hemp seed layer with the role of uniformizing the drying agent in the seed layer.
In the CFD simulation processing stage, the conditions necessary for the calculation to determine the speed,
temperature and relative humidity field inside the drying equipment were introduced. The conditions
introduced are presented in Table 2.

v (m/s)
20

Processing conditions
Xa

Ta(K)

Table 2

ρa

η

Cpa

input

wall

(Kg water/Kg dry air)

(kg/m3)

(kg/ms)

(J/kgK)

303.15

293.15

Xa= (τ)

1.225

1.9∙10-5

1006

where: ρa density of air, η dynamic viscosity of air; Cpa specific heat of air, τ time for drying.
The absolute humidity of the air entering the drying equipment varies over time according to the
function presented in Table 3.
Function of entry into the drying equipment
Xa (Kg water/Kg dry air)
Xa = -2·10-12 ·τ2 + 6·10-7·τ + 0,0094

Table 3

The flow regime at the inlet of hot air into the drying equipment is laminar, being determined
according to the Reynolds criterion. The thickness of the layer of hemp seeds in the dryer is 400 mm, and
the initial humidity of the seeds is 30%. The thermophysical characteristics of wet hemp seeds are
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introduced in the simulation as average values (ρp = 725 kg/m3, Cpp = 1985 J / kgK, product conductivity K
= 0.117 W / mK). The porosity index of the hemp seed layer is introduced in the simulation with the value of
0.3, considering the seed layer as homogeneous and isotropic. CFD simulations were performed in a nonstationary regime with a drying time duration of 7 hours. Drying simulation was performed with the DELL
workstation (2XCPU-Intel Xeon 22 core 3.33GHz; 128 GB RAM DDR4ECC).
RESULTS AND DISCUSSION
The results of the simulation are presented in the form of the fields of speed, temperature, humidity
and respectively the trajectory of the power lines in the simulation field of the drying equipment. The CFD
simulation was performed both for the drying equipment without hemp seeds and with hemp seeds
distributed in a uniform layer of constant thickness. The three-dimensional simulation of the hot air flow in the
drying equipment without hemp seeds shows the field of the power lines with the variable temperature (fig.
5).

Fig. 5 - The temperature pathlines of the warm air
inside the drying equipment without hemp seeds

Fig. 6 - The velocity pathlines of the warm air
inside the drying equipment without hemp seeds

This distribution of the power lines shows the flow of hot air at the level of the seed layer, but without
them existing in the layer, showing the speed distribution (fig. 6). The profile of the temperature and speed
field in a YOZ plane in the middle of the seed drying equipment, without hemp seeds is shown in fig. 7 and
fig. 8.

FIG. 7 - Air velocity field in the transverse plane of the
drying equipment (m / s)

FIG. 8 - Air temperature field in the transverse plane of
the drying equipment (ºC)

From the figures of the distribution of the speed and temperature of the hot air in the equipment
without seed layer, the non-uniformity of the distribution at the level of the seed layer region can be
observed.
In order to verify the distributions of the temperature and relative humidity fields of the thermal agent
inside the drying equipment, when a layer of wet hemp seeds was introduced inside, a new CFD simulation
was performed.
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By introducing a layer of hemp seed evenly distributed in height in the drying equipment, it is
expected that the degree of uniformity of the drying agent temperature in the layer will increase due to the
aerodynamic resistances of the seed layer with uniform porosity of 0.3, according to Fig. 9, FIG. 10, FIG. 11,
FIG. 12. An improvement of the uniformity of the speed field of the drying agent in the seed layer also
attracts an improvement of the uniformity of the temperature field with values between 24.80C and 27.10C.
The decrease in the air temperature in the layer compared to the air temperature used as a drying agent
(300C) occurs as a result of the drying process by removing moisture from the hemp seeds. Also, at the walls
of the dryer was considered in the simulation a temperature of 200C. In practice, towards the end of drying
the hemp seeds the temperature reaches approximately equal to the temperature of the drying agent.

FIG. 9 - Transverse plane (YOZ) air temperature field of hemp seed drying equipment (ºC)

The temperature field also varies on the vertical of the seed layer (Fig. 10, 11, 12) so at the base of
the layer the temperature has an average value of 25.80C, in the middle of the layer the temperature
increases with the value of 27.10C, reaching as in the upper plane of the layer the temperature should drop
to 24.80C. This temperature stratification is explained by the migration of moisture to the top of the seed layer
which is finally removed by air to the top of the drying equipment.

FIG. 10 - Temperature field in the
plane at the base of the hemp seed
layer (ºC)

FIG. 11 - Temperature field in the
plane in the middle of the hemp
seed layer (ºC)

FIG. 12 - Temperature field in the upper
plane of the hemp seed layer (ºC)

In order to verify the air humidity gradient in the hemp seed state of the drying equipment, a new
simulation was performed in which the technological parameters previously used to simulate the flow of hot
air used as a drying agent were introduced. The results of the CFD simulation regarding the humidity field
are presented in the XOY and YOZ planes, respectively, inside the drying equipment with hemp seeds
according to Fig.13 and Fig. 14.
Following the simulation analysis in the drying process, the relative humidity distribution in the XOY
plane in the middle of the hemp layer has higher values near the perforated distributors due to the more
pronounced moisture loss of the seeds, the intergranular air reaching a relative humidity of up to 81.9%, in
the center of the layer the air reaches a relative humidity of 67.1%, and in the wall area the humidity reaches
58.2% (Fig. 13). Analyzing the relative humidity profile of the YOZ cross-sectional plane, it is observed that
the distribution is kept high near the perforated distributors through which the hot air passes with a relative
388

INTERNATIONAL SYMPOSIUM

humidity of 37%, therefore the highest moisture loss of hemp seeds is near distributors and a lower loss in
the center of the layer and near the walls of the dryer (Fig. 14). During the drying of hemp seeds, this uneven
distribution of the relative humidity of the air is directly reflected in the uneven moisture of the seeds in the
layer, showing that in the middle of the layer and near the walls of the dryer the seeds lose moisture more
difficult. As a result of the uniformization of the temperature in the layer (Fig. 11) towards the end of drying,
the humidity of the seeds in the layer becomes uniform at an average value of preservability.

Fig. 13 - The relative humidity of the warm air inside the
drying equipment with hemp seeds in XOY plane (%)

Fig. 14 - The relative humidity of the warm air inside the
drying equipment with hemp seeds in YOZ plane (%)

The CFD simulation of the active control equipment for drying hemp seeds requires a calibration by
taking the experimental data from the drying equipment for the parameters of speed, temperature and
relative humidity of the hot air at the equipment inlet, as well as by repeated determinations of temperature
and humidity. on three different heights and between distributors in at least three points in the state region,
both without and with a layer of seeds.
Also, in order to increase the accuracy of the simulated model, it is necessary to take samples at the
end of drying the hemp seeds and to determine the humidity from different points of the seed layer by three
repetitions.
The technological system includes a support with 4 elements of perforated sheet that distributes
heat, a metal housing that includes the constructive elements of the system, two sliding systems with plates
positioned with linear guides and driven by two mechanisms screw-nut with hand wheel that allows the
unloading of seeds in the tubs of two conveyor belts with squeegees and which have a discharge mouth
provided with a syringe. during the drying of the seeds then it opens to remove moisture and supply the
seeds for a new drying cycle. The heat source is made with the help of two electric air heaters that ensure
the optimum temperature of 28-300C and a flow of 2500 m3 / time required for the drying process.
The seed supply is made with a scraper conveyor belt that is positioned and placed on a metal
support. The electrical panel includes the controls for the feed conveyor belt, the unloading conveyor belts,
the control of the high pressure centrifugal fan that ensures the necessary flow and control of the two electric
air heaters. The fan speed is regulated with a frequency converter. For the temperature control inside the
dryer is mounted a thermometer with electronic display. The humidity check is done with a special equipment
for humidity control for cereal seeds. The entire technological process can be monitored and adjusted
automatically with a process computer.
Technical data: inlet humidity: 25-30%; output humidity: 10-12%; warm air temperature: 28-300C; hot
air flow: 2400 m3 / hour-productivity: 500 Kg / batch; the system works in semi-automatic mode with a
technological process computer for adjusting temperatures and air flow.
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Fig. 15 – Constructive diagram of the equipment

Fig.16 - Dryer body
1 - Support; 2 - Housing; 3 - Unloading belts; 4 - Dryer cover; 5 - Hot air distributor; 6 - Hot air fan; 7 - Hot air generator; 8
- Seed transport belt; 9 - Conveyor belt support; 10 - Electrical panel for command and control

Technical advantages over known solutions:
• Compact construction that ensures uniform heat distribution in the entire number of seeds;
• Low electricity consumption due to the adjusting device closing system at the top of the dryer;
• Active control and automatic reclassification of the parameters during the technological drying process
CONCLUSION
The CFD simulation of the hot air flow through the active control equipment for drying hemp seeds
can lead to the optimization of its constructive form.
By the constructive optimization, both the constructive shape of the box and the thickness of the
layer of hemp seeds subjected to drying are obtained by following the temperature gradient correlated with
the movement of the air inside the dryer.
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The temperature difference obtained by CFD simulation in the hemp seed layer is 2.3 ºC, and the
differences in relative humidity of the intergranular air in the seed layer is 23.7%.
By calibrating the CFD simulation with experimental predetermination, a drying equipment with
optimal technological performance for drying hemp seeds is obtained.
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ABSTRACT
Intensive fish farming practices involve efficient management of aquatic ponds, in order to obtain high and
sustainable production yields. In order to maintain the maximum production levels and to ensure quality
products, ponds operating staff have to address to a wide range of major importance issues such as water
quality, disease and pathogens control, aquatic vegetation, sedimentation, and fish control strategies.
Managing dissolved oxygen levels in ponds is a major concern in aquaculture because involves
understanding the aeration principles and natural pond dynamics, attributable to biological and chemical
processes. Aeration equipment functioning is dependent on a number of external factors such as fish and
plants density season, the type of pond that is being used and weather patterns. This paper presents
practical information related to the use of aeration equipment in ponds, the importance of artificial aeration in
aquaculture, as well as the impact of aquaculture on the environment.
REZUMAT
Practicile de piscicultură intensivă implică gestionarea eficientă a bazinelor acvatice, pentru a obține
producții ridicate și sustenabile. Pentru a menține nivelurile maxime de producție și pentru a asigura
calitatea produselor, personalul care operează bazinele piscicole trebuie să abordeze o gamă largă de
probleme de importanță majoră, cum ar fi calitatea apei, controlul bolilor și al agenților patogeni, vegetația
acvatică, sedimentarea și strategiile de control al peștilor. Gestionarea nivelurilor de oxigen dizolvat în iazuri
este o preocupare majoră în acvacultură, deoarece implică înțelegerea principiilor de aerare și a dinamicii
naturale a bazinelor, care sunt asociate proceselor biologice și chimice. Funcționarea echipamentelor de
aerare depinde de o serie de factori externi, cum ar fi densitatea peștilor și a plantelor din bazin, tipul de
bazin care este utilizat și factorii meteorologici. Această lucrare prezintă informații practice cu privire la
utilizarea echipamentelor de aerare în bazinele piscicole, importanța aerării artificiale în acvacultură, precum
și impactul acvaculturii asupra mediului inconjurator.
INTRODUCTION
Aquaculture is an economic activity that uses a set of well-established techniques used to transform
aquatic natural resources, such as fish, shellfish, mollusks, aquatic plants into commodities for society (Troell
et al., 2013). In order to meet the growing demand for food, the growth and sustainable development of the
aquaculture sector, which plays a key role worldwide, has an essential role (Kobayashi M et al., 2015). The
ecological conditions for fish development depends on certain water quality parameters, such as: dissolved
oxygen, total ammonia-nitrogen ratio, total alkalinity, free CO₂, total hardness and planktonic life in the pond
(Hepher and Pruginin, 1981; Ali et al., 2000).
A wide variety of aquatic culture organisms are used worldwide in aquaculture, they can grow in
different types of environment such as: freshwater, saltwater and marine. Freshwater aquaculture is carried
out in fish farms, in fish cages, in ponds or rice paddies, while saltwater aquaculture is usually carried out in
fish ponds in coastal areas (Perry L. Oakes et al., 2011).
Artificial aeration is a method that has a positive impact on pond productivity, thus increasing the
growth and production of fish at high storage densities, and the use of aeration equipment in aquaculture
ponds depends on a very well-developed management (Perry L. Oakes et al., 2011).
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In an intensive aquaculture system, increased fertilization, overfeeding and high storage density lead
to insufficient natural aeration, and this may become a limiting factor for production. Therefore, a very good
method is artificial aeration, being a beneficial alternative for the survival of flora and fauna, since it leads to
a rapid and healthy growth of crop species (Tanveer et. al., 2018).
In fish ponds with large stocks and artificially fed, numerous problems frequently occur, such as
organic pollution, oxygen deficiency, increased levels of free carbon dioxide and the total increase in the
ammonia-nitrogen ratio. Aeration is an appropriate way to address them (Agarwal, 1999; Boyd, 1995).
Boyd (1990) reported that the aeration system is one of the best methods of oxidizing ammonia to
nitrates or adjusting the pH and volatilization of ammonia in water.
Artificial aeration is a suitable way to eliminate the negative effects that can frequently occur in
ponds, such as high CO₂ levels, organic pollution, increased ammonia-nitrogen ratios and oxygen deficiency.
It is one of the best methods for stabilizing the pH of water, oxidizing ammonia and volatilizing ammonia
(Agarwal, 1999; Boyd, 1995)
The importance of aeration in fish ponds
Air is a vital element for the maintenance of life, and the need for dissolved oxygen in aquaculture
ponds is obtained by photosynthesis of aquatic plants, by diffusion from the atmosphere on the water
surface, and by artificial aeration systems, which keep dissolved oxygen in normal parameters when it
decreases. Dissolved oxygen from aquaculture ponds is one of the most critical limiting parameters and is a
very important factor in terms of water quality and underwater life, as aquatic organisms require a constant
supply of oxygen to perform respiration and other biological activities, and food waste from water will be
oxidized efficiently (Tanveer M., 2017).
When the dissolved oxygen supply increases, the anaerobic decomposition in the pond is performed
in optimal conditions, as well as the nitrification process and other processes.
The aeration of the pond makes a significant contribution to the cultured fish, thus satisfying their normal
metabolic demand, and ensuring optimal oxygen levels (worldfishcenter.org).
Depending on the decrease in dissolved oxygen concentration, risks may occur: fish may become
more prone to infectious diseases, consume less feed and process it less efficiently, the growth rate of fish
will decrease, and there is a risk of suffocation of fish, causing their death. In addition to all these negative
effects caused by the decrease in dissolved oxygen in aquaculture basins, that decrease will affect the entire
aquatic ecosystem.
Oxygen consumption by fish
The different fish species have become adapted to different living conditions during their evolution.
There are fish species with high oxygen requirements, for which only small variations in the amount of
oxygen can cause major developmental damage, while some other species such as Cyprinids are less
demanding of oxygen. In addition, in some tropical areas there are species of fish that have the ability to
breathe through the skin, and other species have internal organs with specific functions similar to the lungs.
Standard oxygen consumption is the quantity of oxygen needed by fish for subsistence, consumed without
swimming and feeding. Have been noted that standard oxygen consumption is not dependent on oxygen
saturation of the water but it is significantly influenced by water temperature.
Principles of aeration
Normally, aeration of an aquaculture pond is accomplished by transferring gaseous oxygen from the
atmosphere to the pond water, where dissolved oxygen concentrations have dropped below normal.
Depending on certain factors, such as the amount of turbulence in the water, the ratio of the pond surface to
its volume and how far the measured DO concentration deviates from the saturation concentration (ie, when
the relative amount of oxygen in the atmosphere is equal to DO concentration in water), this deviation is
called either saturation deficit or surplus, depending on the measured concentration of dissolved oxygen.
Especially salinity and temperature are the water quality parameters that predominantly influence the
dissolved oxygen saturation. Mechanized aerators are machines that improve the mixing of water in the
pond, therefore it reduces thermal stratification and can increase the content of dissolved oxygen needed by
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aquatic organisms, but at the same time helps to distribute feed and eliminate waste from the pond
(Hargreaves et al., 2004).
TYPES OF AERATORS
The best choice of aeration system is normally made, depending on the following factors: seasonal
changes, pond shape, pond depth, its size, aerator efficiency, fish harvesting methodologies, power supply
availability and type of aeration. Aerator performance is measured as standard oxygen transfer rate (SOTR)
or standard aeration efficiency (SAE).
SOTR is the amount of oxygen added to water within 1 hour under standard conditions, and is
expressed in kg / hour of O₂. The SAE is the standard oxygen transfer rate divided by the power (CP) of the
unit, expressed in kilograms of O₂ / hp-hour transferred to water (Boyd C.E, 1998).
The correct location and positioning of the aerators in the ponds aim at obtaining a good water
circulation and the distribution of saturated oxygen water on the entire surface of the pond (Tanveer M. and
Nadu T, 2017). Aquaculture aerators are similar to those used in wastewater aeration. However, modified
aerators have been developed for aquaculture, that are less expensive than those for wastewater.
This equipment helps to increase the turbulence in the body of water and the surface of the water in
contact with the air, thus influencing the rate of oxygen transfer from air to water. The most common types of
aerators used in aquaculture require electricity or fuel-powered motors (tractors or pumps), these are: pump
sprayers, vane wheels, vertical pumps, propeller-vacuum pumps, spiral wheel aerator and air systems
diffuse (Wurts W.A., 2019).
PUMP SPRAYER AERATORS
Pump-sprayer aerators are simple, low-maintenance equipment, being a suitable choice for
emergency aeration operations, with good efficiency on a small area of the pond and can be powered by an
electric motor or power take-off (Tucker C., 2005).

Fig.1 Pump sprayer aerator in operation
(http://extension.msstate.edu/news/feature-story/2017/smaller-catfish-ponds-intensify-production)

Spray aerators have a high pressure pump with which artificial aeration is performed. This pump
discharges water at high speed through one or more of its holes, the water is pumped upwards, and then
falls to the surface of the water in an umbrella pattern (Boyd C.E, 1998). These are mobile equipment, easy
to transport from one pond to another and can operate even at shallow depths, provided that the pump inlet
is sufficiently submerged in water (Tucker C., 2005).
The disadvantage of pump sprayers is that they can improve the concentration of dissolved oxygen
only in their vicinity and are more effective in aerating the bottom of the pond, but they can also be combined
with other types of aerators for higher efficiency (Rogers G.L., 1989).
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In the case of this type of aerator, the dissolved oxygen concentration is improved only near the
equipment, and the water regions in the distance remain unventilated (Rogers G.L., 2009).
According to the literature review, research on performance evaluation and economic analysis of a pump
spray aerator is limited to none.
VERTICAL PUMPS
Vertical pump aerators operate on the same principle as pump sprayer aerators and consist of a
relatively small electric motor with one or two rotors, which rotate at 1730 or 3450 rpm, which are attached to
the motor and suspended on the surface of the water with the help of a float.
Due to the fact that this type of aerator has a relatively small engine, its use is limited to ponds
smaller than 1 acre. These aerators are manufactured in sizes <1 to 50> Kw, but aquaculture units are rarely
larger than 2 Kw (Boyd C.E., 1998).

Fig.2 – A vertical pump aerator in action (Boyd C.E, 1998)
(https://kascomarine.com/blog/the-fluidity-of-evaporation/)

These are surface aerators operated by a propeller, and water is sprayed into the air from the center
of the float through an opening. The entire equipment is suspended just below the surface of the water with
the help of the float.
The float in the component of the vertical pumps must have in its component two anchor points to
maintain stability and to prevent the rotation of the unit during operation. The anchoring is done with the help
of cables fixed to the edge of the pond or to a heavy object on the bottom of the pond.
This type of aerator does not circulate the water in the pond, so that difficulties may occur in the total
mixing of the thermal stratification, and the lower layers remaining anoxic. That is why these vertical aerators
are used exclusively in shallow ponds for trout and tilapia crops. The minimum operating depths vary from 53
to
122
cm,
depending
on
the
pumping
efficiency
and
the
size
of
the
unit.
(68f87db8f018e516f7b01a683f40e15c.pdf - worldfishcenter.org)
PADDLE WHEELS
This aeration equipment is generally of two types: aerodynamic with paddle wheels and floating
electric aerators. The electric aerator with paddle wheels is conditioned by the availability of electricity in the
aquaculture pond. Electric paddle aerators are usually mounted on floats and anchored on the shore of the
pond. The paddle wheel of such an aerator helps to spray water into the air to increase the aeration rate.
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Fig.3 –Designs of paddle wheel aerator ( Subha M. Roy 2021; https://www.indiamart.com/proddetail/aquaculturepaddle-wheel-aerator-20206411230.html)

This aerator model is composed of a frame, wheel with blades and bearings, floats, motor, speed
reduction mechanism and coupling. Pallet aerators are the most common types of aerators used in large
ponds, and the paddle wheel or their rotor is made mainly of polyvinyl chloride (PVC) or stainless steel, and
PVC floats (Ahmad T. and Boyd C.E, 1988).
The motor is connected to a gearbox to reduce the speed through a shaft, coupling and bearings.
Several wheels are connected to the shaft, and the engine and gearbox are positioned in the center of the
frame. The whole assembly is fixed on the frame, and the frame is mounted on two floats.
The floats are designed so that the rotors of the paddle wheels are partially submerged. Rotating the
blade on a vertical plane helps to release water into the atmosphere to absorb oxygen from it to increase the
DO content of the water. Increasing the DO content of water and throwing water into the atmosphere to
absorb oxygen from it is done by rotating the blade on a vertical plane. PTO-powered paddle wheels for
tractors usually have a very high power and can have standard oxygen transfer rate (SOTR) values of 40 kg
O₂ / h or higher).
These types of aerators are very effective when an acute lack of DO concentration is detected in the
pond water. Due to the fact that most tractors have a much higher power than would be necessary in the
operation of an aerator, a large fraction of the available power is lost, and therefore the aeration efficiency is
very low.
These types of aerators are very useful in case of emergencies, because they can be moved quickly
and easily to the place of need, and in most cases, wheels with paddles operated by PTO usually have a
paddle immersion of 75 to 100 mm (Roy Subha M, 2021).
Ahmad T. and Boyd CE 1998 did research and found that the most suitable design for the electric
aerator, which forms an interior angle of 135 degrees in cross section.
DIFFUSE AIR SYSTEMS
Diffuse air systems have a high-volume blower that acts at low pressure to supply air to speakers
that are suspended in water or are located at the bottom of the pond.
The types of diffusers used in the component of diffuse air systems are varied and are made of
various materials, these can be: porous ceramic tubes, perforated plastic pipes, ceramic dome diffusers,
perforated rubber tubes or porous paper tubes. The location of these diffusers on the bottom of the pond
contributes to the minimization of the suspended sediments in the pond. (Boyd C.E., 1998)
The minimum allowable pressure of a diffuser air system becomes higher as the water depth above
the diffusers increases, as there must be sufficient pressure to force air through the duct system and to
cause air to exit the diffuser against hydrostatic pressure at the discharge point.
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Fig. 4 – An air diffuser pond/tank aerator in operation
( 68f87db8f018e516f7b01a683f40e15c.pdf - worldfishcenter.org)

Diffuse air systems that release small bubbles are usually more efficient than those that discharge
coarse bubbles. This is because the fine bubbles have a larger surface area for the surrounding water than
the larger bubbles. Oxygen diffuses into the water to the surface, so a large surface area facilitates more
efficient oxygen transfer (Boyd C.E., 1995).
The depth of the diffuser also has an impact on the water circulation rates in the pond. As the
bubbles rise to the surface and expand, water is entrained. This process creates a lifting air, which pumps
bubbles and entrained water to the surface. Deeper water is usually colder and denser than surface water
and spreads slowly and moves away from the column of growing bubbles, creating a vertical circulation.
The growth of the aquaculture sector will affect water quality by increasing nutrient loads, and high
turbidity to chemical discharges, such as drugs and biocides. Increasing nutrient loads can lead to
eutrophication of the pond water, and this process can cause the death of crop species, as well as the
deterioration of water quality (Duff A, 1987).
Different types of microorganisms, such as bacteria, viruses, algae, fungi and parasites, can be
present in effluents from the aquaculture sector and can create negative effects on health, when they are
spread and come into contact with humans and other organisms in the environment.
Another negative aspect on the environment is the overfeeding of fish and marine life. This
circulation cell has a limited horizontal extent and therefore diffuse aeration systems usually require several
diffusers arranged in a network pattern to effectively ventilate and circulate the blockage. These aeration
systems are more efficient in deeper ponds and are less common in commercial aquaculture ponds (Perry L.
Oakes et al., 2011).
THE IMPACT OF AQUACULTURE ON THE ENVIRONMENT
Despite the benefits that the aquaculture sector offers, such as providing food and creating millions
of jobs for the population, this activity also causes a negative impact on the global environment (MartinezPorchas M., 2012).
The lack of a feeding plan combined with the lack of light can have negative consequences on the
environment. Nutrients that remain unabsorbed by marine life are released into the environment and cause
pollution of ponds in aquaculture. The food management program that aquaculture producers follow is
absolutely essential because it is correlated with economic and environmental sustainability (White, 2013).
Aquaculture, like any other production activity, generates solid waste, such as uneaten or spilled
feed and fish feces, as well as dissolved waste, especially carbon, nitrogen and phosphorus, together this
waste reduces the quality of the water in the pond.
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In flow systems such as ponds or cages, an artificial channel is created by continuously pushing
water through the system to maintain a higher water quality for fish, constantly providing them with fresh
water (Aero-Tube, 2014).
Urgent measures are needed to manage water quality and the negative impact on the development
of this important sector on the environment. In this regard, worldwide, the competent institutions have
imposed increasingly stringent standards and regulations for the discharge of effluents from aquaculture
(Jegatheesan V., 2011).
CONCLUSIONS
Dissolved oxygen is the most important element concerning water quality in any aquaculture system,
because all aerobic aquatic organisms need a constant supply of oxygen to survive.
Aeration equipment is used to increase productivity in aquaculture ponds, therefore understanding
the mechanisms of oxygen production, transfer, and depletion is necessary to help pond operators in
managing fishing development.
This document provided information regarding dissolved oxygen dynamics related to pond aerators
and a brief description of the most widely used aeration technologies in fish farming.
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ABSTRACT
This article presents aspects of the process of compacting cardboard waste in vertical flow presses. For this
purpose, a vertical press, type PP-1207 Strautmann, was equipped with a piston displacement measurement
system, and also for forces at regular intervals. The experimental data were purchased and stored in Ms
Excel format for processing. These experimental values are briefly presented in the paper. Thus, maximum
compression forces in the range 978 - 997 kgf were obtained. Using the force-displacement variation curve,
the energy consumption was determined and the specific consumption when pressing the cardboard waste
in the vertical flow presses was calculated. The data presented can be helpful for both designers and vertical
flow press builders.
REZUMAT
Acest articol prezintă aspecte privind procesul de compactare al deșeurilor de carton în presele cu flux
vertical. În acest scop, o presă verticală, tip PP-1207 Strautmann, a fost echipată cu un sistem de măsurare
a deplasării pistonului, dar și a forțelor la intervale de timp regulate. Datele experimentale au fost
achiziționate și stocate în format MsExcel, în vederea prelucrării. Aceste valori experimentale sunt
prezentate pe scurt în lucrare. Astfel, au fost obținute forțe maxime de comprimare în intervalul 978 – 997
kgf. Cu ajutorul curbei de variație forță-deplasare a fost determinat consumul de energie și s-a calculat
consumul specific la presarea deșeurilor de carton în presele cu flux vertical. Datele prezentate pot fi de
ajutor pentru atât pentru proiectanții cât și pentru constructorii de prese cu flux vertical.
INTRODUCTION
Paper-based packaging materials come in the form of packaging, bags, pouches, glasses, bags, trays
and tubes. These packages have already proved their applicability and have occupied a solid position in the
market. The important advantages of paper-based packaging materials compared to petroleum-based
products are biodegradability, recyclability, good printability, "green" image and regenerability.
The formability of cardboard, as a property of formation of packaging, can only be improved by
chemical and mechanical changes in the fibres and the structure of the fibre network, (Vishtal and
Retulainen, 2012).
Waste management refers to temporary storage, reuse, collection, transport, treatment, recycling and
disposal of waste, the main purpose being to save raw materials by reusing recyclable waste, thus
contributing to reducing the pressure on natural resources.
Waste is divided into two main categories: non-hazardous and hazardous and, in Romania, are
defined by categories in HG 856/2002 on waste management records.
The costs of waste management operations are borne by the waste producer according to the
"polluter pays" principle.
Waste paper and cardboard packaging (cardboard boxes of purchased goods) is classified as nonhazardous waste; code 15 01 01. For these categories of waste the way of management is recycling.
The place for storing recyclable / recoverable waste is closed, on a concrete platform, provided with a
roof and protected from the weather.
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Waste compaction or baling reduces the volume of waste and has similar benefits. The process
depends on the material being reduced and what continues to happen to it. Cardboard waste can be both
bailed and compacted.
Bale is a process that compresses the material into a block (bale) that is secured with plastic tape or
wire. Baling reduces the volume of waste, which has a number of advantages: it reduces the space occupied
and the baling is easier to store and transport due to its regular shape, thus reducing storage, transport and
disposal costs.
Recycling cardboard waste also reduces energy consumption and emissions compared to the
production of new materials. Under high pressure, cardboard waste can usually be compacted with a
compaction ratio of 6: 1, and the bales can be immediately recyclable.
There are balers with horizontal or vertical compaction. The most widely used cardboard waste balers
are vertical balers, which compress the material from top to bottom, with a top opening on the front for
material supply and a door at the bottom that opens to allow the baler to be produced to be placed on a
pallet.

Fig. 1 - ATS 110-75B waste baler and vertical baler

In Europe, recycling has increased by almost 20% in recent decades, to around 72% in 2012,
(Pivnenko et al., 2015). With the increase in recycling rates, the processes have also been improved, and
fractions of lower quality paper and cardboard can be added.
According to mediafax.ro, Romania produces 5.8 million tons of waste per year, with an average of
272 kg / year / inhabitant and a collection rate of 82.35, according to the Waste Atlas study, published by DWaste. Of these, 56% is organic matter, 9.9% paper and cardboard, 9.9% plastic, and the rest other
categories of waste. Of the total waste, Romania recycles only 3% before 2018, (mediafax.ro, accessed 20
oct.2021).
Other countries in Europe recycle much larger amounts of waste compared to Romania. For example,
Slovenia recycles about 55% of waste annually, with a collection rate of 100%, but produces only 0.852
million tons of waste, with 414kg / inhabitant / year.
In a circular economy an important practice is recycling, currently considered the main core for
returning materials to the supply chain, and the main bottleneck in plastic and paper recycling chains is the
lack of continuous selective collection programs with a focus on processes of ecological education,
(Rutkowski and Rutkowski, 2017). The paper shows that in 2013, about 57% of the paper used worldwide
was produced from recycled fibers (~ 233 million tons). Although the amount of recyclable material increases
every year, it is difficult to guarantee the homogeneity of separation and avoid contamination.
Recovered paper and cardboard are mainly used for packaging purposes. In recent years, however,
various researches have focused on the possibility of developing new products with applications in other
401

INTERNATIONAL SYMPOSIUM

fields. Thus, noise-absorbing panels made of recycled cardboard have been developed, which have been
shown to have an impact on the environment compared to conventional acoustic materials, but with a
potential reduction in energy demand and greenhouse gas emissions during the production process of
cardboard-based acoustic materials. These values were, in order, 10% and 34%, respectively, lower than
the impact of a conventional drywall, (Secchi et al., 2015). Furthermore, by appropriate processing methods,
corrugated waste may be used, in the form of structured boards, in the furniture industry, in the production of
thermal and thermal insulation boards suitable for the thermal insulation of buildings or as partitions in
buildings. The flexural strength of insulation boards depends on the vectorization of the individual layers,
while the coefficient of thermal conductivity does not depend on it, (Russ et al., 2013).
It goes without saying that cardboard waste can be used as fuel. Mixed with wood sawdust, the
briquettes of the material obtained have optimal heating characteristics (17.41 MJ/kg), a minimum ash
content (6.62 %) and maximum compressive strength (149.54 N/mm) for a compressive force of 588.6 kN, a
percentage of sawdust 46.66 % and a drying temperature of 22°C, (Lela et al., 2015).
Experimental results in the laboratory have shown that chips from recycled cardboard waste mixed
with sand can be used successfully in the preparation of concrete for construction, resulting in a more
environmentally friendly concrete with low costs of disposing of cardboard waste and with acceptable
strength characteristics, (Seyyedalipouret al., 2015).
At the same time, paper and cardboard waste can be a major source of cellulose biomass, which can
be used as a potential substrate for cellulase production. Thus, experiments show that cardboard treated
with 0.1% sulfuric acid is a good substrate with low costs for cellulose production, (Al Azkawi et al., 2018).
In order to choose the most efficient method of waste management, life cycle assessment (LCA) can
be used, recommending energy recovery by pyrolysis, gasification and combustion only if the heat produced
is used for other applications, (Vukoje and Rozic, 2018).
Cardboard balers are quite versatile and can compress all types of cardboard, regardless of shape,
size or use. Normally, whole boxes, plates, sheets, tubes, corrugated cardboard and plain cardboard can be
baled in a baler.
MATERIALS AND METHODS
A vertical flow press was used to compact the cardboard waste and bales with a parallelepiped shape
were obtained. The press is usually used in compacting plastic waste, foil, PET bottles, cardboard, and is of
the PP 1207 type Germany production, with the maximum strength of 50 tons force. The pressing chamber
is frontally fed through the median sliding door (see fig. 2).

Fig. 2 – Vertical flow baler PP-1207, Strautmann (***the technical book of the press)
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The bale is formed by successive feeding and compaction and it is connected by 4 strips, before being
evacuated from the compaction chamber.
The purpose of compaction and obtaining the bale is to reduce the volume of waste for an economical
storage and transport with optimal weight / volume for further processing.
Cardboard waste is a non-homogeneous mixture of packaging boxes of various shapes or sizes, they
are sorted before being placed in the press - in order to separate plastic waste or polyurethane foam.
A formed / tied bale can have weights ranging from 150 kg to 350 kg and dimensions given by the
pressing chamber: 1180 x 700 x 800 mm.
The flow of operations for collecting experimental data is as follows:
1) Installation of data collection and calibration / sample equipment.
2) Weighing the quantities for the first sample and introducing them through the sliding door in the
compaction chamber.
3) The data regarding the compaction force and the distance from the compaction plate to the fixed
mark on the press body are automatically delivered in an MS Excel worksheet.
4) Repeat successively the supplies of cardboard waste in the same conditions as in points 2 and 3.
5) The data obtained are stored indefinitely and can be used for further processing.
The assembly scheme of the equipment but also aspects during the experimental determination are
presented in fig. 3.

Fig. 3. Assembly scheme of the equipment, and appearance during the experimental determination

1 - Hydraulic cylinder, 2. - Hydraulic cylinder rod; 3. Force sensor / transducer, 4 - Pressure plate, 5 - Additional support plate, 6 –
Guides, 7 - Cardboard waste, 8 - Displacement sensor, 9 - Laptop

In the experiment regarding the compaction of cardboard waste we took sorted material made of
cardboard of various shapes, each sample was weighed and placed in the compaction chamber. Humidity
was not measured, because in reality, in the waste industry they are stored in covered halls and having
atmospheric humidity given by normal conditions.
0.2 m3 of cardboard waste was introduced into the pressing chamber and the pressing cylinder was
actuated. After a first pressing, when the maximum pressure in the system is reached, a sensor reverses the
stroke of the piston and another 0.2 m3 is introduced into the pressing chamber, above the 0.2 m3 of
cardboard waste (see table 1).
RESULTS
The experimental data obtained were stored in tabular form, these being generated continuously as
long as the press was in operation. (Table 1). The table shows the variations of the compaction force
depending on the distance of movement of the compaction plate from a fixed upper point on the cover of the
press for 7 samples, but also their mass. Data processing can bring favourable results in order to model the
process of pressing cardboard waste.
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Based on the graphs drawn in the MS Office Excel program, the areas under the force-displacement
curve were determined (fig. 4) which represents the energy consumed in each stage of the compaction
process, and its values are presented at the bottom of table 1.

Variation of pressure forces with compaction piston displacement for the seven samples

673 J

1544 J

1536 J

1065 J

148
410
478
530
583
602
646
701
782
893
978

1027 J

Fig. 4. Force - displacement curve for the seven samples of cardboard waste.

404

1184
985
925
846
774
708
621
545
473
382
297
221
183

1554 J

Force
(kgf)

915
848
770
702
636
565
489
428
346
277
246

P7
V= 1.3 m3
m = 80.5 kg
Displacement
(mm)

128
390
458
510
563
631
766
802
861
912
983

Force
(kgf)

905
838
760
692
626
555
479
418
336
267
236

P6
V= 1.1 m3
m = 69 kg
Displacement
(mm)

193
258
372
416
521
586
632
662
706
803
852
876
921
961
979

Force
(kgf)

1278
1235
1194
1111
1026
950
902
868
802
725
630
529
336
237
183
1292 J

P5
V= 0.9 m3
m = 57.5 kg
Displacement
(mm)

153
914
982
992
981
962
961
965
968
968
970
975
977

Force
(kgf)

1302
1042
991
892
817
748
668
602
510
422
342
270
231

P4
V= 0.7 m3
m = 46 kg
Displacement
(mm)

258
912
980
992
980
967
968
966
967
967
966
977
977

Force
(kgf)

1234
1035
975
896
824
758
671
595
523
432
347
271
233

P3
V= 0.5 m3
m = 34.5 kg
Displacement
(mm)

457
633
705
742
772
960
955
968
980
979

Force
(kgf)

1323
1244
1099
958
810
645
523
385
231
183

P2
V= 0.3 m3
m = 23kg
Displacement
(mm)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Energy

Force
(kgf)

Time (s)

Displacement
(mm)

P1
V= 0.2 m3
m = 11.5 kg

Table 1

278
932
985
997
985
972
973
971
972
972
971
982
982
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Fig. 5. Variation of force and displacement over time for the seven samples analysed

Fig. 6. Variation of maximum force and energy consumed for each of the seven samples of cardboard waste

From the analysis of the data in table 1, but also of the graphs presented, it is found that the pressure
plate travels, at first, in a vacuum, a certain distance until it comes into contact with the material to be
compacted and, only from now on, begins the actual pressing process and follows the registration of s
compression forces value, that relative increase exponentially as the pressure plate reaches the maximum
position comes down and the lowest of the piston (respectively the maximum compaction force that the
press presents). Usually, the lower the material level inside the press, the later the recording of the
compression force value will start.
Thus, the variation of the compressive forces according to the displacement of the piston can be
followed in Table 1, for all the seven samples. It is observed that the hydraulic system of the press is upper
pressure limited. Given that the contact surface with the material is constant (0.826 m2) it can be said that
only the pressing force varies until it reaches the maximum corresponding to the maximum pressure in the
system. This maximum is close to 980 kgf, depending on the sensitivity of the sensor that detects the
maximum pressure and commands the reversal of the piston stroke.
Figure 5 shows the curves of variation of the pressing force and the displacement of the piston in time
(s), curves in phase opposition. In fig. 6 shows the variation of the maximum force and of the energy
consumed at pressing for the seven samples, as well as the regression curve for energy. It can be seen from
figure 6 that the regression was made with a polynomial law of the third degree, the correlation coefficient
having the value 0.985.
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Fig. 7. Variation of bale density and piston speed with carton waste bale volume

In addition to the data that can be observed directly from the data table or from the graphs presented,
it was found that the speed of the press plate during the compression of the cardboard (that is, as long as
the plate is in direct contact with the material to be compacted, and the force increases continuously) it
differs from one press to another. Thus, it showed values from 114 mm/s in sample 1 to about 61 mm/s in
samples five and 6, with variations between these values in the other samples. However, the value of the
pressing plate velocity depends on the compressive strength of the material, but also on the condition of the
material to be pressed.
Analysing the values of energy consumption in those for the seven compressed samples, it can also
be found that the highest values are shown by the sample 7 (1554 J), because the volume of press material
is large. If at the first test (P1), energy consumption is low (673 J), starting with sample 2 the energy
consumption exceeds 1000 J. Overall, the total compression energy (the sum of the consumptions from the
seven compressions of the seven samples) reaches about 8691 J, which compared to the mass of
cardboard waste in the pressing chamber (80.5 kg) determines the specific pressing energy, ie about 108 J
per 1 kg of cardboard waste.
In paper (Lazea et. al, 2021) the authors analysed the compaction process of polyethyleneterephthalate cylinders, but on a vertical flow press model type HSM-V 605 (GmbH, Germany). Following the
research, a maximum energy consumption of 1730 J was obtained, the maximum force of 730 kgf (at a
contact surface of approximately 0.5 m2), the average speed of the piston being 50 mm/s.
CONCLUSIONS
Compaction of cardboard waste in small and medium capacity vertical flow presses is generally
carried out during the collection stage before it is sent to processing companies. Compaction using
stationary presses is done in several stages, with recompressions and the addition of new material, until it is
sufficient to form a parallelepiped bale with the dimensions of the bottom of the press chamber. The bale is
then tied with plastic strips (usually four strips), with a much lower volume compared to the initial free state of
the cardboard waste.
Compression in several successive stages leads to the relocation of the material in the pressing
chamber and to its increase in density. The degree of compaction depends, including, on the pressure in the
cylinder (or cylinders) of the compaction plate that the press can develop, but also on the initial state of the
cardboard waste (thickness, rigidity, etc.).
When pressing the cardboard waste, with the vertical press of 50 tons force, the maximum
compression forces showed variations in the range 978-997 kgf. For the maximum loading of the press (at
test P7) the compression force reached the value of 997 kgf, ie a pressing pressure of about 0.0116 MPa.
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With regard to the compression energy, it recorded values between 673 J (in sample P1) and 1554 J
(in sample P7). However, the average value of the specific compression energy for the whole process was
around 108 J / kg of compressed material..
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ABSTRACT
The article aims to be a succinct study on the possibilities of manufacturing ripened cheeses in industrial
manufacturing departments, sections where we can reproduce the natural processes that take place at the
maturation of cheeses in the regions of origin. The technological process of obtaining requires a quality
control both for the raw material on the technological flow and for the finished product. The quality of the
finished product, the preservation in time, but also the production efficiency with a direct effect on the benefit
of the factory depends on the flow control and the direction of the technological process.
REZUMAT
Articolul își propune să fie un studiu succint asupra posibilităților de fabricare a brânzeturilor maturate în
departamentele industriale de fabricație, secțiuni în care putem reproduce procesele naturale care au loc la
maturarea brânzeturilor în regiunile de origine. Procesul tehnologic de obținere necesită un control al calității
atât pentru materia primă pe fluxul tehnologic, cât și pentru produsul finit. Calitatea produsului finit,
conservarea în timp, dar și eficiența producției cu efect direct asupra beneficiilor fabricii depind de controlul
debitului și direcția procesului tehnologic.
INTRODUCTION
Cheeses have a high nutritional value because they contain all the nutrients – proteins, carbohydrates,
fat, mineral salts, vitamins, enzymes, etc., necessary for human nutrition, contributing to the maintenance of
a state of health, which is why they are considered among the most valuable food products (Santiago-Lopez
et al., 2018); Technological conditions affecting the composition of the cheese, the yield and losses
composed of whey comprise a wide variety of processes, such as cold storage of milk, heat treatment,
standardisation, coagulation, cutting and processing of curdle, draining, pressing and salting or maturing.
Cutting the curd and processing are critical steps, since whey protein losses occur and greatly affect the
yield of cheeses, (Aldalur, Bustamante and Barron, 2019). The maturation of cheeses is the last stage of the
technological manufacturing process, after the end of the salting phase. It is a complex process, being the
result of the action of the enzymes existing in milk and rennet, but also of the enzymes secreted by
microorganisms that develop spontaneously in milk or are sown by using pure cultures and leavens,
(Ordonez et al., 2019).
In the maturation process, the cheese paste at first white-porcelain, crumbly and with an insipid taste,
becomes yellowish-white, elastic, unctuous, with a taste and aroma specific to each assortment, (Rehman,
Riyadh and Mohsen, 2020). Temperature plays a very important role in the process of ripening cheeses: a
high temperature favours the multiplication and activity of microorganisms, and the decrease in temperature
hinders their development. In general, maturation is carried out at temperatures between 10-20 °C, (Tiwari
and Pandey, 2020). The accuracy of temperature control is a key factor in the ripening of cheeses to obtain
quality cheeses at the end of the process. Air temperature records in the maturation chamber revealed slow
variations in temperature throughout the process, with variations between 11.4ºC and 12.1ºC, (Conte et al.,
2020). At factories with high production capacity, the temperature and relative humidity of the air are
conditioned with the help of special installations. The underfloor heating system is recommended, as it
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ensures a more uniform distribution of heat throughout the room and possibilities to maintain the desired
degree of humidity of the desired air. During the maturation process it is necessary to ensure a minimum of
three times air exchange in 24 hours, the air speed circulating being 2.5–3 m/s. Through this ventilation of
the air, ammonia, carbon dioxide and other gases resulting during maturation are removed, (Bintsis and
Papademas, 2018). In the case of maturation premises with low humidity, it is recommended to pack the
pieces of cheese after 3-4 weeks after manufacture.
The maturation period is 2-4 months, after the second month, the cheese is thoroughly cleaned of the
mucilage and packed in aluminum foil, still maintaining at a temperature of 3-5 °C and the relative air
humidity of at least 95 % until complete maturation, (Gonzalez, et al., 2019). In order to maintain the
conditions of temperature and relative humidity of the air in the cheese maturation warehouses, it is
necessary to have air conditioning systems because part of the cheese water has to be removed, which
would be difficult to achieve if the air in the store had a high moisture content, (Aldalur, et al., 2019). The
main flaws of cheese 100 years ago were its gasosity and unclean flavors. The cheese was generally stored
at room temperature or, if the cheesemaker was lucky, in caves built on the sides of the hills; however, this
has considerably increased the growth of coliforms and other undesirables. The chilling of the cheese has
greatly improved the quality of the cheese, (Conte et al., 2020).
Technological advances in cheese-making equipment and conch handling have enabled
mechanization and automation, which were necessary for this quantum increase in cheese production and
led to a uniform product, reduced bacteriological contamination and reduced production costs, (Calzada et
al., 2013). The implementation of new technologies, the science of cheese production and the development
of further advances have required highly trained staff at both academic and industrial level, (Johnson, 2017).
MATERIALS AND METHODS
The main technological phases of cheese manufacturing are as follows (fig. 1):

Fig. 1 – The scheme for obtaining ripened cheeses
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Phases and operations: a) normalization of milk – the goal is to ensure a constant composition
of the finished product; b) homogenization of milk – to reduce fat loss in whey; c) the pasteurisation of
milk is necessary for hygienic and technical reasons; d) low pasteurization (63-65ºC, for 20-30 min) is
carried out in the valve, and pasteurization at 71-74ºC in pasteurization plants; e) preparation of milk for
clotting – consists in the addition of leaven of pure cultures, calcium salts and possibly nitrates; f) milk
coagulation is carried out with rennet (chimosin) whose optimal activity is at temperatures between 2535ºC; g) processing of the curd – elimination of whey in an amount corresponding to the manufactured
assortment; h) the formation of cheeses – it is carried out by pouring (the shredded curd is introduced
into the moulds together with the whey); i) pressing cheeses – has the role of favouring the elimination
of surplus whey and ensuring the necessary conditions for maturation; j) salting cheeses – regulates the
activity of microorganisms, completes the dehydration process favouring the formation of the shell and
improves the taste of cheeses; k) maturation of cheeses – represents the set of chemical,
microbiological and enzymatic phenomena that provide the product with all the organoleptic
characteristics specific to the assortment; l) cheese storage – cheese warehouses are spaces where
biochemical processes that must be reduced to a minimum are continued.
Maturation is an important stage in the cheese manufacturing process. The reduction of humidity
depends on the duration and temperature conditions of the maturation rooms. At the same time, the cheese
peel, characteristic of each assortment, is finalized.
Getting mould Penicillium Roqueforti. To make the cheese with blue mould I used mould grown on
plates with DRBC and DG18 environment. The mould was taken from Fromage Bleu (fig.2) and Roquefort
(fig.3) cheeses.

Fig. 2 – Fromage Bleu cheese

Fig. 3 – Roquefort cheese

Apparatus and glassware: autoclave; Petri boxes with a diameter of 90–100 mm; UV lamp; gas bulb;
loop; thermostat. DRBC (agar with dichloran-pink Bengal and chloramphenicol, Scharlau, cod 01-657-500)
dissolves 31.7 g in a litter of distilled water and boil. Add 220 g of glycerol and homogenize. Sterilize the
medium in the autoclave at 121 °C for 15 minutes and pour into plates. DG18 (agar with 18% dichloroane
and glycerol, Scharlau, code 01-485-500) dissolve 31.7 g in a litter of distilled water and boil. Add 220 g of
glycerol and homogenize. The medium is sterilized in the autoclave at 121 °C for 15 minutes and poured into
plates. Sowing with mould is carried out in special hoods that keep the atmosphere sterile inside and do not
allow the formation of drafts during work.
The loop with which the sowing is carried out, must not be touched by any non-barren object (hand,
gown, work table, etc.). While the cultured containers or tubes, sterile or sown, are opened, they shall be
kept in an inclined position as close as possible to the flame in order to avoid contamination by germs or
spores in the environment. For the sowing of the DRBC and DG18 plates, the following operations are
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performed: work in the hood; light the gas bulb; the loop is sterilized in flame by heating to red (the rod is
also passed three times through the flame) and cooled by contact with the product. After cooling, the loop is
loaded with mould the loop is easily passed on the surface of the culture medium with zigzag movements,
without scratching the surface of the medium, (fig.4.); after sowing, the incubation of petri plates is ensured
at the thermostat.

Fig. 1.4 – The technique of sowing by exhausting the load of the bacteriological loop

The evolution of mould growth is shown in the figures below. For sowing the curds, mold grown on the
Petri dish was used for 12 days (fig.7).

Fig. 5 – Day 2

Fig. 6 – Day 6

Fig. 7. – Day 12

Getting cheese with blue mould. To get cheese with blue mould I used 8 litters of milk. The milk was
pasteurized in the bath at 67°C for 15 minutes, (fig.8).

Fig. 8. – Valve for pasteurization
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The pasteurized milk is cooled to a temperature of 22-28 °C, add 3 g of CaCl 2 , lactic cultures and
leave to stand for 2 h at room temperature (fig. 9). Add 6 tablespoons of rennet solution, mold suspension in
saline and leave at rest. The final moment of coagulation can be appreciated practically: with a light pressure
of the finger, the separation of the curd from the edge of the valve is attempted, (fig.10).

Fig. 9 – Resting stage

Fig. 10 – Coagulum formation

Heat the curd for 15 minutes to 40 °C and cut by means of a harp to obtain the most uniform curd,
(fig. 11).
The processing of the curd consists in cutting into columns and crushing into cubes with a side of 45 cm. Shredding continues until hazelnut-sized curd particles are obtained. The curd is processed until the
grain of the desired consistency is obtained, with a certain elasticity, avoiding too advanced drying.
The mass of curds is mixed with coarse salt on the drain. Due to the whey in the curds, the salt is
melted forming a space that allows the development of mould (fig. 12) and left in the cedilla until the next day
to remove the whey.

Fig. 11 – Cutting the curd

Fig. 12 – Processing of the curd

The perforation of the cheese is carried out with steel needles. The cheese is stung to allow air to
penetrate the cheese mass, thereby favouring the development of mould and the elimination of gases
formed during maturation (fig. 13).
Determination of acidity according to SR ISO 6092: 2008. Method: Weigh about 10 g of the
sample and place it in a porcelain capsule; Mortar with 2 to 5 mL water and 1 mL phenolphthalein 2 %
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solution in 96 % vol. ethyl alcohol until a uniform paste is obtained; Titrate with a 0.1N sodium hydroxide
solution, stirring continuously until the pink colouring appears, which is maintained for 1 minute. Expression
of results: Acidity = (m/V) * 100 [0T]; V – volume of the 0.1 N NaOH solution used for titration, in millilitres;
m – the mass of the product taken into work, in gram.

Fig. 13 – Mould Development

Determination of humidity with the help of thermobalance: Start the thermobalance; the tray is
weighed; Weigh 2 g of the sample and spread over the entire surface of the tray; Read the value that
appears on the balance screen.
RESULTS
It is clear that the process of ripening cheeses is extremely complicated involving many processes and
reactions and many different models from which to make choices. One of the key modeling decisions
concerns the properties of milk that should be followed.
Table 1 – Physico-chemical characteristics of Roquefort cheese during maturation

Day - ripening
1
3
5
7
9
12

Dry matter,
[%]
51.39
52.05
52.95
53.49
54.79
55.06
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Acidity
[°T]
72.15
75.18
78.65
82.52
84.32
85.36
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56

90
y = 0.3573x + 51.085
R² = 0.9657

54
53

82
78

52

74

51

70

0

3

6

y = 1.2743x + 71.839
R² = 0.9384

86

Acidity

Dry matter

55

9

Ripening day

12

15

Fig. 14 – The evolution of the dry substance

0

3

6

9

Ripening day

12

15

Fig. 15 – The evolution of acidity

The results obtained showed that during the 12 days of maturation the degree of acidity and dry
matter increased, proving that lactobacilli act to a lesser extent as an acidifier and also have an intense
proteolytic action and protein substances are broken down into polypeptides and amino acids. In this
phase, the taste and aroma of the cheese are mainly finished. The acidity of the cheese increases during
ripening, at the same time as the number of microorganisms increases. It is mainly due to lactic acid which
is formed by the fermentation of lactose by lactic acid bacteria. Thus, the dry matter in the cheese
increases during maturation, due to the development of mould, this increase being a linear one, whose
equation is presented in fig.14, the correlation coefficient of the function with the experimental data being
very high (R2 = 0.965). The same can be said about the acidity of the cheese with mould, which also
follows a linear increase, the equation being presented in fig.15, and the correlation coefficient also has a
high value (R2 = 0.928).
CONCLUSIONS
Following the study carried out and those presented in that work, it appears that the aspects
concerning the production technology of mould cheeses correspond to the most demanding standards in
terms of the quality of the food safety of the product under consideration. The technological scheme for
obtaining the finished product is strictly followed, and the manufacturing recipe is made in accordance with
product standards and meet the agreement with national and European legislation. Texture is an indicator of
the quality of various varieties of cheeses. Cheeses possess viscoelastic properties, which means that they
display the characteristics of both solid bodies (elasticity) and liquids (viscosity).
The cheeses produced with the use of lactic acid bacteria were characterized by improved textural
properties, including lower hardness, fracturability, gingivitis and mastication, compared to control cheeses,
as well as by better scores in organoleptic evaluation, which shows a correlation between the parameters
determined in texture analysis and organoleptic evaluation. The marketed preparation complies with the food
safety norms due to the monitoring of raw materials and materials, but also to the use along the
technological flow of equipment specially made for the food industry.
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ABSTRACT
Stabilized sewage sludge, also called biosolids, is the basis and source of organic matter for some organomineral fertilizers. The production of granular organo-mineral fertilizers from biosolids involves their
enrichment in nutrients by adding fertilizers and minerals in the manufacturing formula. The characteristics of
granular organo-mineral fertilizers based on biosolids must correspond to the existing requirements imposed
on organo-mineral fertilizers. This paper presents researches on determining the characteristics of granular
fertilizers based on biosolids such as: particle size fraction, grain moisture, bulk density and compressive
strength depending on the manufacturing formula.
REZUMAT
Namolurile de canalizare stabilizate, denumite si biosolide, reprezinta baza si sursa de materie organica
pentru unii fertilizantii organo-minerali. Realizarea îngrășămintelor organo-minerale granulare din biosolide
presupune imbogatirea acestora in nutrienti prin adaugarea unor ingrasaminte si minerale in reteta de
fabricatie. Caracteristicile fertilizantilor organo-minerali granulari pe baza de biosolide trebuie sa corespunda
cerintelor impuse fertilizantilor organo-minerali. In lucrare sunt prezentate cercetarile privind determinarea
unor caracteristici ale fertilizantilor granulari pe baza de biosolide cum ar fi: fractia granulometrica, umiditatea
granulelor, densitatea in vrac si rezistenta la compresiune in functie de reteta de fabricatie.
INTRODUCTION
The diversity of organo-mineral fertilizers knows an accelerated growth both due to the modern
fertilization technologies and due to the requirements introduced by the environmental protection legislation
(Ministry of Environment and Water Management, 2005).
Organo-mineral fertilizers offer several advantages over organic or mineral fertilizers taken separately,
namely: -improve plant-mineral interaction by reducing phosphorus absorption (Parent, L.-E., et al. 2003) increase activity rooting of young plants (Lee, YS, RJ Bartlett, 1976); -influences the oxidation-reduction
reaction in the soil (Tishkovitch, A.V., et al., 1983).
Research in the field of fertilizers focuses on finding new sources of fertilizers and reducing the
negative effects due to their application on the environment and humans. Currently, the aim is to make
organic fertilizers as easy to apply, concentrated and more stable during the vegetation periods of the plants
(Aguilera, J., et al., 2012).
According to the European Parliament Regulation on CE marked fertilising products, an organomineral fertilizer is composed of one or more inorganic fertilizers and a material containing organic carbon
and nutrients of exclusively biological origin (EC no. 1069/2009 and EC no. 1107 / 2009, Annex 1, 2016).
Organo-mineral fertilizers obtained from the mixture of organic and mineral substances in wellestablished proportions ensure the deficient nutrients for plants in a form as accessible as possible and
contribute to the improvement of some soil properties (Blaga, Gh. Et al, 2008).
Research in the field (Stefan, V., et al. 2015) highlights that the properties of of the components
used influence the quality and properties of the resulting product.
Carefully selected organic and chemical raw materials contribute to the possibility of reducing the
number of applications and increasing the quality of organo-mineral fertilizer, ensuring a rapid fertilization.
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The nutrients are available to the plant in easily absorbable forms, thus increasing the absorption
capacity of the roots.
The knowledge of the physical - chemical characteristics of the fertilizers contributes to the assurance
of a proper management of them.
The paper presents the results of research on determining the characteristics of granular fertilizers
based on biosolids obtained after a technology developed by INMA Bucharest (Siminiceanu, I., 1980; Nagy,
M. E., et al. 2018).
MATERIAL AND METHOD
The granular fertilizer material based on biosolids was made by reactive extrusion and then
granulation, the manufacturing recipe being prepared in three variants whose composition is presented in
table 1. In fig.1. is presented the aspect of the samples subjected to experiments in order to characterize,
made in the three variants.
Table 1.
Composition of formulas used to manufacture granular fertilizer material based on biosolids
Nr
crt.
1

Substance used
Compost uscat, umiditate 20%

Variant I
30,00

Percentages, %
Variant II
30,00

Variant III
30,00

2

Monoamoniufosfat (MAP)

24,50

0,00

25,00

3

Mineral fertilizer NP 20:20

0,00

24,00

0,00

4

Potassium nitrate, KNO3

22,20

23,10

23,00

5

Urea

5,30

6,30

6,20

6

Protein hydrolyzate solution,11 %

4,00

4,00

4,00

7

Starch

7,98

7,47

7,50

8

Magnesium sulphate, MgSO 4

3,30

2,82

3,56

9

Zinc sulphate, Zn SO 4

0,08

0,07

0,09

10

Copper sulphate, CuSO 4

0,05

0,04

0,06

11

Iron sulphate, FeSO 4

0,11

0,09

0,11

12

Manganese sulphate, MnSO 4

0,22

0,19

0,24

13

Cobalt sulphate, CoSO 4

0,03

0,03

0,03

14

Molasses of sugar beat

2,23

1,89

0,00

15

Orthophosphoric acid, H 2 PO 4

0,00

0,00

0,21

The organic part of the recipes is provided by biosolids, protein hydrolyzate and molasses, the other
components providing the necessary minerals. The corn starch added in the recipes provides the matrix to
make it possible the processing by reactive extrusion.

a)

b)

Fig.1 - Granular fertilizer material based on biosolids

c)

a)-variant V1, b)-variant V2 and c) variant V3

Experiments were made to establish the influence of the biosolids-based fertilizer manufacturing
recipe, determining for the product resulting from the processing of the three recipes: particle size fractions,
humidity, compressive strength, bulk density and water absorption.
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To determine the particle size fractions, they were sieved through diferent sieves with an eye size of 4;
2; 1; 0.5 and 0.25 mm samples of about 50 g of the three variants of material made.
In order to determine the water content of the granules, samples of about 5 g of the mass of granules
were taken for each variant made. The experimental study of drying process was performed with a
thermobalance type AXIS-100, with a capacity of 100g and a weighing accuracy of 0.01%, fig.2. The
samples were dried at a temperature of 80 oC and the masses were recorded at intervals of 20 seconds until
at least 3 consecutive equal values were obtained. The moisture content was determined by the difference
between the initial mass of the samples and the final mass (after drying).

Fig.2. Determination of humidity of the granules with thermobalance AXIS -100

The compression tests were performed with a manual press equipped with a 5 kN force transducer,
the data being taken over and processed by means of a Spider 8 data acquisition plate. One granule was
used for the measurements, the measurements being repeated by 5 times to determine the average value of
the compressive strength for each variant.
In order to determine the bulk density of the granules of fertilizer material based on biosolids, a
calibrated vessel of volume V = 0.03 dm3 with mass m = 27.55 g was used. For the determinations we
poured the material from a height of 5 cm in vessel after which the vessel was buffered 50 times by a
wooden table and weighed again, to obtain the mass m 1 . Compact bulk density was calculated using the
formula:
ρ = (m 1 -m) / V
[1]
The absorption capacity of the granules made in the 3 variants was determined as follows: samples of
5 g granules (m us ) were measured by weighing over which 10 g of distilled water was added, after 10
minutes the excess water was removed and the saturated sample (m sa ) was weighed again. The absorbed
water relative to the mass (a m ) was calculated by the formula:
a m = (m sa - m us ) 100 / m us

[2]
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RESULTS
The results obtained from the granulometric analysis of the fertilizer material are presented in table 2.
From the analysis of the data presented in table 2 we observe that the fertilizer material obtained in all
three variants falls within the technical requirements established by EC Regulation no. 2003/2003 regarding
the granulometric structure of fertilizers, namely: min. 90% between 1 and 4 mm and max. 10% less than 1
mm or more than 4 mm. There is an increase in the percentage of granules between 1 and 2 mm for the
fertilizer material with the addition of mineral fertilizer NP 20-20. This is due to a lower phosphorus content
compared to the other two variants in which MAP with a P 2 O 5 content of 61% was added.
Table 2

Granulometric composition
Granulometric fraction

Granule mass,g / percentage parts,%
Variant I

Variant II

Variant III

between 2 and 4 mm

43,10

85,6%

34,73

68,9%

45,81

91%

between 1and 2 mm

6,46

12,8%

15,09

29,9%

4,22

8,4%

between 0,5 and 1 mm

0,52

1%

0,21

0,4%

0,18

0,4%

between 0,25 and 0,5 mm

0,21

0,4%

0,29

0,6%

0

0%

< 0,25

0,09

0,2%

0,11

0,2%

0,09

0,2%

Total

50,38

100%

50,43

100%

50,30

100%
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Fig.3. Diagrams of determination of the compressive strength for the three variants of fertilizer material

The material with dimensions smaller than 1 mm will be reintroduced into the manufacturing cycle by
mixing with the solid component of the recipe.
Figure 3. shows the diagrams for measuring the compressive strength of biocomposite granules.
From the analysis of the data resulting from the measurements made, it is observed that the material
obtained in all three variants has values of compressive strength between 40 and 50 N.
In Table 3 are presented the results obtained after determining the water content, bulk density and
water absorption capacity.
Table 3

Results obtained from experiments
No.
1

Characteristics
Water content

2

Bulk density

3

Water absorption capacity

U.M.

Fertilizer material based on biosolids
Variant I

Variant II

Variant III

%

1,33%

3,74%

1,70%

kg/m3

855,1

854,7

853,2

%

47,9

68,4

50,7

From the data analysis it resulted that, in all recipe variants, the water content of the fertilizer material
falls within normal limits, the higher value being registered in variant V II which contains less phosphorus, in
which case also, the water absorption capacity is higher.
The bulk density has relatively low values, of about 850 kg / m3, due to the organic component in the
form of compost characterized by low specific weight.
CONCLUSIONS
The researches highlighted the fact that the applied manufacturing recipes allow to obtain biosolid
based fertilizer material that falls within the requirements imposed for organo-mineral fertilizers.
A good knowledge of the characteristics of organo-mineral fertilizers allows the identification of the
constituents in the recipe with sub-optimal characteristics, being able to identify the necessary additions for
optimizing the formulas according to the requirements.
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ABSTRACT
This article contains data on food waste, the amount of which is increasing. In the presented paper, a way was
found to capitalize on food waste through the vermicomposting process. The raw material concerned is
municipal solid waste. Waste composting technologies are presented in order to recover them. The basic
method presented will show the recovery of municipal solid waste. Considering that food is a fundamental
human need and a necessary condition for the survival and prosperity of the human being, in 1980 the UN
General Assembly decided to mark World Food Day. Thus, every year, on October 16, the Food and
Agriculture Organization of the United Nations (FAO) celebrates World Food Day, which is the day of the
establishment of FAO in 1945, in Quebec, Canada. Today, this day is celebrated in over 150 countries. In our
country, by Law no. 47/2016, October 16 was declared as the National Day of food and combating food waste.
Food waste is a global issue that has become increasingly important on the public and political agenda in
recent years. The importance of this issue will continue to grow, especially given the need to feed a growing
world population. Food is a precious commodity, and its production can require significant resources. Current
estimates indicate that around one third of food produced worldwide for human consumption is wasted or lost,
which generates significant economic and environmental costs. Waste generation is one of the many factors
that affect the environment and human health, which increases directly with population growth and social and
economic development. Nowadays, municipal solid waste disposal sites and their management create global
climate challenges, one of the main problems being the high content of bio-waste that has a direct impact on
greenhouse gas (GHG) emissions.
REZUMAT
Acest articol conține date despre deșeurile alimentare, a căror cantitate crește din ce în ce mai mult. În lucrarea
prezentată s-a găsit o modalitate de a valorifica deșeurile alimntare prin procesul de vermicompostare. Materia
primă vizată este reprezentată de către deșeurile solide municipal. Sunt prezentate tehnologii de compostare a
deșeurilor în vederea valorificării acestora. Prin metoda de bază prezentată se va observa recuperarea deșeurilor
solide urbane. Considerând că alimentaţia este o nevoie fundamentală a omului şi o condiţie necesară
supravieţuirii şi prosperităţii fiinţei umane, în 1980 Adunarea Generală ONU a decis marcarea Zilei Mondiale a
Alimentaţiei. Astfel, în fiecare an, la 16 octombrie, Organi-zaţia Naţiunilor Unite pentru Alimentaţie şi Agricultură
(FAO) sărbătoreşte Ziua Mondială a Alimentaţiei, aceasta fiind ziua înfiinţării FAO în 1945, la Quebec, în Canada.
În prezent, aceasta zi este sărbătorită în peste 150 de ţări. La noi în ţară prin Legea nr.47/2016 s-a declarat 16
octombrie ca Ziua naţională a ali-mentaţiei şi a combaterii risipei alimentare. Risipa de alimente este o problemă
mondială care a căpătat o importanță din ce în ce mai mare pe agenda publică și politică din ultimii ani.
Importanța acestui subiect va continua să crească, în special având în vedere nevoia de a hrăni o populație
mondială aflată în creștere. Alimentele sunt un bun prețios, iar producția lor poate necesita resurse importante.
Estimările actuale indică faptul că, la nivel mondial, în jur de o treime din alimentele produse pentru consumul
uman sunt irosite sau pierdute, ceea ce generează importante costuri economice și de. Generarea deșeurilor este
unul dintre factorii multipli care afectează mediul și sănăta-tea umană, care crește direct odată cu creșterea
populației și dezvoltarea socială și economică. În zilele noastre, siturile de eliminare a deșeurilor solide municipale
și ges-tionarea acestora creează provocări climatice la nivel mondial, una dintre principalele probleme fiind
conținutul ridicat de deșeuri biologice care are repercusiuni directe asupra emisiilor de gaze cu efect de seră
(GES).
INTRODUCTION
Vermicomposting is a process of decomposition that involves interactions between earthworms and
microorganisms. Although microorganisms are responsible for the biochemical degradation of organic matter,
worms are the determinants of the process. Fragments and conditions the substrate, increasing the surface for
microbiological activity and modifying its biological activity. Worms act as mechanical mixers and, by crushing
organic matter, alter their biological, physical and chemical status, gradually reducing their C: N ratio, increasing
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the area exposed to microorganisms and making it more favorable to microbial activity and further decomposition.
-really. Vermicomposting systems are designed to maintain favorable conditions for the fastest decomposers,
mesophilic bacteria. The combination of earthworms and mesophilic bacteria is used to quickly stabilize organic
chemicals, reducing the loss of valuable nutrients. Similarly, vermicomposting is also a process of biological
decomposition of organic waste, but with the addition of earthworms to accelerate the biodegradation process.
Composts and vermicomposts produced from organic waste can be reused as nutrient-rich organic fertilizers or
for land application (Ian Adrian Fletcher, “An ef-fective approach for the management of waste coffee”, 2016).
Waste generation is one of the many factors that affect the environment and human health, which
increases directly with population growth and social and economic development. Nowadays, municipal solid
waste disposal sites and their management create global climate challenges, one of the main problems being the
high content of bio-waste that has a direct impact on greenhouse gas (GHG) emissions (Siñani and Gil, 2021).
Vermicomposting is a process of decomposition that involves interactions between earthworms and
microorganisms. Although microorganisms are responsible for the biochemical degradation of organic matter,
worms are the determinants of the process. Fragments and conditions the substrate, increasing the surface for
microbiological activity and modifying its biological activity. Worms act as mechanical mixers and, by crushing
organic matter, alter their biological, physical and chemical status, gradually reducing their C: N ratio, increasing
the area exposed to microorganisms and making it more favorable to microbial activity and further decomposition.
-really. Vermicomposting systems are designed to maintain favorable conditions for the fastest decomposers,
mesophilic bacteria. The combination of earthworms and mesophilic bacteria is used to quickly stabilize organic
chemicals, reducing the loss of valuable nutrients. Similarly, vermicomposting is also a process of biological
decomposition of organic waste, but with the addition of earthworms to accelerate the biodegradation process.
Composts and vermicomposts produced from organic waste can be reused as nutrient-rich organic fertilizers or
for land application (Fletcher I.A., 2016).
Food waste means all food produced for human consumption that is lost or thrown away on the route
from the place of production to the plate. Food waste - represents any food and / or inedible parts of food
products, which are removed from the food supply chain, which must be recovered or disposed of (by
composting, anaerobic digestion, bioenergy production, incineration or storage of organic waste) [8]. Food waste
occurs along the entire agri-food chain: from primary production, processing, distribution, transport, marketing to
the final consumer. Food loss - is the decrease in the quantity or quality of food reflected in the nutritional value,
economic value or food safety of all food produced for human consumption, but not consumed by humans. By
vermicomposing organic waste, both issues could be addressed. During the process of vermicomposting organic
waste is transformed into two valuable products: organic fertilizer and worm biomass, which can be used as a
source of protein in animal feed. In this way, animal feed is produced directly from waste (Lalander et al., 2015).
MATERIALS AND METHODS
Vermicomposting is a decomposition process that involves interactions between earthworms and
microorganisms. Although microorganisms are responsible for the biochemical degradation of organic matter,
worms are the determinants of the process. It fragments and conditions the substrate, increasing the surface for
microbiological activity and modifying its biological activity. Worms act as mechanical mixers and, by crushing
organic matter, alter their biological, physical and chemical status, gradually reducing their C: N ratio, increasing
the area exposed to microorganisms and making it favorable for microbial activity and subsequent decomposition.
Vermicomposting systems are designed to maintain favorable conditions for the fastest decomposers, mesophilic
bacteria. The combination of earthworms and mesophilic bacteria is used quickly to stabilize organic chemicals,
reducing the loss of valuable nutrients (Munroe G., 2009).
Vermicomposting is also a process of biological decomposition of organic waste, but with the addition of
earthworms to accelerate the biodegradation process. Composts and vermicomposts produced from organic
waste can be reused as nutrient-rich organic fertilizers or for land application (Fletcher I.A., 2016).
Food waste means all food produced for human consumption that is lost or thrown away on the route
from the place of production to the plate.
Food waste - represents any food and / or inedible parts of food, which are removed from the food supply
chain, which must be recovered or disposed of (by composting, anaerobic digestion, bio-energy production,
incineration or storage of organic waste) [8].
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Food waste occurs along the entire agri-food chain: from primary production, processing,
distribution, transport, marketing to the final consumer.
Food loss - is the decrease in the quantity or quality of food reflected in the nutritional value, economic value
or food safety of all food produced for human consumption, but not consumed by humans.
We buy more than we need. The difference between the quantity available and the one consumed is
very large, resulting in food losses and losses of both finished products and losses in the process of
preparation for consumption.

.

Fig. 1 - The vermicomposting process (Munroe G., 2009)

The elemental composition (atomic%) of compost is similar to that found in humic acids isolated from
the arable-humus horizons of soils under intensive agricultural use. In general, the results obtained represent
the qualitative analysis of humic acids suggest that, regardless of their origin, it has a similarity of chemical
structure, which is indicated in particular by atomic ratios and spectrophotometric properties.

The carbon-nitrogen (C:N) ratio (Munroe G., 2009)
Material
Absorption
Loosening potential C:N ratio
Peat moss
Hay

Good
Low

Middle
Middle

58
15-32

Newspapers
Leaves (dry)

Good
Low

Middle - Good
Low – Middle

170
40-80

Table 1

Food: Under ideal conditions, ramals are able to consume more than their body weight daily, although
the general rule is ½ of their body weight per day6. They will eat almost anything organic (ie of plant or animal
origin), but they certainly prefer some foods to others (Munroe G., 2009).
Humidity: The bedding used must be able to retain enough moisture for the earthworms to have an
environment in which to live. They breathe through the skin and a humidity of less than 50% in the bed is
dangerous. Except for extreme heat or extreme cold, nothing will kill earthworms faster than a lack of proper
humidity. The range in which the ideal moisture content for materials in conventional composting systems can be
included is between 45-60%. In contrast, the ideal humidity range for the vermicomposting or vermiculture
process is 70-90% (Lalander et al., 2015).
Aeration: Earthworms absorb oxygen through the skin and cannot survive under anaerobic conditions
(defined as the absence of oxygen). When factors such as high levels of fat in the raw material or excessive
moisture combined with poor aeration conspire to cut oxygen supply, areas of the earthworm bed, or even the
entire system, can become anaerobic. This will kill the earthworms very quickly. Not only are earthworms deprived
of oxygen, but they are also killed by toxic substances (eg ammonia) created by different types of microbes that
thrive under these conditions. This is a main reason for not including meat or other fatty waste in earthworm feed,
unless they have been precomposed to break down oils and fats (Munroe G., 2009).
pH: Earthworms can survive in a pH range of 5 to 9. Most experts believe that earthworms prefer a pH of 7
or slightly higher. Researchers in Nova Scotia have found that the range between 7.5 and 8 is optimal. In general,
the pH of the earthworm bed tends to decrease over time. If the food sources are alkaline, the effect is
moderating, tending to neutral or slightly alkaline. If the food source or bed is acidic (coffee grounds, peat moss),
the pH of the bed can drop well below 7 (Munroe G., 2009).
Salt content. Earthworms are very sensitive to salts, preferring a salt content of less than 0.5%. Many
types of manure have a high soluble salt content (up to 8%). This is not usually a problem when used as food, as
the material is usually applied to the top, where earthworms can avoid it while salts drain over time through
watering or precipitation.
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Toxic components. Different foods can contain a wide variety of potentially toxic components:
deworming drugs, cleaning detergents (Munroe G., 2009).
RESULTS
Soil microorganisms are essential for regulating soil nutrient transformations and serve as significant
indicators of soil quality. Some experiments investigated how vermicompost affects soil microorganisms
found that vermicompost decreased it.
The waste used is the raw material stored on the composting platforms, it is represented by the organic
waste and the biodegradable waste resulting from the households and the maintenance of the gardens. The
compost landfill is a process of recovery of organic waste in the form of material produced for gardening,
agricultural use and cultivation. During the process of controlled microbial degradation, a biological
decomposition and stabilization is performed. Aeration of the material is carried out by means of compost
return measures. Depending on the humidity of the compost, the return will be done once or twice a week. All
biodegradable incoming waste needs to be weighed before being placed in designated composting areas.
Table 2

Values of descriptive statistics of fractional composition of organic matter of tested composts (Munroe G., 2009)
Parameter
C

Mean
36.5

Range
35.7 – 37.5

Standard deviation
0.593

H
N

39.7
2.80

38.6 – 41.3
2.18 – 3.16

1.04
0.358

O
H/C3

21.0
1.09

19.5 – 21.6
1.03 – 1.15

0.742
0.045

N/C
O/C

0.077
0.576

0.060 – 0.088
0.544 - 0.593

0.010
0.018

O/H

0.529

0.473 – 0.556

0.030

CONCLUSIONS
By vermicomposing organic waste, several sides are addressed and recovered. During the process of
vermicomposting organic waste is transformed into two valuable products: organic fertilizer and worm
biomass, which can be used as a source of protein in animal feed. In this way, animal feed is produced
directly from waste.
REFERENCES
Fletcher I. A. (2016). An effective approach for the management of waste coffee”
Lalander C. H., Komakech A.K., Vinnerås B. (2015), “Vermicomposting as manure management strategy for
urban small-holder animal farms – Kampala case study”
Law no.47/2016
Lu M., Li J., Zhang W., Zhou B., Dai J., Zhang C. (2020) Microbial activity was greater in soils added with herb
residue vermicompost than chemical fertilizer
Munroe, G. (2009). Composting and vermicomposting manual
Siñani B., Gil A. (2021) Accounting Greenhouse Gas Emissions from Municipal Solid Waste Treatment by
Composting: A Case of Study Bolivia Magaly
Weia Y., Li J., Shia D., Liua G., Zhaob Y., Shimaoka T. (2017) Environmental challenges impeding the
composting of biodegradable municipal solid waste: A critical review
Zhang H.J., Matsuto T. (2011) Comparison of mass balance, energy consumption and cost of composting
facilities for different types of organic waste
http://www.fao.org/platform-food-loss-waste
http://foodwaste.ro/2017/01/18/combaterea-risipei-de-alimente-o-oportunitate-pentru-ue-de-a-imbunatati-eficientautilizarii-resurselor-in-lantul-alimentar/
https://www.mdpi.com/2673-4117/2/3/17
http://insp.gov.ro/sites/cnepss/wp-content/uploads/2018/10/Analiza-de-situatie-.pdf, 2018
http://foodwaste.ro/2017/01/18/combaterea-risipei-de-alimente-o-oportunitate-pentru-ue-de-a-imbunatati-eficientautilizarii-resurselor-in-lantul-alimentar/.

425

INTERNATIONAL SYMPOSIUM

STUDIES AND RESEARCH REGARDING THE EFFICIENCY OF THE OPERATION OF
A BIOHUMUS PRODUCTION INSTALLATION
/
STUDII ȘI CERCETĂRI PRIVIND EFICIENȚA FUNCȚIONĂRII UNEI INSTALAȚII DE
PRODUCERE A BIOHUMUSULUI
Laza E-A.1), Caba I.1) Stroescu Gh. 1), Păun A. 1), Bălțatu C1)., Zaica A. 1), Zaica Al. 1), Naie M.2)
INMA Bucharest; 2)SCDA Secuieni/Romania
Tel:0256.499.336: E-mail: eveline_anda@yahoo.com
1)

Keywords: biohumus production, healty 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 is
vermicomposting. 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 demonstreze eficiența
functionării unei instalatii de producere a biohumusului 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, Alice, 1999).

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, M.,
2009; Rink et al., 1992; PN 19.10.02 Contract no . 5N / 7.02.2019).
For the production of biohumus, an installation for the production of this type of natural fertilizer has been
developed.
The biohumus production installationis designed for faster and better quality production of biohumus.
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 (Rink, Robert, 1992; Gunadi et al., 2002).
Biohumus or earthworm soil is a pure natural microbiological organic fertilizer, having in its
composition no preservatives, resulting from the mixture of manure and biological waste produced by
earthworms. Due to its special composition, having in large proportion all the elements that plants need, it
can be used in many fields of activity: horticulture, forestry, vegetable growing (Short, J.C.P et al, 1999,
Sudha, 2000).
The main arguments leading to the importance of using biohumus are: it improves soil aeration,
does not agglutinate, retains the necessary moisture, reduces the need for water, allows excellent soil
drainage, does not contain weed seeds or substances that prevent plant growth, costs for proper fertilization
of a hectares of any crop are lower (Clive, A. E., 1998).
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 (PN 19.10.02 Contract
no . 5N / 7.02.2019)
The installation for the production of biohumus (vermicompost or earthworms) (Fig.2) consists of the
following components:

Fig.2 - Biohumus production installation
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1. Drum sifter (Fig.3) is a component part of the Biohumus Production Installation (vermicompost) and is
used to sort the compost resulting in the decomposition of organic matter from various sources - animal
manure, crop residues, residues from the meat industry and the winemaking industry , waste;

Fig.3 - Drum sifter

2. Band conveyer(Fig.4) of the installation is made with the help of belt conveyors. The belt-inclined
conveyor is used for loading with the compost resulting from the sieving process in the vermicompost
system. The conveyor is mobile, with the possibility of changing the height in the vertical plane being used to
take the resulting compost as sifted from the cylindrical sieve, in to the vermicompost system.

Fig.4 - Band conveyer

3. The vermicompost system (Fig.5) 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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Fig. 5 - Vermicomposting system

The granular material (compost) is introduced into the feed hopper of the cylindrical sieve by means of
the inclined conveyor with TIB belt. The cylindrical sieve is equipped with a rotating brush cleaning system.
The screened material passes through a circular sieve and then into the discharge funnel and the refuse is
removed through the refuse discharge funnel.
The sieve is taken at the exit of the funnel hopper by a belt conveyor and introduced into the
vermicompost system. Under the action of the earthworms at the bottom of the vermicompost system (by
moving them from the bottom up) the compost will be transformed into biohumus.
As the earthworms move to the upper part the scraping knife (electrically operated) in the
vermicompost system, performs the evacuation (by scraping the sieve) of the biohumus. In the
vermicompost system it will be permanently filled with compost resulting from the passage through the
cylindrical sieve. The materials in the table below were used to prepare the vermicompost recipe:

Materials rich in Nitrogen and carbon
Type of waste
C / N ratio
Type of waste
C / N ratio
Waste rich in Nitrogen
Waste rich in Carbon
Liquid manure
2–3
Fruit leftovers
35
Chicken manure
10
Leaves
40-60
Cut grass
12-15
Straw, oats
48-60
Vegetable waste
13
Tree bark
100-130
Kitchen waste
23
Remains from bush
100-150
cleaning
Potato plant
25
Sawdust
100-500
Horse manure
25
Paper / cardboard
200-500

Table 1

The decomposition process of biodegradable solid waste depends on the activity of microorganisms.
The microorganisms degrade the material introduced into the piles and the decomposition products of the
previous population served as a substrate in the next phase of the decomposition process. This process
depends on several factors. These factors and the relationships between them, influence the speed of the
decomposition process, the decomposition phase and the activity of microorganisms.
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Fig.6 - The materials used to prepare the compost

RESULTS
If the maximum temperature is below 40 °C, the composting process is ready.
In table no. 2 are listed values of the quality of the resulting compost:
The quality of the resulting compost
Characteristic

U/M

Hygiene
Impurities

%

Glass, plastic, metal
Vegetable residues (greater than 2
mm)
Stones
Type of compost and material
introduced in the pile

The compost maximum particle size
Material density
Salt content
pH value
The decomposition degree
The compost water content
Zinc (Zn)
Lead (Pb)
Copper (Cu)
Chrome (Cr)
Nickel (Ni)
Cadmium (Cd)
Mercury (Hg)

mm
Kg/m3

%

Table 2

Characteristic value
A hygienic product that ensures the exclusion of germs
Content of impurities (glass, plastic, metal) greater than 2
mm is not more than 0,5% by mass of dry matter
0,71
0,7
0,6
Green plant residues (plant removed from the vegetable
crops)
Chopped apples
Chopped vegetables (waste tomatoes and peppers)
Waste from a poultry farm
Deciduous leaves and vegetable scraps from harvesting
onions that limit dehydration
15
409
0,08
8
Mature compost: phase IV (degree of rot)
44%
405 mg/kg DS
155mg/kg DS
105mg/kg DS
105mg/kg DS
55 mg/kg DS
1,6mg/kg DS
1,1mg/kg DS

CONCLUSIONS
In conclusion we can say that the temperature is the most important value that must be monitored
during the process of transformation into compost, because it can be very easily be measured and shows
the progress of the process. The decomposition of organic substances as a result of the activity of
microorganisms due to their self-heating capacity is the reason for the temperature differences in the center
of the pile and the surrounding temperature.
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Degradation of components that are difficult to destroy takes place during the transformation phases.
Its duration depends on the environmental conditions. Therefore, a specific time interval for this phase
cannot be indicated.
During the maturation phase, the activity of bacteria slows down. During this period, soil organisms
populate the material and mix the mineral elements with the organic ones. Clay-humic complexes are formed
that increase the nutrient content of the compost (especially nutrients available to plants). At the end of this
period (the final temperature does not rise more than 40° C), the material is ready. During the composting
process, the total volume and total mass of the pile decreases. Due to abrasion by other materials and
maceration, the particle size decreases. Therefore, the total volume becomes smaller and the density of the
pile increases.
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
Sustainable development is one of the driving forces in the search for renewable energy. This has been
fueled by the depletion of fossil fuels and the destruction of the ozone layer by greenhouse gases. Thus,
sustainability can be achieved by diversifying energy sources, with a strong emphasis on renewable energy.
The paper therefore aims at a brief presentation of the technologies for obtaining biofuels with special
emphasis on their purification technology to obtain biomethane. Issues concerning the use of biomethane, in
particular in the field of transport with applications for agriculture, are also addressed, in order to reduce
carbon emissions resulting from specific works both in the case of the establishment of large crops and in
viticulture.
REZUMAT
Dezvoltarea durabilă este una dintre forțele motrice în căutarea energiei regenerabile. Acest lucru a fost
favorizat de epuizarea combustibililor fosili și distrugerea stratului de ozon de către gazele cu efect de seră.
Astfel, durabilitatea poate fi realizată prin diversificarea surselor de energie, cu un accent puternic pe energie
regenerabilă. Lucrarea tuturor propune așadar o prezentare succintă a tehnologiilor de obținere a
biocombustibililor cu accente deosebite pe tehnologia de purificare a acestora pentru obținerea
biometanului. Sunt de asemenea abordate aspecte privind utilizarea biometanului în special în domeniul
transporturilor cu aplicații pentru agricultură, în scopul reducerii emisiilor de carbon rezultat în urma lucrărilor
specifice atât în cazul în care există culturi mari cât și în viticultură.
INTRODUCTION
The internationally accepted term 'biogas' means a mixture of methane CH4 (¬ max. 80%) and
carbon dioxide CO2 (min. 20%) resulting from anaerobic fermentation in an environment with humidity and
temperature. high, dim. Along with methane and carbon dioxide, there are also small amounts of hydrogen,
hydrogen sulfide, mercaptans, water vapor, traces of ammonia and nitrogen. (Yang, Y., J.G. Brammer, D.G.
Wright, J.A. Scott et al, 2017).
Biogas usually refers to a gaseous product obtained by the biological decomposition of organic
matter in the absence of oxygen. It occurs from the decomposition of organic matter, through bacteria, in the
process of anaerobic fermentation. Organic matter consists mainly of water, albumin, fats, carbohydrates,
minerals and bacteria; these bacteria break down the original components, carbon dioxide, minerals and
water. Thus, a gas mixture called biogas appears as a metabolic product. Flammable methane CH4 is the
main component of biogas, with a percentage of 50-85% by volume and is therefore the main source of
energy. (Busch 2009, 95).
The exploitation of energy from biogas is, unlike the combustion of natural gas, liquefied gas, oil or
coal (all resulting from fossil sources), is neutral in terms of carbon released, because the resulting carbon
cycle in the circuit is closed, it is reused by green plants during their growth, under sunlight, in the process of
photosynthesis. This prevents and limits the increase in atmospheric CO2 concentration. (Eder, B., and V.
Schulz, 2007).
MATERIALS AND METHODS
There are various factors that influence the construction of the plant and the technology used in it,
such as the country where it is built, climatic conditions, energy policies and legislation at the national level,
the capacity of the energy industry in that country. (I. Voicea, I. Găgeanu, M. Matache, D. Cujbescu, C.
Persu, M. Dilea, N. Ungureanu, S.O. Bota, I. Caba 2017)

432

INTERNATIONAL SYMPOSIUM

In practice, most digesters are vertical. Vertical digesters are generally built on site in the form of
circular tanks of steel or reinforced concrete, most often having a conical base, for easier mixing and
evacuation of sedimented sand.

FIG. 1 - Vertical digesters, covered with waterproof membranes for gase.
https://lemvigbiogas.com/BiogasHandbookRO.pdf

Horizontal digesters are cylindrical in shape and have a horizontal axis. These types of digesters are
usually built and transported to the biogas plant in one piece, so that they have dimensional and volume
limitations.

FIG. 2 - Slow-flow horizontal digesters, volume 400 m³
https://lemvigbiogas.com/BiogasHandbookRO.pdf

RESULTS
The transformation of biofuels into "concentrated biogas" or "renewable natural gas (GNR)" is the
equivalent of the "green" energy of methane, the main component of natural gas that is widely used for
heating, cooking, electricity generation and as a biofuel for vehicles. The European biogas sector produced
167 TWh or 15.8 billion m3 of biogas and 26 TWh or 2.43 billion m3 of biomethane (aka renewable natural
gas - RNG) in 2019, according to the report published by the European Biogas Association (EBA). Biogas
produced during fermentation contains - depending on the type of biomass used - 50 to 70% methane, 30 50% carbon dioxide and small amounts of residual materials such as nitrogen, water vapor or oxygen. In
order to be able to use this raw biogas as fuel, it must still be processed qualitatively.
(https://www.europeanbiogas.eu/biogas-a-necessary-solution-to-foster-eus-energy-transition/)
Upgrading biogas to biomethane is done by removing components such as water, hydrogen sulfide,
ammonia, oxygen, nitrogen, carbon monoxide, halogenated hydrocarbons, siloxanes and particles in the first
stage. In the second stage, carbon dioxide (CO2) is removed to increase the methane (CH4) content.
(Murphy, Jerry, R. Braun, P. Weiland, W Arthur 2011).
Among other things, the residues are removed and the calorific value is adjusted to the required
value. After this process, the methane content is on average 95%. The gas is then compressed. The
methane component of biogas is that used for combustion or energy production. It can be burned in a
conventional gas boiler to produce heat for buildings or to heat the digester; another use is to be used in a
gas engine to produce electricity. The resulting effluent can be stored in a tank and used as a top fertilizer
without the need for additional treatment. (J., Arogo Ogejo, Z., Wen, J., Ignosh 2009).
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Fig 3 - Transformation of biogas into biomethane
https://pubs.rsc.org/en/content/articlelanding/2015/RA/C5RA09039C

Today's companies with interests in the field of agriculture are constantly looking for the most
environmentally friendly solutions for the environment. For example, an Italian company has developed a
technology called d-gid Diesel Dual Fuel for the dual engine (fig. 4). The electronic tractor control unit
developed by this company evaluates how much diesel can be removed from the primary injection system to
allow a secondary injection of biomethane, calculating the perfect amount to be added for the proper
operation of the tractor without losing power or from engine reliability. Consistent replacement of diesel with
biomethane serves to reduce carbon dioxide CO2 emissions, as well as reduce costs in terms of fuel
consumption. (https://www.ecomotive -solutions.com/es/news/ecomotive/dual-fuel-tractors-with-bio-cngpack/.).

Fig. 4 - Tractor with dual engine
https://es.ecomotive-solutions.com/en/heavy-equipment

Another Italian agricultural machinery company believes that farmers could be the leaders in the
movement to eliminate fossil fuel vehicles and focus on renewable sources, using a "closed loop" cycle that
feeds tractors using energy from their own land, and waste. (https://www.bioenergy-news.com/news/virtouscycle-biomethane -concept-tractor-unveiled /.)
The tractor in Figure 5 can be powered by biomethane obtained from corn or triticale silage, with
methane tractors producing much less emissions than their diesel counterparts. The tractor stores the fuel in
tanks produced from a composite structure located in the front and on the sides.

FIG. 5 -New Holland T6 tractor. 180 with biomethane during tests at fertilization works
https://www.thescottishfarmer.co.uk/resources/images/12428185.jpg?display=1&htype=0&type=responsivegallery

434

INTERNATIONAL SYMPOSIUM

CONCLUSIONS
The biofuel production market is constantly growing and developing technologically and
economically in all parts of the world. Biomethane, also called "concentrated biogas" or "renewable natural
gas (GNR)", is the equivalent of the "green" energy of methane gas.
The use of biomethane or a mixture of natural gas as a vehicle fuel significantly reduces emissions
of pollutants such as hydrocarbons and carbon monoxide, compared to petrol and diesel engines that are
well below the emission levels of biodiesel and bioethanol. Due to the growing importance of biomethane
as a renewable fuel source, especially in the field of transport, several projects with very good results have
been launched and are underway in recent years at European level.
Biomethane can be used wherever natural gas is used, both variants being chemically identical,
the difference being only their fossil or biogenic origin. Therefore each vehicle that is powered by
compressed natural gas (CNG) can run on biomethane automatically as fuel.
The dual engine, capable of performance equal to the diesel, has a compromise between the
construction technology of the spark ignition engine and the diesel. The methane gas engine has a diesel
injection system, the gas being "ignited by injecting a small amount of diesel fuel".
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ABSTRACT
The scientific paper presents the properties of dry granular flows and the recent advances made by
scientists in understanding their rheological behavior. The shear rheology at the steady state of granular
materials is investigated quasi-statically and inertially. The difference between the low-density collision flux
and the dense friction flux is clarified. Finally, the constant granular flow on a slope and its instability in low
density regime are investigated and an attempt is made to find suitable design solutions to solve the
problems in the flow process. The optimal parameter in which the constant collision flow is achieved is
determined, when changing the angle of inclination and the density of particles (cereals).
REZUMAT
Lucrarea științifică prezintă proprietățile fluxurilor granulare uscate și progresele recente realizate de oamenii
de știință în înțelegerea comportamentului lor reologic. Reologia de forfecare la starea staționară a
materialelor granulare este investigată în mod cvasistatic și inerțial. Se clarifică diferența dintre fluxul de
coliziune cu densitate scăzută și fluxul de frecare dens. În cele din urmă, se investighează fluxul granular
constant pe o pantă și instabilitatea acestuia în regim de densitate scăzută și se încearcă găsirea unor soluții
adecvate de proiectare pentru a rezolva problemele din procesul de curgere.Se determină parametrul optim
în care se realizează fluxul colizional constant la modificarea unghiului de înclinare și a densității particulelor
(cerealelor).
INTRODUCTION
Many traditional methods, processes and tools used in grain storage are constantly being replaced
by automated systems and equipment due to technological advances. Rules and regulations by government
agencies based on current health and environmental concerns restrict the use of chemicals and insecticides
in grain storage. Also, in order to respect the quality assurance aspects, the continuous supply of cereals as
food for human society and to meet the growing global standards, it is imperative that the agricultural
industry adopt new quality management systems to reduce losses and maintain quality and safety during
grain storage. (Neethirajan, S., 2007)
Bunkers are often used for long-term grain storage, with minimal loss of quality and quantity of
stored products. Ideal for storing various cereals, seeds and granular materials, taking into account the fact
that the products are prone to fermentation, they require special attention to maintaining quality. For this, it is
necessary to design and build special technological equipment. (Mircea C., Nenciu F., 2020)
For a long time, designers of silos and bunkers have been trying to complete research work to codify
the rules of eccentric filling and unloading. Some experiments and investigations on silo wall pressures have
been intensively studied by scientists (Borcz A., 1991; Jenike A.W., 1964) Blight G.E., (1991) has discovered
that near the outlet, the Jenike theory of pressures is also valid in the case of eccentric emptying.. Ayuga F.
și colab. (2001) investigated pressure distribution in the process of unloading bulk granular products in a silo
with central and eccentric holes. Molenda M. și colab. (2002) investigated the loads of bunkers induced by
eccentric filling and seed unloading. It was found that the eccentric discharge induced much higher dynamic
moments than the static moments on the hopper wall.
Numerous attempts have been made to investigate eccentric filling and unloading in bunkers, trying
to indicate the main additional problems that occur during eccentric unloading, ie asymmetric loading of the
hopper wall which can lead to quite different design of the structure from what was known. until the present.
These additional, unexpected problems that occur during eccentric filling and unloading are considered to be
a major cause of hopper failures. (Sielamowicz I., 2004)

436

INTERNATIONAL SYMPOSIUM

Nenciu F. (2021) and Mircea C. (2020) emphasized the importance of proper designing of bunkers
in wheat processing facilities, especially when performing seed conditioning. The technologies used in
industry have to be updated accordingly to the new technological advances regarding the use of sensors
(Nenciu F., 2014), and must take into account the optimized technological flows, in accordance with the
expected quality of the products, the time required for processing or the characteristics of the materials that
are being processed (Mircea C, 2020).
MATERIALS AND METHODS
This paper presents the theory of bulk grain flow through a logical, theoretical approach to
understanding and managing this concept. Jenike Andrew developed test methods, equipment and design
techniques and performed experiments to confirm and refine innovative analysis. (Jenike A.W., 1964;
Mehos, G., 2016)
Prior to Jenike's research, silos and bunkers were usually designed primarily primarily architecturally
or from a manufacturing point of view (e.g., hopper walls were tilted 30 degrees vertically to reduce material
waste or 45 degrees to minimize margin requirements to simplify design calculations). However, extensive
experience has shown that designing equipment without regard to the actual bulk materials that are handled
often leads to flow problems such as arching, ratholing, irregular flow and even lack of flow. By measuring
the flow properties of a solid bulk material, the flow behavior can be predicted so that the design of the
bunkers is more reliable. (Golshan S., 2019).
Two main types of flow can occur in a hopper or in a silo: mass flow and funnel flow (Figure 1). In
the mass flow, the entire bed of cereal seeds is in motion when the material is discharged through the outlet.
This behavior eliminates the formation of stagnant regions in the vessel and provides a constant and
continuous flow sequence that provides a more uniform speed profile during operation. A uniform speed
profile also helps reduce the effects of segregation. (Liu W., 2019)

Fig. 1 - Two types of flow patterns can occur when a bulk solid is discharged from a bunker, hopper, bin or silo:
A typical funnel flow pattern is shown on the left, and a mass flow pattern is shown on the right (Jenike A.W.,

1964)

On the other hand, in the flow of the funnel, an active flow channel is formed above the outlet, but
the granular material remains stagnant (called ratholes) at the periphery of the vessel. The funnel flow can
cause irregular flow, exacerbate segregation, reduce equipment processing capacity, allow particle
degradation (leading to agglomeration and damage) in stagnant regions. Depending on the size of the
equipment, the flow of the funnel can also induce heavy loads on its structure, due to the agglomeration of
the material and the eccentric flow is formed inside the channel. (Rogovskii I., 2019)
For many powdery and granular materials, flow problems can be eliminated by ensuring a mass flow
pattern in the vessel. The first step in achieving mass flow is for the designer to ensure that the converging
walls are steep enough and have sufficiently little friction to allow the bulk materials to slide along them. This
is done by first testing the material to measure the friction of the wall and then calculating the minimum angle
of the hopper that will allow mass flow. (Al-Hashemi, H.M.B, 2018).
Optimal angle for the mass flow
Once the results of the wall friction are known, the recommended angle for the hopper to ensure the
optimal mass flow can be easily calculated. The wall friction angle (φ ’) is obtained following the method
described in ASTM D-6128 (ASTM-6128, 2006). The test is performed using a tool (shown in Figure 2) that
involves placing a sample of powder inside a retaining ring on a flat coupon of wall material. Various normal
loads are then applied to the powder, and the powdery material inside the ring is forced to slide along the
stationary wall. The resulting shear stress is measured as a function of the normal stress applied.
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Fig. 2 - By measuring the force required to slide a sample of powder along a wall coupon, the angle of wall
friction can be determined (Mehos G., 2016)

After a series of values have been recorded, the wall efficiency is identified by plotting the shear
stress against the normal stress (Figure 3). The wall friction angle (φ ') is the angle that is formed when a line
is drawn from the origin of that graph to a point on the wall.

Fig. 3 - The angle of wall friction (φ’) is determined by drawing a line between the wall yield locus (which is
constructed by plotting shear stress against normal stress), and the origin, as shown here Δ, φ. (Mehos G.,

2016)

Jenike found that the angle of the hopper needed to allow it to flow along the walls depended on the
friction between the pubes and the walls, the friction between the powder particles and the geometry of the
hopper. The design diagrams originally developed by Jenike provide permitted hopper angles for mass flow,
given the values of the wall friction angle and the actual internal friction angle (which is determined by the
shear cell testing) (Schulze D., (2007; Cui X, 2013; Armanini A., 2013).
The diagrams below are summarized in Figures 4 and 5 for conical and plane bunkers (eg wedgeshaped bunkers and transition bunkers, respectively). It is recommended that the outlet of a wedge-shaped
hopper be at least three times its length to apply the relationship in Figure 5. (Jenike A.W., 1964)

Fig. 4 -Theoretical diagrama of mass-flow bunker angles for bunkers with round or square outlets. (Mehos G.,

2016)
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Fig. 5 - This plot shows the recommended wall angles to ensure mass flow in a hopper with flat walls and a
slotted outlet (Mehos G., 2016)

The permissible values of the hopper angle θ '(measured vertically) are on the x-axis, and the values
of the wall friction angle φ' are on the y-axis. Any combination of φ ’and θ’ that falls within the limiting mass
flow region of the diagram will ensure the mass flow.
Bunkers with circular or square holes must not be designed at the theoretical value of the hopper
angle. Otherwise, a small change in the properties of the powder can cause the flow pattern inside the
hopper to change from the ground flow to the funnel flow, accentuating the risk associated with flow
problems. A safety margin of 3 degrees is recommended (relative to the angle of the mass flow hopper given
in Figure 4).

https://www.chemengonline.com/wp-content/uploads/2016/01/box.jpg

Minimum outlet size
The opening of the hopper section must be large enough to prevent the development of cohesive
springs or stable flows. The required size of the outlet depends on the cohesive strength and bulk density of
the solid material. Cohesion strength is measured by shear cell testing, as described in ASTM D-1628 and
D-6773 (ASTM D-6773, 2008). Figure 6 shows schematic diagrams for two common cell shear tests. A
powder sample is placed in a cell and then pre-sheared - that is, the sample is strengthened by exerting a
normal load and then sheared until the measured shear stress is stable. This is shown in Figure 7, by point
(σss, τss).

Fig. 6 - Two versions of the shear cell tester — the direct shear cell tester (top) and the ring shear cell tester
(bottom) — are used to measure the cohesive strength of bulk solids (Mehos G., 2016)

Then the shearing step is performed. During this stage, the vertical compaction load is replaced with
a smaller load, and the sample is sheared again until it fails. These pre-shear and shear steps are repeated
at the same level of consolidation for a series of reduced normal stresses, and the yield of the hopper angle
is determined by plotting the shear stress against the normal stress (Figure 7).
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Fig. 7 - A Mohr’s circle drawn through the steady-state point and tangent to the yield locus gives the major
consolidation stress. A Mohr’s circle tangent to the yield locus that passes through the origin gives the
cohesive strength. (Mehos G., 2016)

RESULTS
Cereal seeds interact, both by friction and by collision through a contact surface. From a
phenomenological point of view, the material flows like a liquid with special features. To better understand this
regime, different flow configurations were investigated, the most common being shown in Figure 8. These can
be divided into two families: limited flows between walls as in shear cells and flows flowing on a free surface.
with an inclined plane. (Forterre Y., 2009). Their characteristics in terms of speed profiles, density profiles,
speed fluctuations are discussed in detail in this paper.

Fig 8 - Different configurations used to study granular flows. (a) Plane shear (b) Couette cell (c) vertical silo (d)
Inclined plane (e) Heap flow (f) rotating drum (Forterre Y., 2009)

Dense granular flows belong to the family of visco-plastic materials, due to the two broad properties. First,
there is a flow threshold, although it is expressed in friction instead of a flow voltage, as in a classic visco-plastic
material. Second, when the material flows, the dependence on the shear rate is observed, which gives a
behavior similar to the liquid, namely viscous. The next section presents recent advances in understanding the
rheology of dense granular flows. We first present the flat shear configuration, which provides the basic ideas
that allow the proposal of a constitutive law for dense granular flows. The application to other configurations is
discussed and the limits of this simple local rheology are discussed. (Rogovskii I.L., 2020)
For example, it is considered a granular material consisting of particles with diameter d and density ρp
under a closing pressure P. The material is bounded between two rough plates by a pressure P imposed on
the upper plate. The material is sheared at a given shear rate γ = V w / L imposed by the relative
displacement of the upper plate at a speed V w . (Fig. 9). In the absence of gravity, the balance of force
implies that both the shear stress τ = σ xz and the normal stress P = σ zz are homogeneous throughout the
cell. This configuration is simpler to study the rheology of granular flows, namely to study how the shear
stress τ and the volume fraction φ vary with the shear rate γ and the pressure P.
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Fig. 9 - Plane shear at constant pressure (Pouliquen O., 1999)

An important observation made by Da cruz F., et al. (2005) and Lois G., et al., (2005) is that in the
simple shear configuration for infinitely rigid particles, dimensional analysis strongly constrains the stress /
shear relationships (Midi G.D.R, 2004). For large systems (L / d >> 1) the rigid particles are controlled by a
single dimensionless parameter called the inertial number:
𝐼𝐼 =

𝛾𝛾𝛾𝛾

(1)

�𝑃𝑃/𝜌𝜌𝑝𝑝

Consequently, dimensional analysis requires that the volume fraction φ is only a function of I and that
the shear stress τ must be proportional to the normal stress P, which is the only stress scale of the problem.
The constitutive laws can then be written as follows:
τ = P µ(I) and φ = φ(I)
(2)
where: µ (I) is a coefficient of friction, which depends on the inertial number. The shape of the coefficient of
friction µ (I) and the volume fraction φ (I) are provided by numerical simulations using discrete element
models and by experimental measurements.where µ (I) is a coefficient of friction, which depends on the
inertial number. The shape of the coefficient of friction µ (I) and the volume fraction φ (I) are provided by
numerical simulations using discrete element models and by experimental measurements.
Figure 10 shows a summary of the results from various studies for 2D (disks) or 3D (spheres)
systems. It is observed that the coefficient of friction µ is an increasing function of the inertial number.
Friction increases when shear rate increases and / or pressure decreases.
Within the quasi-static flows (I−> 0) the coefficient of friction tends towards a constant. The volume
fraction also varies with I. It starts from a maximum value when (I−> 0) and decreases more or less linearly
with I. It is interesting to note that in the range of the inertial number corresponding to the dense flow regime,
the macroscopic friction coefficient µ (I) and the volume fraction φ (I) do not depend on the microscopic
properties of the grains. Changing the grain return coefficient or changing the coefficient of friction between
the particles (as long as it is not zero) does not change the macroscopic friction. (Singh, A., 2015)

Fig. 10 - Friction law µ(I) and volume fraction law (φ(I)); (a) (b) for 2D configurations with disks (c) (d) for 3D
configurations with spheres; (e) (f) empirical analytical law proposed (eqs. (3) data form (Silbert, L.E., 2003)
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The inertial number consists of important parameters that control the rheology of dense granular
regimes. It can be interpreted in terms of the ratio between two time scales: a microscopic time scale
d/�𝑃𝑃/𝜌𝜌𝑝𝑝 , which represents the time required for a particle to flow through an outlet hole of size d under
pressure P and which gives the typical time interval of rearrangements; and a 1 / γ macroscopic time scale
related to the mean deformation.
This interpretation allows a more precise classification of the different flow regimes. The value of I
corresponds to a quasi-static regime in the sense that the macroscopic deformation is slow compared to the
microscopic rearrangements, while the high values of (I) correspond to the fast flows. Dimensional analysis
emphasizes that in order to move from the quasi-static regime to the inertial regime, it is due either to the
increase of the shear rate or to the decrease of the pressure. This inertial number is also equivalent to the
square root of the Savage number or the Coulomb number introduced by some authors as the ratio of
collisional stress to total stress. (Ancey C, 1999; Savage S.B., 1984).
CONCLUSIONS
It was found that several factors affect the angle of rest, such as the static slip coefficient of friction,
the rolling friction coefficient, the return coefficient, the size and shape of the particles, the amount of
material used in the measurement and the method of measurement. The reported data indicate that the
resting angle increases with the roughness of the particles and the affected surface, the slip and friction
coefficients, the moisture content, the deviation from roundness and the increase in the speed of the
rotating drum. In contrast, the angle of rest decreases with the amount of material used in the
measurement, the particle size and the lifting speed of the hollow cylinder growth.
The rest angle is not always equal to the tip or the residual internal friction angle. In direct shear
tests, the factors that ensure that the rest angle is equal to the residual internal friction angle are the
method of sample preparation and the sample conditions, such as moisture content, maximum dry
density, particle size, etc. Therefore, the resting angle should be considered as an estimate of the residual
internal friction angle only in certain circumstances. Although the measurement of the angle of rest is quite
simple, slight differences in the conditions of the sample or the method of measurement will lead to
erroneous results.
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ABSTRACT
Artificial intelligence penetrates even the most resistant walls, although being in a rapid rise in certain areas
are also areas that categorically reject the emergence of technology for various reasons, namely the legal
field. It takes a sustained effort to demonstrate to those in this area the advantages of using artificial
intelligence but also the efficient services that could be offered to society, there are countries that have taken
steps in this direction and the result is very promising.
REZUMAT
Inteligența artificială străpunge și cele mai rezistente ziduri, deși aflându-se într-o ascensiune fulminantă în
anumite domenii sunt și zone ce resping categoric apariția tehnologiei din diferite motive, respectiv domeniul
juridic. Este nevoie de un efort susținut pentru a le demontra celor din această arie avantajele folosirii
inteligenței artificiale dar și serviciile eficiente ce ar putea oferite către societate, există țări ce au făcut pași
în acest sens iar rezultatul este unul foarte promițător.
INTRODUCTION
Artificial intelligence (AI) presented in Figure 1 is no longer a utopian project, in the literature we find
this technology developed in more and more fields, trying to improve the quality of life. Not only from a
theoretical point of view, this ability of machines to imitate certain human functions, has undergone an
accelerated evolution but also practically. Although future applications are expected to produce significant
changes in society, we enjoy AI on a daily basis, being considered by mankind the central element of digital
transformation. IA adds value to each process it carries out by the fact that in the first phase it reproduces
and then based on the information collected, it exceeds the forecasts. What is fascinating about AI is
precisely this discovered power, the power to improve in a short time with an unimaginable amount of
information, which would be impossible for a human being. It is true that people are fascinated by technology
and in all the statistical situations they show their overflowing enthusiasm, but let's not forget that AI has not
yet acquired a greater power over our society, it is only a matter of time, the accelerated pace of the
evolution of technology should lead us to be less cautious. (https://www.consilium.europa.eu/ro/press/pressreleases/2020/10/13/digital-justice-council-adopts-conclusions-on-digitalisation-to-improve-access-tojustice/)

Fig. 1 – Artifficial Intelligence
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Depending on the level of each country, on the resources of any kind invested in the development of
technology, we have worked on the evolution of society, of the individual, since the appearance of man he
wanted to improve in permanence the environment, the way of life and although acquired this improvement
over time as can be seen from the existing information one thing remained difficult up to a point.
What is certain is that the fast pace in which technology evolves in our lives also has upsetting
effects, there are categories of people who need time to adjust, technology has been implemented in the
lives of individuals at different times and people need to accommodate and digest all information and
changes.
Baby IA presented in Figure 2 begins to grow by extracting information from many areas and at the
same time coming with significant improvements where a thorough analysis is allowed, but also the
implementation of new strategies and processes. Even if this upward trend of innovation has invaded our
lives, there are also areas that remain wary of the implementation and management of a technology that
could gain autonomy, considering this action a controversial one. (Calum Chace, 2010)Depending on the
level of each country, on the resources of any kind invested in the development of technology, we have
worked on the evolution of society, of the individual, since the appearance of man he wanted to improve in
permanence the environment, the way of life and although acquired this improvement over time as can be
seen from the existing information one thing remained difficult up to a point.
What is certain is that the fast pace in which technology evolves in our lives also has upsetting effects, there
are categories of people who need time to adjust, technology has been implemented in the lives of
individuals at different times and people need to accommodate and digest all information and changes.
Baby IA begins to grow by extracting information from many areas and at the same time coming with
significant improvements where a thorough analysis is allowed, but also the implementation of new
strategies and processes. Even if this upward trend of innovation has invaded our lives, there are also areas
that remain wary of the implementation and management of a technology that could gain autonomy,
considering this action a controversial one. (Calum Chace, 2010)

Fig.2 – Baby AI

MATERIAL AND METHOD
The areas where AI implementation treats such a measure with skepticism are usually those areas
that involve justice, security, emotion, empathy, but also intuition and the legal area is one of interest around
which changes occur at a slower pace. The legal field contains a wide range of specializations, but given that
the decision-maker is the epicenter of research, I will focus on the profession of judge and how decisions are
made in the administration of justice.
The way in which a judge carries out his activity is a difficult and complex one regarding the decisionmaking process, he presides over the judicial procedures alone or as part of a group of judges. In order to
implement AI in this area, it is necessary to consider a thorough analysis of the impact it can have on
litigants. Replacing judges with robotic judges is not only completely impossible but is not recommended
given the skills needed to practice such a profession. If we analyze the activities carried out by judges, we
will also discover the existence of repetitive tasks that can really be taken over without problems by software,
this aspect would be beneficial for both litigants and the court. (James Barrat, 2012)
The future development of AI in this area cannot be predictable or at least not a precise, stable one;
performing many legal functions requires human intelligence because technology does not pursuing the
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fulfillment of previously established objectives. So, given the above, how could we implement a robot's
notion of instinct or emotion if the program is based on logic and the reproduction of exact data, how could
we give a robot the role of judge in the conditions in which the process of judgment is a human activity, it is
the exclusively human prerogative.
Of course, technology is on the rise and it is possible that in the future the hypotheses issued today
will undergo a radical transformation, but it is crucial that before giving freedom to innovation we do not
forget the values that define us and differentiate us from a robot. (Laura Maria Stănilă, 2018)
If we were to transpose the way of working and the capacity necessary to fulfill a profession that
involves an enormous responsibility, in a diagram, we would certainly find that the degree of difficulty and the
level of pressure reach very high levels. The work environment is very demanding primarily because this
profession is part of the conservative fields, so a gradual digitization would facilitate and streamline the way
judges work, time invested in repetitive activities would be focused on analyzing issues that require time ,
attention and meticulousness. Artificial intelligence refers to systems or machines whose main role is to
imitate human intelligence in performing various activities and based on the information they gather are
repeatedly improved. Although the digitization process in the Romanian legal system is proceeding at a slow
pace for many reasons, other countries in both Europe and the US have already taken steps in this direction,
below exemplifying a few:
A) Predictice – was born in 2016, operating in the field of legal information it is a search engine that
allows us to sort the results based on their significance, the collection of documents includes legally
accessible court decisions. It is constantly updated and at the same time respects professional
secrecy.
B) Case Law Analytics - provides litigation risk analysis and calculation services using artificial
intelligence. This technology makes it possible to model the judicial decision process thanks to a
detailed study of the jurisprudence in a certain field and in the light of fifty to one hundred criteria that
characterize exactly one case in many fields: commercial, intellectual property, family, etc.
C) INFOGRAFFE - Clerks - actors of judicial digitization.
Pioneers in dematerialization for over 30 years, the clerks of commercial courts together with "GIE
Infograffe" in the services of digitization of procedures, meet the expectations of companies and commercial
justice actors, contributing substantially to the quality of justice. In this context, the registry of commercial
courts have developed new tools: online registration, electronic signature, electronic payment order, lawyers
'portal, judges' portal, electronic safes available to ordinary court interlocutors, electronic submission of
applications, etc.
D) COMPAS or Correctional Offender Management Profiling for Alternative Sanctions developed
by a private company called Equivant - intends to predict the risk of a defendant committing another crime. It
works by its own algorithm that takes into account some of the answers to a questionnaire of 137 articles.
COMPAS is one such risk assessment algorithm that is used throughout the country to predict the hotspots
of violent crime, to determine the types of surveillance that detainees may need, or - as in the case of
Loomis - to provide information that could be useful in sentencing. COMPAS classified him as at high risk of
recidivism, and Loomis was sentenced to six years.
E) LexisNexis - is a corporation that sells data extraction platforms through online portals, computerassisted legal research (CALR) and information on vast areas of consumers around the world. In the 1970s,
LexisNexis began to make legal and journalistic documents more electronically accessible. Since 2006, the
company has owned the largest electronic database in the world for legal information and public records.
LexisNexis is owned by RELX and according to Trudi Bellardo Hahn and Charles P. Bourne, LexisNexis
(originally LEXIS) is historically significant because it was the first early intelligence service to realize a vision
for the future in that large end-user populations would interact directly with computerized databases, rather
than go through professional intermediaries, such as librarians. (https://www.contributors.ro/justitia-sidigitalizarea/)
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F) HART or Harm Assessment Risk Tool
In mid-2016, with funding from the Monument Trust, researchers installed the world's first AI tool to
help police make custody decisions in Constambulary Durham. HART is also refreshed with more recent
data - a step that Dr. Geoffrey Barnes explains will be an important part of this type of tool: "A human
decision-maker could immediately adapt to a changing context - such as prioritizing certain crimes, such as
hatred, murder - but the same cannot necessarily be said of an algorithmic tool. This suggests the need for a
careful and constant examination of the predictors used and to frequently refresh the algorithm with more
recent historical data. " The researchers also point out that the production of HART is for guidance only and
that the final decision is that of the police officer in charge.
G) Sweetie
Sweetie is an AI program, a chatbot designed to combat pedophilia in the online environment. It was
created by Terre des Hommes in the Netherlands in 2013 leading from the first use to the conviction of many
criminals for online pedophilia. The first version of Sweetie 1.0 embodied a 10-year-old female from the
Philippines and aimed to expose pedophiles who love sex tourism, but this version was not automatic, the
conversations with pedophiles were carried out by the police, so Sweetie was created 2.0, a more advanced
version that no longer requires operation by one person but was not completely independent either.
H) RisCanvi
Penitentiary services in Spain initially devised preventive policies in the 1980s and 1990s, drawing
on rehabilitation programs in other countries. RisCanvi was created to address the concerns of the Catalan
prison system about the increase in violent recidivism, especially sexual recidivism. This program was
introduced in 2009 with the aim of multi-level risk assessment for the prevention of violence in prisons.
(https://www.cotidianul.ro/apel-la-transparenta-si-celeritate-in-sistemul-judiciar/)
RESULTS
Justice is clearly facing new times with many challenges. Criminals are becoming better prepared in
the preparatory act of acts contrary to the law, the criminal environment is also expanding, because it
acquires new features, the Internet being a very useful tool in committing acts that contain new approaches,
new manifestations. Judiciary and investigators face new challenges and it is very difficult to interpret and
enforce the law under the constraints of change overnight. Artificial intelligence and everything derived from
it could be a real success, but the use of new working tools puts the current legislation to the test.
Establishing an extremely solid legal framework is not just a component that needs to be checked, it is a
mandatory aspect that encompasses the entire functioning of a company. It is important to have innovative
approaches, but also objective and healthy supports to allow a beneficial development of the litigant, special
importance must be given to legal principles, human rights, and how to manage and change the situation to
be gradual. Changing the legislative framework is a priority in adapting society to innovative situations and a
serious risk analysis is needed. Due to the conservative environment that surrounds the legal system, the
imminent change is produced in response to what is happening, not as a result of a desire to evolve, to
progress. There is also a high focus on the development and definition of principles by many public and
private institutions, taking into account a serious assessment of the consequences of using AI in all areas of
society. The whole process of digitization changes every aspect of society and at the same time admits the
critical role played by the efficient use of data, as a facilitator of economic growth, progress and social
welfare. The cross-border flow of data, information, ideas and knowledge gives rise to higher productivity,
greater innovation and improved sustainable development, which increases the challenge of privacy, data
protection, intellectual property rights and security. The process of transforming society involves the adoption
of new criteria and new values as integral parts of everyday life, it is important to try a natural and rational
adaptation, not self-sabotage, insisting on maintaining outdated patterns. IA acquires new forms, both
technologically and legally. The accelerated progress of AI can only fascinate us, but the way it is
implemented in our lives and the effects it produces requires legislation that must be carefully established.
It is difficult to concretize the steps regarding the change of the legal system in such a way that it
does not remain only at the declarative level, the impediments must be overcome both with the help of the
academic area and with a serious involvement at national level. It is important to be aware that the legal
system does not act alone and for itself, it is at the service of the citizen, of society, and everything that
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happens in the social environment inevitably produces legal effects, so a forced adaptation is needed if you
do not want to be voluntary. The evolution of the legal system, its improvement with AI would allow a much
more obvious efficiency than at present because it would evaporate obstacles and repetitive tasks, leaving
room for a productive focus on really important objectives, citizens would be happy to save time solving
cases of a legal nature and obtaining prompt results. Situations where legislation is taken by surprise due to
the lack of appropriate regulations in case of accidents or unforeseen situations are constantly increasing
and involve a high degree of difficulty in interpreting, complying with appropriate legal rules or even enacting
new such rules. The elements that must be taken into account in the situation of enacting new legal
provisions require a rigorous analysis, a visualization and an anticipation of the way in which the effects are
felt, but also their nature. It is a certain and well-known fact that the legal system is full of nuances,
interpretations and AI could have difficulties in making a correct difference in the way of expression in a text,
in a decision, in various documents, etc. At the basis of the process of entering data into a system are manmade data, for example if from the data entered into a system there is racism, there is discrimination, the
robot that tends to think in the same way considering a kind of normality, all this is called bias (bias). The
legal measures that can be taken must meet a series of conditions that must be meditated in depth in order
to
produce
beneficial
and
constructive
effects
on
society.
(https://www.europarl.europa.eu/doceo/document/TA-9-2020-0276_RO.html#title1)
CONCLUSIONS
Evolution has preoccupied us from the beginning and we have resorted to various methods that have
guided us towards the goals set, satisfying our thirst for knowledge and we could be judged harshly for our
actions. In achieving our goals we lose sight of important aspects, it is essential to develop an ability to
understand the risk and insecurity to which we are exposed, lack of balance and unconsciousness can cost
us our disappearance.
There are many researchers who dedicate their lives to study, knowledge, development, aiming at
continuous progress, they offer results to humanity, solutions, but at the same time sacrifice other life forms,
for example someone asks the opinion of a laboratory monkey and then does he crush his head to analyze
his brain, or do we ask mice what they think about destroying their agricultural shelters? Although we destroy
them, we do not hate them, it is purely scientific interest or, for a noble cause "we could say, maybe AI would
not hate us either, but nevertheless there is the possibility of eradication. Although AI has had a period in
which it has been maintained or perhaps even suffered a decline, now the momentum seems unstoppable,
specialists and not only in all areas debate the issue of AI development, how it could affect us, the facilities
that we have, all these form a real phenomenon in full ascent, although in some places there are still
opposing camps that launch forecasts full of skepticism. The so rapid progress of technology is a fascinating
subject and the fact that people's lives would certainly be improved represents for humanity the beginning of
a new revolution, we are constantly changing and unfortunately the fast pace in which all changes take place
does not give us at all a moment of respite.
Another analogy also made by J. Barrat regarding what rabbits represent to humans, are they pests,
pets or dinner? The author of Our Final Invention exposes different scenarios with the indirect purpose of
determining us to reflect, to be aware and prepared to adapt to new phenomena, perhaps even inexplicable,
phenomena that would change even tragically in the absence of a strong anchor in reality. It is extremely
important for people to observe the progress and successes, how gradually all systems undergo
transformation, because one thing is certain, there is no place where technology can not penetrate, people
can not resist the temptation to explore or penetrate in a new space or field, practically it is implemented
deep in our genetic code, it is the reason that was the basis of human development. The changes to which
society is adapting in the way it can and to the extent that it can already are no longer just technological in
nature or involve only technology, without realizing now there is an openness in collaboration of
interdisciplinary fields because it is the best time to realize that although each professional area, branch of
education is different, together they offer an overview, in the context of AI development we take into account
all the factors arising from each action related to this technology. Loss of AI can lead to tragedy and although
investments in the development of this technology are huge and researchers are dedicated to its projects,
they have formed various international organizations on the security of AI development and I will give the
example of the film Matrix in which Calum Chace includes in his work Surviving AI a small quote about
human nature, but of course it's just a movie, a movie that raises some fears. In order to enjoy as a nation a
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legislative intervention in the legal field, we need an accommodation of the population, of the decisionmaking bodies, but we also need a thorough and deep analysis of the effects that may occur as a result of
legislative changes. (Laura Maria Stănilă, 2018)
So, being all caught up in everyday problems we often fail to get involved or at least get more
informed about everything that is changing around us, but one thing is for sure, society is changing as a
result of progress. and legislation is forced to adopt certain changes for the optimal functioning of society,
otherwise it risks becoming useless and outdated..
The human brain is an enigma, it has been studied in various ways, has aroused the interest of
research throughout history and is still a fascinating object of study, the way the human mind analyzes,
discerns, makes decisions, adopts behaviors, is influenced, develops affectivity, obsessions, adapts, etc. All
this contributes to the composition of a substance that we keep protected by bone tissue and well hidden
from the rest of the world, like a treasure. Interestingly, the human mind is so complex that although so much
research has been done and viewed from so many perspectives, it continues to surprise us with new
discoveries. of the other individuals in the society we interact with.
Justice is an area that will eventually evolve, voluntarily or constrained. As we reported, intentions and
openness in this regard exist but the system being more reluctant accepts late new visions, new paradigms.
It is understandable that a digitization involves a serious analysis but it must be done before we wake up in
the middle of change, it is about accepting and looking for optimal development solutions, change is in our
hands,
we
just
have
to
find
a
way
to
manage
everything
properly.
(https://www.juridice.ro/essentials/4273/cyberjustitia-unele-consideratii-asupra-digitalizarii-procedurilorjudiciare)
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ABSTRACT
New Holland’s IntelliSense system equips CR Revelation combines with a proactive automation system that
reacts more quickly and smoothly to changing conditions. The system makes pre-emptive adjustments
before overload or losses are even on the horizon. It’s the superior level of harvesting by constantly adjusting
the combine settings throughout the entire day, the IntelliSense system can help an experienced driver
increase daily productivity by up to 10%. The system goes even further to help a novice reach up to 20%
more output. With the advantage of IntelliSense automation, operators experience less stress, with fewer
decisions to make, easier control, better comfort and less fatigue.
REZUMAT
Sistemul IntelliSense echipează combinele New Holland CR Revelation prin acțiune proactivă a
automatizării care reacționează mult mai rapid și lin la schimbarea condițiilor de lucru. Sistemul efectuează
reglaje preventive înainte să se producă încărcare excesivă ori creșterea pierderilor să fie vizibilă.
Reprezintă nivelul superior al recoltarii prin reglaje continue ale parametrilor combinei dealungul intregii zile,
sistemul IntelliSense poate ajuta un operator experimentat sa crească productivitatea cu pana la 10%.
Sistemul merge și mai departe pentru a ajuta un incepator sa ajungă pană la 20% mai multă productivitate.
Datorită avantajelor date de sistemul de automatizare IntelliSense, operatorii au parte de mai puțin stres, mai
puține decizii de luat, un control facil, confort ridicat cu oboseală redusă.
INTRODUCTION
Productive harvesting is a skilled activity which can take many seasons to learn. New Holland has
developed technologies which assist operators in assuring efficient and productive harvesting when working
in fields with variable yields. IntelliSense is checking the status of the combine while harvesting regarding the
customer target and is doing these things itself has a big influence on the driver and on the economic
efficiency of the combine.
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) Crop
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)
New Holland invented the Twin Rotor™ concept over 45 years ago, and has been refining and
evolving this technology for four decades to offer farmers ever increasing capacity and improved grain and
straw quality. New Holland also knows that no two farms are alike, so two different types and sizes of rotor
have been developed to suit farmers’ individual needs.
Automation has a growing role to play in productive modern harvesting. New Holland’s IntelliSense™
system equips the CR Revelation range of combines with an industry-leading proactive system that enables
the combine to react every 20 seconds selecting the best action out of 280 million possibilities. In order to
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achieve this, ground-breaking technology has been employed: a first ever cleaning shoe load sensor has
been developed, and when coupled with the next generation Grain Cam™ and electrically adjustable rotor
vanes, the system can make adjustments the instant they are required.

Fig. 1 - The combine capacity increased 20 times in just 70 years

The system is able to offer four driving strategies from the intuitive interface to meet their specific
requirements:
• Limited loss, the main focus is to collect as many grains is possible
• Best grain quality, collecting in the grain tank just the healthy and high-quality ones.
• Maximum capacity, for the situation when farmers are interested to finish the job in short period of
time
• Fixed throughput, when they have a fix request during the day
These operating modes can be further refined to meet specific harvesting conditions. Furthermore, once the
system has been activated it will remain on and continue to learn throughout the season.
The IntelliSense™ system makes use of a range of patented New Holland technologies as well as
existing features to deliver harvesting productivity. These include the award-winning Grain Cam™ system,
which takes real time images of the crop and analyses this to produce a reading detailing grain quality,
including the percentage of cracked grain and material other than grain (MOG). The new cleaning shoe load
sensors which can accurately report the volume of material on the sieves, finally, the system automatically
adjusts the rotor vanes on 22” models for enhanced separation.

Fig. 2 - The cleaning shoe load sensors, Grain Cam and rotor vanes automatically adjustment system
(Automation Program Content CR MY19, Zedelgem)

The CR Revelation range of combines have been engineered by design with precision farming features
completely integrated in the main electronic architecture. Yield information is continually updated and
displayed on the IntelliView™ IV monitor. This data can be stored, downloaded and analyzed with
MyPLM®Connect Telematics precision farming software to establish accurate yields maps. These can be
used to fine tune inputs to maximize yields and minimize input costs. EVO NIR On-board real time sensing
from Dinamica Generale, a leading sensor technology company, enables CR combine owners and operators
to monitor and record a whole host of crop moisture and nutrient parameters in real time with outstanding 2%
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accuracy. Monitored parameters include Moisture, Protein, Fat, Starch, Neutral Detergent Fiber (NDF) and
Acid Detergent Fiber (ADF). This data can be used to tailor a range of inputs to enhance subsequent yields.
MyPLM®Connect enables the farmers to connect to the combine from the comfort of the office through the
utilization of the mobile network. It is possible to stay in touch with the machines at all times, and even send
and receive real-time information that saves time and enhances productivity. The entry-level
MyPLM®Connect Essential package offers the most frequently used features or the MyPLM®Connect
Professional package for full machine monitoring and control. In short, MyPLM®Connect will help the farmer
to reduce fuel bills and improve fleet management and security in one simple package.
MATERIALS AND METHODS
Data gathering is the core of a digital agriculture. The goal of these recordings and analyses is to
understand the behaviour of crops characteristics and, ultimately, to optimize the harvesting process.
Automatically adjust the functional parameters of the combine with proactive intervention and simple
user interface. Taking this part of the combine harvest away from the operator he can focus on other things
(e.g., unload on the go, mapping, feeding, harvest management …), stress free harvesting, easier to find
operators, increase daily output.

Fig. 3 – The overview main input signals (Automation Program Content CR MY19, Zedelgem)

IntelliSense, set the different components of a combine automatically and constantly as ground drive,
decrease or increase the working speed depending on the crop flow using the IntelliCruise system, at the
Threshing/Separation area changing the aggressiveness true the rotors vanes angle and rotors speed. For
cleaning area, the system uses the Clean grain sample, adjust Pre-sieve, Upper sieve, Lower sieve, Fan and
use the information from Grain Cam and Load sieves sensors.
With IntelliCruise, a total of 7 parameters will be adjusted, the speed of the Rotors, rotor Vane position
(on 22” models), pre-sieve opening, upper sieve opening, lower sieve opening, cleaning fan speed and the
Ground speed, when Intellicruise is activated. The operator remains to adjust/check/do the next parameters:
feeding the machine, concave clearance –The ACS concave setting is used for crops supported by
Intellisense, rotor vanes on 17” machines, grain tank level, grain tank unloading.
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Fig. 4 – Automatically adjust parameters of IntelliSense (Automation Program Content CR MY19, Zedelgem)

Setting the system before to start harvesting / Crop Type: crop type give access to all the crops but not all
the crops are ready with IntelliSense™, the crop ready are Wheat, Barley, Maize, Soya, Canola. With
IntelliSense™the driver is able to choose between 4 different strategies depending on his needs:
Best grain quality
Limited loss
Maximum capacity
Fixed throughput
IntelliSense™is considering the overall combine, threshing and cleaning, always the same logic for
cleaning and threshing for all the strategies selected. For all strategies operator always has to set a
maximum working speed and a maximum engine load, this makes sure that the combine is always working
on a high-capacity level and allow the customer to have a control on the system and to adjust it regarding
these preferences.
Max Ground Speed to comply with safety precaution, the system will avoid to speed up above this
limit, can also be set to assure proper feeding specially for Canola/Corn, where above a certain groundspeed
often header/feeding issues can happen.
Max Engine Load, default on 100%, can be set from 50% to 115% in steps of 1% by 1% simple, fast
and easy to adjust regarding the crop and the conditions. In uniform fields and good feeding of the material,
it is possible to drive on the edge of the available power, without risk of blocking the machine, for this is
recommended to set maximum engine load on 110% but if in varying fields and /or bad feeding of the
material, need to take extra safety into account to avoid blockage of the rotors, in this case it is
recommendable to set max engine load on 90%
During driving, machine will try to speed up as long as no limit is reached, if a limit is reached,
combine will try to solve it, if the machine doesn´t succeed in solving this issue, a limiting factor icon will be
shown on the monitor.

Fig. 5 – The operator main screen and capacity limiting factor (CR MY 2019 Intellisense Operator Guide)
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Measuring the losses manually and then adjusting the machine. When the machine is first introduced
to the crop, grain losses need to be manually measured and if necessary, then make adjustments to the
sensitivities on the Intelliview monitor. The grain tank sample needs to be checked for MOG and if
necessary, then make adjustments to the sensitivities on the Intelliview monitor. The concave needs to be
correctly adjusted so that all heads are properly threshed. Therefore, no damaged grains or unthreshed
heads should be found in the grain sample or in the straw. It may be necessary to perform a Kill Stall to
determine the correct set up of the combine, then the grain loss over the sieves can be measured by
counting the losses on the ground and making adjustments to the sensitivity in the monitor. At present, the
chaff spreader needs to be in the service position to measure sieve losses, it should only be operated on a
level field to avoid interference with the cleaning shoe. When measuring losses, the operator should drive
100 metres to stabilise the machine and then measure the losses. Sieve losses can be measured with the
chaff spreader lowered and then operational, to allow the rotor losses to be measured. The returns volume
can be measured by measuring the time it takes for grain to enter the grain tank when entering the swath
and comparing it with the time the grain stops flowing after finishing the swath. The operator should check
that they have no header loss or damaged grain arising from the header.
CONCLUSIONS
Day-long outstanding performance Testing has shown that throughout the course of a long harvesting
day, IntelliSense™ technology delivers superior performance, even when compared to the most experienced
harvesting operators. The system checks every 20 seconds and will select the best course of action out of
280 million possibilities. The operator will drive, relax, and let the machine equipped with IntelliSense™
technology maximize the harvest. From small grains to maize and pulses, IntelliSense works with a variety of
crops to take harvest performance to the next level.

Fig. 6 - The comparison of daily productivity

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 labour inputs.
More harvesting productivity, 4% more in wheat and 10% more in canola Save $4,500 in operating
and labour costs. CR combines equipped with IntelliSense harvest faster — saving up to 20 hours, or two
days of harvest time each season for a 5,000-acre farm. This saves real money on depreciation,
maintenance, labour and fuel costs. The sooner the farmer finish the season, the safer the grain will be in the
storage bin, protected from weather risks.
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(https://assets.cnhindustrial.com/nhag/nar/en)
The digital revolution is now sweeping through agriculture and in times to come, as margins become
ever tighter, the incremental increases in efficiency that technologies such as IntelliSense can offer may
make the difference.
Through innovative engineering, and now digital automation, New Holland remains at the vanguard of
innovation and sustainability.
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ABSTRACT
The use of cisterns or basins in agriculture is very present and in most cases they are quite old and have
systems to indicate the level of liquid left inside that are difficult to read or are no longer in working condition.
This article presents a system based on an Arduino Uno microcontroller and an ultrasonic remote sensor.
The principle of operation is simple, with the help of the ultrasonic sensor you can find the distance from a
set level to the surface of the liquid and it is displayed on an indicator. In order for the results to be with a
margin of error as small as possible, a maximum distance of 2m was used. This information can be stored
and passed on via a wireless network or stored on mobile memory.
REZUMAT
Utilizarea cisternelor sau a bazinelor în agricultura este foarte prezenta iar în cele mai multe cazuri acestea
sunt destul de vechi și au sisteme de indicare a nivelului de lichid rămas în interior care sunt greoi de citit
sau nu mai sunt în stare de funcționare. Cercetarea și dezvoltarea de microcontrolere a condus la obținerea
unor echipamente care au cost redus de producție și întreținere și ca urmare se pot dezvolta soluții care pot
fi implementate pe echipamente vechi dar care sunt în stare funcționare. În acest articol este prezentat un
sistem care are la baza un microcontroler Arduino Uno și un senzor ultrasonic de distanța. Principiul de
funcționare este simplu, cu ajutorul senzorului ultrasonic se poate afla distanța de la un nivel stabilit pana la
suprafața lichidului iar aceasta se afișează pe un display. Aceste informații pot fi stocate și transmise mai
departe cu ajutorul unei rețele fără fir sau stocate pe memorii mobile.
INTRODUCTION
The Internet of Things (IoT) is present in more and more devices and equipment and its use is
constantly tending towards the desire that any electronic device around us be able to connect with others to
facilitate certain automation.
The development of connectivity of agricultural machinery has led to important advances in
agricultural practices, so the application of the concept of precision agriculture can be widely applied.
However, there are significant challenges and there is a need to allow the exchange of data in the created
ecosystem but also the need to invest in new types of infrastructure and equipment.
The use of Arduino microcontrollers for control or monitoring with the help of sensors worldwide is
very common due to the low cost but also the multitude of sensors that can be connected to this
microcontroller. The ability to connect different sensors, to transmit real-time data over different wireless
networks or even the ability to operate in remote locations with renewable energy sources has led to the
realization of projects so different that we can say that it can be used in almost any field.
Arduino Uno proved to be a versatile tool even in the fight against COVID 19, so a hand washing
system with ultrasonic sensor was developed. It consists of an Arduino microcontroller, an ultrasonic sensor,
a hand dryer and a soap pump, the advantage of this system is that the operation of the water pump is
independent of the soap pump even if we use a single microcontroller (Jolan B. et al, 2020).
A project that demonstrates the multifunctionality of the Arduino is its use in the automotive industry
to make parking sensors using ultrasonic sensors as described in the paper (Jenli S. et al, 2021).
Other teams had the idea of using the microcontroller to make a vehicle that, with the help of
ultrasonic sensors, can move alone on a route (Aisha A. M. et al, 2021).
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Accurate calculation of the consumption of substances in the category of insecticides, herbicides,
fungicides or liquid fertilizers is quite difficult. When we have as accurate information as possible of the
remaining reserve in the tank or basin, we can estimate the working time with the remaining quantity.
Usually, a tank or basin can be inspected visually, this requires increased working time or the existence of
manual measuring instruments and in certain weather conditions this can become difficult to perform. With
the help of a distance sensor you can read the liquid level without difficulty in almost any weather conditions,
the reading is fast and can be memorized for a possible report or a comparison between different time
segments.
Another application of Arduino is an automatic monitoring and control system if the water in the tank
exceeds or falls below certain limits, it is able to start the drain or filling pumps to bring the water level
between the programmed limits (Refni W. et al, 2021).
Arduino microcontrollers can be used with more than one sensor in relatively simple applications
where a temperature sensor and a humidity sensor are used to control the temperature and humidity inside
greenhouses. (Walaa K. K. and Yong T. K., 2021).
There is research that uses Arduino Uno to determine an object in space using ultrasonic sensors,
data from the sensors can be used to create an image of the volume that was targeted, and that image can
be further processed using image processors. (Baskoro F. and Reynaldo B. R., 2017).
This paper uses an ultrasonic sensor connected to an Arduino Uno microcontroller that uses a
program that has implemented the function of determining the distance according to the speed of sound in
the air to which correction coefficients can be added to increase the accuracy of measurements.
The use of Arduino microcontrollers that have ultrasonic sensors connected are used to improve
precipitation prediction techniques and flood prevention analysis on predetermined ground surfaces.
Using the same type of sensor, SN-SRT04, Andang A. presents the way in which the flow of a river
can be measured, so through repeated measurements a mathematical model can be designed to help
predict floods. After the experiments it was found that the accuracy of the sensor is quite high, i.e. 0.5 cm
and therefore this sensor can be used to determine the volumes in tanks or basins (Andang A. et al, 2019).
Also the same type of sensor can be used to map some underwater surfaces, as demonstrated by
N. T. Hossain et al in his paper. He explained how he managed to make a 3d map of the underwater
surfaces but also the disadvantage that this device can only be used for small areas (Hossain N. T., et al,
2018).
With the help of the microcontroller, hydrostatic and hydrodynamic tests were performed to monitor
the pressures in the water distribution systems, using ultrasonic sensors the pressures could be read and
their values are sent to a control center in real time (Federica B. et al, 2021).
MATERIALS AND METHODS
The research began with the sketch and specifications of the device, determining the necessary
components, which correspond to the requirements that were imposed, for the construction of the device.
The selection of components also took into account energy efficiency but also the cost-performance ratio.
The device is composed of:
1. Arduino Uno is a development board based on the ATmega328P microcontroller. It has 14 digital
input / output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic oscillator
(CSTCE16M0V53-R0), a USB connection, a power plug, an ICSP connector and a reset button.
Technical specifications:
• ATmega328 microcontroller
• Operating voltage: 5V
• Recommended supply voltage: 7-12V
• Voltage limit: 6-20V
• Digital input / output pins: 14
• Analog input pins: 6
• Flash memory 32 KB
• SRAM 2 KB
• EEPROM 1 KB
• System clock: 16 MH
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Fig. 1 Arduino Uno, used to make the device

2. Ultrasonic sensor JSN-SR04T. This sensor is based on a remote sensing ultrasonic sensor, with
an accuracy of 0.5cm and a maximum decay distance of 4.5m. It can be used in different environments.
Ultrasonic sensor, description and specifications:
• Reduced dimensions - 42x29x12mm;
• Increased accuracy;
• Moisture resistance;
• Supply voltage 5V;
• Current consumption: 30mA;
• Transmission frequency: 40KHz.

Fig. 2 Sensor JSN-SR04T

Pin connection is as follows: VCC to 5V, GND to GND, Trig1 to pin 10, Trig2 to pin 9, Echo1 to pin
13, Echo2 to pin 12.
The scheme used is:

Fig. 3 Wiring diagram for sensors
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After the connections were made, the Arduino was connected to a PC to be programmed using the
Arduino IDE 1.8.16 program. The NewPing library also needs to be installed. The principle of measuring the
level of liquid in the pool or tank is relatively simple, there is an ultrasound transmitter that transmits a sonic
pulse in a direction for a defined time after which the sensor switches from the transmitter to the receiver and
thus part of the ultrasonic pulse initially reaches back to the sensor It basically counts the time elapsed
between its transmission and reception, the Arduino does some calculations to find out the distance to the
surface that reflected the ultrasonic pulse. The calculation on which the code introduced in Arduino works is
based on the speed of sound which is approximately 340 m / s but also the formula for calculating the speed
which is the movement in time. From here we can easily deduce the movement (distance) which is the time
multiplied by the speed. But in this case if we measure the time in which the sound wave travels the distance
from the reflection surface and back and use this value in the distance formula we will have a result that
does not correspond to reality because, in this case, we have some movement from the transmitter to the
target and then some more movement from the target to the receiver and results in a double distance, as a
result to have a correct result the resulting distance must be divided by two.
If a more accurate measurement is required, predetermined coefficients or experimental results can
be entered into the formula. Errors that may occur are due to the system, the response time of the internal
components or the electromagnetic noise that may occur in the connecting cables. Another source of
measurement errors, which results in erroneous measurements, are echoes that can occur inside the pool or
tanks. However, to measure the liquid level, you do not need a high accuracy or a large number of
measurements in units of time on the order of seconds. This measurement results in a relatively accurate
estimate of the liquid level for estimating the volume of liquid remaining in the tank.
The code used to program the Arduino Uno microcontroller.
After the Arduino IDE has been installed and the microcontroller is detected correctly by the PC, we
can start programming the code necessary for the ultrasonic sensor to work. First we have to install the
library "NewPing.h", it is necessary to activate the ultrasonic sensor and define the pins that will be used by
the Arduino to activate the ultrasound transmitter and switching in the receiver.

Fig. 4 Declaring the pins needed to control the sensors

Fig. 5 Defining variables
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Fig. 6 Calculations for finding the distance

The formula for determining the distance is determined from the formula for speed:
𝑉𝑉 =
Where:

𝐷𝐷
𝑇𝑇

𝐷𝐷𝐷𝐷 =

, [cm/𝜇𝜇s]
𝐷𝐷
2

=

𝑉𝑉 ×𝑇𝑇
2

(1)

, [cm]

(2)

1. V is the speed of sound (vitsunet) cm/µs
2. D is the total distance from the transmitter to the reflecting surface and
back in cm
3. T is time (timp1 and timp2))in 𝜇𝜇𝜇𝜇
4. Dm is measured distance (distanta1 and distanta2) in cm
The speed of sound also depends on the environment in which the measurement is made, such as
atmospheric pressure and humidity, so the software can change the value of the speed of sound to reduce
the measurement error.
However, the use of ultrasonic sensors is limited due to the errors that occur during measurements.
The elimination of these errors has been studied to be corrected with the help of mathematical models based
on the directivity of ultrasonic waves. (Naoki F. et al, 2018).

Fig. 7 Calculation method for distance

Figures 4 to 7 show the code used to test the device with two sensors. Basically the code can be
written even in a simple text editor, for example Notepad in Windows. For a single sensor the code changes
can be relatively easy.
In the format of the final file, if several sensors are used, it is recommended that the data from each
sensor is separated with a comma, so the import in spreadsheet programs is much easier. For example
“Serial.print (”cm”)” should be replaced with “Serial.print (”,”)” in all columns where sensor data appears.
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For ease of programming, the speed of sound, in centimeters per microsecond, is entered directly into
the program with a fixed value, with the possibility to change so that there is a method to calibrate the sensor
much easier if better accuracy is required.
By changing the code you can add a display or an indicator, depending on the need and if necessary
you can opt for a microcontroller that also has a wireless network card.

Fig. 8 The Display models that can be used with an Arduino

RESULTS
After the device has been put into operation, the Arduino is connected to a PC to view the
measurements. A terminal program is used, for example the Windows Terminal program, but any such
program can be used. As an output file a text file has been used where the measurements were recorded.
The tests were performed with one sensor but also with two sensors. The measurement frequency that was
used is 50 ms.

Fig. 9 The text file resulting from the measurements, with one and two sensors

The test file was imported into an .xls file for editing with Microsoft Excel, but can be used with any
other spreadsheet program that supports importing text files.

Fig. 10 Distance measurements with two sensors for 1.8 seconds
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Fig. 11 Distance measured with a sensor for one second

Fig. 12 Distance measurements with two sensors for 10 seconds

You can see the errors that occur during measurement, this error is for each sensor about ±0.5 cm,
there is also a measurement error between the two sensors of about ±0.2 cm which is the error declared by
the manufacturer. If these sensors are used to indicate the liquid level such errors are negligible, the sensor
is not recommended for high accuracy measurements.
CONCLUSIONS
Using the microcontroller with the JSN-SR04T ultrasonic sensor has been shown to work well for
determining the level of liquid in tanks, although it is not a precision measurement system, the errors
resulting from the measurement are negligible in this case The error of about 0.5 cm that occurs during the
measurement is acceptable considering the advantages it has, namely the real-time measurement of the
liquid level, the effort made by the operator is much reduced, reports can be made to make predictions for
the following feeds. Another advantage of this device is that it completely eliminates human error but also the
possibility of mounting in places hard to reach the operator. Depending on the needs, the code can be
modified to increase the frequency of measurements or their accuracy.
With such a device you can add, relatively cheaply, a little automation to older machines, still in working
order, and especially useful in remote locations.
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ABSTRACT
The paper presents a mobile system for the production of electricity from alternative sources (solar +
wind) which is intended for use in any isolated place, where there is no possibility to connect to an
electricity grid, to ensure the electricity needed by various consumers in agricultural applications and
agricultural crop monitoring, remote transmission and management services. At the same time, this
mobile system, which is an ecological and economical electricity generator, can be used in the following
locations without electricity: holiday homes, cottages, sheep farms, farms, greenhouses, caravans, bee
trailers, boarding houses, monasteries, etc. The results of the research allow useful recommendations
for farmers who want to use alternative energy sources in isolated farms, to reduce dependence on
volatile and uncertain fossil fuel markets, especially oil and gas ones.
REZUMAT
În lucrare este prezentat un sistem mobil pentru producție de energie electrică din surse alternative
(solar + eolian) care este dedicat utilizării în orice loc izolat, unde nu există posibilitatea de conectare la
o rețea electrică, pentru a asigura curentul electric necesar diverșilor consumatori în aplicațiile agricole
și serviciile de monitorizare, teletransmisie și management al culturilor agricole. Totodată, acest sistem
mobil, care este un generator de curent electric ecologic și economic, poate fi utilizat și în următoarele
locații fără energie electrică: case de vacanță, cabane, stâne, ferme, sere, rulote, remorci apicole,
pensiuni turistice, mănăstiri etc. Rezultatele cercetărilor permit recomandări utile pentru fermierii care
doresc să utilizeze în fermele izolate surse alternative de energie, pentru reducerea dependenței de
piețele volatile și incerte ale combustibililor fosili, în special de petrol și gaze.
INTRODUCTION
A number of studies have been made so far on the development and promotion of energy
obtained from renewable energy sources because they contribute to environmental protection, security
of energy supply and independence from rising energy prices, thus solving current global problems:
energy crisis and environmental impact (Comşa, M. L. 2015; Duhaneanu, M. et. al, 2015; Ilie, A. B.
2012).
The use of hybrid systems (solar + wind) contributes to reducing energy dependence, reducing
losses through transmission and transformation, the lack of gaseous and liquid pollutants and to the low
price of primary energy (Gheorghe, M. et. al, 2018).
Romania has temperate continental climate, with a high energy potential of energy resources for
alternative energy supply (solar + wind) of isolated areas where there is no possibility to connect to a
grid (Marcu, C. et. al, 2015). At the same time, it is in the 3rd group being characterized by relatively
high intensities of solar radiation, with fluctuations in a wide range, but not extreme (annual maximum of
1600 kWh/m2 in Dobrogea to 1250 kWh/m2 in the north of the country) (Purece C., 2020).
The European Commission’s Research Centre has developed software called the “Photovoltaic
Geographical Information System (PVGIS)” which is used as a tool to assess the performance of
photovoltaic technology in geographical regions and to provide interactive access to data, maps and
tools for other research and education institutes, decision makers, PV professionals and system owners,
as well as the general public (Baghdadi, A. et. al, 2010).
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In
this
paper,
the
PVGIS
application
(http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php?lang=en&map=europe) was used to estimate solar
energy from an agricultural farm located in Fundeni, Călărași County, which does not have access to
classical electricity.
Wind energy is one of the safest methods of producing electricity from renewable sources, the
resources involved in air movements being considerable.
According to the National Institute of Statistics (INS), the production from wind power plants was
4125.7 million kWh in the first eight months of 2021 (http://www.insse.ro/cms/ro/comunicate-de-presaview).
The electricity produced by the turbine over a period of time depends on its constructive
characteristics and the wind potential of the area where the turbine is installed, and the latest generation
wind turbines have an efficiency of up to 98% (https://www.buletinulagir.agir.ro/articol.php?id=277).
A wind turbine with a vertical axis of 2kW (https://www.rolix.ro/proiecte_cercetare/inma-1.htm)
was used to estimate the wind energy production by collecting the low intensity wind existing at low
altitude in the Fundeni location.
MATERIALS AND METHODS
The experimental researches regarding the location, efficiency and behavior in operation of a
mobile system for the production of electricity from alternative sources (solar + wind), which was
developed by INMA Bucharest and ROLIX IMPEX SERIES SRL, were carried out in an agricultural farm
in Fundeni locality, Călărași county. The mobile electricity generation system (fig. 1) is intended for use
in any isolated place, where there is no possibility to connect to an electricity grid, to ensure the
electricity needed by various consumers in agricultural applications (Marin E. et. al, 2019).

Fig. 1. Mobile system for the production of electricity from alternative sources (solar + wind) for agricultural
applications and monitoring, tele-transmission and crop management services

The mobile system for producing electricity from alternative sources (solar + wind) consists of a
photovoltaic trailer (fig. 2) equipped with a system for folding/unfolding photovoltaic panels and a wind
turbine with a vertical axis (fig. 3) to ensure electricity in the field where there is no possibility to connect
to an electricity grid for agricultural crops monitoring and management in order to transmit accurate
information, in real time, to farmers to improve agricultural management.
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Fig. 2. Trailer for transporting mobile electricity production system + photovoltaic installation

Fig. 3. Vertical axis wind turbine

RESULTS
The efficiency of the LG Neon R LG360Q1C-A5 photovoltaic panels used depends on the
temperature, the level of solar radiation - received from the Sun converted by the panel into electricity
with an efficiency of max. 20%, the rest being transformed into heat.
The operating temperature is due to the radiation to which the ambient temperature is added;
when the module receives solar radiation, it heats to a temperature above ambient level.
At high temperatures, the efficiency of the panel decreases and production decreases; the
support installation of the modules will ensure a good ventilation, obviously - retaining as little heat as
possible.

466

INTERNATIONAL SYMPOSIUM

The manufacturer of the photovoltaic panel specifies the NOCT (Nominal Operating Cell
Temperature) parameter: Irradiance kW/m2, ambient temperature 20°C, wind speed 1 m/s, and the
temperature from which the efficiency starts to decrease is 45°C.
The main characteristics of the LG Neon R LG360Q1C-A5 photovoltaic panel are the following:
- Maximum Power(Pmax), W: 271
- MPP Voltage (Vmpp), V: 36.4
- MPP Current (Impp), A: 7.45
- Open Circuit Voltage (Voc), V: 40.2
- Short Circuit Current (Isc), A: 8.69
The warranty of the manufacturers of crystalline modules does not allow a degradation of the
output power performance by more than 10% for a period of 10 years and by 20% for a period of 25
years.
Table 1 presents estimates of solar energy production obtained by means of the mobile system
for electricity production from alternative sources (solar).
Estimates of solar energy production

Average monthly
electricity
production from
the given system

June
July
August

[kWh]

316.4
343.04
333.75

Average monthly sum
of global irradiation per
square meter received
by the modules of the
given system
[kWh/m²]
189.2
207.6
201.3

Table 1

Standard deviation of
the monthly electricity
production due to yearto-year variation
[kWh]

18.8
22.5
17.3

The estimates were made taking into account the following data:
estimated temperature losses: 8.8% (using local ambient temperature);
estimated loss caused by angular reflection effects: 2.8%;
other losses (cables, inverter etc.): 14.0%;
combined system losses: 23.8%
Starting from the average speeds measured in Fundeni location, Călărași County, a series of
approximate calculations of the powers and quantities of electricity produced by the wind turbine with a
vertical axis of 2kW were performed, depending on the electrical load available to the user.
The maximum power simultaneously absorbed is the sum of the powers of the electrical
receivers (a surface solar pump with controller and two LED projectors) that can operate simultaneously
at a given time: 1100 W.
The daily energy requirement W z was calculated by relation (1):

-

𝑊𝑊𝑧𝑧 = ∑𝑛𝑛𝑖𝑖=1 𝑃𝑃𝑛𝑛 × 𝑡𝑡𝑛𝑛 , �𝑊𝑊ℎ�𝑧𝑧𝑧𝑧 � = 1000 + 200 = 1200 �𝑊𝑊ℎ�𝑧𝑧𝑧𝑧 �

(1)

where:
- P n represents the installed power of an electrical receiver;
- t n represents the operating time of that receiver in a day.
The average required electric power will be given by relation (2):
𝑃𝑃 =

𝑊𝑊𝑧𝑧
24

=

1200
24

= 50[𝑊𝑊]

The amount of daily electricity that the wind generator has to produce, taking into account the

efficiency of the inverter (𝜂𝜂𝑖𝑖 =80% ÷ 90%) was calculated by relation (3)
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𝑊𝑊𝐺𝐺 =

𝑊𝑊𝑧𝑧
𝜂𝜂𝑖𝑖

=

1200
0,85

= 1411,76�𝑊𝑊ℎ�𝑧𝑧𝑧𝑧 � = 1,412 �𝑘𝑘𝑘𝑘ℎ�𝑧𝑧𝑧𝑧 �

(3)

Taking into account the average wind speed v=9.14 m/s, the electric power that the wind turbine
can generate can be determined by relation (4):
𝑃𝑃𝑒𝑒 = 0,5 × 𝜌𝜌 × 𝑣𝑣 3 × 𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟 × 𝐶𝐶𝑝𝑝 [𝑘𝑘𝑘𝑘]

(4)

𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟 = 𝜋𝜋 × 𝑅𝑅2 = 3,14 × 12 = 3,14 [𝑚𝑚2 ]

(5)

where:
- 𝜌𝜌 represents the density of the air 𝜌𝜌 = 1.2255 kg/m3
- S ref represents the area described by the turbine rotor calculated by relation (5):
where:
- R represents the radius of the wind turbine rotor;
- C p represents the power coefficient calculated by relation (6):

𝐶𝐶𝑝𝑝 = 𝜂𝜂𝑚𝑚 × 𝜂𝜂𝑒𝑒 × 𝜂𝜂𝑎𝑎 = 0,95 × 0,97 × 0,593 = 0,546
(6)
where:
-𝜂𝜂𝑚𝑚 represents the efficiency of the mechanical transmission; it has a value of 0.95;
- 𝜂𝜂𝑒𝑒 represents the efficiency of the electrical components; it has a value of 0.97;
- 𝜂𝜂𝑎𝑎 represents the aerodynamic efficiency and has the maximum theoretical value established by Betz;
it has the value 0.593.
The results for the electric power that the vertical axis wind turbine can generate are presented
in table 2.

Test no.
1
2
3
4
5
Average

The electric power that the vertical axis wind turbine can generate

Average wind speed, m/s
14.0
12.0
8.0
9.0
7.0
10.0

Table 2

Electric power, kW
2.851
1.795
0.532
0.757
0.356
1.258

This calculation demonstrates that the wind speed in this area is sufficient to provide the
necessary electrical power produced by the vertical axis wind turbine.
CONCLUSIONS
The research results allow useful recommendations for farmers who want to produce electricity
from alternative sources in isolated places, where there is no possibility to connect to an electricity grid,
to ensure the electricity needed by various consumers in agricultural applications and agricultural crops
monitoring, tele-transmission and management services.
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ABSTRACT
The paper presents an innovative system for capitalizing on air humidity for irrigating crops in a greenhouse.
It can be used, especially in areas threatened by desertification, to obtain an additional amount of water
needed to irrigate crops in the open field or in protected environments (greenhouses, solariums), by
harnessing the humidity in the air, at minimum power energy installed.
REZUMAT
În lucrare este prezentat un sistem inovativ de obținere a apei pentru irigații prin valorificarea umidității din
aer, destinat irigării culturilor dintr-un solar legumicol. Poate fi utilizat, în special în zonele amenințate de
deșertificare, pentru obținerea unei cantități suplimentare de apă necesare irigării culturilor în câmp deschis
sau în medii protejate (sere, solarii), la o putere energetică instalată minimă.
INTRODUCTION
Demographic globalization, climate and economic factors put great pressure on the agricultural
sector to increase food production and reduce water consumption, with 70% of global water consumption
being used in agriculture (Pinstrup-Andersen and Babinard, 2001).
Smart irrigation could be achieved automatically and in a timely manner by setting an irrigation
threshold according to the change in soil water content in the area of crop roots (Kun et al, 2021).
Climate change exposes crops to cold or heat that affects agriculture and product quality, leading to
a massive investment in heating / cooling in protected areas (Ara et al, 2021).
Romania is classified as economically and socially vulnerable, but also in terms of the impact of
climate change on water resources (Minea, 2020).
In a study conducted by INMA Bucharest, analyzing MADR data, shows the most vulnerable
agricultural areas in Romania that have a water deficit in soil: Dobrogea, southern Romanian Plain,
southeastern and eastern Moldova and western Tisa Plain (Manea et al, 2017).
These negative trends caused by the effects of climate change on agriculture worldwide and in
Romania present a major technological challenge and a need to invest in new technological solutions (fog
water collection or dew water collection) to replace traditional irrigation technology with an innovative one, to
ensure the development of farms and to significantly reduce the risks and impact of climate change (Popa et
al, 2021).
The relative effectiveness of different irrigation methods, traditional or new, must also be related to
the characteristics of the soil, climate, hydrology, which can radically change the terms of comparison of one
method with another (Manea et al, 2021).
Irrigation by harnessing air humidity has been studied internationally over time by several
researchers as investigating the potential of a combined solar system for freshwater production as an
alternative source of irrigation in a greenhouse for growing tomatoes. Preliminary testing of system
performance has shown that the amounts of moisture in buried pipes remain high for sunny and cloudy days,
and dew condensation is mainly processed at night and early in the morning. The fresh water produced
satisfies about 15% of the maximum water needs of the crop during the growing period when tomato crops
are most sensitive to water shortages (Chouaib and Chaibi, 2014).
A team of researchers from INMA Bucharest within the NUCLEUS program "Intelligent biotechnical
systems for sustainable agriculture - SMART-BIOTEH" funded by ROMANIAN MINISTRY OF RESEARCH,
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INNOVATION AND DIGITIZATION has developed an innovative irrigation system by capitalizing on air
humidity (https://inma.ro/wp-content/uploads/2020/12/Pagina-web-PN-19-10-02-01.pdf).
MATERIALS AND METHODS
The current work aimed to achieve the following research objective: the design and physical
execution of an innovative system for obtaining water for irrigation by capitalizing on air humidity, intended
for irrigating crops from a vegetable plot.
For the design of the innovative system of capitalization of air humidity for irrigation of crops in a
vegetable plot was used critical analysis of knowledge, by studying the reading sheets of articles in the
literature (consulting scientific databases), studying internal standards and directives on.
For the design of the innovative system of capitalization of air humidity for irrigating crops from a
vegetable plot, modern methods of analysis and calculation were used, with realistic and probabilistic
assessments, with an inter- and trans-disciplinary approach, which covered the complexity that defines
behavior of the proposed systems. At the same time, the 3D parametric modeling method was used for
parts, subassemblies and general assemblies with SOLIDWORKS using the bottom-up design method
(https://www.solidworks.com/sw/products/3d-cad/packages.htm), after which each subassembly was
subjected to the structural analysis method with SOLIDWORKS SIMULATION (Simulation | SOLIDWORKS).
For the physical execution of the innovative system of capitalization of air humidity intended for
irrigation of crops in a vegetable plot were used CNC numerical control machines (CNC type cutting center
HST-C 6/2500, ALPHA-CADMAN punching processing center 1012TK, Center for bending sheets type
PPEB-4 C, CNC Laser ALDINE 1530) which allowed shortening the time and increasing the execution
accuracy (https://eeris.eu/ERIF-2000-000F-0231).
RESULTS
The innovative irrigation system by capitalizing on air humidity (fig. 1) is intended for SMART farms,
especially those in areas threatened by desertification, to obtain an additional amount of water for crop
irrigation, as well as construction economic agents, who are interested in and develop technical equipment
for irrigation in order to increase profits.
The field of use of the experimental model is the irrigation of crops in the open field or in protected
environments (greenhouses, solariums), by capitalizing on the humidity in the air, at a minimum installed
energy power.

indoor unit

outdoor unit

Fig. 1. Innovative system for obtaining water for irrigation by capitalizing on air humidity

The indoor unit - the air heating and humidification system (fig. 2, 3) consists of the following
components:
1- the framework of the indoor unit;
2 - recirculation pump model Ferro 32-60-180;
3 - hot water heating coil;
4 - air humidification chamber;
5 - air flow control flap with Belimo CM 230 servomotor;
6 - circular grid with slats and metal mesh;
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7 - in-line duct fan RUCK ETAMASTER EM 315 EC01;
8 - peripheral pressure pump CALPEDA TPM 78 / A;
9 - hot water spray system in the form of fog with 5 nozzles;
10 - plastic tank with lid and volume of 40 liters, provided with electric float with counterweight model
Tecno 2 on the inside and with water level indicator on the outside;
11 - normally closed water solenoid valve, 1/2 ", 230 V;
12 - water route elements (PPR 20 pipes, 1/2 "valves, 1/2" direction valve, automatic aerators,
elbows, tees, plugs, nipples);
13 - electrical connectors (cables, plugs, sockets);
14 - ARMAFLEX elastomeric foam insulation with a thickness of 19 mm;
15 - 90 ° pipe elbow;
16 - insulated flexible tube D.315 mm, made of layers of aluminum foil and aluminized polyester.
The installation of the indoor unit - the air heating and humidification installation was made in the
experimental 9x30 m Gothic solarium inside INMA Bucharest, which has the following characteristics:
- Width: 9m.
- Length: 30m.
- Galvanized steel structure.
- Coating with 200 micron triple-layer foil.
- Simple sliding door.

Fig. 2. Air heating and humidification system

hot water heating coil

air flow control flap

actuator

in-line duct fan

normally closed water
solenoid valve
Fig. 3. Details of the components of the air heating and humidification system

hot water recirculation pump

peripheral pressure pump

electric float with counterweight

Outdoor unit - The collector consists of the following components (fig. 4,5):
1 - the frame of the outdoor unit;
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2 - collector walls:
3- drainage and water collection system;
4 - hot air piping;
5 - roof.

Fig. 4. The collector

collector wall

drainage and water collection system
Fig. 5. Details of the collector components

hot air piping

The outdoor unit is connected to the indoor unit in the solarium via a PVC tube buried in the ground.
The PVC tube was thermally insulated with mineral wool scraped with aluminum foil, with a thickness of 40
mm (fig. 6).

Fig. 6. Insulated PVC tube for connecting the indoor unit to the outdoor unit

The automatic control system of the process parameters manages the operation of the new
system for obtaining water for irrigation by capitalizing on the humidity in the air, being composed of the
following components (fig. 7):
1 - metal box with counter panel 400x300x200, IP 65, located on the indoor unit;
2 - Mitsubishi AL2-14MR-D programmable automatic;
3 - AL2-2DA analog output extension module;
4 - Mitsubishi Alpha Power 24 Vdc power supply;
5 - humidity and air temperature transducer 0-10Vdc, located on the piping at the exit of the
humidification chamber;
6 - humidity and air temperature transducer 0-10Vdc, located on the outdoor unit.
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Fig. 7. The automatic control system of the process parameters

The main technical characteristics of the new irrigation system by capitalizing on air humidity are
presented in Table 1.
Compound

Main technical characteristics
Characteristic
Diameter, mm
Engine type

In-line duct fan

Peripheral pressure pump

Humidity and temperature
transducer

282

Speed, rpm (variable)

2440

m3

2960

/h

Maximum flow, m3 / h
Maximum water temperature, ° C
Maximum pressure, bar
Clasa de protectie
Power consumed (I / II / III), W
Hydraulic connections
Thread connection
Tension-free position
Maximum operating pressure, bar
Power absorbed c.a, VA
Supply voltage, Vca
Power supply, V / Hz
Power, W
Protection class
Maximum pressure, bar
Maximum flow, l / min
Suction / discharge connection
Range of measurement
% RH
°C
Analog output, V
Power supply, Vcc
Degree of protection
Material

Insulation
Collector wall
Air humidification chamber

315
EC 01

Max power, kW

Water solenoid valve

Value

Power consumed, W

Max flow,

Circulation pump

Table 1

Thermal conductivity, W / (m • K)
Thickness, mm
Developed area, m2
Volume, m3

474

1,7
10
110
10
IP 44
135 / 190 / 245
G 1 1/2"
1/2"
normally closed
4
19
230
220 / 50
370
IP 54
7,5
16
1/2"
0…..100
0....50
0-10
12...24
IP54
elastomeric
foam
0,036
19
2,70
1
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CONCLUSIONS
- The system fully complies with the requirements of the execution drawings and the technological
manufacturing process in the technological documentation and has been executed at a higher quality level;
- The system presents technical and technological solutions that give it maintenance safety, simple
adjustments and easy to perform by a single operator.
The research results allow useful recommendations for farmers who are interested in obtaining an
additional amount of water needed to irrigate crops in the open field or in protected environments
(greenhouses, solariums), by capitalizing on air humidity at a minimum installed energy.
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ABSTRACT
A wide range of novel waste management machinery have been researched recently, due to the growing
interest in composting technologies. Applying novel processing technologies for organic wastes has 2 major
benefits: size and volume reduction and production of a natural fertilizer that can improve the soil quality and
reestablish the properties of the soil where is needed. Due to the generation in high quantities of the organic
waste, a rapid, viable solution is needed. The goal of this study was to provide a proof of concept for an
urban pre-composting equipment. The advantage of using a bioreactor for the decentralized organic waste
treatment is the considerable reduction of the total volume of the waste, allowing a higher quantity of
processed material, in safe working conditions for both the environment and human health.
REZUMAT
O gamă largă de noi echipamente de gestionare a deșeurilor organice au fost cercetate recent, datorită
interesului crescând pentru tehnologiile de compostare. Implementarea unor tehnologii noi pentru deșeul
organic prezintă două beneficii majore: reducerea dimensiunii și volumului deșeurilor și producerea unui
îngrășământ natural care poate îmbunătăți calitatea solului și restabili proprietățile acestuia acolo unde este
necesar. Datorită producerii în cantități mari de deșeuri organice, este necesară identificarea unei soluții
rapide, si eficiente. Scopul acestui studiu a fost de a oferi o evaluare a conceptului de funcționare pentru un
echipament urban de pre-compostare. Avantajele utilizării unui bio-reactor pentru tratarea descentralizată a
deșeurilor organice constau in reducerea considerabilă a volumului total al deșeuri, permițând prelucrarea
unei cantități mai mari de materiale prelucrate, în condiții de lucru sigure atât pentru mediu cât și pentru
sănătatea umană.
INTRODUCTION
Food losses and food waste has become a global concern and a priority, in order to achieve the
Sustainable Development Goals Target. Over the last years the interest into the food losses and food waste
increased, especially due to some major management problems, which generates challenges to the
environment, food security and natural resources.
At the global level the political agenda includes the reduction of the food losses and food waste.
Therefore, the European Union, United States, the African Union have been taken actions to work towards
the targets established of reducing food waste by 50% by 2025-2030, (Cabeza et. al. 2013; Hanson et al.,
2016).
According to the Food and Agriculture Organization (FAO) of the United Nations, one third of the
food production, which was meant for human consumption, is being wasted. This means a loss of USD 750
billion (FAO, 2013; Gustavsson et al., 2011). The studies revealed that the European Union generate 100
million tons of food waste and food loss every year, 45% coming especially from households (FUSIONS,
2015).
The European Commission funded several projects focused towards a more resource efficient
Europe focused on reducing the waste and improve the valorization of the food resources throughout the
entire supply chain (Östergen et al., 2014, FUSIONS, 2016). According to the Food Recovery Hierarchy,
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each tier focuses on different management strategies and prioritizes actions to prevent and divert food waste
and food loss.

Fig 1. Food Recovery Hierarchy (epa.gov/sustainable-management-food)

Composting has been adopted mainly by cities in order to divert organic waste materials from
landfills and create a new product which can be used for agricultural purposes at low cost. (Hargreaves, et
al., 2008).
This direction of composting has attributes into the environmental factors and economic factors.
Landfill capacity can decrease and also all the costs involved like transportation and materials, using the
compost into the agriculture as fertilizer decreases the rate of artificial fertilizers, and the most important
aspect is that the process increases the capacity of households for recycling (He et al., 1992; Otten 2001;
Hansen et al., 2006; Zhang et al., 2006).
In order to obtain a good fertilizer during a short period of time through the composting process,
different types of equipment emerged.
Feasible alternatives to door-to-door collection, are currently implemented in a number of European
countries (Austria, Switzerland, Germany, UK, Belgium, Netherlands, Sweden and Norway) (Siebert et al.,
2015). According to Sundberg et al., (2011), when organic waste is collected in classical containers, it
undergoes an uncontrolled breakdown through anaerobic fermentation, resulting in odor issues and the
production of leachate. While this method has no detrimental impacts on the anaerobic digestion, due to the
compaction, it releases moisture in the waste, and resultant low porosity.
Sakarika et al., (2019), assessed a pre-composting technology that had the role of controlling the
breakdown of organic matter, reducing time and space requirements at the final main composting stage.
Composting is the process of reducing organic substances from vast volumes of decomposable
materials to smaller volumes of relatively stable decomposable materials. The carbon-to-other-element ratio
is brought into equilibrium in this process, preventing temporary nutrient immobilization.
The classic method of composting was to pile organic materials and let them stand for a year, but
the method is very long, valuable nutrients are lost during the process, and organisms, some weeds, weed
seeds and insects are not properly controlled (Raabe, 2015).
New composting technologies have recently been developed that address some of the issues
associated with traditional composting. Compost can be generated in 2 to 3 weeks using this method. Extra
effort on the part of the composter is necessary in exchange for the time savings, but the effort is justified for
people who desire big amounts of compost or who want to transform items that would otherwise be wasted
into usable compost.
To achieve the correct C/N ratios, it is necessary to identify the food waste composition and define
the proportion of different food waste categories before beginning the composting process. Following the
assessment of physico-chemical parameters, regression analysis can be successfully utilized to determine
the quantities of each type of waste in order to attain the appropriate C/N ratio.
Compostable materials should have a carbon to nitrogen ratio of 25-30 to 1 for the composting
process to be most effective. This is difficult to quantify, but blending equal volumes of green plant material
with equivalent volumes of naturally dried plant material, produces a carbon to nitrogen (C/N) ratio of around
30/1. Grass clippings, old flowers, green pruning, weeds, fresh rubbish, and fruit and vegetable wastes are
all examples of green materials. Dead, fallen leaves, dried grass, straw, and moderately woody materials are
all examples of dry material.
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Salla (2016) evaluated on-farm composting of vegetable organic waste, under cold climate
conditions of Eastern Canada, using bark or straw as bulking material. Feedstock was added at two-week
intervals for the first six weeks, and the compost readjusted the quantities in order to have 65% water
content and a C/N ratio of 30. He concluded that the mature composts have been obtained after several
weeks of composting, and the analysis showed adequate physicochemical properties, being also free of E.
coli. He also emphasized the importance of screening the row material in order to eliminate foreign matter
before their use as soil organic matter amendment.
It's difficult to use fruit and vegetable waste as the only compost feedstock, since their moisture
content is above 80% and their porosity is rapidly depleted (Sundberg et al., 2013; Chang and Chen, 2010).
Inside the composting equipment fruits and vegetables are crushed by their own weight in a short time, and
the plant cells that provide structural strength and rigidity are damaged, allowing water to fill the pores of the
composting mass. Plant cells decompose quickly due to microbial action in these conditions, and the pH
drops, hindering the well-functioning composting microorganisms and lowering composting effectiveness
(Sundberg et al., 2012). To overcome these constraints, the physical properties of composting recipes must
be adjusted (Awasthi et al., 2014).
Bhave and Kulkarni (2019) researched the influence of active and passive aeration on composting of
household biodegradable wastes. Their main results confirmed that both types aeration systems performed
well under continuous loading, however the maturation period required for actively aerated reactor was
37.30% less efficient than the naturally aerated system.
The present paper assesses a small equipment for organic waste processing, an intelligent
composting machine that can convert the organic waste into compost in a shorter period of time. The
process is obtained by using a consortium of thermopile bacteria (Ecoman, Foodie user manual).
MATERIAL AND METHOD
The biological process of the FOODIE is using microorganism to transform the organic waste. By
maintaining the temperature, air flow and moisture, allows the bacteria to break down the organic waste into
compost within 24 hours, and reduce the volume by 85%. The tests were performed on an automatic
composting equipment for organic waste management Ecoman - Foodie, and the operational mode was
customized according to the type and nature of the waste (Fig. 2).

Fig 2. ECOMAN FOODIE composting equipment (Ecoman Foodie Manual, 2021)

The equipment is formed by a composting tank, with a humidity sensor, heater, mixing blades and
exhaust system. Food waste from a supermarket chain was introduced into the equipment. Previously, the
waste was separated so that there was no plastic, metal and other contaminants in the mixture (Fig. 2). The
waste is then mixed using mixing blades, according to a predetermined schedule, depending on the nature
of the introduced waste, as seen in Fig. 3.
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Fig. 2. Adding a mixture of organic material to the
composter consisting of fruits, vegetables, meat, and
dairy.

Fig. 3. The operation of mixing and aerating the
organic matter inside the equipment

When the composting tank is filled, the moisture sensor detects the humidity and the heating system
starts. The parameters are controlled using a programmable logic controller, which also helps with process
customization (Fig. 4). The water content from the organic matter is evaporated and it is released as vapors.
It is highly important the sorting stage before composting, otherwise may arise processing isues as seen in
figure 5, where several small contaminants remained in the mass of processed organic matter.

Fig. 4. Parameter display and process customization

Fig. 5. Example of incorrect separation of plastic
waste, leading to compost contamination

The remaining matter, after water content is released, starts to decomposed due to the microbial activity.
The equipment does not emit loud or disturbing noises, as it does not use grinding or mechanical crushing
processes, being equipped with internal blades that use exclusively the process of homogeneous mixing of
waste. A mixture of sawdust and special cultures of microorganisms are used for organic matter
decomposing. At the end of each compost extraction, a small ratio of compost ramains in the equipment to
guarantee a continuity of the production of microorganisms. The equipment complies with both Romanian
legislation and the European legislation, namely: REGULATION (EC) No 1069/2009 and REGULATION
(EU) 142/2011 .
Electrical conductivity, moisture, pH, ash content are being measured every week, while nitrogen and
carbon contents were determined at the beginning and the end of the composting period.
In order to kill any pathogens that could develop in the process, we introduced a sanitation phase, which
involves maintaining a high temperature (70 degrees Celsius) for an hour. This stage of sanitization is
necessary to ensure that there will be no pathogens at the end of the composting process (eg E-coli,
Salmonella, etc.).
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The composting equipment has been fed with oraganic waste for a period of 3 months. In this time it has
been followed a recipe which includes: several types of organic waste such as fruits, vegetables, fruit and
vegetable peels, eggs, eggshells, fish, chicken or fish bones, shells , dairy products, bakery products, meat
or processed meat preparations, leaves or dried grass.
RESULTS
Samples of the compost have been tested by an authorized laboratory. Have been found that from
the organic waste introduced, have been obtained 92.55% dried substance with a 4.4 pH, 93.05% and a total
organic carbon of 45.62%. Also what is very important is that no Escherichia coli or salmonella spp. have
been detected.
The tested working methodology envisaged a temperature increase continuously until reaching the
value of 50 degrees celsius. The temperature is increased using a ceramic heater, which is mounted on the
bottom of the equipment. After reaching this temperature, the heater stops, until the temperature drops
below 40 degrees Celsius, then starts again. During this time, the other mixing and steam extraction
functions work without being affected. The humidity extractor has been set for a 10 minute operation with a 5
minute break.
The variation of the mixture temperature, at the surface where the temperature is homogeneous, can be
observed in the graph below, for a period of 24 hours. The moment the material is introduced in the
equipment generates a sudden variation of the temperature, considering that the waste is cold and humid.

Fig. 6. Temperature variation within 48 hours in the composting equipment

It can be seen that, although the upper temperature is set at 50 oC, due to the heat inertia, it rises to
52 degrees Celsius. After the heater stops, the temperature drops gradually to 45 degrees, this being the
temperature set for the heater to start again. At 4 pm (1600 on the graph), the daily supply of material takes
place this explaining the sudden drop in temperature. The process then resumes, and in the period 16001900 can see the increase in temperature, that returns in the range of 45-52 degrees Celsius.
The temperature range was chosen this way because the main objective was to reduce the volume of raw
material, in order to maximize the processed waste.
The correct decomposition of organic matter have been detected by the pleasant odor of the
mixture, by the heat produced (naturaley by the process), by the growth of white fungi on the decomposing
organic material, by a reduction of volume, and by the change in color of the materials to dark brown. Using
the equipment using the proposed processing methodology, several quality indicators were obtained, no
unpleasant odors were eliminated from the process, while the presence of bacteria and fungi indicated an
efficient level of processing. The color of the material changed within 24 hours, and the material became
homogeneous and crumbled (Fig 7).
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Fig. 7. Depicting of the compost characteristics during processing (continuous processing for 3 weeks, adding
vegetable waste every day)

Insects do not survive the composting process, therefore the equipment can be placed inside
production halls without disturbing the activity due to the presence of the insects. In addition, most weeds
and weed seeds are killed by processing. However, the ability of the equipment to destroy highly resistant
weed seeds has not been tested.
After processing, the mass of compost obtained was matured, in order to obtain a quality product, without
mechanically intervening on it. Therefore, at the end of the composting process using Foodie equipment and
after it has been matured for another two weeks, the compost looks like in figure 8.

Fig. 8. Depicting of the compost characteristics during processing (continuous
processing for 3 weeks, adding vegetable waste every day)

The colour is middle brown, no plant remains or seeds have been identified. Organic matter and
elemental contents are determined on dry matter basis. The analytical results on dry matter basis are used
for compost quality comparison. To determine the moisture content, compost samples are dried at 103°C
until constant weight is achieved. Weight loss equals moisture loss, based on which moisture content or dry
matter content of the compost is calculated. A moisture content of 38% was determined (the optimal range
followed being 40-45%).
The organic matter or carbon content of compost is of high importance especially if it is used to
enhance soil organic matter content. Low organic matter values in compost can result from the use of purely
organic waste streams while a high level of organic matter can be an indicator of an unfinished composting
process or unstable compost. Continutul de substanta organica opbinut in faza de procesare utilizand
echipamentul a fost de 78%, iar in urma maturarii a fost determinat un coninut de 68% (50-60 % being the
desirable values for most compost uses). Total organic carbon obatined, at a pH of 5.2, was determined to
be 45,62%. Major and secondary nutrient content of compost is important, in order to estimate the fertilizer
value and to know how much of the compost is preferably or can be legally applied for different types of soil.
Repeated applications of compost rich in certain elements can be useful to overcome an imbalance of the
nutrient status of the soil.
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The total nitrogen value had a very good value of 2.76 % dr. subst., total phosphorus % dr. subst.,
calcium 13913 mg/kg dr. subst., potasiu 13931 mg/kg dr. subst., zinc 28.60 mg/kg dr. subst., the other
parameters/heavy metals being in normal parameters.
CONCLUSIONS
This study showed that food waste from supermarkets and grocery stores could be composted on
local sites using high-performance composting equipment, provided with a monitoring system and sensors to
control the process. The proposed process and equipment can convert organic matter into quality compost in
a short a time, ranging from 14 to 21 days.
Although the performance of the equipment is high, and it manages to speed up the composting
process and kill pathogens, it is recommended to be used a maturation stage, to further reduce organic
matter. The higher presence of organic matter is caused by the fact that the material is added daily, while the
organic material added in the last 2 days did not have time to be fully processed.
Rapid composting have proved to kill all plant diseases and the the sanitization phase proved that it
can destroy pathogenic germs from meat, by maintaining a high temperature (which can vary depending on
the case from 60-70oC). The compost being produced on the site can be accepted by the farmer as a soil
organic amendment. However, the row material needs to be verified before use to remove potentially foreign
matter and contaminants such as plastics, labels, gloves, or elastic bands.
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ABSTRACT
The paper presents a field crop protection system that uses an aircraft without a pilot (agricultural drone).
The system is destined for Romanian farmers who are interested in using drones in agriculture, devices that
can help them not only to monitor crops in the field but also to apply numerous treatments or even fertilizers,
thus managing to save money.
REZUMAT
În lucrare este prezentat un sistem pentru protecția culturilor de câmp care utilizează o aeronava fără pilot
(dronă agricolă). Sistemul este destinat fermierilor români care încep din ce în ce mai mult să devină
interesați de utilizarea dronelor în agricultură, aparate care îi pot ajuta nu doar să supravegheze culturile în
câmp, dar și să aplice numeroase tratamente sau chiar fertilizări, reușind astfel să facă economii
substanțiale.
INTRODUCTION
The use of the Internet of things (IoT), being the technology with the most revolutionary potential in
"Agriculture 4.0", makes farms become a huge database in which all sensors and all digital devices are
connected to each other, so that data can be stored and exchanged, in some cases without the intervention
of a person, solutions are automatically generated to help the farmer to take decisions about the
technologies need to be applied (Ahmed M. et al.,2018).
For example, the implementation of the Internet of Food & Agriculture (Internet of Food & Farm 2020
- IoF2020) turns Europe into a leader in the implementation of Internet of Things (IoT) technology in the agrifood sector, which makes precision agriculture a reality on European farms (Verdouw C.N. et al.,2017).
Efficiency and productivity will increase in the coming years, if "Agriculture 4.0" will be more
widespread and farms will become more connected, by applying IoT technologies that will allow structured
and unstructured data correlations from sensors on the ground or mounted on drones that collect data and
perform tasks (De Clercq M. et al.,2018).
International research is currently being conducted on the use of multi-rotor drones in "Agriculture
4.0" for spraying chemical pesticides against pests and weeds by arranging nozzles in the airflow field below
the rotor, the airflow raises and shakes the plants for streamlining the works on the underside of leaves, not
only above them (Feng T. et al.,2018).
In Romania, experimental research was performed on the aerial mapping of agricultural crops
corresponding to the concept of agriculture 4.0 in which the following results were have been obtained:
- method of determining the vegetation status of crops by aerial mapping using an agricultural drone
(Gageanu I. et al.,2018);
- parameterization of an agricultural drone in order to carry out the soil mapping operation (Persu C. et
al.,2018);
- mapping the soil by modern methods according to the concept of precision agriculture (Persu C. et
al.,2018);
- adaptation of phytosanitary treatments correlated with the analysis of vegetation maps obtained through an
agricultural drone (Cujbescu D. et al.,2018);
A group of researchers from INMA Bucharest through the NUCLEU program ”Intelligent
biotechnology systems for sustainable agriculture – SMART-BIOTEH” financed by ROMANIAN MINISTRY
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OF RESEARCH, INNOVATION AND DIGITIZATION has developed a ” system for the protection of field
crops according to "Agriculture 4.0" for SMART farms, aiming at the targeted application of fertilizers and
herbicides with an unmanned aerial vehicle equipped with an crop spray system and a stability system to
take off and land vertically at a fixed point on a mobile platform equipped with a solution tank with a greater
capacity to refill the liquid tank mounted on a drone and a battery charging station with photovoltaic panels
that ensure the independence energy for the system.
MATERIALS AND METHODS
The aim of the current paper was to achieve the following research objectives:
- design and development of a system for the protection of field crops according to "Agriculture 4.0" which
uses an unmanned aircraft (agricultural drone) for targeted control of weeds and pests with highly effective
and ecological substances;
- achieving a reduction of more than 30% per tonne of carbon emissions from agricultural production by
using a technology that dealing with volatile weather conditions, achieves an efficient farm management and
reduces the impact on the environment, contributing significant to sustainability.
For the design of the system for the protection of field crops according to "Agriculture 4.0" was used
the critical analysis of knowledge, by studying articles from the specialized literature (consultation of scientific
databases), the study of internal standards and European directives.
For the design of the system for the protection of field crops according to "Agriculture 4.0" modern
methods of analysis and calculation were used, with realistic and probabilistic assessments, with an interand trans-disciplinary approach, which covered the complexity that defines the behavior of the proposed
systems. At the same time, the 3D parametric modeling method was used for desing of parts, subassemblies
and general assemblies with SOLIDWORKS using the bottom-up design method, after that, each
subassembly was subjected to the structural analysis method with SOLIDWORKS SIMULATION.
For the execution of the system were used CNC numerical control machines (CNC cutting center
type HST-C 6/2500, stamping machining center ALPHA-CADMAN 1012TK, Sheet metal bending center type
PPEB-4 C, CNC Laser ALDINE 1530) which allowed the shortening of the time and the increase of the
execution precision.
RESULTS
Until now, widely used by the military and intelligence services around the world, the drone, which is
a aircraft without a human pilot, being guided by a digital autopilot on board or by remote control from a
ground control center, it has become increasingly used in civilian applications.
In a world where technology is constantly evolving, internationally large companies are investing in
agricultural drones, for example, in Japan, Yamaha has developed models of spreading drones for rice
fields, they will have an major impact in the future on the economy, and their promotion is the best step
towards progress for Romanian farms as well.
These things encouraged the realization within INMA Bucharest of the system for the protection of
field crops according to "Agriculture 4.0" for SMART farm (fig. 1), which consists of an unmanned aerial
vehicle (agricultural drone) DJI Agras T16 designed for application precisely liquid pesticides, fertilizers and
herbicides that bring a new level of efficiency to agriculture.

Fig. 1. Field crop protection system according to "Agriculture 4.0" for SMART farms.
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The unmanned aerial vehicle (agricultural drone) DJI Agras T16 (fig. 2) has a high stability system at
a fixed point, to take off and land vertically on a general purpose trailer which is equipped with: a solution
tank for refilling the drone's liquid tank, a charging station for the drone's batteries with the help of an
electricity generation system with photovoltaic panels to ensure the energy independence of the system.

Fig. 2. Unmanned aerial vehicle (agricultural drone) DJI Agras T16

Figure 3 shows some aspects of the solution tank for refilling the drone's liquid tank and the pump
for refilling the DJI AGRAS T16 drone's liquid tank. The DJI AGRAS T16 drone fluid tank refill pump it is a
Steinhaus PRO-JP801 model, for clean water and has the following characteristics: power: 800W, water
flow: 3200 l / h, pressure: 3.8 bar, material: cast iron, height maximum discharge: 38 m.

Fig. 3. Static solution tank and pump for refilling the liquid tank of the DJI AGRAS T16 drone

The battery charging station of the DJI AGRAS T16 drone (fig. 4) consists of: Battery type: AGRAS
T16, 14S and charger type: DJI Agrad T16-Intelligent Charger. The station can charge up to four batteries
simultaneously. When using the single-channel fast charging mode, a full charge lasts only 20 minutes, with
a 50% increase of charging time compared to the previous generation. The charger has an integrated battery
health management system that monitors critical data in real time, such as voltage and temperature, to
ensure safe charging.

Fig. 4. DJI AGRAS T16 drone battery charging station

The electricity production system with photovoltaic panels (fig. 5), consists of: photovoltaic panel
type: monocrystalline 320 Wp, inverter type: Victron EasySolar 12/1600 / 70-16MPPT 100/50, battery type:
solar VRLA Ultracell 12 V with a capacity of 250 Ah, battery monitor type: Victron BMV-702, module for
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monitoring live data and changing settings by using smartphone type: Victron Venus GX, Connectors type:
MC4 and 6 mmp solar cable.

Fig. 5. Electricity generation system with photovoltaic panels

The main technical characteristics of the system for the protection of field crops according to
"Agriculture 4.0" for SMART farm are presented in Table 1.

Table 1
The main technical characteristics of the field crop protection system according to "Agriculture 4.0" for SMART
farm
Component
Technical specifications
Value
Unmanned aerial vehicle (agricultural drone) DJI Agras T16
Wheelbase, mm
1883
Dimensions, mm (arms and propellers
2509 × 2213 × 732
unfold)
Volume,l
15, max. 16
UAV tank
Weight, kg
15/16
Flow rate, l/min
0.45 – 5
Sprinkler system
Error, %
<±2
Power, W
2400
Engine propulsion system
Speed, rpm
75
Stator size, mm
100 × 15
Operating frequency, GHz
24000 - 24835
Total weight, kg (without battery)
18.5
Standard mass at take-off, kg
39.5
Maximum power consumption, W
5600
Maximum flying time, min
18
Flight parameters
Maximum tilt angle, grade
15
Operating speed, m/s
7
Maximum flight speed, m/s
10
Wind resistance speed, m/s
8
Maximum operating distance, m
2000
Recommended temperature, C degrees
-40
FOV, degrees: horizontal / vertical
98/78
Fps resolution
2390 x 960
Camera FPV
FPV reflector, degree
110
DBF image radar, Model
RD2418R
Platform trailer for general use
Dimensions (L×l×h), m
400 × 200 × 35
Platform
Maximum authorized mass, kg
2000
Payload, kg
1937
With braking
Inertial KNOTT
Braking system
Brake for parking the trailer
by hand
Dimensions
165R13C
Wheels
Electrical installation
Power supply voltage, V
12
Solution tank and pump for refilling the drone liquid tank DJI AGRAS T16
Tank
Capacity, l
300
The aircraft
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Dimensions (L×l×h), mm
Used for transfer
Supply voltage, V
Pump for refilling the liquid
tank of the DJI AGRAS T16
Power, W
drone
Flow rate, l/min
Pressure, bar
DJI AGRAS T16 drone battery charging station
Type
Supply voltage, Vcc
AGRAS T16 battery
Capacity, mAh / Wh
Flight duration, min
Payload, kg
Type
Smart charger
Dimensions (L×l×h), mm
Payload, kg
Electricity generation system with photovoltaic panels
Model
Maximum power, W
Max voltage, V
Max intensity, A
Idle voltage, V
Short circuit intensity, A
Photovoltaic panel
Cell size (L×l), mm
Cell type
Efficiency, %
Maximum working temperature, °C
Minimum working temperature, °C
Dimensions ( (L×l×h), mm
Payload, kg
Input voltage, Vcc
Output voltage, Vac
Output frequency, Hz
Professional inverter 12220V
USB output, Vcc/ mA
Continuous power, W
Power peak, W
Amperage, Ah
Starting current, A
Solar battery
Voltage, V
Dimensions (L×l×h), mm

1000×630×1050
clean water
230
800
3200
3,8
14S Li-po
51.8
17500 / /906
20
6.5
Li-Po SMART
220×303×314
9.14
WT 250P16
255
31.62
8.37
37.98
8.9
156×156
polycrystalline
16.4
85
-40
1657×998×38
18.1
12
230
50
5/500
1500
3000
135
950
12
514×175×208

The new constructive solutions available to the unmanned aerial vehicle (agricultural drone) are the
following:
- it is equipped with an IMU electronic-aerial modular system and dual barometers that adopt a propulsion
signal redundancy design to ensure flight safety. The double redundancy GNSS + RTK system supports
positioning at centimeter level;
- supports dual antenna technology that offers strong resistance against magnetic interference. The upgraded
radar system can sense the operating environment during the day or at night, without being affected by light or
dust. It has greatly improved flight safety by avoiding obstacles back and forth and a horizontal FOV (field of
view) of 100 degrees, double that of previous DJI farm drones;
- it can detect the angle of a slope and automatically adjust the height even on a mountainous terrain;
- the innovative radar system adopts Digital Beam Forming (DBF) technology, which supports 3D images
and effectively feels the environment and helps to avoid obstacles;
- supports OcuSync 2.0 HD transmission technology that extends the control distance to 3 km;
- has a wide-angle FPV camera and light reflectors that can monitor the operation of the aircraft during the
day or night and ensure safety during flight.
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CONCLUSIONS
The system fully complies with the requirements of the execution drawings and the technological
manufacturing process in the execution documentation and has been made at a higher quality level.
The system presents technical and technological solutions that give it safety in maintenance, simple
adjustments and easy to perform by a single operator.
The research results allow useful recommendations for farmers who are interested in using drones
in agriculture, devices that can help them not only to monitor crops in the field, but also to apply numerous
treatments or even fertilizers, thus managing to make substantial savings.
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ABSTRACT
The paper presents the innovative mechanization technology that includes the main maintenance works
performed in a vine during a year, namely:
- the work of loosening the soil, breaking the crust and destroying the weeds one by one and
between the vines plants so that the soil is kept aerated, permeable to air and water, without crust, without
weeds, so that the incorporation of fertilizers and herbicides can be done as easy as possible;
- application of spray treatments with the reduction of specific consumption of pesticides, fuel, labor
and in particular the reduction of environmental pollution;
- recovery of biomass, a by-product from wine-growing holdings resulting from dry-cutting (during the
vegetative dormancy period) in order to capitalize on obtaining renewable energy.
Innovative mechanization technology is achieved through close cooperation between highly experienced
specialists from the consortium of INMA Bucharest, SCDVV Murfatlar, SCDVV Bujoru and INCDBH
Ștefănești-Argeș.
REZUMAT
În lucrare este prezentată tehnologia inovativă de mecanizare care cuprinde principalele lucrări de întreținere
efectuate într-o plantație de vită de vie în decursul unui an și anume:
- lucrarea de afânare a solului, spargerea crustei şi distrugerea buruienilor pe rând și între butucii de
viță de vie prin care solul să se mențină afânat, permeabil pentru aer și apă, fără crustă, fara buruienile și
îngropând îngrășămintele și erbicidele;
- aplicarea tratamentelor prin stropire cu reducerea consumurilor specifice de pesticide, de
carburant, de forţă de muncă şi mai ales reducerea poluării mediului;
- recuperarea biomasei, subprodus din exploatațiile viticole rezultate din tăierile în uscat (în perioada
de repaus vegetativ) în vederea valorificării pentru obținerea de energie regenerabilă.
Tehnologia inovativă de mecanizare este realizată printr-o cooperare strânsă între specialiști cu mare
experiență, din cadrul consorțiului format din INMA București, SCDVV Murfatlar, SCDVV Bujoru și INCDBH
Ștefănești-Argeș.
INTRODUCTION
According to the National Institute of Statistics of Romania in 2020 the total area cultivated with vines
for wine grapes was 180682.96 ha, of which the total area cultivated with vines for noble wine grapes,
including interspecific hybrid 169188.98 ha (93.6%), of which with DOC wine grapes (controlled designation
of origin) 33831.91 ha (20.0%) and with IG wine grapes (geographical indication) 16492.67 ha (9.7%)
(https://insse.ro/cms/ro/content/suprafa%C5%A3a-cultivat%C4%83-cu-vi%C5%A3%C4%83-de-vie-pentrustruguri-de-vin-%C3%AEn-anul-2020).
These data show the role and importance of viticulture in the Romanian economy, a fact
strengthened by the 5th place in Europe (after Spain, France, Italy, Portugal) in terms of viticultural area
(Dumitru, I, 2021).

490

INTERNATIONAL SYMPOSIUM

However, at present, viticulture is undergoing major transformations, it must adapt to new cultivation
and maintenance technologies, so that each producer can obtain the best and most appreciated wines
(Dobrei, A et al, 2011).
Adoption of technologies with minimal work in vineyards could be an important contribution to
improving the economic sustainability of wine farmers (Strub, L. et al., 2021).
The most widespread and effective methods of weed control in turn and among the vines currently
practiced are: plowing, chemical control and mulching (Manzone, M., et al., 2020).
Till now, in Romania was conducted experiments to establish an optimal technology for mechanizing
soil works in vineyards, which correspond to the concept of sustainable agriculture, mainly for soil
conservation with minimal works (Grosu, I., 2010).
The productivity of technologies with minimal work in vineyards is given by the quality of grape
production by reducing the degree of pollution, on the one hand, and on the other hand, by the financial
savings achieved by reducing inputs (Diaconu, A., et al., 2015).
This technology can be applied, both to small producers and to specialized units with a viticultural
profile, they have land for viticulture and which take into account the biotope factors (which ensure the
biological requirements of the vine) (Marqués, M. et al., 2021).
The generalization of technologies with minimal work in vineyards as an alternative to the use of
chemical herbicides could have economic consequences on farmers’ incomes, as implementation depends
on several factors, including the type of vine, the availability of labor and equipment on each farm, and
marketing channels (Jacquet, F. et al., 2021).
For this purpose, the innovative mechanization technology achieved through a close cooperation
between highly experienced specialists, from the consortium formed by INMA Bucharest, SCDVV Murfatlar,
SCDVV Bujoru and INCDBH Ștefănești-Argeș comes to the support of farmers to reduce costs by using
innovative technical equipment. for the execution of various technological operations within the maintenance
processes of the vineyards (https://inma.ro/wp-content/uploads/2021/07/Pagina-web-ctr-25.1.3.pdf.).
MATERIALS AND METHODS
The current paper aimed to achieve the following research objectives:
- the development of an innovative mechanization technology for the maintenance of vineyards,
which by application in operation will lead to:
- protection and sustainable use of the soil through works that ensure a favorable aerohydric
and trophic regime;
- reducing the impact of pesticides on the environment through significant savings of active
substance depending on the vegetative phase of vineyards;
- environmental protection and the provision of renewable energy sources through the
recovery of biomass resulting from the dry cutting of vines,
- the design and physical execution of new technical equipment for innovative mechanization for the
maintenance of vineyards.
For the design of the technology was used the critical analysis of knowledge, by studying the reading
sheets of articles in the literature (consultation of scientific databases), the study of internal standards and
European directives on agricultural machinery (SR EN ISO 6520-1:2007, SR EN ISO 6520-1:2007, SR EN
ISO 12100:2011, SR EN ISO 13854:2020, EN 12965:2020, SR ISO 730:2012).
For the execution projects of the new technical equipment for innovative technology, modern methods of
analysis and calculation were used, with realistic and probabilistic assessments, with an inter- and transdisciplinary approach, which covered the complexity that defines the behavior of the proposed systems. used
the 3D parametric modeling method for parts, subassemblies and general assemblies with SOLIDWORKS
using the bottom-up design method (https://www.solidworks.com/sw/products/3d-cad/packages.htm) after
which each subassembly was subjected to the structural analysis method with SOLIDWORKS SIMULATION
(Shttps://www.solidworks.com/domain/simulation)
For the physical execution of the new technical equipment, CNC numerical control machines were
used (CNC cutting center type HST-C 6/2500, stamping machining center ALPHA-CADMAN 1012TK, Center
for sheet metal bending type PPEB-4 C, CNC Laser ALDINE 1530) which allowed shortening the time and
increasing the execution accuracy (https://eeris.eu/ERIF-2000-000F-0231).
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RESULTS
The research carried out resulted in the following innovative mechanization technology for the
maintenance of vineyards is intended for the execution of the following technological operations:
- work carried out on the soil with the hoe equipment in turn and between the vines which are carried
out in order to loosen, grind, level the soil and to mechanically control the weeds by which the soil is kept
loose, permeable to air and water , without crust, destroying weeds and burying fertilizers and herbicides;
- works being carried out for the application of sprayer treatments in vineyards to reduce specific
consumption of pesticides, fuel, labor and especially to reduce environmental pollution;
- works carried out by baling vines for the recovery of biomass, by-product of vineyards resulting
from land cuttings (during the vegetative dormancy period), in order to capitalize on obtaining renewable
energy.
Hoeing equipment on the row and between the vine stumps (fig. 1) is intended for the
mechanized execution of the soil mobilization work between the vine stumps simultaneously with the
execution of the cultivation work on the interval between rows, in plantations with the management of the
vines on the stem, vertical, with a tutor at each stump.

Fig. 1. Hoeing equipment on the row and between the vine stumps

The process of tillage between stumps consists of the translational movement of the knife-type
active organ with a long side wing, the lifting of a strip of soil and its shredding at the same time as the
cutting of the weed roots.
During the movement of the active member on the row of hubs, the probe rod touches the hubs at a
height of 10 ... 15 cm above the ground and through the lever system transmits to the hydraulic distributor
the withdrawal order of the active member. Retragerea se face progresiv in functie de cursa palpatorului.
Dupa depasirea butucului, tija sondei revine in pozitia initiala sub actiunea unui arc, comandand revenirea
organului activ pe sirul de butuci. In acest fel, prin retragerea si returnarea organului activ, zona dintre butuci
este prelucrata pe randul de vita de vie, cu exceptia unei zone din jurul butucilor si a stalpilor spalieri.
The main technical characteristics are presented in table 1.
The main technical characteristics of Hoeing equipment on the row and between the vine stumps
Nr. ctr.
Characteristics
The value
1
Necessary tractor, CP
45
2
Equipment type
carried
3
4
5
6
7
8
9

Number of hoe knives per row of vines, pcs.
The type of hoeing organs on the vine row
Number of hoeing knives between vines, pcs.
The type of hoe between the vines
Hoe depth, mm
The type of roller
Roller working width, mm
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6
arrow knife
2
knife blade
100...120
adjustable
1020...1300
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Nr. ctr.
10
11
12

Characteristics
Outer diameter of the roller, mm
Transport line, mm
Travel speed in operation, km / h:

The value
335
250
2…6

Sprayer equipment (fig. 2) is intended for spraying with the recovery of the working substance in
vine plantations planted at a distance between rows of 2 ... 2.2 meters. The liquid that does not adhere to the
leaf surface is transferred back to the tank and reused for work in order to obtain a significant saving of
active substance and reduce environmental pollution, compared to the conventional application of treatments
in vineyards.

Fig. 2. Sprayer equipment in vineyards

The technological process of operation of the machine is carried out in the following order: from the
power take-off shaft (APP) of the tractor, by means of the cardan shaft, the shaft of the M135s Imovilli pump
is driven in rotational motion. The liquid in the polyethylene tank is absorbed by the pump through the suction
filter and sent to the flow and pressure regulator. From the flow and pressure regulator the working liquid is
sent to the ramps with nozzles mounted on the central panels and the left / right panels. and from here to the
plants. The dispersed working fluid penetrates the foliage of the plants. Some of the drops are deposited on
the leaves, and the rest, drip on the panels and reach the storage tanks located at the bottom of the panels.
Here it is filtered and transported via the Venturi injector solution recovery system to the reusable liquid tank.
The supply of the machine is made through the filling mouth of the tank, in which the filling filter is fixed. The
liquid level in the tank is displayed on the level indicator located on the outside of the tank. Draining the liquid
from the tank is done through the 3-way valve located at the bottom of it.
Principalele caracteristici tehnice sunt prezentate în tabelul 2.
Nr. ctr.
1

The main technical characteristics of the sprayer equipment vineyards
Characteristics
The value
Necessary tractor, CP
45

2
3
4
5
6
7
8
9
10

Equipment type

11

Travel speed in operation, km / h

The number of rows of vines sprinkled on a pass
Working height, mm
Pump type
Maximum flow, l / min
Maximum pressure, bar
Maximum speed, rpm
Total number of spray bodies
Type of spray bodies

carried
2
2300...2600
with 4 membranes
107
50
550
24
Double jet
4,2...7,5
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Baler equipment for vine branches (fig. 3) is intended for the recovery of biomass, as a by-product
resulting from land cuts, in order to capitalize on renewable energy. Due to the combination of drums and
chains, the machine can gather other products: corn stalks, material for silage.
The work process is carried out by going through the following phases:
- it is coupled to the drawbar of the tractor, it is secured with the coupling pin and the corresponding
safety and the car seat is raised as far as possible so that the support leg can be positioned in the transport
position;
- the hydraulic and automation systems are connected to the associated installations of the tractor,
the unit is moved to the workplace and positioned at the end of the row;
- lower the machine on the ground so that its feeding fangs come into easy contact with the ground;
- the power take-off of the tractor is switched on, the automation system is started, the gearbox of
the tractor is engaged in a gear suitable for travel when working, at which point the baling process begins;
- as soon as the bale has formed, at a preset pressure, the bale release process is automatically
triggered by the automation installation which is equipped with an inductive motion sensor, the opening of
the release shutter being made by a hydraulic cylinder;
- after the release of the bale, the release shutter closes automatically, the bale formation process
resuming.
The elapsed time between the opening and closing phases of the movable shutter can be adjusted
in the automation system. The bale pressure can be adjusted by means of two traction springs, mounted in
front of the machine. The distance of the feed fangs from the ground can be adjusted both by maneuvering
the tractor drawbar up and down and by actuating the left-hand tie rods, existing on the running wheels of
the machine. It should be noted that the working process is continuous, in the sense that the operator must
not stop the tractor when the bale is being released. The best quality of the work (tightening and baling as
much of the cut ropes as possible) is obtained when the cut ropes are placed in the middle of the row in an
area less than or equal to the width covered by the lifting fangs, and feed drum. Also, the quality of the
formed bale is superior if it remains compact after release on the ground.

Fig. 3. Baler equipment for vine branches

The main technical characteristics are presented in table 3.
Nr. ctr.
1
2
3
4
5

6

7

The main technical characteristics of baler equipment for vine branches
Characteristics
The value
Necessary tractor, CP
45
Equipment type
Trailed
Displacement speed in operation, km / h
3-5
Revolution speed of power plugs
Working speed, rpm
- gatherer
150
- power supply
175
- pressing rollers
180-200
Bale size, mm
- width
700...800
- diameter
400±20
Displacement speed in operation, km / h
3...5
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CONCLUSIONS
- hoeing equipment on the row and between the vine stumps, sprayer equipment in vineyards and baler
equipment for vine branches fully complies with the conditions of the execution drawings and the
technologies in the technical documentation and have been executed to a level superior quality;
- these types of equipment present technical and technological solutions that give them maintenance safety,
simple adjustments and are easy to handle by a single operator;
- the results of the research presented in the paper allow useful recommendations for farmers who want to
use an innovative mechanization technology for the maintenance of vineyards cultivated in conditions
specific to wine regions or vineyards in Romania.
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ABSTRACT
In the paper is presented a new ecological heating system of a vegetable solarium. The system proposes to
control the climate in protected spaces with the help of solar energy that replaces the negative global trends
in the use of fossil fuels for heating/cooling. The low-priced heat intake when heating a vegetable solarium in
early spring causes the growing process to start earlier in order to obtain more harvests by default during the
year thus leading to an increase in the level of insurance of the population's food consumption.
REZUMAT
În lucrare este prezentat un sistem nou de încălzire ecologică a unui solar legumicol. Sistemul propune
controlarea climatului în spațiile protejate cu ajutorul energiei solare care înlocuiește tendinţele negative la
nivel mondial de utilizare a combustibililor fosili pentru încălzire / răcire. Aportul de căldură la preţuri mici la
încălzirea unui solar legumicol primavara timpuriu face ca procesul de vegetație să înceapă mai devreme
pentru a se obține implicit mai multe recolte pe parcursul anului conducând astfel, la creşterea nivelului de
asigurare a consumului alimentar al populaţiei.
INTRODUCTION
The sun emits an enormous amount of energy approx. 384,6 yottawatts (3,846 × 1026 W), which
corresponds to 9,192 × 1010 megatons of TNT per second (Williams, D. R., 2013).
In a year, the atmosphere, seas, oceans, land receives approx. 3850 ZJ (1 Zetta Joule = 1021 joule) of
total solar energy (Vidican I., 2019).
Meteorological records show that solar radiation in Romania reaches values between 1,100 kWh/m2/an
and 1,450 kWh/m2/an, the minimums in the depression areas and the maximums in Dobrogea, eastern Bărăgan
and southern Oltenia (Purece, C., 2020).
Solar energy is obtained from solar radiation that reaches the Earth in the form of light, heat or ultraviolet
rays and is considered a type of clean and renewable energy, because its source, the Sun, is an unlimited
resource (Tanbir, A., 2016).
The development of new renewable energy technologies, especially solar energy, is increasingly seen as
a solution to meet very high global clean energy needs and at the same time, is a means to achieve sustainable
development of solar energy. humanity (Kabir, E. et al., 2018).
In Romania, research is carried out on the use of renewable energy sources, solar energy and energy generated
by burning biomass, in order to provide thermal energy for an increased duration, regardless of atmospheric
factors (Dumitrescu, C. et al., 2020).
A team of researchers from INMA Bucharest within the NUCLEUS program "Intelligent biotechnical
systems for sustainable agriculture - SMART-BIOTEH" funded by ROMANIAN MINISTRY OF RESEARCH,
INNOVATION AND DIGITIZATION has developed an intelligent system of ecological heating of a SMART farm.
MATERIALS AND METHODS
The current paper aimed to achieve the following research objectives:
- the development of an intelligent system of ecological heating of a SMART farm based on solar energy, which
by application in operation will lead to:
- stimulating the use of non-polluting renewable energy sources, especially solar thermal systems;
- climate control in protected areas with the help of solar energy that replaces the negative global trends
in the use of fossil fuels for heating / cooling;
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- environmental protection by replacing fossil fuels for the production of thermal energy with renewable energy
sources,
- the design and physical execution of an intelligent ecological heating system of a SMART farm based on solar
energy.
For the design of the intelligent ecological heating system was used the critical analysis of knowledge, by
studying the reading sheets of articles in the literature (consultation of scientific databases), the study of internal
standards and European directives on heat input in a solar 9x30 m covered with 200 micron triple layer laminated
double foil (SR EN ISO 9806:2018, SR 6648-1:2014, SR 6648-2:2014)
For the design of the intelligent ecological heating system, modern methods of analysis and calculation were
used, with realistic and probabilistic assessments, with an inter- and trans-disciplinary approach, which covered
the complexity that defines the behavior of the proposed systems. 3D parametric for parts, subassemblies and
general
assemblies
with
SOLIDWORKS
using
the
bottom-up
design
method
(https://www.solidworks.com/sw/products/3d-cad/packages.htm), after which each subassembly was subjected to
the structural analysis method with SOLIDWORKS SIMULATION (https://www.solidworks.com/domain/simulation
For the physical execution of the intelligent ecological heating system, CNC numerically controlled
machines were used (CNC type cutting center HST-C 6/2500, ALPHA-CADMAN 1012TK punching center,
PPEB-4 C sheet bending center, CNC Laser ALDINE 1530) which allowed shortening the time and increasing the
execution accuracy (https://eeris.eu/ERIF-2000-000F-0231)
RESULTS
The intelligent ecological heating system of a SMART farm (fig. 1) uses solar energy for the supply
of heat at low prices when heating a solarium in order to grow crops during the cold time of the year
(October-December and February-April).

Solar collector 2 x 30 tubes vidate
heat-pipe

Solar pump group
BARBERI TROLLINO 05S

Boiler bivalent

Solar automation

Solar 9x30 m covered with double
plastic foil

Air heaters with thermal agent
a. Installation for producing heat input
b. Solar indoor heating system
Fig. 1. Intelligent ecological heating system of a SMART farm

This installation was made for heat input in a 9x30 m solarium covered with double inflated triple-layered foil of
200 microns and consists of the following subassemblies:
- Installation for producing heat input (fig. 1a) which consists of:
- solar collector 2x30 vacuum tubes with bivalent boiler 500 liters, consisting of:
- solar collector 2 x 30 vacuum tubes heat-pipe Panosol CS30;
- bivalent boiler Sunsystem SON 500 liters;
- SR288 solar automation with 3 temperature sensors;
- BARBERI TROLLINO 05S solar pumping unit with thermometer, flow meter, manometer;
- expansion tank 35 liters;
- flexible stainless-steel connection for expansion vessel;
- solar aerator 180 ° C;
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- solar antifreeze 40 liters, 10 bar;
- 1 "thermostatic mixing valve,
- stainless steel flexible pipe for solar installations, insulated DN16 flow / return and with sensor cable;
- two 45 ° supports for solar panel heat pipe 58/1800 -30 aluminum tubes - SONTEC;
- Solar indoor heating system (fig. 1b) which is composed of:
- two air heaters with VOLCANO VR Mini EC thermal agent;
- a circulation pump for drinking water 25-60 180mm 0.202W;
- two two-way valves and servomotor;
- an automatic 3/4 '' nickel-plated brass aerator;
- two shut-off valves with Hertz ball;
- a magnetic separator of mud and impurities WATTS WSS 3/4;
- an EC CONTROLLER 1-4-0101-0457;
- a SONTEC expansion tank 24 liters, 10 bar;
- set of connectors stainless steel pipe-safety ring + stainless steel nut + clamping gasket 16x / 34 ".
The main technical characteristics of the intelligent ecological heating system of a SMART farm are
presented in table 1.

The main technical features of the intelligent ecological heating system

Compound

Solar collector 2 x 30
vacuum tubes heatpipe Panosol CS30

Sunsystem SON 500
liter bivalent boiler

Technical specifications
Dimensions (mm)
- Length
- Width
- Height
Absorption surface, m2
Total area
Cu / SS / Al-N three-layer vacuum
tubes, dimensions, mm
Dimensions (mm)
- diameter
- height
Outer housing

Thermometer
Magnesium anode
Safety valve

SR288 solar
automation with 3
temperature sensors

Solar pumping unit
BARBERI TROLLINO
05S
Air heater with agent
Thermal VOLCANO VR
Mini EC

Model
Supply voltage, V
Energy consumption, W
T1 panel input sensor
T2 boiler input sensor
T3 boiler output sensor
Model
EPP rigid thermal insulation, kg/m3
Solar circulation pump
Manometer
Model
Dimensions (mm)
- Length
- Width
- Height
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Value
2400
1990
125
2,98
4,78

58×1800
∅ 750
1720
PVC (RAL 9006) with high
efficiency polyurethane
thermal insulation
included in the standard
boiler supply
included in the standard
boiler supply
included in the standard
boiler supply
SR81
220
3
PT1000
NTC10K
NTC10K
BARBERI TROLLINO 05S
60
SSP 15-60/130
0 ÷ 10 bar
VOLCANO VR Mini EC
530
530
517

Table 1
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Controller EC 1-4-01010457

Connection diameter, țoli
Air flow, m3 / h
Supply voltage, V / Hz
Current nominal motor, A
Model
Supply voltage, V / Hz
Load current, A
Operation mode

3/4
2100
230/50
0,51
EC 1-4-0101-0457
230/50
1
Manual / automatic

The system proposes climate control in protected areas with the help of solar energy that replaces the
negative global trends in the use of fossil fuels for heating / cooling.
The supply of heat at low prices when heating a vegetable solarium in late autumn / early spring causes
the vegetation process to grow more / start earlier to implicitly obtain more harvests during the year, thus leading
to an increase in the level of insurance. food consumption of the population.
CONCLUSIONS
- the system fully complies with the requirements of the execution drawings and the technological manufacturing
process in the technological documentation and has been executed at a higher quality level.
- the system presents technical and technological solutions that give it maintenance safety, simple adjustments
and easy to perform by a single operator.
The results of the research allow useful recommendations for farmers who want to achieve climate
control in protected areas with the help of solar energy that replaces the negative global trends in the use of fossil
fuels for heating / cooling.
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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 two simultaneous
extraction processes: percolation - extraction using pressure factor and ultrasonication - ultrasonic field extraction.
REZUMAT
Extracția este operația de separare parțială sau completă a componentelor unui amestec pe baza diferenței de
solubilitate în unul sau mai mulți solvenți. Procesul de extragere a substanțelor bioactive din plantele medicinale
are loc prin realizarea a două principii de bază și anume, dizolvarea substanțelor protoplasmatice, în timpul
contactului dintre solvent și celulele mărunțite și extracția propriu-zisă care este complexă prin pătrunderea
solventului în celulele întregi. Proiectarea și execuția extractorului de biofertilizator/bioinsecticid cu cameră de
extracție sub presiune și sistem ultrasonic a presupus proiectarea unui sistem care integrează două procese de
extracție simultane: percolare - extracție folosind factorul de presiune și ultrasonare - extracție în câmp ultrasonic.
INTRODUCTION
Volatile oils are the products of the extraction process of volatile aromatic compounds that are found
naturally in different parts of plants. These substances are produced in special cells of different parts of plants:
leaves, flowers, roots, seeds, fruit peel, bark, etc. Using energy from the sun and elements from the soil, water
and air are stored in specialized structures, from where they are released into the environment through various
mechanisms, depending on their biological role. Steam distillation is the most commonly used and economical
method of extracting pure essential oils (volatile oils) from plants. (Abylaeva B., et al., 2020)
Volatile oils and plant extracts have been used for centuries volatile oils are just as relevant today. Thanks
to advanced technology, improved quality, power and safety, essential oils are now more accessible and easier to
use in everyday life. Although volatile oils have often been used as an integral part of past cultural practices and
traditions, we now have growing scientific evidence and studies that show the effectiveness and safe nature of
volatile oils today. (Banu C., 1998)
Volatile oils can be used as individual oils or complex mixtures using one of the following two methods:
• External (local). External use is a very effective method of applying volatile oils. Because volatile oils have
low molecular weight and are soluble in lipids, they penetrate easily into the skin. Once absorbed, they
remain in the area where they were applied, providing local benefits. The beneficial areas where essential
oils can be applied are on the neck, forehead and temples, chest and abdomen, arms, legs, soles.
(Cerpa M., 2008)
• Internal. Volatile oils have many health benefits and also add flavor and flavor to dishes. In concentrated
form, volatile oils can be used as dietary supplements for potent and specific health effects. Internal use
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is a very safe and effective method of application, due to the sophisticated physiological processes in our
bodies.
There are several methods of extracting volatile aromatic liquids from plants: cold pressing, steam
distillation, solvent extraction, fat extraction, filtration, etc. Pure volatile oils are only those obtained by steam
distillation or cold pressing, because only with these methods the therapeutic properties of the oils remain intact
and unaltered. (Butnariu M., Sarac I., 2018)
The distillation process involves a lot of skill, so that the oil does not change its composition or is lost. Some
plants are distilled immediately after harvest, while others can be left for a few days or even dried before
distillation. (Chakrabarty M.M., 2003)
The process consists in heating the plant by passing it through steam, at temperatures lower than the
boiling point, so that the therapeutic properties are not affected. Heat and steam help the plant's cellular structure
to decompose and release volatile oil. Its molecules are transported, together with the steam, along a tube, are
then channeled into a cooling tank, where it is transformed into liquid. This liquid is a combination of oil and water.
(Fig.1) Because essential oils are not soluble in water, they can then be easily separated from it and drained by
siphoning. Volatile oil molecules have different weights from plant to plant. This is how the notes appear: top,
middle and base. The water that comes into contact with the plant during distillation acquires the aroma of that
plant and is reused as perfume water or as a hydrolate (also known as hydrosol). Examples are rose water,
lavender water, etc. Usually, the best quality is obtained at the first distillation. If the volatile oil is distilled again, the
process is known as "rectification", and the result of the second and even more distillations is a lower quality oil,
unsuitable for aromatherapy. (Despa Gh., et al., 2007; Fahlbusch K-G., et al., 2003; Zheljazkov V.D., 2013;
Grigore I., et al., 2019)

Fig. 1 - Volatile oil distillation scheme (www.uleiuriesentialeterapeutice.ro)

Most industrially produced volatile oils are obtained by entrainment with water vapor. All components of a
volatile oil have higher boiling points than water, but have high volatilities at temperatures below the boiling
temperature, and can be easily entrained by water vapor at a temperature below their boiling point. Their
insolubility in water and their different density facilitate separation. (Gruia R., et al., 2004)
The entrainment of volatile oil is preceded by its diffusion from plant cells to the surface. As in the case of
vegetable oils, the duration of this process depends on the nature of the raw material and is decisive for the
duration of the whole process. Diffusion occurs more easily from green plants than from dried ones, from flowers
than from roots, seeds or wood. Depending on the working conditions, there are four variants of water vapor
training: direct fire, steam, steam under pressure and low pressure. (Li C., et al., 2019)
Direct fire distillation. Direct fire training is the oldest process of extracting volatile oils, which is still
applied today. It coexists with modern processes because it offers, in some cases, some advantages. It is applied
in Spain to obtain lavender, lavender, rosemary and thyme oil, respectively in Bulgaria to obtain rose oil.
The process has a number of disadvantages, including:
• the operations of loading and unloading the exhausted raw material are done manually;
• direct contact of the plant material with the overheated walls of the container leads to a partial degradation
of the volatile oil;
• long time to reach the boiling water temperature;
• salts (from water) are deposited on the wall of the boiler, reducing the heat transfer coefficient.
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These drawbacks can be reduced either by loading the plant material into perforated metal baskets or by
inserting a perforated plate inside the boiler that supports the load.
Steam distillation. Vapor entrainment is the most widely used process for obtaining volatile oils in which
steam is generated in an ancillary plant. This ensures a uniform temperature and the possibility of efficient control
of the steam flow. Simultaneously, the degradation of the volatile oil is avoided, due to the direct contact of the
plant with the superheated walls of the extractor. They are high-capacity installations in which several tons of raw
material are loaded. The plant material is arranged at the top of the coach being supported by either a perforated
bottom or a perforated metal basket. (Martin's Physical Pharmacy & Pharmaceutical Sciences, 2015)
Steam training can be performed, both with direct steam (less often) and with indirect steam. Direct
steam is introduced to the bottom of the container through a distributor (perforated spiral). When heated with
indirect steam, the thermal agent circulates in a jacket and ensures the vaporization of a quantity of water that is
introduced into the drive vessel together with the raw material. The plant material comes into contact only with the
water vapor generated in the trainer, which ensures a gradual heating. The separation is done with modified
Florentine vessels to extend the residence time and ensure a better separation of the volatile oil. In order to
reduce the losses caused by the partial dissolution of the volatile oil in the entrainment water, in most cases the
separate water in the Florentine vessels is recirculated in the entrainment. (Moronkola D.O., et al., 2015)
Steam distillation under pressure. The process is a variant of direct steam entrainment in which the
steam is introduced into the entrainment at a pressure higher than atmospheric pressure. Usually, a pressure of
0.25 MPa is not exceeded.
The equipment is similar to that in steam, but is calculated to withstand pressure and equipped for working
under pressure (safety valve and pressure gauge). The condenser is sized for a higher vapor flow. A special
installation of the inner chimney ensures the passage of steam through the vegetable raw material. Although this
process has some advantages, such as shortening the driving time, advanced extraction of volatile oil, including
harder to train components and energy saving, its application is limited to certain types of oils, very thermally
stable, which withstand severe action. of steam under pressure. It is advantageous in the case of oils low in
monoterpenic hydrocarbons and slightly volatile compounds, but rich in sesquiterpenoids, such as wood oils,
bark, roots and certain dry herbs, because in these cases, without degrading the composition of the oil, it can be
shielded. considerable length of process. (Walton & Brown, 1999; Mugao L., et al., 2020)
Low pressure training. Sometimes chemical changes in the volatile oil occur when steam is entrained.
This is the case for oils that contain thermally labile compounds or that hydrolyze in the presence of water. In
these cases, it is preferable to operate at low pressure and, implicitly, at lower temperatures. The process is a
variant of the indirect steam vapor entrainment. A low vacuum of the order of several hundred mm Hg is achieved
in the system, which causes the water in the coach to evaporate at temperatures lower than the normal boiling
temperature. (Muscalu A., et al., 2012)
The depression in the drive vessel correlates with the nature of the processed raw material. The advantages of
the process are as follows:
• energy saving;
• the drive takes place without contact with the air, thus avoiding possible oxidative processes;
• higher purity of the volatile oil, because some non-specific substances (coumarins, furocoumarins,
flavonosides), which at normal pressure have boiling points close to those of the components of the
volatile oil, are not entrained;
• complete separation of those components of volatile oil that at normal pressure suffer partial or total
decomposition. Although there are no significant differences between the processes of entrainment of
volatile oils, their differentiated application leads to increased yields and, especially, to a higher quality of
volatile oil. (Ospina J.D., et al., 2016)
MATERIAL AND METHOD
This scientific paper presents an E.D.A.S.U.P wet saturated steam distillation equipment made within the
ADER project 25.4.1 / 24.09.2020 with the name “Technology for obtaining biofertilizers and / or bioinsecticides,
intended for ecological production systems”, used for the extraction of volatile oils from medicinal and aromatic
plants in order to be used as a bioinsecticide or biofertilizer material with application in organic farming. The
E.D.A.S.U.P wet saturated steam distillation equipment consists of the following main elements:
• Distillation vessel;
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Cooling vessel;
Volatile oil separator;
Distillation vessel holder;
Cooling vessel holder;
Steam generator;
Pressure regulator;
Connecting hoses between the vessels and the steam generator;
The distillation vessel (Fig. 2) is a cylindrical container made of food grade stainless steel sheet,
consisting of steam inlet / outlet inlets, drain valve, sealing gasket and decompression valve. Also, the tight
closure of the vessel is made by means of a lid equipped with safety valves of 0.5 bar and thermomanometer with
indicator needle (measures pressure and temperature).
Inside the distillation vessel is provided a sieve on which will be placed the mass of plant material subjected
to the distillation process. The sieve is provided with a rod for guidance and support during the process of loading
/ unloading the plant material.
•
•
•
•
•
•
•

Fig.2 – Distillation vessel

The cooling vessel (condensation) (Fig. 3), is a cylindrical container made of food grade stainless steel
sheet, consisting of a coil type heat exchanger, connections for inlet / outlet of cooling water and drain valve.
It consists of the jacket (Fig. 4), inner coil through which the steam containing essential oils circulates (Fig.
5), coil and hose connection nozzle, coil nozzle, 3/4 "threaded plug and DN25 clamp support.

Fig.3 – Cooling vessel (condensation)
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Fig.4 - Mantle

Fig.5 – Winding

Volatile oil collection vessel (volatile oil separator) (Fig. 6), is a container made of glass, being provided
with an inlet connection, a floral water collection connection and an outlet connection with a nozzle for
collecting volatile oil.

Fig.6 - Volatile oil collection vessel
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PULSE 7K electric steam generator (Fig.7) with supply voltage 400 V, absorbed power 7000 W,
degree of protection IPX5, supply flow 3 l / min, supply pressure max. 6 bar, equipment size: Length 920
mm, Width 610 mm, Height 850 mm and weight 70 kg.

Fig.7 - PULSE 7K electric steam generator

RESULTS
In Romania, there is an increased interest in the use of medicinal plants, both for cultivated and
spontaneous flora, in obtaining various products (extracts, tinctures, essential oils, etc.) with biofertilizer /
bioinsecticide role, by achieving this model experimental technical EDASUP - Wet saturated steam
distillation equipment under pressure will help to make these extracts with fertilizing / repellent property.
From a nutritional point of view, plant extracts can have a fertilizing effect, but the use of plant extracts
only as a source for fertilization is not economically feasible. However, the use of these extracts can
contribute to changing the balance of microbial populations in the soil by giving the plant a competitive
advantage for existing mineral resources. This advantage is manifested by a vigorous growth of the plant
and an increased accumulation of biomass, producing effects similar to fertilizing the soil with macro
elements. (Pruteanu A., et al., 2014; Voicea I., et al., 2018)
The “bio-fertilizer” effect of plant extracts is the result of a complex process of interaction between the
crop plant, the soil considered as a common nutritional substrate and microbial populations. (Sadgorove
N.J., et al., 2021)
The "bio-insecticide" effect of plant extracts is due to a natural substance in the composition of the
plant. Among the actions of plant extracts on plants are: the repellent action, through which insects are
driven away; the deterrent action by which insects are discouraged; the anti-feeding action, through which
insects do not consume food; the disruptive action of prolificacy, by which insects are confused. All these
actions lead to a decrease in the number of pest populations at the same time with a very low chemical
footprint on the crop, giving agriculture an ecological characteristic. (Zeki B., 2018; Virchea L.D., et al., 2019)
Figure 8 shows the experimental technical model E.D.A.S.U.P - wet saturated steam distillation
equipment under pressure.

Fig.8 - Technical experimental model E.D.A.S.U.P - Wet saturated steam distillation equipment under pressure
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The main technical characteristics of the presented equipment are highlighted below:
- Working capacity:
100 l;
- Distillation vessel diameter
400 mm;
- Distillation vessel height
700 mm;
- Cooling vessel diameter
400 mm;
- Cooling vessel height
600 mm.
Working pressure:
- Low pressure
0,10-0,5 bar;
- Working temperature
105-110 °C.
Electric steam generator:
-Supply voltage
400 V;
-Power absorbed
7000 W;
-Degree of protection
IPX5;
-Supply flow
3 l/min;
-Supply pressure
max. 6 bar;
-Dry steam flow
11,5 kg/h;
-water pompe
110 W;
-water tank capacity
30 l.
E.D.A.S.U.P dimensions and mass:
-Lenght
920 mm;
-Width
610 mm;
-Height
850 mm;
-Mass equipment
70 kg.
The working process of the equipment. The steam supplied by the generator crosses the vegetable mass of
the plants, entraining the volatile oil contained in them, after which the mixture of steam and volatile oil enters the
cooling vessel where the condensation process takes place, obtaining a mixture of volatile oil and floral water. The
separation into fractions of the mixture of volatile oil and floral water is performed in the volatile oil separator,
based on the difference in density between the two fractions. The collection of volatile oil is done at the top of the
separator and the floral water is collected at the special connection intended for this purpose.
CONCLUSIONS
Modern technologies for obtaining bioactive substances from medicinal plants require: optimal extraction
yields, but also a superior quality of the extracted substances, a quality as close as possible to their condition in
the plant product.
Distillation is a conventional method of extracting volatile oils from medicinal and aromatic plants. This is
defined as a process of separating the components of a mixture that is based on the difference between the
vaporization temperatures of the constituents, respectively water and oil when distilling medicinal plants.
Medicinal and aromatic plants are increasingly used as natural remedies in the treatment of diseases and
pests of crop plants. Research has shown over time the biofertilizer / bioinsecticide effect of bioactive substances
contained in medicinal plants on the cultivation of fruits and vegetables.
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ABSTRACT
The production of certified reference materials (MRC) for cereals, used in the production of superior flour is
generally an expensive and difficult operation. The present paper proposes a new subassembly model that is
mounted inside the rotating sieves, in order to separate the grain seeds more effectively according to their
size. The proposed subassembly has a high level of customization and adaptation for a wide variety of
processes and types of seeds, and can be mounted in the form of a helical coil, a thresher or a harvester.
REZUMAT
Producția de materiale de referință certificate (MRC) pentru cereale, utilizate la producerea făinii superioare
este în general un proces costisitor si dificil. Lucrarea de față propune un nou model de subansamblu care
se montează în interiorul sitelor rotative, cu scopul de a separa mai eficient semințele de cereale în funcție
de dimensiunea acestora. Subansamblul propus prezinta un nivel ridicat de personalizare și adaptare pentru
o mare varietate de procese și tipuri de semințe și poate fi montat sub formă de spiră elicoidală, a unui
batator sau a unui culegator.
INTRODUCTION
A broad range of international and professional organizations recognize and encourage the use of
certified reference materials (CRM) in analytical chemistry for quality control objectives. However, regardless
of geographic location or laboratory economic status, present certified reference materials applications in
many analytical domains is insufficient (IAEA-TECDOC-13505, 2003). Testing and calibration laboratories
are frequently asked to produce confirmation of their quality. This is required especially in circumstances
involving legal constraints, such as for food and environmental analysis or clinical chemistry.
In research and development, demonstration of appropriate quality level is essential. Using an
applicable international quality standard and official accreditation/certification is the best approach for
laboratories to formally show their quality.
A CRM is a material accompanied by a certificate whose property values are certified by a procedure
that establishes traceability to an accurate realization of analysis, being sustained by an uncertainty at a
stated level of confidence.
Wheat grain is the most widely consumed cereal in the world, being classified in a variety of ways all
around the world. Each type of wheat is utilized for different specific purposes depending on quality.
Deterioration of wheat seeds may occur either in the growing season as well as after harvest due to poor
handling and storage, and the level of damage can be important to human health (Mircea et. al, 2020,
Nenciu et al, 2021).
Mixing different wheat classes may cause problems in the processing activity and usually lowers the
quality of the finished goods. Wheat of poor quality cannot create high-quality end goods, as a result,
advanced methods are required to assess wheat quality as well as to detect interclass contamination and
foreign item contamination (Jayas et al., 2016).
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There are over 420 standard test methods, (at least 75 of which are internationally relevant), therefore
it is clear that grain character varies greatly. Many assessments are specialized to a commodity, a product,
or an end user. For most forms of grain, bulk density and foreign matter are the most typically measured
qualities (Proctor, 1994). The sieves used to analyze foreign matter from wheat grain content should,
according to most grain quality standards, be made of perforated metal plate that meets the criteria set out
by national or international standards organizations. The composition and thickness of the metal plate, the
form and size of the perforations, and the placement of the holes on the sieve are covered by these
parameters. The efficiency of a sieve is dependent upon two factors: the dimensions of the apertures in the
screen, and the proportional volume of material which will not pass through the apertures. As a general rule,
the percentage sieving area' of a screen with small perforations is less than that of a screen with larger
holes, and its capacity for sieving efficiently is correspondingly reduced. Furthermore, when the volume of
material that will not pass through the holes surpasses a particular quantity, the sieving effectiveness of a
perforated metal screen with set specifications drops dramatically.
Certified reference materials (CRM) are critical resources for calibrating measuring instruments,
validating analytical procedures, and ensuring measurement quality.
Researchers and manufacturers haven't advanced much to improve the cleaning function in recent
years on rotating sieves, therefore the sieve capacity is limited. Park (1974) reported important advantages
in using rotating sieves separator instead of flat-screen separators. The advantages include high capacity,
insensitivity to slope, compact ness, and the ability to separate seeds from trashy materials.
In compared to other seed separation systems, wheat seed sorting equipment that uses cylindrical rotating
sieves offers various benefits. Because a more intensive mixing of particles may be performed, cylindrical
sorting equipment can be employed with great efficiency in circumstances where a more aggressive
processing of the seeds is required. When compared to flat vibrating sieves, it has a relatively simple design,
compact size, and low power consumption, as well as cheaper maintenance and repair costs and lower
noise levels.
MATERIALS AND METHODS
Performance, loss ratio, and cleaning ratio are the three essential evaluation indicators for a cleaning
equipment performance, especially for wheat grain processing conditions. The plan vibrating screen
equipment that is extensively employed in most large combine harvesters, present a lot of weight and
volume, as well as intensive vibration, and it's not always suited for muddy fields or small hill fields.
Cylindrical sieves are used in the process of cleaning and sorting seeds with a cylindrical or prismatic
polygonal working subassembly. The cylindrical sieve can be made so as to have various types of holes size
along its entire length, separating the seed mixture into several varieties. Cylindrical sieves, compared to
other separate machines, have the advantage of achieving an intense mixing of particles, in a simple
construction, having low construction dimensions and low electricity consumption.
The main movement of the particles on the inner surface of the cylindrical sieve consists of the following
three states:
- relative rest (on the surface);
- relative motion (sliding on the surface);
- free movement (independent)
The paper presents a new interior element design that can be adapted to rotating cylindrical sieves
with the role of achieving a better separation of seeds.
The inner coil is an element constructed of a customizable number of propellers fixed on a shaft. Each
propeller can also be customized by adjusting two internal elements in order to obtain an even greater
variation of the internal parameters. The screws adjust the propeller blades, an element that determines the
level of aggressiveness applied to the seeds. The screw determines the attachment of the blade on the
shaft, which regulates the pitch of the coil.
The behaviour of wheat seeds in rotating sieves, presents a very complex movement particularly
those with inner coils. Inner coils are particularly efficient in the processes of mixing the mass of material
from the rotating sieves and they can take on a variety of forms and functions (Drumond et al., 2019, Yuan et
al.,2020). As a result, one of our goals was to create a changeable inner coil model for the pilot experimental
stand that could be evaluated in various operating regimes.
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RESULTS
The cylindrical sieves have recommended working regimes for low speeds, however in this case the
productivity of the sieve is usually low. Any attempt to increase the working speed of the cylindrical sieve in
order to increase its productivity, leads implicitly to the transition to the second type of movement, to the
appearance of the phase of relative rest and as a result to the complete annihilation of the working capacity
of the sieve.
The proposal of an innovative element is designed to eliminate the phase of relative rest and increase the
working speed of the cylindrical sieve in order to increase its productivity.
The innovation relates to a subassembly called "Cylindrical sieve coil element" which allows versatile
operation inside the cylindrical sieve, and can be converted in the form of a helical coil with variable pitch,
blade separation type, or a stirrer. The subassembly is mounted inside a rotating cylindrical sieve, in order
to separate from the processing mass, the high-value seeds good for grinding, leaving on the sieve the
seeds with a larger diameter than the holes of the sieve.
The coil element for cylindrical sieves, according to the invention, consists of a bushing (A) (fig.1.b), with
inner diameter (d), outer diameter (d1), width (b), and threaded holes 3 x M , in which a series of rods (B)
are fixed by screwing, on which the blade body (C) (fig.1c) and the flap (E) (fig.1d) are mounted, having
the possibility to achieve the angle α between them, variable between 90º-180º, and adjusted vertically, in
order to achieve the diameter (D), with the help of the nuts (F), leading to the achievement of an optimal
space between the elements of the coil and the inner surface of the cylindrical sieve.

Fig.1- The configuration of the coil element, which can be easily customized
A) overview; B) sleeve; C) pallet body D) flap

Because the big blades (1) and little blades (2) are attached on a hinge system, the angle between the two
blades from each wing may be simply changed.

Fig. 2 Depict of the subassembly and rotary sieve used to separate the grains

The main element that improves the process is the high level of customization of the interior
element, due to its innovative construction.
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Figure 3 depicts the blades of the newly constructed coil in detail. The coil is very adaptable, with
the ability to change the rotation pitch and blade angle to modify the equipment in the event of significant
changes in pollutant levels or humidity, and to retain high efficiency independent of the row material used.

Fig. 3 Description of the various ways of customizing the subassembly blades

Figures 4-6 show the three possible configurations that can be assigned to the inner subassembly,
positioning the subassembly either as an inner coil, a grain separator with blades, or as a stirrer.

Fig. 4 Positioning the subassembly as an inner coil

The positioning of the subassembly in the form of an inner coil that rotates in the opposite direction to
the sieve, produces a longer duration of the time the seeds spend on the sieve. In this way, the impurities
have more time to be evacuated through the holes of the cylindrical sieve, therefore the final quality of the
material under processing is higher. Positioning the subassembly in the form of an inner coil is especially
preferred for short cleaning equipment, when the processing must take place in a short time.

Fig.5 Positioning of the subassembly as a grain separator with blades
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Positioning the subassembly as a grain separator with blades, produces a high level of agitation,
which allows a better separation of impurities by an energetic mechanical agitation. Unlike the stirrer, the
grain separator with blades has no space between the blades, which does not allow the easy passage of
seeds along the length of the sieve.

Fig.6 Positioning the subassembly as a stirrer

When working as a grain stirrer the subassembly allows an easy passage of seeds along the length
of the sieve, due to the space between the blades. This space is easily adaptable due to the high level of
customization of the subassembly elements. It can be modified depending on the type of seeds to be
separated or their quality.
In combination with other elements that have an impact on the equipment functioning (such as the
angle of inclination of the sieve, the rotational speeds of the sieve and the subassembly, the flow rate of
the material, etc.), complex and highly efficient modes of operation can be created.
CONCLUSIONS
There are several advantages of the proposed solution, the main novelty being the elements of the
subassembly, consisting in the special shape of the coil that improves the separation process. The mixing is
influenced by the angles associated to the sieve blades as well as the special designed shape. The
possibility to make changes to the inner coil by varying the pitch or angle of inclination of the blades gives it a
higher level of versatility depending on the degree of contamination of the inserted material. The elements of
the subassembly can be mounted such as to obtain the shape of blades, an agitator/stirrer, or that of a coil
with variable pitch. The new design offers the possibility of increasing the speed of the sieve, increasing the
efficiency of the equipment. This is especially important for seed processing sites with limited space. In
addition, complex and highly efficient modes of operation can be created only by easily modifying the
elements of the subassembly.
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ABSTRACT
Proficiency testing (PT) and inter-laboratory comparison schemes (ILC) provide laboratories with a useful
tool for increasing their testing and calibration standards. These two interlaboratory testing practices are
often neglected since they are regarded just as a requirement to fulfill and not an approach for continuous
development. Proficiency testing provides for an independent assessment of laboratory findings, in
comparison to reference values or the performance of other laboratories. A positive evaluation is a
confirmation of the laboratory ability to show high technical competence and provide credibility in the
accuracy, reliability, and security of the test data it delivers. This paper aims to analyze Inter-laboratory
testing practices, focusing on their benefits and their implementation process.
REZUMAT
Testarea de competență (TC) și schemele de comparație inter-laboratoare (CIL) oferă laboratoarelor un
instrument util pentru creșterea standardelor de testare și calibrare. Aceste două practici de testare interlaboratoare sunt adesea neglijate, deoarece sunt privite doar ca o cerință de îndeplinit și nu o tehnică pentru
o dezvoltare continuă. Testarea de competență oferă o evaluare independentă a constatărilor de laborator,
în comparație cu valorile de referință sau cu performanța altor laboratoare. O evaluare pozitivă este o
confirmare a capacității laboratorului, care demonstrează o înaltă competență tehnică și oferă credibilitate în
acuratețea, fiabilitatea și securitatea datelor de testare pe care le furnizează. Această lucrare își propune să
analizeze practicile de testare inter-laboratoare, concentrându-se pe beneficiile acestora și pe procesul de
implementare al acestora.
INTRODUCTION
Analytical data is used today to make economic, legal, or environmental management choices,
therefore the results of analytical determinations are considered highly significant. It's critical that these
metrics to be precise, reliable, cost-effective, and reasonable. Experimental laboratories play an essential
role, since they are involved in the generation of scientific information, which in many situations leads to
critical decisions or other broader evaluations. It is fundamental to assure the quality of the data supplied
from each laboratory since scientific findings must be based on reliable and internationally comparable data
(Voiculescu et al., 2013).
The need for a high level of confidence in laboratory performance is critical not only for laboratory
practices and for their customers, but also for other interested parties such as regulators, laboratory
accreditation bodies, and other organizations. As a result, proficiency testing is becoming increasingly
important. In the domain of quality assurance of laboratory results, proficiency testing is an essential
technique to achieve the legal performance standards (Boley, 2000).
Proficiency testing (PT) is a method for measuring the correctness of analytical data provided by
laboratories for specific measures on a regular basis. It is the laboratories responsibility to select the most
appropriate scheme and to check and evaluate the quality of the PT provider. The time and effort required
can be costly, especially for laboratories performing many different tests, so selecting the most appropriate
PT scheme is very important.
Laboratory analysis are performed for a variety of purposes, but most commonly used reason is to
ensure that a product has been made in accordance with standards and regulations and it is safe to be
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distributed to the market. It is therefore critical that the analysis results to be trusted in terms of both
accuracy and repeatability.
Using effective Quality Control Tools to monitor the classification of the data regarding foods can aid
prevent acceptable products from being destroyed and non-conforming product from being distributed on the
market. Quality Control tools that can be implemented in the laboratory practices should contain an external
reference point over which the lab has no direct control. External quality controls may include proficiency
testing (PT) and reference materials (RM) supplied from an external and independent quality source. The
level of performance of laboratory measurements must be monitored as part of the national and international
regulations for the competence of testing and calibration laboratories and accreditation process.
In order to remove the trading barriers worldwide it is necessary to establish foundations for free commerce
throughout the world.
Therefore, agreements promoting the growth of mutual acceptance of international conformity
assessment systems must be implemented. These agreements are based on mutual trust and are the result
of a long-term collaborative partnership. They consist of three major elements: harmonization of
accreditation criteria and operating procedures, a comprehensive program of inter-laboratory comparisons,
and assessments by international team of accredited experts (Basic et al., 2010). The most important
elements that must be defined in the case of establishing such procedures are: the concepts for designing a
laboratory calibration system, the calibration processes and operating instructions required, the choice of
traceable values to be calibrated, the calibration precision to be used, and the calibration intervals to be
determined (Koch et al., 2001).
MATERIALS AND METHODS
Inter-laboratory investigations are useful for a variety of reasons in terms of determining measurement
quality. They enable the validation of measuring techniques, the assessment of individual laboratories'
competency, the estimation of measurement uncertainty, and the certification of reference materials in a
wide range of application sectors.
Inter-laboratory comparisons (ILCs) also known Measurement comparisons, are the most common
method of determining the compatibility of testing across various laboratories or measurement systems. As a
result, they serve as a tool for determining the alignment with national and international standards. These
techniques clarify important elements in the operation of laboratories such as the measurement traceability
when transferring the information from National laboratories to secondary laboratories, the effectiveness of
their accreditation processes (when accrediting laboratories for new types of analyzes), and the operators
competence and equipment (Galliana et al., 2019).
RESULTS
Inter-laboratory tests have the benefit of allowing measurements previously only possible with the
technology and competence of a national extremely sophisticated laboratory to be regularly expected in
private industrial laboratories. Inter-laboratory studies have been employed as an independent quality control
by the laboratory community for many years.
Many of chemical measurements are taken to inform both consumers and decision makers about food
safety, health, and environmental protection. The global market, requires precise and trustworthy actions in
order to reduce technological trade obstacles. Reliable laboratory analysis depends to a large extent on
several elements such as: qualified personnel approved and validated procedures, extensive quality
systems, and traceability to appropriate measurement standards. In addition the increasing in the use of
standards and standardized methods, as well as laboratory accreditation, demonstrates that the minimum
quality requirements are ensured. At the regional and international levels, using comparability between is a
useful technique that helps improving the measurement standards.
Proficiency testing
Inter-laboratory studies, or collaborative studies, are more elaborated studies where several laboratories
analyses the same material with a specific purpose.
There are three basic categories that may be recognized depending on the study's focus (Hogan, 2019; ISO
5725-2:2019):
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1. Collaborative trials or method-performance studies evaluate a method's performance characteristics.
These are known as accuracy experiments, and they take into account the precision and correctness
evaluations from the inter-laboratory testing. Precision experiments for the evaluation of repeatability and
reproducibility are described in the ISO 5725-2 guideline. The second component of accuracy is trueness,
which quantifies the measurement method bias in an inter-laboratory environment.
2. Laboratory-performance (proficiency studies) orient towards the laboratory with the goal of determining the
laboratory's level of proficiency. Test samples that are known or have been allocated, are assessed by a
group of laboratories in certain investigations, also known as round robin studies. The laboratories utilize the
approach that is currently in use.
3. Material-certification studies have the goal of providing (certified) reference materials. A consortium of
laboratories analyzes a sample, preferably using multiple methods, to estimate the most likely concentration
of a certain substance with the least amount of uncertainty.
Proficiency testing is a technique used for inter-laboratory evaluation that verifies laboratory testing
performance. Participation in proficiency testing schemes and programs offers laboratories the possibility of
evaluating and demonstrating the reliability of the results they provide.
In addition, these requirements are mandatory for all certified and applicant (for accreditation) laboratories.
They have to successfully complete a proficiency testing program in their specific area of testing. Interlaboratory comparisons are frequently utilized for a variety of applications and are becoming more popular
across the world.
A Proficiency Testing (PT) scheme is a technique for objectively reviewing laboratory findings by
external means, which involves comparing a laboratory results with those of other laboratories, at regular
time intervals. This is accomplished by providing homogenous test samples to participating laboratories on a
regular basis for data analysis and reporting. A Proficiency Testing scheme has the main goal is to assist the
participating laboratory in assessing the correctness of its test results.
The material under testing, the testing method that is being used, and the number of testing
laboratories participating to the Proficiency Testing all influence the testing methodologies. These
methodologies must all have the ability to compare the results produced by one testing laboratory with those
provided by other testing laboratories. One of the participating laboratories may responsible for supervising
and coordinating certain programs.
Benefits Inter-Laboratory Comparisons/Proficiency Testing (ILC/PT)
As earlier discussed inter-laboratory comparisons (ILC) need two or more laboratories to organize,
conduct, and evaluate tests on the same or comparable samples under pre-determined conditions, while
Proficiency testing (PT) is a method of evaluating participant performance by comparing results from different
laboratories. Participation in PT activities provides laboratories with several benefits in addition to achieving
ISO/IEC standards.
Besides the accreditation requirements, different parties, such as regulators, direct customers, indirect
customers, and professional bodies, have a strong interest in the laboratory Proficiency Testing. In addition,
external stakeholders, as well as laboratory employees and management, gain trust as a result of successful
involvement in ILC/PT operations. Achievement of proficiency testing provides an external assessment of the
laboratory testing or measuring skills, which complements the laboratory's internal quality control operations.
When a laboratory agrees to have its testing or measurement performance reviewed using PT, it gives
interested parties more credibility and respect.
Another important advantage is that laboratories can compare their performance to that of other
participating facilities using Inter-Laboratory Comparisons and Proficiency Testing data. Furthermore, ILC /
PT may be used to compare analytical data gathered using various methodologies, contributing to the quality
of services in the long-term. The laboratory may compare new methods to current procedures or conduct a
trial run of a new or irregularly executed process in the laboratory. ILC / PT findings can also help validate a
method by proving its precision and accuracy and giving useful information for estimating measurement
uncertainty.
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LC and PT efforts can be employed to demonstrate laboratory advanced capabilities, validating
competent technique performance, or to compare operator capabilities, supplying operator repeatability data,
for the measurement of uncertainty estimations. Confirming competent performance offers confidence to
laboratory management with assurance that the laboratory's performance is adequate, or notifies the
management to possible difficulties in certain areas of the laboratory.
Participation in ILC and PT offers management with external monitoring of the management system's
continued effectiveness in regard to key tests or metrics. The review and analysis of proficiency testing
results might also result in additional people education, training, and competence monitoring. Participation in
specific ILC and PT may also be utilized to assign the certified value and to assess the uncertainty of this
value for certified reference materials. A well-designed PT strategy helps guarantee that the laboratory gets
the most out of PT involvement and the data provided by PT activities.
When novel measurement technologies are developed, that are based on new concepts with
application in the field of environmental protection or agriculture, it is needed a testing methodology
performed with the proper equipment in several conditions and for several laboratories. There is a need for
research organizations to adopt quality management system in research testing laboratories as an asset, to
improve not also the management, but also the technical and scientific competence (Nenciu et al., 2021;
Mircea et al 2020). If a laboratory is required to participate in an inter-laboratory comparison of a calibration
"type" that covers a wide range of instruments / quantities there should be a four-year plan that addresses a
different calibration each time (Softic et al., 2012).
Only in the event that a calibration service from a certified laboratory is unavailable, services provided
by an external calibration laboratory without certification are permitted. When no accredited calibration
laboratory services are available for highly specialized test equipment, the equipment may be calibrated by
the manufacturer as long as the used calibration standards are traceable to national or international units of
measurement, the traceability chain is recognized, and an estimate of measurement uncertainty is included
on the calibration certificate (Walczak-Zlotkowska et al., 2016; Nenciu et al., 2014).
For quality testing, measuring equipment accuracy and constraints/tolerances and traceability are
critical matters. Measurement traceability refers to the value of measurement findings or the value of a
standard in relation to existing references, which is maintained by an unbroken chain of comparison of all
these uncertainties. Traceability exists only when properly scientific records indicate that the measurement is
continuous and validated by findings, for which entire measurement uncertainty has been determined
(Zaimovic-Uzunovic, 1999). The rank of the operations carried on the apparatus, as well as the variable
metrological parameters and rankings for the laboratory to which the traceability requirement applies, must
be specified during the procedure. Because all measurements are time-dependent, traceability identifies the
measurement method and related measurement uncertainties for the present measurement result, which
must be preserved in the traceability documentation. Because measurement uncertainty is the core of
creating traceability, it is very important for building methodologies for assessing measurement uncertainty
under various measurement settings (Ehrlich, 1998).
There is widespread agreement on the significance and benefit of testing laboratories implementing a Quality
Management System (QMS) to support their work, whether it is industrial or research-based. Due to the
unique nature of their work, laboratories involved in R&D testing have unique challenges in implementing a
QMS. Researchers and professionals have long debated whether or not a Quality Management System
(QMS) should be implemented in research testing facilities (Martinez‑Perales et. al., 2021; Lemes et al.,
2012).
Elements to be followed by the parties participating to the tests
There are a few key principles that all of the parties involved must follow (Boley, 2000):
 The Proficiency testing scheme in which a laboratory participates should resemble as closely as
possible the laboratory’s routine work in terms of test samples, substances and levels; any variations
should be noted and accounted for;
 Performance in a PT scheme should be placed in the correct context and in the proper perspective;
 Wherever feasible, the performance of a laboratory across numerous rounds of a PT scheme should
be examined.
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 The documentation and statistical protocol should always be read, in order to better understand how
the scheme operates
 If needed, should communicate with the scheme coordinator to get a better understanding of the
scheme and how it works.
CONCLUSIONS
The correct use and interpretation of Proficiency testing (PT) scheme results is complex and
requires the evaluation of a large amount of data. As a result developing a good understanding of
proficiency testing, in order to use the information in a more sophisticated and suitable manner is
sometimes difficult for laboratory operators, particularly for those with a relatively limited technical
background. It is therefore essential that interpretation of proficiency testing scheme to be carried out and
interpreted in an appropriate manner. This is important not only for laboratory personnel and management,
but also for the entities who use their results, including accreditation bodies, public institutions, partners
and the laboratory customers.
As part of an overall quality plan, a frequent independent examination of a laboratory technical
performance is advised as an important way of verifying the validity of analytical measurements.
Independent proficiency testing (PT) programs are a typical way to this evaluation. A PT scheme is a
technique for objectively reviewing laboratory findings by external sources, which includes comparing a
laboratory's results with those of other laboratories at regular intervals.
However, as a quality assurance technique for laboratories, proficiency testing is becoming
increasingly important. The performance of laboratories evaluated in Proficiency Testing systems is
increasingly being applied as a measure of laboratory competence and quality, especially by accreditation
agencies. It is critical for laboratories to have detailed knowledge of the scope, range and availability of
proficiency testing programs in the regions they operate. As a result, they will be capable of making
appropriate decisions about the scheme where they should participate, in order to obtain the best results.
As a result, laboratories must establish a solid understanding of proficiency testing, including what the goal
are and how the evidence from proficiency testing schemes must be reviewed and used. This is essential
not just for scientific employees and management, but also for those who employ the laboratory's results,
such as accreditation authorities and customers.
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ABSTRACT
There is general agreement on the necessity and benefit of evaluating laboratories when implementing a
Quality Management System (QMS), in order to support their activity, regardless whether it is industrial or
research-based. Laboratories involved in research and development testing present specific challenges in
implementing a QMS. These problems and restrictions have motivated researchers to consider the aspects
that must be studied in order to properly adopt a QMS, the most effective remediation practice being interlaboratory comparison. The most common interlaboratory comparisons techniques include proficiency testing
(PT) and testing performance studies (TPS), sometimes also called collaborative trials. These tests show
important benefits in laboratory practice in all fields of testing, aiming to increase the level of competence.
REZUMAT
Există o recunoaștere generală cu privire la necesitatea și beneficiile ridicate ale laboratoarelor, atunci când
se implementează un Sistem de Management al Calității (SMC), pentru a susține activitatea acestora,
indiferent dacă domeniul este unul industrial sau in domeniul cercetării. Laboratoarele implicate în testarea in
domeniul cercetării-dezvoltării au provocări specifice multiple în implementarea unui SMC. Aceste probleme
și restricții au motivat pe cercetători să considere aspectele care trebuie studiate pentru adoptarea corectă a
unui SMC, iar practica cea mai eficienta de remediere o reprezintă testele inter-laboratoare. Cele mai
comune tehnici de comparație inter-laboratoare includ testarea competenței (PT) și studiile de performanță a
testelor (TPS), uneori numite și studii de colaborare. Aceste teste au arătat beneficii importante în practica
de laborator în toate domeniile de testare, având scopul de a creste nivelul de competență.
INTRODUCTION
Food sector globalization has generated an increase in terms of availability and diversity of the food
products and contributed to lowering the acquisition prices. However, the economic interests associated to
enhancing producer competition are required to support the employment of less expensive and occasionally
unproductive manufacturing methods. National authorities are promoting monitoring food additives,
pollutants, and other chemicals in order to protect consumers and food markets from these possible threats.
This goal is dependent on the research community capacity to make accurate assessments of food
conformity with national and international regulatory restrictions.
The use of synthetic chemicals in developing countries inside the European Union is becoming highly
problematic, particularly in the light of increasing evidence that some of these substances have significant
and long-term harmful effects to human health and the environment. Although public authorities are
becoming increasingly concerned about the export of these products, overall pesticide usage is increasing
with negative consequences for human life, environment and global food security (European Union Study,
2021).
Because most agriculture practices used today rely on the use of crop protection chemicals, and
improper use of these products can harm consumers health and the environment, organizations that monitor
pesticide use and the residues remained in foods, relates to the notion of maximum residue levels.
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National and international proficiency examinations are used to evaluate the scientific community's
capacity to make accurate assessments of the conformance of foodstuffs with permissible residue levels.
The substantial disparity in the findings of these interlaboratory tests implies that pesticide residue
assessments in food are incompatible (Skrzypczak, I., 2021; Nenciu F; 2021; Mircea C, 2021).
Due to inconsistency between the findings of different laboratories' measurements, various decisions
about the compliance of the same sample with the regulations may be made. Discrepancy in proficiency test
results are often attributed to a lack of capacity to manage the complexity of the analytical systems under
study. However, this pattern of results can also be seen in instances where the majority of the participating
laboratories are ISO / IEC accredited, such as the competency tests promoted for the European Union's
official monitoring laboratories, which are required to follow a strict quality assurance program.
Lack of metrological comparability is one of the most prevalent causes of poor measurement result.
Comparability of measurement results for quantities of a specific kind that are metrologically traceable to the
same reference is defined as metrological comparability of measurement results for quantities of a certain
type that are metrologically traceable to the same reference (Bergoglio, M.; 2011, ISO/IEC. 2010).
In the last period the COVID-19 pandemic constrains related to the availability and access to food raises new
issues regarding the efficient provision of food to the population at a high level of quality and safety.
Laboratory testing might be highly expensive, or there may be limitations on several evaluations,
which can only be performed in a few laboratories. In other cases, the assigned values may be unknown, or
there is very limited information on the probability density function associated with the test result. Due to a
shortage of expertise, there are sometimes no reference resources or the capacity to develop consensus
values. It may be also very difficult to perform a test on the same object because it was destroyed during the
testing process, or because the homogeneity of the tested items is unknown and no criterion can be set. In
this circumstance, certain technical criteria for proficiency testing and interlaboratory comparison systems
are often not relevant (Szewczak E., 2016).
MATERIALS AND METHODS
Participation in proficiency testing is most often a need for accreditation, but the specific advantages
and objectives of these practices are several, as can be seen described below (EPPO, 2007):
1) Evaluating the accuracy of laboratory testing for specific tests and monitoring the laboratories ongoing
performance
2) Identifying problems in laboratories, that should lead to the implementation of corrective actions.
3) Establishing test comparability
4) Establishing a test's efficacy
5) Providing further assurance to laboratory clients
6) Identifying interlaboratory discrepancies
7) Educating participating laboratories based on the results of such comparisons
8) Determination of uncertainty levels
9) Assessment of a test's performance features
General Technical Requirements
The organizer assesses the interlaboratory comparisons viability both biological and logistical. For
organizers of an interlaboratory comparison, appropriate technical competence is required, as follows:
• Organizers of proficiency testing should have access to relevant technical knowledge about the
organism and the tests being performed.
• These standards apply to test performance study organizers as well, with the exception that the
organizer should not outsource technical expertise on the organism and the performed tests.
• For statistical analysis, qualifications may be necessary; in such cases, the organizer should have
demonstrated access to such capabilities.
Requirements and rules concerning the organization of proficiency testing or Interlabo0ratory comparison
testing and the analysis of data obtained are not applicable for some kind of tests, when the number of
laboratories and tests are small and no reference values are available. Interlaboratory comparison, may give
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laboratories increased confidence in their findings, therefore statistical approaches for evaluating
interlaboratory comparison data produced are used.
In an ILC, there are three general ways for evaluating test results (Szewczak E., 2016):
 determining the difference between each outcome and a 'truevalue,"
 comparison of laboratory variance (or uncertainty) with variation that is expected, necessary, or known
 determining whether or not laboratory results are comparable.
The approach for evaluating laboratory results comparability is the most promising since it does not require
knowledge of an actual value or projected variance.
RESULTS
The absence of metrological comparability is an evident driver that leads to poor measurement
result compatibility. Ensuring comparability is a matter of creating a common basis for measurement
results.
Since the measures are performed according to a specific local, national, or worldwide reference the
conformity evaluations may become arbitrary and insufficient if the reference is not taken through
various laboratories measurements. A Certified reference material (CRM) is a reference material
accompanied by a certificate. Its property values have to be certified by a procedure which establishes
traceability to an accurate realization to the unit in which the property values are expressed, and for
which each certified value is accompanied by an uncertainty at a stated level of confidence (ISO Guide
30, 1992).
The notion of Matrix (or compositional reference materials) also appears in inter-laboratory testing
procedures. It refers to a natural material that is more typical of laboratory samples and has been
chemically defined for one or more elements, components, or other variables with a known degree of
uncertainty (Steger, H.F., 1999).
A large percent of matrixes used for reference materials are characterized through interlaboratory
comparisons procedures. As a result, the laboratory means are used to assign characteristic properties.
Traceability of these values can generally be traced to the specific laboratory inter-comparison.
The confidence interval used to quantify the uncertainty of these results simply offers a measure
of the scatter between the laboratory means. The uncertainty of individual laboratory findings usually is
not taken into consideration. As a result, reference materials matrix does not always meet the defined
traceability criteria for the given property values. The uncertainty associated with the assigned property
values can be quantified differently from the quantization mode set by ISO guidance (Basic, H., 2010;
Boley, N., 2000; Galliana F., 2019).
Matrix reference materials are prepared for calibration purposes, but are also suitable for method
validation, quality assurance and quality control purposes, but not for calibration.
Reference materials are characterized by a large number of analytes, as well as the material
homogeneity. This data is useful for method development and validation, and provides the foundation
for estimating precision and accuracy. It also helps to evaluate other statistical parameters such
repeatability, reproducibility, linear range, limit of quantification, robustness, and the evaluation of
potential interferences.
Any laboratory that have in plan formally verify the quality of their results has to use validated —
fit for purpose — analytical procedures (ISO Guide 30, 1992).
Incorporating relevant reference material into a laboratory quality control program is an important
and cost-effective stage of a strong quality control program (Ihnat, M., et al., 2001).
The objective of an analytical laboratory is to produce accurate results, which is ensured when the
necessary regime is carefully followed throughout the whole analysis process. The use of reference
materials to test the analytical process and guarantee that the data obtained is traceable to a basic
standard is an important component. Validated procedures guarantee that analytical results are not only
suitable for the reason for which they are created, but also allow for claims to be made based on their
statistical behavior.
Inter-laboratory tests are used for a variety of purposes, including:
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• Determine a laboratory's capability to perform specified tests (requirement of the accreditation
body).
• Inter-laboratory tests are useful for ensuring uniformity or comparing the ability of testing
professionals.
• Ensures the accuracy of instrument calibration.
• Ensures that test techniques used in various laboratories are consistent.
• Inter-laboratory tests are carried out to boost testing confidence.
• Ensures the laboratory's data is accurate and reliable.
• Complements the laboratory own internal quality control tests, such as calibration and reference
standard traceability.
• Serves as a validation tool for test methods.
• The results of a proficiency testing program can help to calculate the measurement of a test
method's uncertainty.
Since national institutes and secondary calibration laboratories are at the top of the research
hierarchy, inter-laboratory comparisons are highly important. At the national institution level, key
comparisons are made to evaluate national standards, whereas inter-laboratory comparisons between
national institutes and secondary laboratories are critical for determining the capabilities of these
laboratories at the national level. When applying validated methods using inter-laboratory evaluation
techniques grant that the analytical results are appropriate for the purpose for which they were created,
and on the other allows recommendations to be issued depending on their statistical behavior.
After selecting the materials, it is essential to consider the number of compounds that can be
reliably identified considering the laboratory capabilities. It is beneficial to obtain the expertise of a
reference laboratory. If validated procedures are available, then an additional laboratory expertise may
not be required. However, in the absence of these procedures, additional methods of determining
accuracy should be examined, such as recovery testing, the use of independent methodologies, and
suitable reference materials.
Physical evaluation, especially homogeneity testing, is highly important if the overall analytical
uncertainty is within acceptable bounds. When the material is homogenous, the total uncertainty is
constituted of measurement and sampling errors, with the latter having a small impact. As material
homogeneity grows, however, sampling error contributes more to overall analytical uncertainty.
There are two main kinds of characterization approaches namely statistical and measurement.
The statistical technique is based on the in-depth application of statistical calculations to a collection of
analytical data derived from various operations, which are often widely distributed and discordant. The
measurement-based method emphasizes laboratory measurements and explores further into numerous
analytical measurement options to build a consistent dataset, followed by the basic minimum of
calculations.
A reference method is a technique that has been confirmed and demonstrated to be accurate by
comparing it to a definitive method or a major reference material. Because reference techniques might
be relatively complex, they may not always be practical to utilize. Reference techniques may be used to
create secondary reference materials and ensure quality assurance procedures are accurate. Any
technique of chemical analysis used in applications needing large numbers of measurements on a
regular basis, generally with automated instrument systems capable of providing extremely precise (but
not always correct) data, is referred to as a field method.
The organization of an inter-laboratory comparison need a previous determination on the
parameters to be used to assess the laboratory proficiency. The accuracy of a testing technique is a
combination of its trueness and precision. The following notions are defined:
- The " trueness" is defined as the degree of agreement between the mean value of a large number of
tests and a commonly recognized reference value.
- The "precision" is defined as the inflexibility of the agreement between the test results in given
conditions;
- Test results are true when their mean value equals the "true" value. When numerous distinct tests
produce "similar" findings, the results of the tests are precise.
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- The idea of accuracy, according to the standard, is linked to the fixed and non-fixed circumstances of
testing.
The maximum precision of the method, known as "repeatability," is achieved when all parameters are
fixed: tests are performed on identical test samples, in the same laboratory, by the same operator, with
the same equipment and consumables, within a short time interval. The minimal precision, known as
"reproducibility," is achieved when only the samples and the test method are identical, resulting that
tests are performed in different labs.
The validity of any assessment of a laboratory performance based on an interlaboratory
comparison is restricted by:
- The homogeneity and stability of the samples that are being used;
-Technical difficulties relating to the test procedures and the number of participants, the appropriateness
and robustness of the statistics employed;
- The impact of potential errors, notably incorrect result scaling;
- The measurement of uncertainty has to be taken into consideration.
Starting with taking samples and sample preparation and finishing with the computation and
recording of the results, analytical methods are subject to multiple forms of mistake. Their precision,
systemic error, and accuracy are difficult to assess with a single test. However, a significant share of the
entire technique may usually be evaluated using proper analytical methods, particularly accredited
methods. It is necessary to choose statistical protocols for homogeneity testing, inside and outside
laboratory analyses, responding to abnormal data, and calculating assigned values and associated
uncertainties. Different schemes (e.g. concentration versus unit, concentration versus laboratory
number, concentration versus observation number) might be made for examining, assessing, and
selecting results for use in determining reference and informational concentration values and
uncertainties using analysis of variance (ANOVA) and variance component calculations.
In consideration to implement a corrective action following steps should be considered:
- Improving the accuracy of the laboratory field of competence;
- Improving the procedure for data input, computation, or reporting of results, and checking these
operations;
- Repairing or replacing unsatisfactory equipment, and improving the equipment maintenance
procedure;
- Improving the requirements and/or check procedure for consumables procurement;
- Improving the requirements for personnel and/or check procedure for personnel and/or check
procedure for personnel and/or check procedure for personnel and/or check procedure for personnel
and/
The idea of traceability, which is the linking of collected data to a national or worldwide reference
through an unbroken chain of comparisons all with disclosed uncertainties, is connected to the reliability
of the data created during the characterization exercise.
Critical assessment of analytical methods and processes is supplementary to, but distinct from,
assessment of reported results.
The accuracy and suitability of the applicable procedures and operational details as they relate to
the specific matrices and measurands under inquiry are based on the beginning analyst's expertise and
interpretation.
Controlling the exceptions is a first priority that should be completed in three stages: (1) Erroneous,
aberrant, or outlying data should be removed. (2) Examination of concentration versus laboratory
number plots and elimination of all data for an analyte/matrix combination with excessive withinlaboratory variance or systematic mistakes (bias) when compared to data from other laboratories
(confirmation of rejection by noting performance with certified RMs is not possible in absence of CRMs);
(3) Repeating (2) and rejecting further individual anomalies.
The following factors can be used as outlier exclusion criteria:
(1) poor laboratory accuracy compared to that of other laboratories, (2) poor within-subsample precision
compared to similar parameters of other laboratories, (3) laboratory systematic, (4) accuracy based on
performance with certified RMs, (5) within-laboratory precision with certified RMs, (6) assessment of the

524

INTERNATIONAL SYMPOSIUM

analytical capabilities of the analytical prowess The completed dataset can be subjected to standard
analysis of variance (ANOVA) and variance component computations.
Results and data are reported, the main information being material characterization, describe
quantitative value for properties along with associated uncertainties (as well as their definitions), the
minimum weight to be taken for analysis, storage conditions, and other details.
CONCLUSIONS
Participation in proficiency testing (PT) or inter-laboratory comparison (ILC) programs is one of
the most important methods for verifying the quality of testing results. Participation in proficiency testing
programs is a tool for proving the laboratory's performance on the one hand, and a help for maintaining
the quality of accessible tests and validating test methods on the other hand, allowing accredited
laboratories to assure the quality of their findings.
Comparative PT/ILC program participation is normally paid, and the services are given by internal
and external PT/ILC program organizers. Laboratories, on the other hand, may organize inter-laboratory
comparisons on their own behalf. Although this activity does not attempt to assess or evaluate the
operation of participating laboratories, it does allow for the analysis of individual findings and the
application of those results to enhance testing quality. Inter-laboratory testing is most commonly used in
practice for one of the three goals listed above: laboratory proficiency assessment, certification of
reference material, and evaluation (validation) of analytical technique.
Inter-laboratory comparisons (ILC) require organization, performance, and evaluation of tests on
the same or similar test items by two or more laboratories in accordance with pre-determined conditions.
Proficiency testing (PT) is an evaluation of participant performance by means of inter-laboratory
comparisons.
Participation in inter-laboratory comparisons aids in the improvement of laboratory quality
systems. This has a direct impact on the quality of assessments made in the monitored facilities, such
as concrete.
The analytical laboratory evaluation criteria are significantly more stringent today than they were a
few years ago. Worldwide guidelines and regulatory challenges require more than just a result from the
laboratory, and it is required to establish the validity and applicability of the analytical method employed
for the intended purpose, as well as to provide evidence of quality control and quality assurance
methods and an estimate of the measurements uncertainty. All of this data necessitates the use of
statistical methods.
Requirements and rules concerning the organization of proficiency testing or interlaboratory
comparison testing and the analysis of data obtained are not applicable for some kind of tests, when the
number of laboratories and tests are small and no reference values are available. However,
laboratories, particularly those in charge of testing items that have an impact on health and safety, are
concerned about the accuracy of their test results. An interlaboratory comparison might help them
determine whether the variations across labs are substantial and boost their confidence in their findings.
The use of statistical methods turns out to have high risk, particularly a high risk of falsely accepting
results, in case of some procedures used for the performance evaluation for too small number of
participants.
The chemical certification strategy purpose is to obtain reliable, irrefutable assigned numerical
values for chemical component concentrations.
To produce minor uncertainties in the findings, the analytical determinations should be conducted
with great care. There is an increased demand for a rigorous approach by critical analytical and
measurement scientists, as well as the engagement of national or international government
organizations.
Many sources of mistake occur in the use of chemical analysis procedures, and there are
numerous ways error may be introduced into the final results. If results are to be relevant, measurement
systems must be run within a comprehensive, routinely implemented quality assurance procedure.
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ABSTRACT
The poultry processing industry is one of the most rapidly growing sectors from food industry chain, with
large quantities of waste generated every year. Worldwide there were generated over 10 million tons of
poultry residues eliminated in present by incineration. Chicken feathers as poultry processing industry waste
represents a source of pollution for air, water and soil affecting also human health and the quality of
environment. This paper presents the poultry processing industry waste to assess their potential as
renewable energy source. The High Heating Value of chicken feathers is 26000 kJ/kg (dry basis) which
recommends them as an energy source. Based on the experimental results, the paper proposes some waste
to energy conversion solutions for energetic potential recovery of poultry processing industry waste using
thermo-chemical processes. Net electric output generation for a poultry processing unit (86 t/day waste)
using some energy conversion solutions can reach 4 MW for completely dried product. This solution is an
alternative to incineration allowing the poultry processing industry to become its own energy producer with
positive impact on expenses with incineration process.
REZUMAT
Industria de prelucrare a cărnii de pasăre este unul dintre sectoarele cu cea mai rapidă creștere din lanțul
industriei alimentare, cu cantități mari de deșeuri generate în fiecare an. La nivel mondial au fost generate
peste 10 milioane de tone de reziduuri de pasare eliminate in prezent prin incinerare. Penele de pui ca
deșeuri din industria de prelucrare a cărnii de pasărer reprezintă o sursă de poluare pentru aer, apă și sol,
afectând și sănătatea umană și calitatea mediului. Această lucrare prezintă o caracterizare a deșeurile de
abatorizare pentru a evalua potențialul lor ca sursă de energie regenerabilă. Puterea calorifică superioară a
penelor este de 26000 kJ/kg (bază uscată), ceea ce le recomandă ca sursă de energie. Pe baza rezultatelor
experimentale, lucrarea propune câteva soluții de conversie a deșeurilor în energie pentru valorificarea
potențialului energetic prin procese termo-chimice. Energia electrică netă generată pentru o unitate de
procesare a cărnii (86 t/zi deșeuri) folosind una dintre soluțiile propuse poate ajunge la 4 MW pentru
produsul complet uscat. Această soluție este o alternativă la incinerare permițând industriei de prelucrare a
cărnii de pasăre să devină propriul producător de energie cu impact pozitiv asupra cheltuielilor comparative
cu procesul de incinerare.
INTRODUCTION
Energy is one of the important factors with a negative effect on the environment through various
ways: increasing emissions of greenhouse gases, environmental pollution by hydrocarbons, long-term
storage of nuclear waste, deforestation, etc. By power generation and consumption, it results also some
harmful effects on the environment which contributes to climate change, natural ecosystems deterioration
and not least negative effects on human health (Jones, J.C., 2010).
Energy activity is responsible for the main pollutant presence in the atmosphere by 50% of methane
and carbon monoxide emissions, 97% of sulfur dioxide emissions, 88% of nitrogen oxide emissions and 99%
of carbon dioxide emissions (Fuchs, E.F., 2011). Nowadays, mankind is facing with an increase in energy
consumption which will lead to the development of new efficient methods of recovering energy from various
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fuels (Williams, P.T., 2005). The renewable energy sector is distinguished by the possibility of reducing
greenhouse gases emissions and pollution, exploitation of local and decentralized energy sources with
encourages of new technologies developments in the industry. Based on the limited quantities of primary
resources and the negative environmental impact of classic fuels utilization, the use of renewable sources
seems a real solution to the 21st century problems (FAO, 2011).
Waste as a renewable energy source represents an option worth taking into account by the
enormous increase in quantity and diversity. The everyday generation character coupled with their potentially
harmful effects on environment and public health is conducting to the need of methods for safe disposal
(Salminen, 2003).
Technologies for recovery the energy from wastes can play an important role in resolving the
problems regarding the reduction of the overall waste quantities requiring final disposal. Waste generation
rates are influenced by economic development, industrialization degree and population number. Generally,
when these figures are high, the greater are the amounts of waste produced (Kantarli, I.C.,2016). Based on
the statistics, the poultry processing industry is one of the fastest growing sectors from the food industry
chain (Basu, P., 2009). Worldwide there are generated important quantities of poultry processing industry
waste, over 10 million tons annually (Corella, J., 2003).
An important and a hard to use waste from this industry is chicken feathers which raises issues
regarding safe disposal. Until year 2000, chicken feathers and other poultry processing industry wastes were
used in a form of digestible protein feedstuff for poultry. This solution was banned by the European Union
because of the risk of disease transmission via feed and food chain. Currently, all the poultry processing
industry wastes are disposed by incineration which has some disadvantages in term of the apparent energy
loss, air pollution and big expenses (Font-Palma, C., 2012). Therefore, the paper response to these
problems by using alternative thermochemical conversion solutions, characterized by high temperature and
conversion rates: pyrolysis and gasification. The environmental consequences of the chicken industry's
waste disposal have necessitated effective waste management (de Jong, 2007; Marculescu, C., 2012) As a
consequence of its availability, chicken waste has been offered as a viable fuel choice for thermal conversion
technologies. There is a strong need to assess the current reaction kinetics and its application in modelling
pyrolysis and gasification of biomass in fluidized beds and find different approaches to design and operation
of gasification plants. Furthermore, fundamental knowledge on the thermochemical behaviour of biomass
and waste fuels is still lacking, especially regarding the release of the fuel bound nitrogen. Valuable data can
be obtained performing TG-FTIR analysis on the characterization of various mixes of chicken waste,
biomass, meat and bone and coal blends (Marculescu, C.,2012; Demirbaş, A., 2001; Nenciu F., 2021).
Based on the experimental results, the paper proposes some waste to energy conversion solutions
for energetic potential recovery of chicken feathers waste using two thermo-chemical processes: pyrolysis
and gasification. The generation of electricity and heat from chicken feathers by thermochemical processes
is a highly waste management solution.
MATERIALS AND METHODS
Waste sample
For the experimental campaign were used chicken feathers obtained directly from the technological
line processing of the slaughterhouse. The feathers were not clean, the presence of blood and other poultry
residues was observed. The water content was measured by drying in an oven for 24 h at temperature 105
ºC. This revealed a high-water content of about 70%. Then, the feathers were sliced and stored in packed
condition at normal room temperature (20–25 ºC). The obtained sample was used as a starting material for
the experimental part.
Physical-chemical properties
The complete characterisation of sample consisted in proximate and ultimate analysis. The results
revealed high energy content of the sample (Table 1) (de Jong, 2007).
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Table 1

Proximate and ultimate analysis of chicken feathers

Volatile
[%]

Fixed
carbon
[%]

Inert
[%]

C
[%]

H
[%]

N
[%]

S
[%]

O
[%]

Cl
[%]

HHV
[kJ/kg]

92

6.5

1.5

60.6

8.5

8.7

4.8

13.3

2.6

26139

The proximate analysis (volatile, fixed carbon and inert) was determined using a calcination electric
heated oven. The volatile content was determined by subjecting the sample to a high temperature pyrolysis
process.
The oven was heated to a temperature of 800°C and then the crucible with sample previously
weighed was inserted in the oven for 40 minutes. The resulted char was subjected to a combustion process
to determinate the fixed carbon content of the combustible materials, respectively the one of inert (noncombustible).
This process took place at a temperature of 1000°C, for about 20 minutes. The volatile content was
about 92%, fixed carbon 6.5% and inert fraction of about 1.5%. The volatile high values suggest that the
ignition point of the sample is very good; that decreases the excess oxygen demand for the burning process.
This thermal-physical characteristic leaded to the assumption that two-stage treatment process can be used
for energy conversion chain: pyrolysis as pre-treatment phase followed by combustion or gasification of
generated products (gas, tar and char).
Ultimate analysis (elemental composition) of chicken feathers was determined experimentally using
an Elemental Analyzer EuroEA 3000 series. The apparatus has a working temperature of 980 ºC in the
presence of an inert gas such as helium and oxygen. The elemental analyzer used is based on the Dumas
principle of Dynamic Flash Combustion followed by gas chromatography separation of the resultant gaseous
species (N 2 , CO 2 , H 2 O, SO 2 ) and Thermal Conductivity Detector. It can be observed important amounts of
C and H, comparable to those of wood biomass or coal. The high heating value of the dried chicken feathers
was 26139 kJ/kg.
ENERGY CONVERSION SOLUTIONS
Based on the physical-chemical characterization of chicken feathers, different energy conversion
solutions were studied in accordance with the applicability to the product used (Figure 1).
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Figure 1 Waste to energy conversion chain

Different humidity content of the product was considered 70% and 50%. The pyro-gasification
process was used. The chicken feathers were submitted to the pyrolysis process at a temperature range
between (350°C – 500°C). The pyrolysis products resulted undergoes gasification stage at a temperature
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between 850°C – 1100 °C with syngas production. The pyrolysis products formation, properties and
quantities depend on process conditions. Consequently, the pyrolysis operation parameters have indirect
influence on gasification process (kinetics, syngas composition and properties). Previous works of the
authors investigated the influence of pyrolysis temperature, residence time and atmosphere on reaction
products (Marculescu, C., 2012; Nenciu F., 2021; Mircea C.,2020).
The results were used to assess the waste to energy conversion chain using pyrolysis and
gasification treatment sequence for a specific product as it is delivered from poultry slaughterhouse
processing line with a capacity of 86 t/day.
RESULTS
Process energy balance
Using the experimental results, engineering calculation was performed to establish the energy
balance of pyrolysis and gasification stages for representative waste samples. Previous studies of the
authors revealed that product humidity can be decreased with minimum energy consumption by a
dewatering press.
The energy balance for combustion, pyrolysis and gasification processes was made considering the
water content of 70% respectively 50% achievable with the dewatering press and for the case of the humidity
varying between 30-10%. In Figure 2 is presented the energy consumption on drying, pyrolysis and
gasification processes.
3000
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Q_gasification
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1500
1000
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Fig. 3 Energy consumption on drying, pyrolysis and gasification

At 70% humidity the biggest amount of energy (heat) is consumed in the drying of the product,
approximately 2200 kW followed by the gasification with 1050 kW. For this humidity the pyrolysis process
energy consumption is the smallest, about 150 kW. With humidity decrease, the product requires a higher
amount of energy to break the solid matrix bounds. Therefore at 50% humidity the drying energy
consumption decreases to 1600 kW while the pyrolysis energy consumption slightly increases to 250 kW
while in case of gasification is doubled reaching over 2700 kW.
Based on the waste characterisation, net thermal and electric power output was computed using
literature process efficiencies (Figure 3).
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Fig. 4 Net power output from chicken feathers using energy conversion solutions

It can be observed the influence of product humidity on power generation. The net thermal power
reaches at 70% humidity approximately 1 MW while the net electric power was half of it almost 0.5 MW. This
fact can be explained by the low electric conversion efficiency. A decrease of humidity until 50% has an
important effect on power generation, increasing the net thermal power up to 2.4 MW. Also, the net electric
power is increasing doubling his value up to 1 MW. Considering that 50% humidity is a level easily attained
by a dewatering press with low energy consumption the net electric power is less affected by the drying
process.
Considering the quality of the feathers resulting from most farms in Romania and a humidity level of
50% (obtained by mechanical dehydration), the best thermo-chemical treatment solution is pyro-gasification.
The solution is also based on the maximum level of investment that feather waste producers have in mind in
association with the proposed treatment techniques.
CONCLUSIONS
High heating value of chicken feathers (dried base) 26139 kJ/kg recommends this waste to thermal
treatment processes, pyrolysis and gasification, with energy generation, as an alternative to incineration
process. For 50% chicken feathers humidity, based on the calculation can be obtained almost 2.5 MW net
thermal power and 1 MW net electric power. Using the waste to energy chain solution proposed in this paper
as an alternative to incineration, the poultry processing industry can become its own energy producer.
Energy recovery by thermal treatment processes is a promising solution for poultry processing industry
waste management. By using pyro-gasification process, an energy unit with good operational parameters
can be constructed which improves the overall efficiency of power conversion.
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ABSTRACT
In order to obtain maximum production of fish per water body unit, fast growing compatible species of fish having
different dietary preferences, or different weight classes, are raised together in the same pond so that all its
ecological niches are fully covered. This pond management system is called mixed fish farming or polyculture.
The main aim of polyculture is obtaining multiple products that are economically valuable, managing in an
advanced manner a combination of plants and animal species. The present paper aims to analyse the recent
literature that deals with the polyculture, highlighting the principles and methods used and the level of results
obtained.
REZUMAT
Pentru a obține o producție maximă de pește pe unitate de corp de apă, specii de pești compatibile, care au o
creștere rapidă, și preferințe alimentare diferite sau clase de greutate diferite, sunt crescute împreună în același
iaz, astfel încât toate nișele ecologice să fie complet acoperite. Acest sistem de management al iazului se
numește piscicultură mixtă sau policultură. Scopul principal al policulturii este obținerea mai multor produse
valoroase din punct de vedere economic, gestionând într-un mod avansat o combinație de specii de plante și
animale. Lucrarea de față își propune să analizeze literatura recentă care tratează subiectul policulturii,
evidențiind principiile și metodele utilizate și nivelul rezultatelor obținute.
INTRODUCTION
Global fish production is estimated to continue to grow in the following decades, despite the fact that
catch fisheries had reached their peak regarding production, and aquaculture sector is no longer experiencing the
strong annual growth rates that have been registered the past. One of the techniques identified to increase
productivity that could increase the quantities obtained annually, but with a minimum of investment could be to
raise fish in polyculture (Lamichhane S., 2020).
Polyculture is the science of growing two or more compatible fish species in the same pond, in order to
increase the production, by taking advantage of different spatial distribution of the fish and their eating behaviors
(Zimmermann et al., 2010). The idea of establishing multiple species comes from the philosophy of harmony, and
rely on the full use of various spatial niches and trophic of a fishing pond, in order to acquire a maximum
production per unit area. Complementary species can increase the maximum crop of a pond by allowing a wider
range of available foods and ecological niches (Bolognesi da Silva, 2006). In order to obtain high production per
surface of water body, fast growing compatible species of fish of different feeding habits, or different weight
classes, are being raised together in the same pond so that all its ecological niches are occupied by the fishes
(Stickney, 2013).
This system of pond management, which uses polyculture fish farming, is called mixed farming or
composite fish culture. One of the main aims of polyculture is to obtain multiple products that are economically
valuable, and may include breeding combination of animals, plants and animals, aquatic species, or aquatic and
terrestrial species (Stickney, 2013).
Therefore, several compatible species are being used to successfully exploit all of the ecosystem's
ecological niches, at high performance levels. Raising fish in polyculture could have major positive effects,
especially in poor regions, where it could strengthen regional food security.
Carp polyculture usually includes three Indigenous major carps along with three Chinese carps and
common carp. The indigenous major carps may be according to Lamichhane S., (2020): Labeo rohita, Cirrhinus

534

INTERNATIONAL SYMPOSIUM

mrigala and Labeo catla, while the chinese carps are: Hypophthalmichthys nobilis, Hypophthalmichthys molitrix,
and Ctenopharyngodon idella, Cyprinus carpio. Carps have the advantage that they accept both natural food and
artificial feed, while the indigenous carps have a slow growth rate.
MATERIALS AND METHODS
Marine aquaculture is considered as a viable and efficient alternative to fishing, in order to provide a
growing human population with high-quality protein. Acording to FAO (2014), the annual consumption of seafood
has been doubled over the last three decades, increasing to over to 73.8 million tonnes in 2014. Considering the
scarcity of freshwater, it is predicted that the expansion of aquaculture to increasingly occur in the marine
environment. The rapid growth of the aquaculture industry has already led to growing concerns over
environmental impacts and several conflicts envisaging the proper use of resources.
Nutrient loading due to fish farming can negatively impact the benthic environment due to smothering and
increased organic enrichment, and may lead to alterations in sediment chemistry with severe negative effects on
benthic biodiversity (Wang et al. 2012). Some approaches that aim to reduce the amount of nutrients released
into the effluent are targeted towards improving the digestibility of fish feeds or using computerised feedmanagement systems. Although these systems improve the quality of the effluent to some extent, they have not
yet eliminated the problem of nutrient pollution associated with fish farming (Wang et al. 2012). One solution to
reducing the environmental impact of fish farming is the use of integrated multi-trophic aquaculture (Sukhdhane
et. al., Troel et al., 2009; 2018; Petrea et. al., 2017), a concept based on the idea that one species always finds a
feeding niche in the waste generated by another species. Integrated multi-trophic aquaculture can be used to
potentially recycle these nutrients, by cultivating additional relevant organisms.
Fish breeding in polyculture with an orientation towards increasing productivity is usually a semi-intensive
carp polyculture. Polyculture is characterized by inexpensive investment, quick return, high profit, and rapid yield
growth, and it meets the demands of people to improve their living standards. Stocking densities and species
combination are the two key factors that influence the performance of polyculture systems. Monoculture
production is significantly more feed reliant than polyculture production unless low stocking densities are adopted.
(Anton-Pardo et al., 2014; Woynarovich et al., 2010). In a polyculture system, species selection is highly important
since all species should benefit from the available food without competing with one another.
Polyculture management is based on the relationship between organisms at different levels of the food chain the
main synergistic interactions being based on two processes: improved environmental conditions and an increase
in food resources. The processes by which various fish species contribute to improving environmental conditions
are dependent on the precise levels of the food chain where they feed.
RESULTS
Karn et al, (2018) conducted a study with the aim of identifying the appropriate fish species combinations
with the introduction of Amblypharyngodon mola. The experiment was conducted for 120 days and concluded that
A.mola does not compete for food with silver carp (H. molitrix), bighead carp (A. nobilis), rohu (L. rohita) and naini
(C. mrigala), however showed adverse effect in the growth and production of silver carp, bighead carp, rohu, naini
in combination of grass carp and common carp.
Rahman et al., (2015) conducted several studies on the carp growth density in fish ponds. Common carp
(Cyprinus carpio) is a very important aquaculture species in many Asian and European countries. It was shown
that when a proper density of common carp is found in the pond, an increase in nutrient availability may enhance
photosynthesis and plankton production, however when it is in excessive number causes an ecological disruption
at both the community and ecosystem levels by changing the abiotic properties of the water. Although the density
of common carp is a very important factor, the critical density is difficult to quantify, because largely depends on its
habitat. Rahman et al (2015) found when studying polyculture ponds that when the density of common carp
approaches more than about 1000 kg ha−1, then the water quality and the natural food resources are affected
negatively.
Steinbronn et al., (2009), defined the key elements that have to be defined in the polyculture systems as
being the producers, the consumers and the decomposers. Primary producers have the role of synthesizing
organic matter by taking the inorganic nutrients and utilizing solar radiation, serve as feed for zooplankters.
Zooplankters it is also consumed by higher trophic levels. Decomposers perform a crucial role because they
break down organic matter into simple compounds that may be mineralized and ingested by fish. They also noted
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that not all carp species can be grown together, therefore an essential factor is constituted here by the way of
feeding of each species.
The next image illustrates the normal feeding habits of fish in a Chinese polyculture system (Zweig quoted
in Tacon and De Silva, 1997).

Figure 1. Natural food resources utilized by major fish species cultivated in Chinese
polyculture ponds

Grass carp (A) and wuchang fish (B) feed on land grasses and aquatic macrophytes; silver carp (C) graze on phytoplankton,
bighead carp (D) consume zooplankton, tilapia (E) feed on both types of plankton, green fodder and benthic organic matter;
black carp (F) eat molluscs and common carp (G) and mud carp (H) consume benthic invertebrates and bottom detritus

(Zweig quoted in Tacon and De Silva, 1997)

Ayyapan, S. (2001) and Steinbronn S., (2009) exemplified the compatibilities of different types of fish
families, depending on their feeding behaviour and habitats within the pond system. Silver carp can filter
phytoplankton, while grass carp are macroherbivorous, while both fish species occupy the upper layers of the
water column. Mrigal instead are fish that feed and grow at the bottom of the pond and are therefore mainly found
in the lower layers, near the sediment. Common carp are omnivorous fish and generally feed on detritus. De Silva
(2003) describes a carp polyculture where Chinese and Indian carp were stocked at a density of 5 000 ha-1. The
ponds were fertilized and the staple food consisted of a mixture of rice bran and oil cake. The productivity
registered in this pond was recorded around 9 tons ha-1 year-1. However, depending on the species evaluated
the yields of different carp species cultured ranged from 5 300-14 620 kg ha-1 (De Silva, 2003).
Martan E., (2007) evaluated polyculture in aquaponics systems, showing that polyculture with several
carnivorous species in the hydroponics tank may provide biological control of pests, while simultaneously
producing a protein supply for human use.
Another study conducted by Tendencia et al, (2006) revealed that E coioides and GIFT tilapia O. niloticus
hybrid have much potential for polyculture in association with shrimp or prawns, because they have an
antibacterial effect on luminous bacteria, and in addition poses a positive effect on shrimp survival. Rakocy (2007)
evaluated several challenges with polyculture in aquaponics, and revealed that high densities may cause severe
negative species interactions.
Milstein (1992) has made an analysis of the interactions that takes place between fish and their food. She
noted that at the macrophytic level, grass carp ingest the plants helping in decreasing the excessive plant growth,
which prevents nocturnal oxygen deletion. In addition, its feces are the source for detritivorous fish and have a
fertilization effect on phytoplankton. Silver carp then graze the phytoplankton at the planktonic level. Common
carp are eating the feces of silver carp (that have partially digested phytoplankton), which would otherwise go to
waste. At the benthos level, common carp stir the mud, which recirculate nutrients, and helps the development of
phytoplankton, thus food for silver carp. It will reduce bloom and avoid the risk of O2 depletion by grazing on
algae, thereby boosting the heterotrophic food chain and bottom-feeding fish. At the heterotrophic level,
detritivorous fish helps in the improvement of water quality. Tilapia eat sediment, which prevents a rise in organic
load and ammonia levels.
Petrea et al., (2017), evaluate the cyprinids growth performance in condition of two integrated multi-trophic
aquaculture (IMTA) systems. Their research has been performed within two fishponds with an area of 0.45 ha
each and an average water depth of 1.5 m, where they tested different fish associations such as common carp
(Cyprinus carpio) with grass carp (Ctenopharyngodon idella), bighead carp (Hypophthalmichthys nobilis) and
silver carp (Hypophthalmichthys molitrix). Their study showed that an integrated multi-trophic aquaculture system
oriented towards cyprinides production system, (with common carp as main specie), has the potential to be more
sustainable, in comparison to classical polyculture cyprinides systems. Their assessment on common carp growth
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performance and total cyprinides biomass production, PCP production system registered the best results,
compared to the IMTA system.
Common carp is the most common cyprinid species, and brings a significant part of inland freshwater fish
production (Khan et al 2016), the substitution of grains with pelleted and extruded feeds being the primary cause
of carp production intensification (Ciric et al 2015). Cereal grains constitute the highest ratios of carbohydrate in
carp nutrition feeds, accounting for 35–45 percent of the diet on average (Przybyl, 2004), the larger part, being of
starch (60–70%), of which the carp is able to digest around 60–80%, (Krogdahl et al 2005).
Silva et al., (2005) conducted a research study aimed on identifying the best species ratios and the
introduction of jundia (Rhamdia quelen) and Nile tilapia (Oreochromis niloticus) in the traditional fish polyculture.
Their experiment lasted 86 days, in nine 250 m2 earthen ponds, and envisaged the initial growing period of fish
using for control, species ratios usually employed in their region: 35% common carp, Cyprinus carpio (CC), 35%
grass carp, Ctenopharyngodon idella (GC), 15% silver carp, Hypophtalmichthys molitrix (SC) and 15% bighead
carp (BC), Aristichthys nobilis (BC) with a density of 2875 fish/ha. Thier results shown that the best polyculture
ratio is for 15% Cyprinus carpio (CC), 30% Ctenopharyngodon idella (GC), 5% Hypophtalmichthys molitrix (SC),
10% Bighead carp (BC), 20% Rhamdia quelen and 20% Oreochromis niloticus, for initial growing season. The
reduction of Cyprinus carpio (CC) ratio and the introduction of Rhamdia quelen and Oreochromis niloticus had
proved positive effects in all growth parameters evaluated.
Role of common carp (Cyprinus carpio) in aquaculture production systems have been researched by
Rahman et. al., (2015). The role of common carp on the aquatic ecosystem and his behavior is essential in
aquaculture production systems. Fish from natural food-driven aquaculture receive low priority because of their
low demand and slow growth rate, and because they are not very easy to be raised. Carnivorous fish, on the
other hand, eat far more fish protein than they generate. Have been deduced that carnivorous fish farming
consumes up to five times the amount of fish protein produced and promotes eutrophication and disease
outbreaks in the environment. With the fast rise of carnivorous fish aquaculture, some marine fish stocks may be
declining, therefore, fish that is not bought by consumers could be used to feed carnivorous fish.
Wang and Lu (2015) reviewed tilapia polyculture around the world and discussing its benefits, strategies
and practices. Lower feed costs are critical for enhancing efficiency and profitability since feed accounts for more
than 60% of production expenses for most species. Use of substrates as feed have been considered as a means
of increasing pond efficiency. Using tilapia & prawn in fishing ponds with periphyton substrates resulted in higher
fish production, as a result, a substrate that gives protection has been suggested (Cruz et al., 2008). As
suggested by Uddin et al., (2006), the substrate material should have no negative impact on water quality and
should encourage the growth of periphyton.
Khairini, R., (2020) determined the polyculture pond business management structure, analyzing the
polyculture pond revenue and income, and assessing the viability of a polyculture pond business. The results
showed that for a polyculture pond management system, carried out using a semi-intensive system with mixed
methods in same pond, business proved to be efficient and feasible.
CONCLUSIONS
The use of food available in the biological niches of the pond ecosystem is maximized when multiple carp
species are cultivated in the same pond. In addition, polyculture strives to boost production by making better use
of the aquatic environment's natural resources. By permitting a greater range of accessible foods and ecological
niches, stocking two or more complementing species can raise the maximum standing crop of a pond. Consumer
acceptability of the fish species used in polyculture is one of the primary issues facing the industry.
Polyculture activities have a significant impact on the ecology of pond habitats. Changes are caused by a
variety of processes, including productivity, decomposition, and nutrient cycling. To a large extent, the problem is
one of carbon flow management. A greater understanding of the dynamics and processes is necessary to
optimize and boost production efficiency. The introduction of multiple species with a higher market price and
greater consumer acceptance into a polyculture setting might be the ideal option for increasing fish output.
Knowing the relationships between species raised in polyculture system and the environment, allows for
the selection of appropriate polyculture species, stocking rates, input types and rates, and new management
methods and strategies based on a variety of local factors such as climate conditions, water quality, pond fertility,
availability of fish fry and fingerlings, feed and fertilizer availability, and market demands.
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It is critical that the used polyculture species have similar environmental needs and that their feeding
habits do not clash. Only a correct mix of biologically distinct species at appropriate densities would successfully
utilize available resources in polyculture systems, maximizing synergistic linkages between polyculture species
and between fish and environment while minimizing antagonistic associations.
A polyculture modeling approach might be useful for examining fish densities and ratios in order to find
the best stocking density for different species in polyculture. Before starting a polyculture the size of the organisms
are considered, the oxygen levels, and the financial commitment. In the future, new species and systems will be
researched. Other species with great economic and food value should be considered as potential system
components. There is a need for more study on the interactions of diverse species. Further research on their
ecological niches and relationships is needed.
Common carp can be used as a management tool to modify the ecology of the system in order to
produce high growth and production of filter-feeding fish. Research is needed to understand the complex
interactions between common carp raised in polyculture and locally available filter-feeding fish. Many studies have
focused on the impacts of common carp on pond and lake ecology; however, because biotic and abiotic
processes are intimately connected, it is difficult to distinguish the biotic and abiotic processes that are influenced
by common carp.
ACKNOWLEDGEMENT
This work was supported by the Romanian Research and Innovation Ministry, through NUCLEU
Program, Project “PN 19 10 02 03: "RESEARCH on the intensive growth of fish in the polyculture system and the
complex recovery of the bioresources (PLANTS) of aquatic”, contract no. 5N / 07.02.2019 and ADER 25.3.1
„Recirculating aquaculture systems used in the pre-marking stage of natural water repopulation with fishing
material”, contract no ADER 25.3.1 / 26.09.2019.
REFERENCES
Anton-Pardo M., Hlavac D., Hartman P., Adamek Z., (2014). Natural diet of mirror and scaly carp (Cyprinus
carpio) phenotypes in earth ponds, Folia Zool. vol. 63 (4), p. 229–237.
Ayyapan, S. (2001), Polyculture systems: principles and basic considerations. In: Utilizing different aquatic
resources for livelihoods in Asia, a resource book, pp. 222-226.
Alam M.J., Jahan D.A., Pramanikand W.A. Hoq M.E., (2001). Poly culture of freshwater prawn, Macrobrachium
rosenbergii, de Man with carp effects of prawn stocking density, Bangladesh. Fish. Res., 5(2), 2001: 135144.
Azim, M.E. Little D.C., (2006). Intensifying aquaculture production through new approaches to manipulating
natural food, CAB Reviews: Perspectives in Agriculture, Veterinary Science, Nutrition and Natural
Resources 2006 1, No. 062, doi: 10.1079/PAVSNNR20061062
Bocek A., International Center for Aquaculture and Aquatic Environments, Water harvesting and aquaculture for
rural development, introduction to polyculture of fish, International Center for Aquaculture and Aquatic
Environments Auburn University.
Bolognesi da Silva L., Barcellos L.J.G., Quevedo, R.M. Guimarães de Souza S.M., Kreutz L.C., Ritter F., Finco
J.A., Calliari Bedin A., (2006). Alternative species for traditional carp polyculture in southern South
America: Initial growing period, Aquaculture 255, 417–428
Ciric M., Subakov-Simic G., Dulic Z., Bjelanovic K., Cicovacki S., Markovic Z., (2015). Effect of supplemental feed
type on water quality, plankton and benthos availability and carp (Cyprinus carpio L.) growth in semiintensive monoculture ponds. Aquaculture Research 46(4):777-788.
Cruz P.S., Andalecio M.N., Bolivar R.B. & Fitzsimmons K. (2008) Tilapia-shrimp polyculture in Negros Island,
Philippines: a review. Journal of the World Aquaculture Society 39, 713–725.
De Silva, S. (2003): Culture-based fisheries: an underutilised opportunity in aquaculture development.
Aquaculture, vol. 221/1, p. 221-243.
Khairini, R., Supriana, T., Sebayang, T. (2020). Analysis of the feasibility of a polyculture pond business (tilapia –
tiger shrimp – crab) (case: Belawan Sicanang Village, Medan Belawan, Medan City), International
Conference on Agriculture, Environment and Food Security:2020, IOP Conf. Ser.: Earth Environ. Sci. 782
022014, doi:10.1088/1755-1315/782/2/022014

538

INTERNATIONAL SYMPOSIUM

Karn B.K., Gupta R., Rai S., 2018. Effects of alternative fish species Amblypharyngodon Mola for traditional carp
polyculture in Nepal, Journal of Institute of Science and Technology, Vol. 22, Issue 2, ISSN: 2469-9062
(print), 2467-9240 (e).
Khan M. N., Shahzad K., Chatta A., Sohail M., Piria M., Treer T., 2016 A review of introduction of common carp
Cyprinus carpio in Pakistan: origin, purpose, impact and management. Croatian Journal of Fisheries
74:71–80.
Krogdahl A., Hemre G. I., Mommsen T. P., (2005). Carbohydrates in fish nutrition: digestion and absorption in
postlarval stages. Aquaculture Nutrition 11:103–122
Lamichhane S., (2020). Carp and Mono-Sex Nile Tilapia Polyculture in a Cemented Tank, Bachelor Thesis, GRIN
Verlag, https://www.grin.com/document/974739
Martan E., (2007) Polyculture of Fishes in Aquaponics and Recirculating Aquaculture, Course, pp. 5358,https://hilo.hawaii.edu/campuscenter/hohonu/volumes/documents/Vol06x13PolycultureofFishesinAqu
aponicsandRearticulatingAquaculture.pdf
Milstein, A. (1992) Ecological aspects of fish species interactions in polyculture ponds. Hydrobiologia 231:177-186
Milstein, A., Zoran, M. and Krambeck, H.J. (1992) Fish performance and Oxygen dynamics in a dual-purpose
reservoir (fish farming and field irrigation) in the Israeli coastal area. Limnologica 22(1):43-50.
Nenciu F., and Vladut V, (2021). Studies on the perspectives of replacing the classic energy plants with
Jerusalem artichoke and Sweet Sorghum, analyzing the impact on the conservation of ecosystems, IOP
Conference Series: Earth and Environmental Science, 635 (2021) 012002.
Petrea, S.M. Mogodan A., Metaxa I., Plăcintă S., Vasile M.A., Huian G., (2017). A comparative study on the
evaluation of cyprinids growth performance in IMTA systems, AACL Bioflux, Vol. 10, Issue 1, pp. 87-102.
Przybyl A., Mazurkiewicz J., (2004). Nutritive value of cereals in feeds for common carp (Cyprinus carpio L.).
Czech Journal of Animal Science 49(7):307–314.
Rahman M.M., (2015). Role of common carp (Cyprinus carpio) in aquaculture production systems, Frontiers in
Life Science, Vol. 8, No. 4, 399–410, http://dx.doi.org/10.1080/21553769.2015.1045629
Rakoy D.B., Kahn B.M. (1998). Ten guidelines for Aquaponic systems, Aquaponics Journal, vol. 46, p. 14-17.
Silva L.B, Barcellos., L.J.G., Quevedo R.M., Guimarães de Souza S.M., Kreutz L.C., Ritter F., Finco J.A., Bedin
A.C., (2005). Alternative species for traditional carp polyculture in southern South America: Initial growing
period, Aquaculture 255 (2006) p. 417–428.
Steinbronn S., (2009). A case study, fish production in the integrated farming system of the Black Thai in Yen
Chau district (Son La Province) in mountainous north-western Vietnam - current state and potential. PhD
Thesys, Faculty Agricultural Sciences, Institute for Animal Production in the Tropics and Subtropics
Aquaculture Systems and Animal Nutrition in the Tropics and Subtropics University of Hohenheim.
Sukhdhane K.S., Kripa V., Divu, D., Vase V.K., Mojjada S.K., (2018). Integrated multi-trophic aquaculture
systems: A solution for sustainability, Aquaculture, Volume 22 No. 4, p. 26-29.
Stickney R.R. (2013) Polyculture in Aquaculture. In: Christou P., Savin R., Costa-Pierce B.A., Misztal I., Whitelaw
C.B.A. (eds) Sustainable Food Production. Springer, New York, NY. https://doi.org/10.1007/978-1-46145797-8_176.
Troell M, Joyce A, Chopin T, Neori A, Buschmann AH, Fang JG (2009) Ecological engineering in aquaculture Potential for integrated multi-trophic aquaculture (IMTA) in marine off shore systems. Aquaculture 297: 1–
9.
Uddin S., Azim M.E., Wahab A. & Verdegem M.C.J. (2006). The potential of mixed culture of genetically improved
farmed tilapia (Oreochromis niloticus) and freshwater giant prawn (Macrobrachium rosenbergii) in
periphytonbased systems. Aquaculture Research 37, 241–247.
Wang M., Lu M., (2015). Tilapia polyculture: a global review, Aquaculture Research, 2015, p. 1–12.
Wang, X., Olsen, L. M., Reitan, K. I. and Olsen N, Y. (2012). Discharge of nutrient wastes from salmon farms:
environmental eff ects, and potential for integrated multi-trophic aquaculture. Aquaculture Environment
Interactions, 2(3), 267-283.
Woynarovich A., Moth-Poulsen T. & Peteri A. (2010). Carp polyculture in Central and Eastern Europe, the
Caucasus and Central Asia: a manual. FAO, Rome.
Zimmermann S., Nair C.M., New M.B., (2010). Grow-out systems–polyculture and integrated culture, Freshwater
prawns: biology and farming, Blackwell Publishing Ltd., vol 11, p. 95-217.

539

INTERNATIONAL SYMPOSIUM

EQUIPMENT AND TECHNOLOGIES USED IN WALNUT PROCESSING
/
ECHIPAMENTE ȘI TEHNOLOGII UTILIZATE ÎN PROCESAREA NUCILOR
Dumitru I.*1), Nenciu F. 1), Vladuț V.1), Voicea I.1), Oprescu R.1), Teliban G.C.2), Grădilă M.3)

1)

INMA Bucharest / Romania; 2) University of Life Sciences Iași, Romania; 3) ICDPP Bucharest / Romania
Tel: 0773.720.468; E-mail: dumitru.iulian2016@gmail.com

Keywords: walnut processing, optical separation technologies
ABSTRACT
Walnut is a species that can be grown in a temperate climate, has a fruit with a high content of essential nutrients,
vitamins, proteins, carbohydrates and amino acids, necessary to maintain human health and can be consumed
both fresh and after processing or maturation. In order to obtain the walnut kernel for direct consumption, the
walnut must pass through a whole processing flux. After harvesting, which can be done both manually or using
mechanized means, the walnut kernel must be cleaned of both the green coating and the shell. First apply the
process of washing and cleaning of impurities and green peel, calibration of nuts, then enter the process of
splitting walnuts, separating them, sizing walnut kernels into fractions, cleaning the core of dust and various
foreign particles. The last steps can be, drying, packing or storing them depending on how we intend to preserve
the nuts (with box or just the core) and market requirements.
REZUMAT
Nucul este o specie pomicolă care poate fi cultivat într-un climat temperat, are un fruct ce conțin oligoelemente,
vitamine, proteine, carbohidrați și aminoacizi atât de necesari menținerii sănătății umane și poate fi consumat atât
în stare proaspătă cât și după o anumită prelucrare sau maturare. Pentru a obține miezul de nucă în varianta de
consum, nuca trebuie să treacă printr-un flux întreg de procesare. După recoltare, care se poate face atât manual
cât și utilizând mijloace mecanizate, miezul de nucă trebuie curățat atât de învelișul verde cât și de coaja
lemnoasă. Mai întâi se aplică procesul de spălare și curățare de impurități și coaja verde, calibrarea nucilor, apoi
se intră în procesul de despicare a nucilor de coji, separarea acestora, dimensionarea miezurilor de nucă în fracții,
curățarea miezului de praf și diverse particule străine. Ultimele etape pot fi, uscarea, ambalare sau stocarea
acestora în funcție modul cum ne-am propus să conservăm nucile ( cu coajă sau doar miezul) și de cerințele
pieței.
INTRODUCTION
A deep processing of each part of the walnut should be considered in order to accomplish the high valueadded use of the walnut fruit. Before walnuts enter the sphere of heavy processing and consumption, they must
first undergo preliminary processing. The sophisticated degree of technical equipment required can aid in
determining the grade of walnut goods (Pycia et al., 2019; Zhao et al. 2020; Gupta et al 2019).
Walnut has an old history of growing and harvesting in Romania, being considered among the important
European nut producers. The fruits are a source of energy, vitamins and antioxidants necessary for maintaining
the health of the human body for long periods of time. Medical research has concluded that regular consumption
of walnut kernels has important effects in preventing or treating several diseases, and they can also be included
into various nutritional diets (Soto-Maldonado et al., 2019; Yang et al., 2019).
Some of the walnut kernel characteristics: rich in Phosphorus, but also in other minerals (Sodium,
Potassium, Iron, Zinc or Iodine), rich in essential elements and vitamins, being an excellent source of natural fiber.
They are frequently used in cosmetics for making regenerating skin creams or conditioners. Walnut is a very
popular ingredient in the traditional cuisine, being used to prepare tasty desserts, (green walnut jam, green walnut
liqueur, oil, etc. (Chen et al, 2018; Verde et al, 2021; Uğurlu et al, 2020).
A walnut plantation is starting to produce fruits with a good yield, depending on the variety, after 5-6 years
from planting.
The harvesting of nuts and their processing is a very important activity. Mechanized walnut harvesting has
developed modern equipment and machinery either towed, worn or self-propelled shaking. The collection and
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processing phases were introduced into equipment: cleaning, washing, calibration, breaking, sorting, drying,
packaging, storage, in many construction variants using advanced technologies.
MATERIALS AND METHODS
An equipment for peeling and washing freshly picked walnuts is shown in Figure 1 a). This model is
produced by AMB Rousset and is a fast cleaning machine that removes the green peel from the nuts and washes
them at the same time. It is equipped with two concentric drums that rotate in opposite directions, being driven by
electric motors. As can be seen in Figure 1 b) the device is also provided with a set of brushes that helps to better
clean the nuts from impurities found on the uneven surface of the nuts. A low-pressure jet is used for this washing
process and if necessary, they are rinsed with a high-pressure jet. It is a robust machine that can peel up to 300
kg of nuts per hour.

a)

b)

Fig. 1 Walnut cleaner L 28 type a) General view, b) Exterior drum cleaning view
(https://www.amb-rousset.com/produit/laveuse-ecaleuse-2-m-l28/)

In figure 2 a) can be observed the nuts harvested with impurities and green peel, which as seen
remains stuck on the nut, while in figure 2 b) the same nuts after passing through the cleaning machine
named L28.

a)

b)

Fig. 2 Harvested nuts a) Before cleaning with equipment L28, b) After cleaning with the equipment L28
(https://www.amb-rousset.com/produit/laveuse-ecaleuse-2-m-l28/)

The separator of impurities (especially stones), BAP equipment depicted in figures 3 a) and b) can be
placed after the collector or after a pre-washing or cleaning device. This equipment uses water (a tank deep
enough so that heavier nuts do not get lost) to make a separation of the base material, from other impurities
of similar size lumps, stones, green shells, etc.
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a)

b)

Fig. 3. BAP impurity separator, a) Overview, b) BAP separator sketch
(https://www.amb-rousset.com/wp-content/uploads/2021/03/BAP-AUD-L05-009198_0E.pdf)

CA3 equipment (figure 4 a), is a special smaller model of a nutcracker. The technical characteristics and
the component parts of this machine are the following: supply tank has a capacity of 300 liters, anti-lock system
for foreign bodies, electric motor powered at 380 V, electronic speed variator. The overall dimensions are: 1.52 x
0.80 x 1.70 m and the weight of the case is 212 kg. Walnuts can be broken without calibration. It is a robust
machine and has a capacity of 50 to 70 kg / h depending on the size of the nuts. With the help of the speed
variator the working capacity of the CA3 machine can be increased up to 100 kg / h.

a)

b)
Fig. 4. Nutcracker a) model CA3 b) model CA1
(https://www.amb-rousset.com/produit/casseuse-junior-ca3/)

For a separation and sorting of the working core in dimensions in line with the nutcracker, a separation and
sorting equipment is also installed, as in figure 5 b). For smaller production capacities can use the nut crushing
machine, model CA1, figure 4 b), which has a capacity of 15 to 30 kg / h depending on the size of the nuts. This
model breaks one nut per cycle, while the CA3 model breaks 3 nuts per cycle, see figure 5 a), (https://www.cube.ro/procesare-nuci/masini-de-spart-nuci/).

a)

b)

Fig. 5. a) Model CA3 with breaking 3 nuts per cycle, b) Nut sorting and separation equipment
(https://www.amb-rousset.com/produit/casseuse-junior-ca3/)

The model of nutcracker shown in Figure 4 a) may be combined with a walnut kernel sorting and
separation plant, which makes the separation on the basis of air pressure, depending on the weight of the
processed material, (Figure 5 b) . This nutcracker is mainly used for hard-to-clean nuts, and the separation is
performed on the basis of air pressure, depending on the weight of the processed material.
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a)

b)

Fig. 6. a) Nutcracker, b) Nut processing line by breaking and separating
(http://ro.rxgoldenmachine.com/nut-processing-machine/wallnut-cracking-machine.html)

In figure 6 a) is presented a nutcracker that has as main parts a robust frame, a hopper, a unloading funnel,
a drive motor and an adjustment system. The nut processing line, figure 6 b) has in its composition a nut crushing
machine, a conveyor and a separation and sorting installation. This machine can clean and select other products
from the category of walnuts besides walnuts. (http://ro.rxgoldenmachine.com/nut-processing-machine/wallnutcracking-machine.html)
The GRK-300 nutcracker as seen in Figure 7 a), is equipped with a transporting frame on wheels for easy
handling. It can be powered on request by 220V or 380 V mains. The drive motor has the power of 0.75 KW, so
there is a low power consumption. The transmission from the engine is made with the help of a V-belt. The
principle of cracking is depicted in figure 7, this model having a productivity of up to 300 kg / hour.

a)
b)
c)
Fig. 7. GRK 300 nutcracker a) General view, b) Power supply system, c) Overview broken walnuts
(https://tmagro.com.ua/p1140290850-orehokol-grk-300.html)

The GRK 300 nutcracker model can also be adapted to work with hazelnuts as a raw material. When the
material to be selected is based on hazelnuts the productivity of the GRK 300 machine can reach up to 200 kg per
hour. The weight of the machine is 60 kg, and the overall dimensions, length / width / height are 611/440/905 mm
( https://tmagro.com.ua/p 1140290850-orehokol-grk-300.html).
Another model of sorting and separation equipment is SEP 800 that can be seen in Figure 8 a). This device
separates the core from the shell by ventilation. It removes about 30% of the walnut shells and processes from 50
to about 200 kg / h (as seen in See figure 8 b). The turbine is driven by a three-phase electric motor, having 380V.
The overall dimensions are: length 0.87 m, width 0.64 m, height 2.36 m. The weight of the equipment is 80 kg.

a)

b)

Fig. 8. SEP 800 sorting and separating equipment a) General view and sketch with overall dimensions, b) Walnut
kernel before and after processing,
(https://www.amb-rousset.com/produit/separateur-pneumatique-800/)
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In figure 8 a) is presented 6SXL optical sorter, which can select fresh nuts, dried nuts, almonds, hazelnuts,
chestnuts, olives, cherries, etc. It has a very high sorting accuracy because it contains outlet nozzles every 5 mm,
the viewing of defects is performed from 0.02 mm, and the chambers are located both above and below the
product.

a)

b)

Fig. 9. 6SXL optical sorter a) General view, b) Schematic of the operating principle, (https://www.ambrousset.com/wp-content/uploads/906-FOU-L03-028390_0C-1.pdf)

The cleaning chambers used in this separator are protected from dust and moisture. The lighting is done
with LEDs that guarantee up to 100,000 hours of operation. The feed hopper is simple with a vibrating gutter that
prevents the material from stopping. The power supply is made at 220 V and a compressed air source is also
needed. It is mounted on rollers or frames so that the whole assembly can be easily moved. Depending on the
product to be sorted, the optical cameras are adjusted for certain configurations, they have an advanced
technology that develops a very good sorting quality. Infrared cameras have a very advanced technology that
allows certain materials to stand out to be selected.
From this category of optical selectors type 6 SXL we find the following models, according to table no. 1.

Model
Size
Weight
Flow

Electrical source
Compressed air

Technical characteristics for 6XLS type selectors
6SXL - 300
6SXL - 600
Width - 1150
Width - 1150
Length - 2670
Length - 3500
Height - 1860
Height - 1860
750 kg
950 kg
Fresh nuts - 2000kg / h
Fresh nuts - 4000kg / h
Dry - 1500kg / h
Dry - 3000kg / h
Core = 400kg / h
Core = 800kg / h
220VCA 7,3A
220VCA 16A
380 VCA 16A
Electricity consumption:
Electricity consumption:
500l / min 30m³ / h
1000l / min 60m³ / h
Electrical network: 7bar Electrical network: 7bar
minim
mini
Volume: 150l
Volume: 300l

Table 1
6SXL - 1200
Width - 1750
Length - 3500
Height - 1860
1200 kg
Fresh nuts - 8000kg / h
Dry - 6000kg / h
Core = 1600kg / h
2x 220VCA 16A
380 VCA 16A
Electricity consumption:
2000l / min 120m³ / h
Electrical network: 7bar
mini
Volume: 600l

(https://www.amb-rousset.com/wp-content/uploads/906-FOU-L03-028390_0C-1.pdf)
Various construction solutions can be used to calibrate whole walnuts and walnut kernels. Calibration in both
variants is performed by size and with the removal of various impurities (foreign bodies).
The most used dimensions of the holes of the calibration sieves are 4mm / 8mm / 18mm, and at the
request of the farmer for other dimensions can be also considered (https://altebo.ro/produse/sita-de-calibrare/).
Rotating calibrator consists of a rotating drum, provided with holes of various sizes from the smallest diameter to
the largest, Figure 10 a). The whole walnuts inserted in the drum move inside the drum until they meet the hole
corresponding to the dimensions through which they will penetrate and thus will have the walnuts of the same size
selected in separate spaces depending on the calibration size. Small nuts will fall into the first holes of the drum
while larger and larger nuts will fall into the next or even the last holes. In this process of selecting nuts by size can
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be calibrated from 4 to 7 sizes. This type of rotary calibrator can also be used for other nut products
(https://altebo.ro/produse/calibrator-rotativ/).

a)
b)
c)
Fig. 10. Constructive solutions for calibrating nuts and walnut kernels, a) with cylindrical sieve, with flat sieve, c)
sorting table
(https://altebo.ro/produse/calibrator-rotativ/; https://altebo.ro/produse/sita-de-calibrare/; https://altebo.ro/produse/masade-sortare-cu-banda/)

For the transition from one process to another, for sorting, can be use sorting tables that help to inspect
various products such as nuts, apples and many other products. These sorting tables are mobile because they
are equipped with wheels that allow movement in different locations. These tables, figure 10 c), are made of highquality steel sheet, covered with rubber bands and have a width of 400 mm or 800 mm. The length of the
selection tables is established according to the need of the process, (https://altebo.ro/produse/masa-de-sortarecu-banda/).
Another model of calibrating machine, C80, is shown in Figure 11 a) and b). This model calibrates the
products by the difference in size. The drive is based on vibration with a 0.34 Kw electric motor. The sieve in the
image in figure 11 c) has elongated holes with a size of 12/40 mm. The overall dimensions are as follows: length 1.70 m, width - 0.68 m, height 0.74 m. It has a weight of 220 Kg and a selection capacity from 70 to 100 kg / hour,
(https://www.amb-rousset.com/produit/calibreuse-vibrante-a-cerneaux-c80/)

a)
b)
c)
Fig. 11. C 80 calibration machine, a) right side view, b) left side view, c) Calibration screen view,
(https://www.amb-rousset.com /produit/calibreuse-vibrante-a-cerneaux-c80/)

For optimal storage, the nuts can be artificially dried (Chen et al., 2021) using a dryer similar to the
equipment shown in Figure 12, where there are depicted the main parts of the dryer and an overview of the 2x1m
Stage Dryer in Figure b). The dimensions and weight of the dryer are described as follows: length 2 m, width 1 m,
height - 3 m, weight - 510 Kg. The total capacity is 1-ton dried nuts.

a)
b)
Fig. 12. Walnut dryer model STAGE DRYER 2x1m a) Overview, components, b) Dryer overview, (https://www.ambrousset.com/wp-content/uploads/2021/03/SAE-AUD-L05-024075_0B.pdf)
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RESULTS
In order to shorten the processing time of walnuts after harvesting, there is a special line for
processing walnuts in green shell (figure13). These automated lines consist of green peeling machines,
washing, drying them, calibrating them, removing the core from the shell, sorting, packing, storing, etc.
depending on how they will be economically fruitful.
Transilvania Nuts, is a company that make complex fluxes for processes nuts. The amount of nuts that
can be processed per year is over 5,000 tons. Modern equipment with optical sorting and bichromatic
camera is used to identify and remove foreign bodies.

Fig. 13. Walnut processing line, (http://utilajmodern.ro/linie-nuca)

This optical sorting technology offers a high standard of quality, and the selection efficiency is very
high because the accuracy offered by such a state-of-the-art technology is very high. Depending on the
color, shape, or other properties, these high-resolution biometric cameras can easily identify and remove
foreign bodies found among the walnut kernels.

a)
b)
c)
Fig. 14. Walnut processing line, a) Selection of nuts, b) Washing nuts, c) Drying nuts
(https://www.transilvanianuts.ro/ tehnologie)

a)
b)
c)
Fig. 15. Walnut kernel processing line a) Walnut kernel grinding, b) Walnut kernel packaging, c) Walnut kernel
storage, (https://www.transilvanianuts.ro/tehnologie)

After being harvested and consumed, the walnut is selected and processed using various specific
machines and equipment, which result in the recovery of walnuts or walnut kernels in very good and quality
conditions, as seen in figures 14 and 15 a), b) , c), (https://www.transilvanianuts.ro/tehnologie).
CONCLUSIONS
From an economic point of view, walnuts can be a very profitable business. Walnut stems, nutshell, leaves,
and especially the fruit, both in the green state and after ripening can be harvested and will bring a significant
profit. If the walnut harvest is well preserved, it can be used after a longer period, which is an advantage
compared to other fruits. The maintenance of a relatively light walnut plantation and the high capitalization price,
compared to other types of fruit tree plantations, represent the main reasons why the walnut business can be a
profitable. Walnuts after baking can be used whole with their shell or just their core, which can be packaged raw in
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a vacuum, ground or fried. For the harvesting and processing of nuts, various modern technologies and
equipment for harvesting and processing nuts have developed on the market. One of the advantages of such
machines and processing plants is that they are universal, and they can be adapted to several fruits in the nut
family. They are easy to maintain and do not require a large number of employees in order to supervise the
official.
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ABSTRACT
Establishment of walnut plantations can be a successful business in the medium and long period of time. In
terms of planting technology, maintenance, harvesting and recovery of the walnut kernel, it is not needed for
a considerable effort from both the financial and the labor force. Harvesting and peeling walnuts from the
green cover can become one of the easiest stages in the exploitation of walnut plantations. In this context,
existing walnut harvesting machines and equipment on the market can ensure and meet the farmers
requirements. Self-propelled, or towed walnut harvesters can also be used on sloping land. The existence of
nut shakers makes it possible to shorten the harvesting period and increase the harvesting efficiency for
large plantation areas.
REZUMAT
Plantația cu nuci poate reprezenta o afacere de viitor pe termen mediu și lung. Este o plantație care din
punct de vedere al tehnologiei de plantare, întreținere, recoltare și valorificare a miezului de nucă nu
necesită eforturi prea mari atât din financiare cât și a forței de muncă. Recoltatul și decojitul nucilor de
învelișul verde ce acoperă partea lemnoasă a nucilor poate devenii una dintre cele mai ușoare etape din
exploatarea plantațiilor de nuci. În acest context, mașinile și utilajele de recoltat nuci existente pe piață pot
asigura și satisface cerințele fermierilor. Autopropulsate, sau tractate mașinile de recoltat nuci pot fi folosite
și pe terenuri în pantă. Existența mașinilor de scuturat nuci fac posibilă scurtarea perioadei de recoltat și
creșterea eficienței recoltării pentru suprafețele mari.
INTRODUCTION
Walnut cultivation was first certified in temperate areas of the Balkans, this being an optimum area for
growing and developing. Walnut plantations have been developed in countries such as Iran (Hassani D., et
al, 2020), Greece, China (Liu, et al, 2020), Serbia, Hungary (Bujdosoa and Csekeb, 2021), France, Bulgaria
and Romania. In 2017, Romania have been ranked on first place in the production of walnuts within the
European Union, after France and Italy, with a production of 45,800 tons (https://agrointel.ro/103390/ghidplantatie-nuci-schema-distante-costuri-productie/). From a genetic point of view, in recent years the walnut
has experienced a great development. Many producing countries such as France and the USA have studied
the morphological characteristics of walnuts intensively (Bernard A. et al, 2018). The walnut is reaching a
height of up to 30 meters, for certain varieties. Walnut fruit (core) is used in both the food and
pharmaceutical industries (Pahlavani et al, 2020). Walnut flowers, walnut bark and green coating have
various uses in various fields, cosmetics, textiles, food, pharmaceuticals (Yuzhu Wanga, et al., 2021). Walnut
wood is very often used to make furniture and various decorations, even luxurious ones that we can find
everywhere.
The harvesting period of walnuts differs from one variety to another and even from one tree to
another. It can be considered that even at the level of a tree the nuts have different harvesting phases (nuts
usually have a massive crown), depending on their position. Those located towards the outside of the crown,
tend to get mature in a shorter period than those located in the interior of the crown. Depending on the
variety that has been planted, and the geographical position of the walnut culture, distinguishes three
categories of walnut ripening periods - early, semi-early and late.
In Romania the walnut harvest period can begin in the second part of August and can end at the end
of October. For each variety, the period of ripening and harvesting walnuts cannot last more than two to
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three weeks. In general, the nuts are harvested gradually and fall on their own on the ground, then they are
gathered, manually or mechanized. Another option that can be used especially for walnut plantations,
especially on very large areas is the mechanized shaking of nuts with the help of self-propelled equipment,
built especially for the execution of this operation. (https://cultivaprofitabil.ro/cum-si-cand-recoltam-nucilesfaturi-si-despre-cum-le-pastram/).
If the second option is used for harvesting, i.e. mechanized forced shaking, a very large number of
nuts will be covered by the green shell. Special equipment have to be used to remove the peel. If the
harvesting and preservation of walnuts is done in strict compliance with the harvesting technologies and their
preservation, can last for years without losing the taste qualities. (Charrier G. et al., 2013; Hua, et al, 2021;
Maoa, 2021).
MATERIALS AND METHODS
Walnuts are usually harvested depending on the weather, at the beginning of autumn. If there is a
small number of fruits, they can be harvested manually, in several stages. In this option, only the nuts that
have come off the green cover and fallen to the ground will be harvested. If aim for a faster harvest, then can
opt for shaking the nuts. In the industrial system, nuts are being harvested by manual shaking and for very
large areas mechanized shaking.
If the shaking process is performed manually or mechanically, a large part of the nuts will fall to the
ground with the green coating as can be seen in Figure 1 a) and after cleaning with a special machine,
Figure 2 b).

a)

b)

Fig. 1 Green walnut cleaner a) Before cleaning, b) After cleaning (https://nuttechnology.com/product/green-walnutpeeling-machine-60-l/)

The green walnut peeler figure 2 a) and b) can remove the green shell of the walnuts in a very short
time, leaving the whole bark of the walnut without cracks or fissures. The capacity of such an equipment is
100 kg / h.

a)

b)

Fig. 2 Overview of a variant of the green walnut cleaner a) overview, b) the cleaning basket of the equipment
(https://nuttechnology.com/product/green-walnut-peeling-machine-60-l/)
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As can be seen, the equipment is driven by an electric motor mounted on the inferior part, which rotates the
bottom of the container, which will engage the nuts in a rotating motion. The walnuts are introduced in the
container from figure 2 b) that has a walnut watering system (figure 1 a). Therefore, due to the conditions
created by rotating and watering the nuts, and due to friction between them and the walls of the container,
they will separate from the peel (Figure 1 b).
Another constructive solution for cleaning walnuts is found in figure 3, where the following components
can be identified: the housing of the machine with the movable opening system, the feeding basket with
green nuts, adjustment system according to the material to be cleaned, the device start stop of the machine,
the gutters for the evacuation of green shells and cleaned nuts, the wheel system.

Fig. 3 Green walnut peeler
(https://wuhanhdc.en.made-in-china.com/product/GygncDNOlekv/China-Walnut-Peeling-Machine-Green-Walnut-SkinRemoving-Machine-Green-Walnut-Sheller.html)

As can be easily seen, by describing the components of the machine, the green-shelled nuts are
inserted into the cleaning container, and by adjustment, rotation and friction the separation occurs as can be
seen in Figure 4 a) and b).

a)

b)

Fig. 4 Green walnut peeler cleaning system a) Gutter for peeled walnuts, b) Gutter for green peel
(https://wuhanhdc.en.made-in-china.com/product/GygncDNOlekv/China-Walnut-Peeling-Machine-Green-Walnut-SkinRemoving-Machine-Green-Walnut-Sheller.html)
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Throughout this process of cleaning the nuts, water is also introduced, which improves the process of
peeling, washing and evacuating the nuts and green shells from the container. The productivity of such an
equipment is 800-1000 kg / hour. The rate of mechanical damage to walnuts is up to 1% and the rate of
removal of green shells is 99%. Compared to the option of removing green shells by hand, with the help of
this machine the work efficiency is amplified by more than 20 times.
The equipment has the following technical characteristics:

Technical characteristics
Model
JY - 100
Power
0.75 – 2.2 Kw
Capacity
600 – 1000Kg/h
Overall dimensions
950x450x850 mm
Weight
75 Kg

Table no. 1

The power supply of the machine can be 220 V or 380 V, (https://wuhanhdc.en.made-inchina.com/product/GygncDNOlekv/China-Walnut-Peeling-Machine-Green-Walnut-Skin-Removing-MachineGreen-Walnut-Sheller.html)
Another model of green walnut peeling machine is presented in Figure 5, named AK 10 having a
capacity of up to 800 kg / h. It is an equipment with a portable power supply of the driving motor for small
nuts.

Fig. 5 AK 10 green walnut peeling machine
(https://www.bionot.gr/en/sector1en/sector1walnut /walnutpeeling)
In figure 6 a) and b) can be seen schematically, the floor of the container where the nuts are peeled,
the abrasive shape and the side walls of the tube which are abrasive, and contributes to the quality of walnut
cleaning.
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a)
b)
Fig. 6 Green walnut cleaning system a) with abrasive and sloping floor, b) abrasive exterior walls
(Mohammad Younesi Alamooti and Esmail Mahmoodi, 2015)

In conclusion, a centrifugal mechanism is used for the options of green walnut cleaners. It should be
mentioned that all the equipment described above have a constructive solution and a simple assembly and
easy maintenance. They can be equipped with automation systems that increase productivity and cleaning
quality. They can also be used for other products such as pistachios or other nuts. Various adjustments can
be made to improve the quality of walnut cleaning by using a curved floor of the container (figure 6 a), by
changing the spinning speed of the container, using abrasive surfaces inside the container in different
geometries (Alamooti, 2015).
RESULTS
Before processing, the nuts have to be first shaken and collected from the ground. This operation of
harvesting nuts can be performed manually or mechanized. For the mechanized option, one of the
companies that produce harvesting and cleaning equipment for harvesting walnuts is the company Glampi.
This company produces self-propelled combines for harvesting walnuts, almonds, hazelnuts, etc. In figure 7
a) and b) we have the self-propelled combine designed to harvest various types of nuts (walnuts, almonds,
hazelnuts) called FUTURA100, in the working position figure 7a) and in the transporting position figure 7 b).

a)

b)

Fig. 7 FUTURA 100 Self-Propelled Combine, a) in working position, b) in moving position
(https://utilajenucifere.wixsite.com/giampi/utilaje-de-recoltat-nucifere)

During travel, the FUTURA 100 self-propelled combine develops 2 gears, the first up to 8 km / h and
the second gear up to 35 km / h. It has 4x4 traction, the engine that equips this combine is of Kubota type
and develops a power of 55.4 KW, the working width varies from 2.20 to 5 m. The total weight of the
equipment is 3160 Kg, and the harvesting capacity is 2500-3000 kg / h.
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Giampi also produces STAR 1600 nut harvesting machines, figure 8 a), and STAR 2000 from figure 8
b), a machine that can be attached to all types of tractors that can tow a weight greater than 550 kg, (STAR
1600) respectively 642 kg as the STAR 2000 machine has. The average harvesting speed for these models
is 1 -3 Km / h and the gathering capacity of the nuts is 700-1500 Kg / h.

a) STAR 1600 nut harvesting machines

b) STAR 2000 nut harvesting machines

Fig. 8 Walnut harvesters
(https://utilajenucifere.wixsite.com/giampi/utilaje-de-recoltat-nucifere)

The harvesting with this type of equipment is performed entirely mechanized with the help of a
transverse brush. The rotational movement of 540 or 1000 rpm is taken from the power take-off of the tractor
towing the machine. Transverse brush movement can also be done using a hydraulic system that contains
an oil pump, an oil tank and an oil cooling radiator. In addition, the harvesters can be equipped with a side
collector.
Another constructive solution for harvesting nuts is found in the STAR 211 and STAR 311 models that
we can see in figure 9 a) and b), manufactured by the same manufacturer, Giampi.

a)
b)
Fig. 9 Nut harvesting equipment a) STAR 211. b) STAR 311
(https://utilajenucifere.wixsite.com/giampi)

In this type of equipment, the harvesting is performed using a turbine with a pipe, having variable
diameters between 120-140 mm and lengths of 6/12/24 m. This constructive solution allows harvesting a
wide range of products (walnuts, almonds, hazelnuts), on harder to reach lands. The power required to
operate such a machine is 35 Kw, weighs 750 Kg and requires 2 operators during functioning. The machines
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are driven from the power take-off of the tractor which drives a suction turbine. Depending on the size of the
harvested products, the diameters of the sieves change.
Another company from France, named AMB ROUSSET offers a wide range of products for harvesting nuts,
cider apples, hazelnuts, almonds, sweet chestnuts. In figure 10 a) and b) is presented the self-propelled
walnut harvester R 19, figure 10 a) and the dimensions of the equipment, figure 10 b).

a)

b)

Fig. 10 Walnut harvester R 19 a) Overview, b) overall dimensions of the walnut harvester R19
(https://www.amb-rousset.com/en/produit/macadamia-nuts-harvester-r19/)

In addition to the R19 self-propelled combine model, we also find other variants of the same French
manufacturer such as: R17, R22, R23, R35. The engine for these types of self-propelled combines is
German (Deutz, 90Kw power), offering increased reliability. The fact that all four wheels of the equipment
can be turned, offers conditions for making complex maneuvers in walnut plantations that can be found on
hard to reach lands. The tires are also wide in size, to limit the footprint on the ground. It is approved for
driving on public roads. Due to the lifting height of the hopper, which is 2.90 m, it can be unloaded in any
type of trailer (means of transport) or storage container.

Fig. 11 Walnut shaker AMB Rousset

Founded in 1967, Orchard-Rite is a leading manufacturer in the orchard harvesting equipment
industry, having very good quality and reliability products. Bullet nut shaker is a towed model that can be
attached to any type of tractor. (https://www.cat.com/en_US/by-industry/industrial-power/engines/powerprofiles/orchard-rite-ltd-inc-monoboom-and-bullet-tree-shaker.html)
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a)

b)

Fig. 12 Bullet nut shaker, a) Overview, b) Working
(https://www.agriexpo.online/prod/orchard-rite/product-173908-56039.html)

The nut shaker produced by Orchard-Rite and presented in Figure 12 (a) and (b) is a self-propelled
machine that shakes both the trees and gathers the nuts from the ground. The shaker head is rotated up to
50 degrees and the fact that is equipped with lights, helps harvesting at night. The reliability of the equipment
ensures a quality shake that leads to a very small loss of unharvested nuts. The multiple shaking
frequencies, the high-performance shaking head lubrication system offer special protection to the trees and
make this machine a very high-performance one. (https://www.agriexpo.online/prod/orchard-rite/product173908-56039.html).

a)
b)
Fig. 13 Monoboom nut shaker a) Overview, b) Shaker sketch

In figure 13 another model produced by the Orchard-Rite company is presented, having similar
performances and reliability as the equipment presented before. Sicma - TR80 shaker, shown in figure 14 a)
and b) can be coupled to any type of tractor with a minimum power of 90 hp.

Fig. 14 Sicma TR 80 shaking machine, a) With tarpaulin to be collected in the transport position, closed, b) With
tarpaulins to be harvested in the working position, open,
(https://www.agromaquinaria.es/vibrador-de-olivos-sicma-srl-vibrador-arrastrado-sicma-tr80-p167729-c1573.html)
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The lifting and lowering ensembles and the vibrating head are operated by means of a remote-control
system. The arm has a freedom of rotation of 90 degrees. The collection tarpaulin configured in a convex
position has a diameter of 5 or 6 m. The vibrating head has an opening of up to a maximum of 480 mm and
is equipped with a self-braking system. The fastening system of the tractor is in three points and with two
support wheels (semi-worn), (https://real-deal.ro/2018/06/21/utilaj-pentru-scuturat-sicma-tr80/).
CONCLUSIONS
Due to the very high demand on the market, the development of a walnut plantation business on
large areas can become very attractive. The profit that can be obtained from such a plantation, the
longevity of a plantation, the easiness in maintenance may other good reasons why setting up a walnut
plantation can become very profitable. Considering that young walnuts have the crown formed without the
intervention of the human factor, we have new evidence that walnut plantations are easy to maintain
compared to other types of plantations. In cases where the plantations are established on large areas,
there are machines and equipment for harvesting the nuts, that can do all the mechanized harvesting
operations. There are internationally companies that produce nut harvesters, self-propelled, towed, semimounted. There are also machines and equipment for shaking nuts, on the ground or on various tarpaulins
placed around the trees. Other self-propelled walnut harvesters can perform both the shaking operation
and the ground nut collection operation in the combine hopper. One of the advantages of using
mechanized harvesting is that the shaking of walnuts can be performed in a single pass, compared to
manual harvesting where the process takes more time.
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ABSTRACT
Hemp is not a crop prohibited or restricted by law, only that such a plantation must be authorized and
monitored by the Ministry of Health, the Ministry of Internal Affairs and the Ministry of Agriculture and Rural
Development. Beyond the impediment to authorization and monitoring, hemp cultivation brings more than
profitable gains to those who invest in it. It is grown for its relatively high natural fiber content and for its
seeds rich in drying oil. Hemp fibers are longer than flax, very durable and quite resistant. hey are used to
make a wide range of rot-resistant textiles, even in water. Short fibers (tows) are used in the manufacture of
mattresses as well as as an insulating material. Lately, the market demand for green hemp inflorescence has
increased. The paper will present the partial results obtained in a research project in which a piece of
equipment for harvesting green hemp stems was grounded and made in order to process these stems to
obtain fibers. However, there are factors in the agro-industrial chain that limit the large-scale marketing of
these crops and their products. From an agronomic point of view, some of the problems are associated with
technological gaps in harvesting technologies, which prevent the full exploitation of some crops. For
example, the production of high-quality textile fibers depends primarily on the quality of the raw material,
which in turn is linked, inter alia, to the efficiency of the harvesting system adopted. In most cases, these
systems have been developed locally, based on available solutions related to specific local agricultural
practice. The purpose of this paper is to present a review of existing mechanical harvesting systems for
hemp fiber crops with special reference to hemp. In addition, the paper will provide a description of the
innovations that have been adopted in recent years to improve harvesting processes to increase the value of
these crops and their products, made by INMA Buchare
REZUMAT
Cânepa nu este o cultură interzisă sau îngrădită prin lege, numai că o astfel de plantaţie trebuie să fie
autorizată şi monitorizată de de Ministerul Sănătăţii, Ministerul Afacerilor Interne şi de Ministerul Agriculturii
şi Dezvoltării Rurale. Dincolo de impedimentul legat de autorizare şi de monitorizare, cultura de cânepă
aduce celor ce investec în ea câştiguri mai mult decât profitabile. Aceasta se cultivă pentru conţinutul său în
fibre naturale în procent relativ ridicat şi pentru seminţele bogate în ulei sicativ. Fibrele de cânepă sunt mai
lungi decât cele de in, foarte durabile şi destul de rezistente. Ele se utilizează la confecţionarea unei game
largi de produse textile, rezistente la putrezire chiar şi aflate în apă. Fibrele scurte (câlţii) se folosesc la
confecţionarea saltelelor precum şi ca material izolator.În ultimul timp a crescut cererea pe piaţă a
inflorescenţei de cânepă în verde. În cadrul lucrării vor fi prezentate rezultatele parţiale obţinute într-un
proiect de cercetare în care s- a fundamentat şi realizat un echipament pentru recoltare tulpinilor de cânepă
în verde în vederea prelucrării acestor tulpini pentru obţinerea de fibre. Cu toate acestea, există factori în
lanțul agroindustrial care limitează comercializarea pe scară largă a acestor culturi și a produselor lor. Din
punct de vedere agronomic, o parte din probleme sunt asociate cu lacune tehnologice în tehnologiile de
recoltare, care împiedică exploatarea deplină a unor culturi. De exemplu, producția de fibre de înaltă calitate
pentru textile depinde în primul rând de calitatea materiei prime, care la rândul său este legată, printre altele,
de eficiența sistemului de recoltare adoptat. În majoritatea cazurilor, aceste sisteme au fost dezvoltate local,
pe baza soluțiilor disponibile în legătură cu practica agricolă locală specifică. Scopul acestei lucrări este de a
prezenta o revizuire a sistemelor de recoltare mecanică existente pentru culturile de fibre referire specială la
cânepă. În plus, lucrarea va furniza o descriere a inovațiilor care au fost adoptate în ultimii ani pentru a
îmbunătăți procesele de recoltare pentru a crește valoarea acestor culturi și a produselor lor, realizate de
INMA Bucureşti.
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INTRODUCTION
Agriculture is the branch of the economy that provides in addition to daily food and a part of the raw
material related to other areas of the economy, raw material resulting from the cultivation of some technical
plants: flax, hemp, cotton, etc. At the moment, the demand for hemp on the European market is growing, and
the value of the subsidies offered by the European Community helps farmers to make a profit.
Industrial hemp (Cannabis sativa) is considered to be one of the most profitable crops. According to
specialists, the profit that can be obtained per hectare when cultivating this crop can reach 7-10 thousand
euros, but the restrictions imposed by the authorities do not allow farmers to cultivate it.
Hemp is a multifunctional crop that, worldwide in the last decade, has been the subject of many
research projects and industrial enterprises (Amaducci S., et al, 2017). Hemp cultivation can reduce
deforestation. One hectare of hemp is the equivalent of four hectares of forest, when we talk about the pulp
used to produce paper. The wood produced per hectare of hemp is equivalent to the amount of wood that is
made by the annual growth of one hectare of mature fir forest. The vegetation period of hemp is about 100
days, which does not compare with the time required to plant and obtain cellulose from the trees of a forest.
Starting in 2020, it is expected that most textile companies in the world will switch to the production of hemp
fiber.
Hemp strains from local populations and wild hemp contain 10-12% fiber, and improved varieties,
26-32% (Nedelcu A. et al, 2020).
Before 1989 in Romania over 50,000 hectares were cultivated with hemp, but in the 2000s hemp
disappeared from Romanian agriculture, only after 2012 the cultivation of hemp began to enter the attention
of Romanian farmers (Cotuna O.. et al, 2020). Romania was the third largest producer of hemp fiber
worldwide, the production being mainly concentrated in the counties of Timiş, Arad, Bihor, Satu Mare,
favorable to hemp cultivation. In recent years, trends have been reported to revive hemp into other
production niches, such as the production of oil from hemp seeds and the extraction of hemp fibers by
mechanical peeling of the stems. Industrial hemp is a plant used to obtain textile fibers for food purposes
which, in order to be planted, must by law have an overall THC content between 0.2% and 0.6%. The
substance content with psychoactive effects tetrahydrocannabinol (THC) in Cannabis Sativa (industrial
hemp) is only 0.2%, ie one hundred times less than in narcotic hemp (Cannabis Indica) (Carmen Brăcăcescu
et al, 2019). It is time for hemp cultivation to return to the range of agricultural crops in Romania, say
researchers from the Lovrin Agricultural Research and Development Station (Cotuna O.. et al, 2020).
At Lovrin, the hemp culture never disappeared and the improvement works continued after 1989. At
SCDA Lovrin, valuable varieties of hemp have been obtained over time. We mention here the dioecious
hemp varieties for fiber and seed: Lovrin 110, Silvana, Armanca and Teodora. Also at the SCDA Secuieni
resort, valuable varieties of hemp were obtained. Of particular interest worldwide is the cultivation of hemp
for the extraction of cannabidiol (CBD) for the pharmaceutical industry. In this sense, breeders have
produced hemp varieties that produce compounds that can have pharmaceutical value. One such product is
cannabidiol. About cannabidiol, studies show that it has antiemetic, neuroprotective, antiepileptic,
antipsychotic, anti-inflammatory properties, etc. (Grotenheim and Müller - Vahl, 2016). Romanian varieties
are not drugs. They have a TCH (tetrahydrocannabinol) content below 0.2%, a level imposed by the EU.
The project developed by INMA (PN 19 10 01 03, INMA) aims to achieve technologies and equipment
for green harvesting and processing of hemp stalks, to meet the requirements of current growers and
processors of hemp cultivation.
MATERIALS AND METHODS
The primary processing of hemp aims at extracting the textile fibers contained in the stems of these
plants, by removing with the help of physical, chemical, biochemical and mechanical means the non-filable
components (epidermis, parenchyma and lumen) contained in the stems. After processing, two categories of
fibers are obtained, which are called molten fibers and unmelted fibers (Cuzic-Zvonaru C. et al, 2002).
Figure 1 shows the complete technological scheme of the hemp processing process in the case of
molten fibers. It should be noted that at the moment there are only two smelters in the country.
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Fig. 1. Complete technological scheme of the hemp processing process in the case of
molten fibers

The molten fibers are obtained, as a rule, by going through two stages:
- in the first stage the aim is to destroy, or at least weaken the connection between the fibrous bundles
and the neighboring tissues or the tissues in which the fibers are embedded. This step is called generic
melting and is performed by biochemical, chemical or physical means;
- the second stage, performed with mechanical means, aims to eliminate the non-filable parts,
respectively the remains of the epidermis and parenchyma, as well as the entire wooden part.
The unmelted fibers, obtained by the so-called "green" processing of hemp, go through a single stage,
aiming only at the elimination of the main wood mass of the plants by mechanical processing. The dehulling
of the green stems results in a semi-finished product, which is subsequently dried and can be subjected to a
ennobling process, biological, chemical or physical, and the fibrous material obtained can be spun directly in
this state, even being called green processed fiber. In general, a number of technological phases are
included for the primary processing of hemp, some of which are excluded, depending on the variant of
obtaining the melted or unmelted fibers.
A complete process of primary processing involves the following technological phases:
- preparation of stems for melting;
- melting the stems;
- drying the molten stems;
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- mechanical processing of molten stems by crushing and melting;
- processing and sorting of melita tow by drying, shaking and ennobling;
- sorting flax and hemp;
- pressing and packing the rope or tow.
If melting is excluded, the resulting fiber being unitary, from the seven phases are excluded those
concerning melting and, respectively, the grouping of technical fibers into strings and tow.
Because in Romania the processing of hemp by melting is almost non-existent and to meet the
requirements of the beneficiaries, who grow or process hemp, INMA has developed a technology, figure 2
(Păun A. et al, 2020) and a technical equipment for harvesting and processing strains of green hemp figure 3
a and b (Olan M., et al, 2020).

a

b
Fig. 2 Technology for harvesting green hemp

Fig.3 Technical equipment
a-to harvest; b- to process green hemp stalks
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The experimental model of Green Hemp Stem Harvesting Equipment ERCV, figure 3 a is intended for
the sequential harvesting of hemp stalks, in order to process them to obtain the string.
In the case of using this equipment, the cut plants remain mixed in the furrow, the inflorescence with
the stems. strain losses to be less than 5%; broken stems of up to 6% .It should be noted that this equipment
is intended for small and medium farms that grow hemp.
The green harvesting equipment of hemp stems, figure 3 a and b consists of the following
components:

1

4

3

2

Fig.3 a Green harvesting equipment for ERCV hemp stems (Păun A. et al, 2019)

1-ERCV assembled mobile platform - 1.0;
2-Knife 1 ERCV - 2.0;
3- Knife 2 ERCV - 3.0;
4-ERCV hydraulic installation - 4.0
Because the height of the inflorescence of the hemp varieties varies, Knife 2 ERCV - 3.0 has the
possibility to adjust the cutting height in a wide range of values with the help of a vertical cylinder. The
second hydraulic cylinder works at the stroke ends in the working or transport position of the equipment.
In transport, this knife can be folded 90 degrees backwards on a support (figure 3), with the help of the
hydraulic installation. This knife is a double-edged knife like the first knife.
Each knife is driven by a hydraulic motor through a distributor, driven by the hydraulic installation of
the equipment.
RESULTS
Before entering the hemp crop, the tractor is started and the two cutting devices are operated by means
of the hydraulic installation - ERCV - 4.0, figure 4 (Bogdanof C-ti.G. Et.al. 2019).
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Fig.4 Hydraulic scheme

The equipment for harvesting and processing the hemp stalks in green was subjected to house tests
using as raw material hemp from the culture at INMA. The house tests consisted in checking the following
aspects of the standard - SR EN ISO 12100: 2011 - Safety of machines. General design principles. Risk
assessment and risk reduction applicable to products. Also, during the house tests, the integrity of the
equipment and the general technical condition of the transmission, the guards, the active organs were
checked.
The experimental ERCV model provides the following general characteristics:
- car type
Trailed
-energy source
tractor >65 CP
-type of the cutting device
double knife
-number of cutting knives
2
-cutting height:
-rear cutting device
100 mm
-front cutting device
1500-2500mm
As the 2021 hemp crop (from INMA) did not meet the requirements imposed by the harvesting
equipment (uneven height, low density, etc.) the tests under operating conditions are to be carried out in
2022.
CONCLUSIONS
It is a technical equipment for small and medium-sized hemp farms.
From the house tests it was found the following:
-the average cutting height from the ground did not exceed 100 mm;
-due to the variable height of the culture not all the inflorescences were cut, a compact furrow did not
result
- strain losses were greater than 5%;
It is a technical equipment for small and medium-sized hemp farms.
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ABSTRACT
The production of components and equipment requires large amounts of energy to obtain raw materials,
metallurgical processing of materials, machining and surface working of parts. Repairing and reusing
components leads to reduced consumption of raw materials. Predictive maintenance can extend the life of
equipment, and remanufacturing can ensure another life cycle for products. New technologies such as metal
coating or additive manufacturing - 3D metal printing allow the restoration of the damaged component and
after precise measurement, it is reintegrated into the equipment. The article presents aspects regarding the
circular economy, predictive maintenance and remanufacturing of equipment in the field of hydraulic drives.
REZUMAT
Producția de componente și echipamente necesită cantități mari de energie pentru obținerea materiilor
prime, prelucrarea metalurgică a materialelor, prelucrare pieselor pe mașini unelte și rectificarea
suprafețelor. Repararea și reutilizarea componentelor conduce la reducerea consumului de materiale brute.
Prin mentenanță predictivă se poate prelungi durata de viață a echipamentelor, iar prin remanufacturare se
poate asigura un alt ciclu de viata pentru produse. Noile tehnologii precum acoperirile metalice sau
fabricarea aditiva - imprimarea metalică 3D, permit refacerea componentei deteriorate și dupa măsurarea
precisă, aceasta este reintegrată în echipament. Articolul prezintă aspecte privind economia circulară,
mentenanța predictivă și remanufacturarea echipametelor din domeniul acționărilor hidraulice.
INTRODUCTION
Nowadays, there is the practice of repairing hydraulic equipment following the occurrence of fault
(corrective maintenance), or at certain deadlines set based on previous experiences (preventive
maintenance), which results in more expensive installations and especially higher maintenance costs.
In addition, metal or even non-metal parts damaged by wear are replaced and usually stored in a landfill, and
as a result, often the whole equipment is thrown away.
With the advent of Industry 4.0 for the manufacturing industry, companies have access to new
technologies to monitor and have a deeper perspective of operations in real-time, transforming traditional
manufacturing units into smart factories (*** Predictive maintenance and smart factory, 2017).
New technologies such as metal coating (Maillard, J., Belzona, 2008; Kubik, A., Bąkowski, H.,
Stanik, Z., 2019) or additive manufacturing - 3D metal printing (Raghavan, V., Duda, T., 2016) allow the
restoration of the damaged component and after precise measurement, it is reintegrated into the assembly.
The concept of Additive and Subtractive Manufacturing is associated with advanced manufacturing system.
Various advanced manufacturing processes are:
•
•
•
•

Powder Metallurgy
Rapid Prototyping or 3-D Printing
CNC machines, machining centers
Dye Casting etc.
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In the European Union's economy is still largely linear and only 12% of secondary materials and
resources are reintegrated into the economy. Many products break down too easily, cannot be used,
repaired or recycled, or are produced for a single use.” More than 2.5 billion tons of waste are produced
annually in the European Union, so one can say that the repair process ensures the products a second life.
ASPECTS REGARDING THE REDUCTION OF MATERIAL CONSUMPTION
Circular economy
The circular economy is an economy model that involves sharing, reusing, repairing, renovating and
recycling existing materials and products for as long as possible (Brais, S.-E., Fernández, E. Gonzalo, M.-M.,
David S.-O, 2019, Bocken, M.P.N., Ingrid de Pauw, Bakker, C., Bram van der Grinten, 2016, *** The
Difference Between Linear & Circular Economy, 2019). This results in extended life cycle of products,
consequently less products reaching the landfill.
This definition says concisely that in order to harmonize the long-term sustainable development needs
of humanity, it is necessary to optimize resource consumption so that we waste as little as possible and
reuse as much as possible.
Figure 1 shows a comparison between the linear and the circular economy in which the ordering of the
processes involved is seen.

Fig. 1 - Linear versus circular economy
Source: Entrepreneurship Campus

A circular economy model applied to Fluid Power can be thought of as downsizing / engineering out
waste (and pollution) from a piece of hydraulic equipment.
Translating to the circular economy model involves rethinking everything based on the following principles:
• Waste design and pollution
• Keeping products and therefore materials in operation for as long as possible
• Regeneration of natural systems.
The circular economy is a regenerative system, which is based on the use of renewable energy, on the
elimination of toxic chemicals and has as a basic idea the elimination of waste by designing new materials,
products and systems.
Waste will not exist because the products are designed so that they can be reused, and their elements can
be returned to the production cycle.
Another basic idea of the circular economy is that most products are designed and made from biological
resources that can be reintroduced into the biosphere, and the other elements (metals, plastics) are
designed from the start to be reused.
Last but not least, the energy needed to operate this system comes from renewable sources (solar, wind or
wave energy), which eliminates dependence on finite sources such as oil, natural gas or coal. In the circular
economy, the notion of consumer is replaced by that of user.
Predictive maintenance
Predictive maintenance is in fact a concept relying on the idea of permanent monitoring of essential
parameters in the operation of a machine or system; thus, the faulty behaviour can be detected in early
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stages (*** Predictive Maintenance (PdM): Why it Matters & How it Works, 2021, Rødseth, H., Schjølberg,
P., Wabner, M., Frieß, U, 2018).
This type of maintenance applies to areas of high system safety (“critical areas”), whether it is a
subassembly, a component or a machine in a complex line.
A block diagram of a predictive maintenance procedure is found in Figure 2.

Fig. 2 - Predictive maintenance procedure
Source: UPKeep

Predictive maintenance is very important in improving the reliability indicators of the system as it
increases the good operation time between two planned shutdowns, prescribed by preventive maintenance.
Over time, all data collected in this type of monitoring are analysed, processed, compared with existing data,
and based on the results obtained the periodicity of planned shutdowns will change accordingly.
By correct, continuous or periodic monitoring, it is possible to trace the level of the functional performances
of the system over time, the points with high risk of failure can be determined, and the maintenance and
repair operations can be approached effectively, significantly reducing maintenance costs.
The philosophy that uses modern methods (e.g., tribological testing, thermal imaging, vibration
analysis) to track the technological process, ultimately leads to technical and economic optimization of
maintenance by replacing taking action based on the operating time with taking action depending on the
onset of faults.
Predictive maintenance can effectively expand the lifespan of hydraulic systems, equipment and parts,
resulting in longer material use cycle.
Condition monitoring
Condition monitoring systems are crucial for identifying the behavior of a machine or installation. They can
be used to predict the failure of a car's components. Based on algorithms, they can instantly identify a defect
in a part of a car. The data collected can be used to improve the design of a machinery components to
improve reliability. Condition monitoring systems are based on various sensors, analysis techniques,
prediction algorithms and other measuring devices. At rotating machinery, for example, vibration and
acoustic sensors can be used to monitor operation. Premature failure of the machine can be obtained from
the noise signal response by analyzing the Fourier transform (*** Jauregui Correa, J. C., Lozano Guzman, A.
A., 2020).
Figure 3 shows a remote condition monitoring system of the hydraulic oil condition in an installation.
Critical hydraulic oil condition changes can be:
- Dirt
Hydraulic oil dirt in the form of metallic or non-metallic particles, leads to premature wear of hydraulic
devices and rapid clogging of filters.
- Water
Water contamination of the hydraulic oil leads to corrosion of hydraulic devices and circuits leading to
installation failure.
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- Quality
The quality of hydraulic oil refers to: thermal stability, low chemical corrosivity, anti-wear properties,
constant viscosity, low cavitation tendency. Oil contamination and aging leads to oil quality degradation.
- Heat
Excessive heat leads to a decrease in the viscosity of the oil and implicitly to a loss of lubricating
properties, which leads to equipment wear.
- Mixture
Mixing oils is not recommended at all. Oils can have different types of additives, and mixing them can
compromise the performance of the additives, cause corrosion of parts and lead to increased mechanical
wear.
- Wear
Wear affects moving metal parts, and a good hydraulic fluid helps reduce wear by proper lubrication.

Fig. 3 - Remote hydraulic oil condition monitoring system
Source: Argo Hytos

Remanufacturing of hydraulic equipment components
Repairing parts or equipment can save money for a company. The aftermarket in the area of
hydraulic components refers to parts similar to the original ones, which were repaired or made by a company
other than the manufacturer of the original equipment.
The word “aftermarket” comes from the market potential for a given line of products, after the original was
sold or marketed the first time. Aftermarket is simply a market opportunity. It cannot be loosely used for a
product, as often done. For example, say 10 injection molding machines were sold in the year of 2020. We
shall say these 10 machines have 20 hydraulic pumps. The natural lives of these 20 pumps may be two
years. Therefore, in 2022 these 10 machines could have generated a market potential for 20 pumps, to be
repaired-rebuilt or replaced. This market potential is known as the “aftermarket” (*** Guha, P. K.,
Understanding the hydraulic repair, rebuild, and remanufacturing industry, 2009).
When a equipment is repaired, the defective components are identified and either fixed or replaced,
but everything else is left in place.
Remanufacturing and rebuilding are relatively sophisticated operations. Rather than just fixing one thing,
remanufacturing and rebuilding both involve replacing a number of internal components.
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Rebuilding is an older term than remanufacturing. Although the terms are sometimes used interchangeably,
rebuilding can be a less sophisticated process depending upon the quality and standards of the technician
doing the rebuilding.
Rebuilders usually replace more than just the component that actually went bad, but the final product may or
may not meet the standards of an original equipment part.
Companies specialized in repairs/ remanufacture tear a unit down and try to bring it back to “as new”
condition.
Operations performed:
• All critical dimensions and surfaces are inspected and measured.
• Seals and low-cost consumable parts like springs, washers and shims tend to be replaced.
• Likewise, bearings will be inspected and possibly replaced.
• In more-serious cases, say internal wear due to contamination damage in a piston pump, lapping the
surfaces might be suitable if still within acceptable tolerances.
• If the wear is high the technician must to remanufacture or replace rotary barrels, pistons, and other
internal parts.
• If necessary, other major components can be replaced, like housings, covers, relief valves,
controllers
After completing the repair, testing and calibration are also critical to ensure repairs are done right the first
time. In figure 4 you can see the appearance of a hydraulic pump before and after remanufacturing.
The best repair companies have rebuilding and testing capabilities that are as good as or better than the
OEM’s.

Fig. 4 - A hydraulic pump before / after remanufacturing
Source: Engineering Technology Services

CONCLUSIONS
Monitoring systems can detect problems at an early stage, before these cause further damage or
downtime.
Predictive maintenance can be used in a wide range of applications, from remote monitoring of
mobile equipment (e.g. agricultural, construction, material handling) or machines (e.g. injection molding,
presses, welding, grinding) and many more.
The price of a repaired or rebuilt component can vary widely depending on the expertise behind It.
The complexity of today’s hydraulics means pure mechanical aptitude is no longer sufficient to fix
many components, given the sophistication of the latest controls and software.
Repair shops must make significant investments in state-of-the-art test stands to be able to test
hydraulic equipment or open and closed dynamic systems.
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ABSTRACT
One of the most significant components in a country socioeconomic growth is the energy production
and management. Renewable energy-generated electricity has lately emerged as one of the most
promising options for meeting national green energy targets and electrifying islands and remote
rural regions, on the one hand. Power generated by renewable energy sources has recently become
one of the most promising solutions on the one hand to reach the green energy target set at
national level in order to reduce the consumption of fossil fuels, and on the other hand for the
electrification of islands and remote rural areas. The heavy reliance on weather and the
unpredictability of renewable energy sources are significant disadvantages. As a result, several
green energy sources and energy storage systems must be combined to address this shortcoming.
Proper component selection, optimum grid configuration size, and performance evaluation in the
economic, environmental, and reliability perspectives constitute critical factors in their design
process. The present study aims to review the main hybrid energy production systems, which can
supply an autonomous and automatic fishing farm.
REZUMAT
Una dintre cele mai importante componente ale creșterii socioeconomice a unei țări este producția
și managementul energiei. Electricitatea generată din surse regenerabile de energie a apărut în
ultima perioadă ca una dintre cele mai promițătoare opțiuni pentru îndeplinirea obiectivelor
naționale de energie verde și electrificarea insulelor și a regiunilor rurale îndepărtate, pe de o parte.
Energia generată din surse regenerabile de energie a devenit recent una dintre cele mai
promițătoare soluții pe de o parte pentru atingerea țintei de energie verde stabilită la nivel național
în vederea reducerii consumului de combustibili fosili, și pe de altă parte pentru electrificarea
insulelor și zone rurale îndepărtate. Dependența puternică de vreme și imprevizibilitatea surselor de
energie regenerabilă sunt dezavantaje semnificative. Ca rezultat, mai multe surse de energie verde
și sisteme de stocare a energiei trebuie combinate pentru a rezolva acest neajuns. Selectarea
corectă a componentelor, dimensiunea optimă a configurației rețelei și evaluarea performanței din
perspectiva economică, de mediu și de fiabilitate constituie factori critici în procesul lor de
proiectare. Prezentul studiu își propune să treacă în revistă principalele sisteme hibride de
producere a energiei, care pot alimenta o fermă de pescuit autonomă și automată.
INTRODUCTION
European energy policies oriented towards reducing fossil fuels have created an expansion in
sustainable energy practices all around the world, justifying the integration of various advanced
renewable power production as a strategic choice. Because off-grid power generation currently rely
on petrol as its major energy source, the economic, environmental, and social restrictions posed by
this dependency must be adjusted in order to enable an easier transition to green energy. The most
pressing matters are the negative environmental effects generated by carbon-dependent generation
facilities, as well as rising energy costs. The rapid growth of the aquaculture industry has already
led to growing concerns over environmental impacts and several conflicts envisaging the proper use
of resources.
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The technique of meeting current energy demands without jeopardizing future needs is known
as sustainable energy production. Hybrid Renewable Energy Systems (HRES), which combine
locally accessible renewable energy sources with energy storage, have proven as ideal competitors
for traditional fossil fuel generation.
Alternative energy options such as solar and wind have encouraged energy industries to
generate green power. However, special attention must be paid to the particularities of these very
unpredictable resources and the dependence on weather and climatic variations, which may create
significant drawbacks. Photovoltaic (PV) and wind energy systems operating without rechargeable
batteries or back-up diesel power generation, they tend to be unreliable throughout the year
(Sedghi, M., 2014; Kaabeche, A., 2011). The technique used to store excess of energy within
rechargeable batteries, for later consumption may be a solution, but must be consider the high cost
of energy storage systems and the fact that they have limited life (Kaabeche, A., 2003). Other
energy storage systems, such as compressed air and hydrogen energy storage, have been
proposed by some researchers to partially mitigate this challenge (Basbous, T.,,2015; Khalilnejad,
A., 2014), but at this time these options are not mature enough for large-scale implementation.
Renewable energy sources have several limitations, such as their intermittent nature and
uncertainties, which inevitably affect their reliability and, as a result, may not provide enough power,
especially if used as stand-alone sources to fulfill the need of high-demand uses like fishing ponds.
Despite sensitive results attributable to renewable resource limitations, they are able to achieve
comprehensive alternative energy efficiency by successfully leveraging the benefits (Vendoti et al.,
2021).
Any energy system that includes more than one source of power generation is referred to as a
hybrid system. In comparison to the technologies that employ only one renewable energy source,
using integration of multiple energy sources helps the system to improve energy supply efficiency
and stability while also reducing energy storage requirements (Diaf, S., 2008; Nenciu F., 2021).
Hybrid systems are most commonly associated with remote location power applications, and they
are now a cost-effective alternative, especially where grid expansion is extremely costly. Hybrid
systems have come a long way in terms of cost and technological advancement in recent years, but
they are still an expensive energy source (Deshmukh, M., 2008). However, in the process of
evaluating the current energy situation, it must be considered that aside from the fact that fossil fuel
energy sources create greenhouse gas emissions, which may be a major contributor to global
warming, their cost is expected to rise in time, and generating some long-term management
challenges (Samrat, N.H., 2015).
In terms of evaluating energy production for fishing industry existing forecasts are
questionable, since the industry is expected to continue the development in the future. There are,
however, numerous difficulties to overcome, even with a better understanding of aquaculture
environmental effects. Many environmental issues must be addressed in the fish farming industry,
in order enable responsible growth to occur in the future, in terms of energy production, water and
soil pollution (Nottona, G., 2011).
Solar energy, among the different renewable energy sources, is the most promising
environmentally friendly and fastest growing clean energy source, with the highest potential to
overcome global energy challenges (Clifton J., 2010). During cloudy days and at night, however, a
photovoltaic system is not be able to generate any power. Furthermore, because to irradiance
fluctuations, it produces electricity intermittently during sunny periods, which implies that, the
photovoltaic panels are not able to fully supply the load requirement at all times. Integration of the
PV system with energy storage devices and other green energy sources can overcome this
challenge. We therefore propose a brief review of optimization studies directly targeting off-grid
hybrid power systems, in order to support used methods and provide a point of comparison.
MATERIALS AND METHODS
When adopting Hybrid Renewable Energy Systems for fishing ponds, optimizing the power
system configuration is critical for the project success. Several parameters play an important role in
determining the best configuration. The most important are: the unpredictable nature of renewable
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energy sources, meteorological conditions, fluctuations in load profiles, irregular response of
system components, cost of equipment, the value of resources, potential environmental hazards.
Because evaluating and optimizing Hybrid Renewable Energy Systems performance is a difficult
process, various strategies for optimizing power production for off-grid applications have been
proposed in the academic literature. As more specifically explored, these strategies might be
classified as probabilistic, analytical, iterative, or hybrid (Siddaiah R, 2016; Luna-Rubio R.,2012).
Using different measurable data, the system components are modeled and validated. After
performing simulations, design parameters (decision variables) such as PV power, wind turbine
power, diesel generator power, and battery storage capacity are chosen, and this technology is
optimized by lowering the annualized life cycle cost. The goal is to examine more than one climatic
zone and optimize the system for varied input power according to different pond capacities,
because the cost of hybrid systems is dependent on climatic circumstances and load energy
demand.
Integration of hybrid renewable energy systems has provided several opportunities to
improve energy availability and mitigate climate change negative consequences (Okoye, C.O.,
2017). With more attention being paid to the smart grid concept, the deployment of smart home
nanogrids has attracted much interest (Ling-Chin, J., 2016).
For both off-grid and grid-connected power generation, simulation tools developed for a
range of applications provide quick assessment of customization options (Luna-Rubio R, 2012).
One of the most used programs to simulate the power generation is the Hybrid Optimization Model
for Electric Renewables (HOMER). HOMER as a simulation platform that has proved capacity to
handle a vast number of variables associated with the design, optimization, and performance
assessment of complex hybrid systems (Ma, T., 2014).
RESULTS
In a hybrid renewable energy system functioning, the total power generated is used primarily
to fulfill the load, this being the case when the electricity generated by renewable energy sources
(wind turbines and PV array) equals the load requirement. If this power produced exceeds the load
requirement, the extra energy is stored in the battery bank. If it is less energy generated than the
load demand, the power stored in the batteries is used to bring the system back into balance. When
the load demand exceeds the power provided by renewable energy sources plus the electricity
generated by the storage system, then back-up equipment, such as diesel generators, comes into
operation. In the extreme and very rare case where the back-up fuel is also consumed, then it
results in a loss of power supply (Garcia, P., 2013).
Wind, solar, and tidal energies are the three energy sources having high maturity and
excellent output potential in hybrid systems. Off-grid energy systems differ from grid-connected
energy systems in several respects, however the key distinction is that of autonomous functioning,
with no means of importing electricity in the event of a power shortage. Excess power must be
stored using batteries or other storage options if it is financially feasible. The other option would be
to discard the extra electricity as heat, however this would raise electricity prices since energy
would be lost (Gan, L.K., 2015). As discussed before, renewable energy sources such as wind and
solar are intermittent for most geographical areas, and as a result, power generation cannot be
directly matched to demand. Therefore it is always recommended that off-grid systems to be
provided either with a storage or a backup power source (Garcia, P., 2013). Hybrid energy systems
offer the benefit of being more reliable and having lower electricity costs than systems that consist
of a single power source (US Department of Energy, 2016).
Hybrid Renewable Energy Systems have been recommended as a feasible solution for
delivering power to off-grid and distant sites in emerging regions, particularly in areas with the most
severe rural electrification challenges (Yimen, N., 2020), and this creates opportunities for fish
farming. In order to satisfy the power requirements, a two-step process for designing and assessing
a stand-alone photovoltaic/wind/battery/diesel hybrid system have been used by N. Yimen (2010),
conducting simulations as well as a techno-economic and emissions studies. The analyses usually
start with a look at the location and available solar and wind resources, as well as local demand,
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the grid, and local transformation units. Usually the evaluations begin with a study of the location
and the available solar and wind resources, the local demand, the grid and local transformation
units.
Studies aim to determine the appropriate size of system components that meet all constraints
and maximize the objective function. There are three elements that differentiate the used
assessment strategies: the type of hybrid system, the methods that are being used and the main
objectives (Rezk, H., 2020).
Kang D. et al. (2012) utilized HOMER software to optimize a PV/Wind/Battery hybrid system
for electrification of Kibong-ri (North Korea), comparing the optimized system to the grid-extension
alternative, and discovering that the hybrid system is more cost-effective for the chosen area.
Fajry, F.R., (2018) offered a concept of cold storage technology combining electricity from a
roof top solar PV panel and a diesel generator, given that freezing fish is a significant energyconsuming phase. Their concentration was on financial analysis and costing, and they developed up
with an effective cold storage warehouse conceptual model.
In Northern Canada, Kaluthanthrige, R., et al., (2019) performed a HOMER software-based
optimization study in order to determine the best method to upgrade a remote off-grid power
system. Battery-Diesel, Potovoltaic-Diesel, and Potovoltaic-Diesel-Battery topologies were
evaluated in various situations to determine the best conversion for a mainly diesel-based power
plant. The research showed that the Potovoltaic-Diesel-Battery architecture is capable of providing
the desired advantages with high renewable advances.
In Sandy-Lake (Ontario), a grid optimization study has been conducted (Rahman M.M., 2016)
for a wind-diesel-battery hybrid system for an off-grid community. Several scenarios with several
renewable ratios have been examined. According to the findings, increasing the renewable ratio,
would raise the cost of power while dramatically lowering emissions compared to the current dieselbased system that is in use.
An efficiency study for a remote micro-grid layout in Northern Ontario was undertaken in
(Mizani S., 2009). Generally, the findings suggest that integrating renewable generators and
storage systems into the existing diesel system, with the best delivery schedule accordingly to the
population consumption, will result in a more ecologically and economically friendly electrical
energy generation.
Ibrahim H. (2007) conducted a feasibility study on the influence of wind-diesel hybrid power
systems on Aupaluk (Kuujjuaq) and Salluit (Northern Quebec) isolated settlements. The findings of
the optimization show that combining a wind-diesel storage-based system can help to minimize the
high emissions and costs associated with conventional diesel-based stations.
For the best size of a stand-alone PV/Wind/Biomass hybrid energy system in Barwani area, a
genetic algorithm and particle swarm optimization were applied (Sawle, Y., 2018). The goal was to
reduce the cost of energy generation while increasing yields.
Singh et al. (2018) calculated a cost of energy (COE) of 0.173 USD/kWh by using a swarmbased artificial bee colony algorithm for the optimal size of a hybrid PV/Wind/Biomass/battery
system to suit the power demands of Patiala (India). In Colombia, a techno-economic viability study
of multiple combinations of wind turbines, photovoltaic, and diesel generator engines for energy
generation in several off-grid areas under various climate conditions was conducted, and the best
energy and cost configuration was identified, accordingly to the proposed criteria (Mamaghani et al.,
2016).
Using discrete harmonic search-based optimization strategies for optimal sizing a
PV/wind/diesel hybrid system with battery storage in an off-grid rural community (Zhu, B., 2016)
researched for the best system size while taking into account the annual cost of the system and
comparing the field results to the discrete values generated with the method.
Ma (Ma, T., 2014) studied a hybrid PV/Wind system with pumped hydro storage (PHS) to
meet the residential power demands of a distant community in Hong Kong. The authors found that
this is the optimum energy storage system for 100 percent energy autonomy in remote settlements,
considering simulating component capacity situations, using a mathematical model.
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Valenciaga et al. (2005) described a supervisory control hybrid PV-wind system. In this
reference paper, wind energy is employed as the primary source of power generation, with solar
energy serving as a backup. In this scenario, the hybrid system is simply considering and supplying
the AC load.
The technical and economical evaluation of four hybrid networks with at least one renewable
source to fulfill all load requirements has been examined for different geographical regions of
Greece (Panapakidis et al., 2012). Using HOMER tool has been delivered excellent solutions in
terms of installation, fuel, operational, and replacement expenses for various locations.
Onar et al. (2006) built and evaluated a hybrid system based on wind, fuel cells, and ultracapacitors for grid-independent activities. Researchers created a comprehensive dynamic
simulation model that allows designers to construct and analyze any hybrid wind-fuel cell-ultracapacitor system with a given set of parameters and load conditions. The main contribution of this
research is the use of short and long-term storage techniques with adequate hybrid power
controllers to combine renewable energy sources with fuel cell systems.
Uzunoglua et al. (2009) designed a PV-fuel cell ultra-capacitor hybrid system. In the proposed
system, the photovoltaic system used an electrolyzing device to create hydrogen for future use and,
if feasible, transferred energy to the load during enough solar irradiation. When the PV system fails
to fulfill load needs, due to insufficient solar irradiation, the fuel cell uses stored hydrogen to meet
the remaining load.
CONCLUSIONS
This study looked at the technological and economic potential of off-grid integrated HRES
systems as a power source for fishing ponds. Off-grid applications for rural electrification and
autonomous systems are becoming more attractive when system resilience and ease of operation
are acknowledged. In addition, a hybrid system significantly reduces total net present cost (NPC)
and the cost of energy (COE), as well as fossil fuel use. The optimal designed hybrid system would
also reduce the greenhouse effect on the environment.
The PV/Wind/Diesel/Battery architecture is one of the most studied configurations in existing HRES
experiments, according to the literature study. For optimal sizing, both classes of approaches
(optimization techniques and software applications) have been used; however, techno-economic
and emissions assessments of the optimized system in comparison to the two traditional modes of
rural electrification (diesel generator and grid-extension) in the region are uncommon.
The PV/Wind/Diesel/Battery is one of the most studied configurations in existing HRES
experiments, according to the literature review. For optimal sizing, both classes of methods
(optimization techniques and software tools) have been used. In terms of load and installations, the
PV/wind/diesel/battery hybrid system configuration is considered to be the most efficient. As a
result, to meet the demand, this hybrid power system design will rely on the green energy potential
efficiency at all installations. Of all the areas considered, this architecture has the lowest net
present cost and cost of energy.
If the chosen fishing ponds sites have abundant wind and solar resources, it's a good option
to integrate renewable energy systems into stand-alone power supply systems to improve the
quality of power and reduce air pollution. Combining solar, wind, and diesel power is more efficient
and reduces dependency on a single source of energy, as well as reducing the amount of battery
capacity. It has been found that hybrid system designs produce better NPC results than the other
case results. It would also assist in achieving maximum renewable output in the future, hence
reducing diesel consumption and reduce overall CO 2 emission.
In terms of environmental acceptability, stand-alone diesel systems might be considered as
a back-up solution, but only in the case of limited operation. Because diesel fuel prices tend to
increase in the long term, and their strongly rise daily and tend to fluctuate sharply in price, using
stand-alone diesel systems in remote places could have some detrimental consequences. It has
been shown that photovoltaic/wind/diesel systems with batteries might be widely employed to
replace or augment present stand-alone diesel systems in remote areas with no power grid
connection.
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Government subsidies and tariff discounts would encourage the use of hybrid systems,
enhancing renewable energy sources capacity to contribute more to the entire energy mix, while
also reducing CO2 emission.
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ABSTRACT
Sustainable aquaculture is a complex and abstract concept with the long-term goals of being efficient,
environmentally friendly, financially competitive, and societally helpful. Integrated multi-trophic
aquaculture (IMTA) systems have been proposed as viable and sustainable solutions to help the fishfarming sector to increase production rates in an environmentally friendly manner, taking advantage of
natural synergistic interactions between various farmed species, in order to bio-mitigate the produced
waste while also enhancing farm productivity.
REZUMAT
Acvacultura durabilă este un concept complex și abstract cu obiectivul pe termen lung de a produce intrum mod eficient, ecologic, competitiv din punct de vedere financiar și util pentru societate. Sistemele
integrate de acvacultură multitrofică (IMTA) au fost propuse ca soluții viabile și durabile pentru a ajuta
sectorul piscicol să crească ratele de producție într-o manieră prietenoasă cu mediul, profitând de
interacțiunile sinergice naturale dintre speciile crescute, pentru a bio-atenua deșeurile produse, sporind
în același timp si productivitatea fermei.
INTRODUCTION
Due to rising food demand and the decline of fishing natural stocks, it is now widely
acknowledged that fisheries would be unable to supply anticipated global high-quality protein demands.
Dealing with this fast development requirement, aquaculture has an average annual growth rate of
5.8%, over the previous 15 years (FAO, 2018).
Aquaculture is one of the fastest-growing sectors in the world, this business has been regarded as
highly important to the supply of qualitative food for the world's increasing population. Despite many
technical advancements and methodological improvement in production, this industry is still plagued by
misconceptions and bad perceptions that obstruct its deployment and widespread consumption of its
products. Using an ecosystem-based approach, the integrated multi-trophic aquaculture (IMTA) concept
was designed to promote the sustainability of intensive aquaculture systems (Marta, C., 2020).
The impact of wastes created from aquaculture activities on the aquatic environment is frequently
debated and investigated. Fish may only use about 30% of the nutrients in their feed for growth and
development, leaving the rest as particulate organic matter (unconsumed feed and fish feces) and
inorganic nutrients (fish excretions) in the water, producing eutrophication, hazardous algal blooms, and
deoxygenating the underground sediments (Yokoyama, 2013; Irisarri et al., 2015). Rapid degradation of
water quality puts animals in the aquaculture region in danger, frequently resulting in fish illnesses and
mortality (Alexander, et al., 2017).
Aquaculture expansion occurred over the last several years, and during this time environmental
awareness and public concern about the quality of the products grew (Tacon et. al., 2013). Food safety
and quality, their possible health consequences, as well as the sector's environmental sustainability,
and animal welfare, have all come up as major public concerns (Aarset et al., 2004; Gormaz et al.,
2014; Olsen et al., 2017).
Chopin T., (2006), one of the top researchers who laid the foundations of IMTA, explains the
differences between classical polyculture and the new approach. Unlike classical polyculture, where the
species usually all share the same biological and chemical processes, which could potentially lead to
significant shifts in the ecosystem structure, in the multi-trophic approach, the biological and chemical
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processes under operation are balanced by combining aquaculture of feeding species with aquaculture
of organisms that extract either dissolved inorganic nutrients (seaweeds) or particulate organic matter
(shellfish). Furthermore, the forms of aquaculture are linked, functioning in close proximity but not
always at the same location. The IMTA approach has the benefit of being adaptable, since it may be
used in open-water and land-based systems, as well as marine and freshwater systems. What matters
is that the proper species being chosen depending on their ecological services as well as their economic
value or potential.
Several researchers (Van Osch et al., 2017; Mangano et al., 2019) have identified he most
important issues raised by the IMTA systems: (a) the presence of parasites in aquaculture fish, (b) the
use of antibiotics to enhance growth and prevent illness, (c) the provenance of the feedstuff to farmed
fishes, (d) the excessive discharge of nutrients into natural water bodies, (e) the accumulation of fish
farming wastes on the pond bottom, and (f) the effects of aquaculture on wild populations with and
without introducing non-indigenous species. The uncertainty about the environmental, social, and safety
characteristics of aquaculture products, along with developing countries growing dependency on
cultivated seafood, has drawn unfavorable attention to aquaculture (Whitmarsh et al., 2011; Bacher et
al., 2015).
Integrated multi-trophic aquaculture (IMTA) employs wastes produced by one aquatic species as
inputs for another, which can be either fertilizers or food. Producers integrate farmed aquaculture with
inorganic extractive and organic extractive aquaculture to create balanced systems for environmental
remediation (bio-mitigation), economic stability (higher production, reduced costs, product
diversification, and risk reduction), and social acceptability (enhanced management practices). The
biological and chemical processes involved can create a stable equilibrium by selecting appropriate
species and scaling the diverse populations to offer critical ecosystem activities, benefitting the
organisms and enhancing ecosystem health. The organism should, provide valuable economic food for
each other. Even though some of the species would produce less than they would produce in a
monoculture alternative, IMTA can enhance total production due to the created synergies (Chopin, T.,
2001, Neori A, 2004).
Instead of introducing a biomass of a certain type that we assume we could grow in isolation from
everything else, the approach simply recreates a simpler, controlled environment that is in equilibrium
with its surroundings. Furthermore, IMTA promotes economic diversity and decreases economic risk
when the proper species are selected, and it raises the acceptability of the broader aquaculture sector
by employing procedures that have been blamed by the industry, authorities, and the general public.
MATERIALS AND METHODS
Integrated multi-trophic aquaculture is a sustainability-oriented method that tries to combine the
growth of aquaculture species with various trophic levels while avoiding energy waste and
environmental degradation (Chopin et al., 2012; FAO, 2009). The main advantage is that unused forage
and waste from one species are recovered and turned into feed, fertilizers, and energy for another
species within IMTA production. IMTA can help to ensure the long-term viability of aquaculture, which
has environmental, economic, and social benefits. Nutrient cycle, higher economic resilience resulting
from enhanced production efficiency, product variety, and possible price increases can all help achieve
this goal (Chopin et al., 2012; Van Osch et al., 2019).
The use of IMTA systems contributes to the long-term growth of aquaculture and, while employing
ecologically acceptable techniques, increases the aquaculture sector attractiveness. However,
considering that public awareness of the benefits of IMTA is relatively low, it is important to educate
stakeholders about this novel approach. The practical learning experimental IMTA prototype provided by
authors like Marta, C. (2020), forms a useful tool in addressing such educational and awareness
demands (Marta, C., 2020).
RESULTS
Marta, C., (2020) performed a practical learning experiment to teach and explain current scientific
achievements in sustainable development and the value of aquaculture products to students and the general public
centered on IMTA proof of concept.
Following this sustainable aquaculture approach, a closed recirculation
IMTA system was constructed and tested at a laboratory size for 70 days with simultaneous production of fish, sea
urchins, and seaweed.
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Unlike classical polyculture techniques, multi-trophic aquaculture systems are considered safer in general.
However, Rosa, J., (2020) evaluated the potential risks for food safety, associated to Integrated multi-trophic
aquaculture systems (IMTA). The organism ability to acquire nutrients from water also implies that they will collect
chemicals that are frequently used in intensive industries. The research study addressed a wide range of
compounds that can be detected in IMTAs, either intentionally provided or as a consequence of contamination, and
then might accumulate in organisms grown in these systems later. The presence of such compounds in IMTAproduced organisms presents a number of food safety and human health problems that must be considered. The
study revealed that despite the fact that IMTAs confront several problems in terms of large-scale production for
many countries, and regulation is not yet ready to include co-cultivation of different species in close proximity.
Zhang, J., (2019) investigated bio-mitigation based on integrated multi-trophic aquaculture in temperate
coastal waters. He notes that unlike traditional aquatic organism cultivation, rapidly deteriorate the water quality of
surrounding ecosystems, putting animals in the area in danger, the integrated multi-trophic aquaculture (IMTA)
system could be a bio-mitigation strategy that reduces the negative effects of aqua-farming pollutants on the
environment and aquatic species. His study gives an overview of the IMTA system, explaining the interactive
processes among the different trophic levels. The study suggests that an optimal constructed large-scale IMTA
experiment is needed, with proper consideration of the impact to target species' IBR, and that a full-scale IMTA
model should be further developed with a collection of individual-based sub - systems for IMTA potential
organisms.
It is important to acknowledge that IMTA systems not only produce valuable biomass, but also provide waste
reduction services (Cranford, P.J., 2013). The employment of absorbent organisms in IMTA is one of the few costeffective treatment alternatives after fertilizers. IMTA may minimize the levels of organic and inorganic nitrogen,
carbon, and phosphorus by using the right combination of co-cultured species, making extractive aquaculture a
viable candidate for nutrient trading credits. Carbon trading credits might be estimated as well. There may be some
scientific disagreements however about what it means to trap/sequester carbon. Some researchers suggest that
this term should only be used for long-term geological storage, rather than temporary storage. Potential organisms
that could be co-cultured with the targeted species include nutrient absorbers, suspension feeders, deposit feeders,
and other organic-extractive organisms. The IMTA system may produce the greatest environmental and economic
advantages when the nutrients supplied by aquaculture activities are adequately balanced by the collection of
extractive components such as seaweed, mussel, and sea cucumber. To determine the best design and biomitigation efficiency for attaining sustainability, matter and energy fluxes inside IMTA and between IMTA and its
surrounding environment must be defined and measured (Wartenberg, R., 2017).
In order to safeguard the health of consumers, maximum residual requirements for other organisms
generated in IMTAs must be also established. Extractive species consumption (e.g., seaweeds) has risen in recent
years, and as IMTAs gain popularity as a sustainable production technique, food safety concerns must be
addressed. Improved environmental conditions and a rise in food supplies are at the heart of synergistic interaction.
The processes by which various fish species lead to the improvement of environmental conditions are dependent
upon what levels of the food chain they eat (Milstein, A. 1992, Nenciu F., 2021).
The findings revealed that simultaneous production of fish and echinoderms is possible if there is a sufficient
algae supply. The combination of a recirculating water system (RAS) for fish production with other crops such as
sea urchin and seaweed was also proved to be effective in maintaining water quality and reducing waste impact to
the environment. The collaboration of these two aquaculture production techniques, RAS and IMTA, although they
are not very well studied at this time, show various benefits, including improved control and monitoring of water
quality (Chang et al. 2019).
IMTA has been identified as a factor in lowering public resistance to intensive aquaculture. There is a strong
need to raise society knowledge, perception, and acceptability of aquaculture products, as well as to provide
customers with accurate and reliable information on the aquaculture business and its environmental sustainability.
To implement continuous consumption of aquaculture products, activities increasing awareness of sustainable
aquaculture methods, the advantages of its products to consumers, and how they satisfy end-user demands are
also essential.
The stock rate of a pond is determined by the biological production, additional feeding performed, and the
pond water surface area. In order to optimize the pond's capacity, four to seven species have to be supplied at
once. Due to interspecific competition, stocking schedules may be however adjusted. The species ratio, are
influenced by pond nutrients, fish seed accessibility, customer, and market demand (Rahman, 2015, Petre A.A.,
2020).
A mathematical model might be used to better understand the high-complexity correlations between
physical, biological, and hydrodynamic properties of an IMTA system, which are difficult to comprehend using
typical small-scale studies (Troell et al., 2009). As a result, a mathematical model supported by evidence in
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experimental studies under controlled settings and corroborated by small-scale field observation data from IMTA
locations may be used to estimate the overall bio-mitigation efficacy of the IMTA system to some extent. The
validated model might be used to better understand the physical, biochemical, and hydrodynamic aspects of the
local environment, as well as the physiological and metabolic characteristics of co-cultured organisms, in order to
improve the IMTA design (Chopin et al, 2013).
During last several decades, marine ecosystem simulations depicting biogeochemical processes and
material cycles have been created to analyze the environmental effect and carrying capacity of aquatic agricultural
systems (Perrot et al., 2014). Because aquaculture wastes are carried through the pelagic ecosystem and
deposited on the sediment, they have a considerable detrimental influence on the surrounding environment,
particularly the benthic ecology. Yokoyama et al. (2006) showed that the concentration of dissolved oxygen levels
reduces logarithmically as the volume of aquaculture wastes increases.
Some aquaculture wastes models have been created as predictive or explanatory tools for predicting the
ecological effect of waste materials flows from aquaculture areas. Species must be properly simulated as a major
component of the IMTA system to better characterize their dynamics in natural water habitats. Different varieties
from various trophic levels, such as inorganic nutrient absorbers and organic-extractive organisms, were evaluated
as prospective organisms to co-culture with the targeted species.
Seaweeds may absorb between 35 and 100 percent of dissolved nitrogen generated by feeding species,
according to studies from land-based systems. The percentage of accessible nutrients bound by the seaweeds at
any particular moment may be used to evaluate the capacity of seaweeds in open-water cultures to extract
nutrients from the water column (Viji, C.S., 2014). Experiments and mass balance calculations revealed that
removing the surplus nitrogen from a commercial fish farm would need a massive expanse of seaweed growth, up
to one hectare per ton of fish standing stock.
CONCLUSIONS
In order to mitigate the negative effects of conventional intense aquaculture, much effort has been spent
on adopting viable remedies such as aeration, managing aqua-culture density, offshore aquaculture, and coculture. Integrated multi-trophic aquaculture (IMTA) is an effective environmental bio-mitigation technology. By
cultivating the targeted species with others with differing feeding patterns at different trophic levels, the IMTA
system ensures sustainable aquaculture development by recycling aquaculture wastes such as food resources.
The bio-mitigation effect of such system may absorb wastes and other possible contaminants, reducing the
negative impacts of substances preventing from accumulating. Given the IMTA complicated interacting processes,
it's unclear however if a reasonably realistic assessment of bio-mitigation efficacy can be entirely attained by
partially controlled studies. The method, is a type of polyculture that replicates natural nutrient fluxes to provide
numerous outputs from a food production system.
In various locations with significant maritime vulnerability, IMTA has been highlighted as an effective
technique for adapting to climate change (Ahmed et al., 2019). Some adverse weather events such as drought,
floods, tornadoes, and heavy rainfall are becoming more frequent. In association with other phenomena such as
the rising salinity, temperature increase, and ocean acidification, which impact marine creatures and ecosystems,
consequences, may occur for coastal aquaculture. The main advantages of IMTA are mentioned by Ahmed (2019)
and Marta, C., (2020) as: (a) the capacity of cultivated seaweeds to produce oxygen and absorb carbon dioxide; (b)
the ability of shellfish to sequester carbon in their shells; (c) the culture of euryhaline species that can tolerate a
broad range of salinity; and (d) the ability of shellfish and seaweeds to resist water temperature variation and clear
the water (by accumulating pollutants, sediments, and suspended particles). In comparison to industrialized
aquaculture, IMTA has a considerably larger social approach. IMTA provides for greater capitalization of natural
resources, as well as the development of new sustainable goods, value chains, and markets in support of coastal
communities and climate change resilience. IMTA generates new economic niches by using local resources,
boosting chances for local investment and employment, promoting rural development, and counteracting the
decline of coastal areas.
The choice of an appropriate candidate species is mostly determined by local IMTA practices and market
values, and indigenous species with significant economic value should be given priority. An ideally constructed
large-scale IMTA investigation, in which organisms are effectively addressed, is necessary to evaluate the total biomitigation impact based on the experimental technique. Basing just on existing IMTA models for obtaining accurate
assessment of IMTA bio-mitigation efficiency is quite difficult. In order to enhance and improve an effective biomitigation strategy for multilateral environmental impacts, generated by aquaculture wastes, a full-scale IMTA
model should be created.
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Because there is generally no cost associated with aquaculture discharges/effluents in land-based or open
water systems, the majority of the aquaculture business models do not consider the economic potential of the biomitigation services supplied by bio-filters. Appropriate legislative and administrative frameworks, as well as financial
incentive instruments, may be needed to explicitly identify the advantages of the extractive components, using
IMTA systems.
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ABSTRACT
A feeding trial was performed using a 3x3 Latin square experimental design in order to assess the effects of
replacing the sunflower meal (in the control diet) with milk thistle cake or coriander cake (in the experimental diets)
on the main rumen parameters of wethers. It was observed that the experimental diets led to a significant
increase of the rumen pH, a significant decrease of the concentration of ammonia in the rumen fluid and also a
decrease of the concentrations of both acetate and propionate that was not statistically significant but close to
tendency. These results indicate the potential of experimental diets to influence rumen environment and the
possibility of replacing the sunflower meal with milk thistle cake or coriander cake without significant adverse
effects on rumen metabolism.
REZUMAT
Au fost studiate efectele înlocuirii șrotului de floarea soarelui (utilizat in rația martor) cu turte de armurariu sau turte
de coriandru (în rațiile experimentale), asupra principalilor parametri ai metabolismului ruminal la batali, utilizând
un plan experimental în pătrat latin 3x3. S-a observat că rațiile experimentale au condus la o creștere
semnificativă a nivelului pH-ului ruminal, o scădere a concentrației de amoniac în lichidul ruminal și scăderi ale
concentrațiilor de acetat și de propionat, care au fost nesemnificative, dar apropiate de tendință, din punct de
vedere statistic. Aceste rezultate indică potențialul rațiilor experimentale de a influența metabolismul ruminal, dar
și posibilitatea de a înlocui șrotul de floarea soarelui cu turte de armurariu sau turte de coriandru, fără apariția unor
efecte secundare asupra metabolismului ruminal.
INTRODUCTION
Milk thistle (Silybum marianum) is an important herbal plant, used for more than 2000 years in the
treatment of some diseases such as hepatitis or cirrhosis. It is a rich source of bioactive compounds, such as
silymarin flavonolignans and phenolic compounds, known for their beneficially implications on human health. Also,
the fruits of this plant are rich in several compounds that possess anti-inflammatory effects. Moreover, the most
preponderant compound of the silymarin complex is represented by silybin, which has antioxidant properties and
may be important from animal nutrition point of view. It is well known that obtaining animal products (milk, meat)
that are rich in polyunsaturated fatty acids is an important target, however the higher lipids oxidation of such
products should be taken in account (Cetano and Costa, 2020) and counteracted.
Coriander (Coriandrum sativum) is an aromatic herbal plant rich in several compounds that can express
antioxidant and antibacterial activities. Coriander oil has antimicrobial activity against a wide range of
microorganisms. Therefore, inclusion of coriander-based products in ruminants’ diets may influence ruminal
environment and feeds utilisation (Matloup et al., 2017).
These properties, along with the high content of proteins and digestible fibres make the by-products /
wastes, generated by the various uses of these plants, good candidates as alternative feeds. However, their use
in animal feeding is impaired by the insufficient knowledge of their nutritive value, potential effects on animal’s
performances or rumen metabolism.
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Over the years, due to their content rich in active compounds, the milk thistle plants were used to treat
some metabolic diseases of ruminants, such as ketosis (Hermenean et al., 2015; Křížová et al., 2011). It was
reported that milk thistle oil is rich in polyunsaturated fatty acids and monounsaturated fatty acids, which may have
beneficial effects on animal products quality (Karaiskou et al., 2021; Gladine et al., 2007). Also, it was reported
that supplementing dairy cows with coriander oil led to a decrease in ammonia concentration of ruminal liquid,
increased in milk yield and also the feed intake was improved (Kholif et al., 2021).
However, the literature on the effects of these cakes on rumen metabolism is scarce, and there are still
numerous knowledge gaps. In this context, the objective of this study was to evaluate the effects of including milk
thistle cake or coriander cake in weather’s diet on the post-prandial dynamic of the main parameters of the rumen
metabolism.
MATERIALS AND METHODS
The experiment took place in the INCDBNA Balotesti experimental farm, according to a Latin square
experimental design (3x3), using fistulated Merinos weathers. The three diets used in the experiment were the
control diet (C) with sunflower meal as protein source (150 g), the milk thistle-based diet (MTH), where sunflower
meal was replaced with 180 g milk thistle cake and coriander-based diet (COR) where sunflower meal was
replaced with 180 g coriander cake. The replacement ratio was set at 1: 1.2 in order to ensure similar protein and
energy supplies of the three diets. Dietary ingredients were fed in limited quantities, based on intake level recorded
in the pre-experimental period. The by-products studied in this experiment resulted from the extraction of oil from
the seeds of milk thistle or coriander, using cold pressing and were purchased from a local oil factory. The basal
diet consisted of a mixture of meadow hay and oat hay (1:1) and three compound feeds based on corn, barley and
the mentioned protein sources (sunflower versus milk thistle or coriander).
In the last two days of each experimental period, ruminal liquid samples were collected in order to
determine the main parameters that describe the ruminal metabolism. The samples were taken in dynamics, during
a period of eight hours after the morning meal (at 0, 2, 4, 6 and 8 hours).
The measurement of pH values was performed using a portable pH meter 330i WTW, which was
calibrated with two standard solutions at 4.01 and 7.00. The ammonia concentration of ruminal liquid was
measured using the ORION 710A+ ionometer, using a four - point calibration curve (1700 ppm, 170 ppm, 17 ppm,
1.7 ppm). The volatile fatty acid (VFA) concentrations in ruminal liquid were determined using Varian Gas
chromatograph with 1.5 mL/min. column flow, 30 mL/min. hydrogen flow and 300 mL/min. air flow. It was used a
20.0 Hz acquisition frequency and 10 minutes working time. The differences among experimental groups in terms
of ruminal parameters were tested by analysis of variance (General Linear Model) using the Minitab 16.0 statistical
software, followed by the application of the Tuckey Test. The statistical significance threshold was set at P <0.05
and at 0.05 <P <0.1 the differences were interpreted as trends.
RESULTS
Replacement of the sunflower meal with milk thistle or coriander cake had no influence on the feeds’
consumption (Table 1); however, it has to be noted that animals were not fed ad libitum. The dry mater intake (DMI)
corresponding to the three diets were 1555.66 g (C), 1583.82 g (MTH) and 1586.88 g (COR), all the dietary
ingredients being consumed almost integrally.
(Table 1)
Consumption of dietary ingredients (g DM/had/day)
Diets

Compound fed

Meadow hay

Oat hay

C
MTH
COR

0.540
0.570
0.570

0.642
0.651
0.648

0.630
0.617
0.624

C- control diet, MTH-milk thistle cake diet, COR-coriander cake diet

Therefore, the three diets were isoenergetic & isonitrogenous, with the same level of Milk Feed Units,
PDIN and PDIE supplies, the only difference was the protein meal. The fact that the two cakes didn’t adversely
influence the intake is important as it is a good source of protein and digestible fibers (27 % CP and 35 % CF) while
being also a source of active compounds such as flavonolignans with anti-inflammatory and antioxidant activities
(Ondrej et al., 2020). Also, coriander cake represents an interesting alternative feed for ruminants, although its
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protein content (18.3%) and fiber content (26.6%) are lower than those of milk thistle cake (Uitterhaegen et al.,
2016). The lack of influence on intake is consistent with previous literature reports on other ruminants’ species or
categories. Krizova et al., 2011, observed the same lack of effects on DMI after supplementing dairy cows with 150
g/day of milk thistle fruit expeller. The same results were obtained on ewes fed with a concentrate containing 3%
milk thistle oil (Karaiskou et al., 2021). In case of coriander, there are very few literature data that describe the
effects of the cake on DM intake. It was reported that daily supplementing the cows’ diet with 14 mL of coriander oil
can lead to a higher feed intake (Matloup et al., 2017), which support the conclusion that its inclusion in ruminants’
diets does not impair the intake.
The effects of experimental diets on ruminal parameters
The post-prandial evolution of rumen pH is shown in Figure 1. Rumen pH is the first rumen parameter to
be checked as it offers an image of the stability of the rumen fermentations. A too low pH is a sign of a
malfunctioning rumen, e.g., in an acidosis status. It can be observed that both experimental diets (MTH, COR) led
to pH values higher than in the case of control group, during the 8 post-prandial hours, especially between 2 and 6
hours after the meal, when the drop of pH level was more pronounced in the case of the control group.

Fig. 1 – The effect of diets on the post-prandial evolution of pH.

The statistical analysis also shown a significant influence of the replacement on the average pH (P =
0.017). The post-hoc test (Tuckey) revealed a significant difference between MTH and C diet (+ 0.13 pH
units) but the other two-by-two differences were not significant (Table 2).
Table 2
The effects of the diets on the main rumen parameters of wethers
Parameter
C
MTH
COR
SEM
P
pH
6.66b
6.78a
6.74a, b
0.031
0.017
Ammonia (ppm)
205.40a 178.00a, b 146.30b
9.616
0.000
Total VFA (mM/L)
104.03
96.38
101.17
3.086
0.215
a, b

C-control diet, MTH-milk thistle diet, COR - coriander diet,
Means within a row with no common superscript differ (p < 0.05)

A difference between pH averages of 0.13 units and a difference between minimal pH values of 0.22 pH
units may be important when the animals are in feeding situation leading to acidosis risk; however, in this study, the
pH was always in the safe zone (above 6.2). On the other hand, this difference shows that diet containing milk
thistle cake, comparing to the diet containing sunflower meal, may have a higher capacity to counteract the dietary
acidogenic factors.
The effect of diets on ammonia concentration of the rumen liquid was very significant (P<0.001). Indeed,
the decreases, comparing to the control, were od a high magnitude: -13% in case of MTH, -29% in case of COR.
However, only the later was detected as being statistically significant. A reduction of ammonia concentration in the
rumen may express both a lower degradability rate of the dietary ingredients and a higher microbial protein
synthesis rate (parameters that were not measured in this study). The rumen degradability or microbial protein
synthesis were not measured in our study; however, the coriander high content of polyphenols, including tannins
(Sriti et al., 2019) suggests an influence on rumen degradability of the dietary ingredients, consistent with a reduced
rate of ammonia production, which may explain the lower accumulation of ammonia in the rumen liquid (Figure 2).
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Fig. 2 – The effect of diets on the post-prandial evolution of ammonia concentration.

The effect of diets on the total VFA concentrations in the rumen liquid was not statistically significant.
Therefore, the differences among diets (in the range of 3-8%) were not detected as being significant, although 8%
may be important from the point of view of dietary energy supply. Both cakes contain residual oil, as the cold
pressing is an extraction method less efficient than the oil extraction using solvents. However, the most important
difference among diets is the nature of the main protein source (its rumen degradability, etc.), therefore the
influence on rumen carbohydrates metabolism, caused by the partial replacement of starch with fat, are expected
to be less pronounced, comparing to the effects on protein metabolism. Moreover, MTH and COR cakes contain
active compounds that may exert influence on rumen metabolism, through the changes in rumen ecosystem
(which were not assessed).
The literature that presents the effects on ruminal metabolism of including milk thistle cake or coriander
cake in ruminants’ diets is scarce. An in vitro study, using ruminal liquid (collected from rumen cannulated cows)
incubated with 700 mg of milk thistle plant (used as energy and nitrogen source) reported a significant increase in
total VFAs and a significant decrease of the pH level (Aggoun et al., 2018). This is in contrast with the results of our
study, but we only used the cake generated by the partial extraction of oils from the seeds. Also, there are
contrasting results in term of the effects of inclusion coriander in ruminants diet. Kholif et al., 2021 reported that
supplementation of dairy goats with coriander oil (1.9 g/kg DM) led to a significant decrease in ruminal pH value
and significant increase in content of total VFA, without influence in ammonia concentration, in contrast with our
data. In our experiment, the cold-extracted cakes contain residual oil but also the nature of the main protein source
changed. Also, Mohammed et al., 2018 observed, after inclusion of coriander seeds in ewes diets, a significantly
decrease in pH value, but ammonia concentration and total VFA acid were not affected by the experimental diets,
consisted with data obtained in our study.
The effects of the experimental diets on AGV profile of the ruminal fluid
Volatile fatty acids are the main end products of microbial fermentation of carbohydrates in rumen: mostly
acetate, propionate and butyrate and, in smaller amounts, the so-called minor VFAs like valerate, caproate or
isobutyrate (Dijkstra et al., 2005) . The effects of the experimental diets on the relative proportions of the main VFA
are presented in Table 3.
Table 3
The effects of the diets on the proportions of the main VFAs (mM/L) in the rumen liquid
C
MTH
COR
SEM
P
Acetate
70.20
64.60
68.79
1.980
0.121
Propionate
20.07
18.47
18.07
0.698
0.109
Butyrate
10.10
10.05
10.81
0.372
0.280
Acetate: Propionate
3.62b
3.60b
3.84a
0.059
0.006
a, b

C-control diet, MTH-milk thistle diet, COR - coriander diet,
Means within a row with no common superscript differ (p < 0.05)

As it can be observed, the diets containing milk thistle and coriander cakes did not significantly change the
relative proportions of acetate, propionate and butyrate: the decrease of both of acetate and propionate in case of
experimental diets was not statistically significant. According with data obtained by Chowdhury et al., 2018 within
an in vitro study using ruminal liquid collected from cattle, incubated with increasing doses of coriander (0, 10, 30
and 90 mg/g), the inclusion of coriander did not influenced the proportions of acetate, propionate, butyrate nor the
acetate: propionate ratio, which is consisted with our results. Also, Szumacher-Strabel et al., 2009 performed an in
vitro study on milk thistle oil supplementation (5%, dry matter basis) and found that the total VFAs proportion in
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ruminal liquid was not influence after incubation, also consisted with our results. The ratio between acetate and
propionate was significantly increased by COR diet, by 6.3%. This parameter can be important from point of view of
ruminal metabolism, being strongly corelated with methane production and energy retention in ruminants (Russell,
1998).
The effects of the replacement of sunflower with MTH or COR on the profile of the minor VFAs are
presented in Table 4.
Table 4
The effects of the diets on the proportions of the minor VFAs (mM/L) in the rumen liquid
Isobutyrate
Isovalerate
Valerate
Isocaproate
Caproate
Heptanoate

C
1.135
1.182
1.139
0.011
0.181b
0.019
a, b

MTH
0.987
0.996
1.026
0.004
0.193b
0.057

COR
1.008
1.156
1.063
0.004
0.248a
0.020

SEM
0.048
0.058
0.083
0.004
0.011
0.027

P
0.069
0.056
0.617
0.401
0.000
0.538

C-control diet, MTH-milk thistle diet, COR - coriander diet,
Means within a row with no common superscript differ (p < 0.05).

The experimental diets did not induce significant changes on volatile fatty acids profile in ruminal liquid,
with exception of caproic acid, which increased in case coriander cake diet. In literature there are very few studies
that present the effects of coriander on volatile fatty acids profile in ruminal fluid. Chaudhry and Khan, 2012
reported, after an in vitro study, that inclusion of coriander in the fermentation tubes led to a decrease of the
concentration of acetate and an increase of the concentration of valerate, while the rest of the VFAs were not
influenced.
The literature reporting effects of milk thistle on ruminal VFA is also scarce. Szumacher-Strabel et al., 2009
observed within an in vitro study that using milk thistle oil (5% of the incubated substrate, DM basis) led to a
decrease of the concentrations of isobutyrate and isovalerate. In our study, the diet containing milk thistle cake did
not significantly change the relative proportion of any minor volatile fatty acids; but the dose of oil (through the cake
inclusion in diet) was lower.
CONCLUSIONS
The replacement of sunflower cake with 180 g of milk thistle or coriander cake led to an improvement of
several ruminal parameters. The ruminal pH level was increased, especially in MTH diet. Although the average pH
was at a safe level both for MTH and COR diets, this increase indicate a higher potential to counteract the
acidogenic factors at rumen level, comparing to the sunflower meal-based diet. The replacement also led to a
decrease of the of ammonia concentration in ruminal liquid, especially in case of COR diet, where the difference
from the control diet was detected as being statistically significant (P<0.001). The experimental diets had no effects
on acetate, propionate and butyrate relative proportions; however, the acetate: propionate ratio was decreased by
COR diet. Also, the two cakes had no effects on minor VFAs profile, with exception of caproate, which was
increased in the case of COR diet (P<0.001).
It can be concluded that replacement of sunflower cake with milk thistle and coriander cakes improved
several ruminal fermentation parameters (increase of pH, reducing the rate of ammonia production) while not
exerting noticeable adverse effects. However, these results should be correlated with other factors that define the
nutritional characteristics of dietary ingredients and their effects at rumen level, such as changes in rumen
ecosystem, in order to substantiate the effects of these cakes on ruminal metabolism.
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ABSTRACT
The article presents a variant of hydrostatic transmission in open circuit that replaces the classical mechanic
transmission; for both variants are analyzed parameters such as energy efficiency, power, lost power, etc.
Hydrostatic transmission has specific advantages that are deriving from positioning the generator on the
ground such as: nacelle mass reduction that will reduce the price of the construction and the simplification of
the energy transmitting chain. Energy transmitting and summing from multiple wind turbines is much easier.
REZUMAT
Articolul prezintă o variantă de transmisie hidrostatică în circuit deschis care înlocuiește transmisia mecanică
clasică; pentru ambele variante sunt analizați parametri precum eficiența energetică, puterea, puterea
pierdută etc. Transmisia hidrostatică are avantaje specifice care derivă din poziționarea generatorului la sol,
precum: reducerea masei nacelei care va reduce pretul constructiei si simplificarea lantului de transmitere a
energiei. Transmiterea și cumularea energiei de la mai multe turbine eoliene este mult mai ușoară.
INTRODUCTION
In 2020, the electricity obtained from the conversion of wind power covered 6.38% of the total
consumption worldwide. Small wind turbines can produce a power of 400 watts up to 100 kW. The average
wind speed from the geographical location determines how much wind power a turbine can convert (***,
Small Wind Turbine & Generators to Power Your Home, 2020). Most of this energy production is obtained
with horizontal axis wind turbines. For this type of turbine, the location of the electric generator in the turbine
platform leads to a significant increase in the mass of the platform, and implicitly the mass of the pillar
supporting the turbine. In addition, the maintenance of the turbine becomes more difficult with the increase of
the rotor diameter and the height of placement.
The platform (excluding the rotor) represents between 20 ... 35% of the total weight of a large turbine
reaching in some cases the order of hundreds of tons. In the case of the VESTAS V90 turbine, the platform
weighs 75 tons, the rotor 40 tons, and the tower 152 tons (***, RENEWABLES 2020 GLOBAL STATUS
REPORT, 2020). In August 2021, the largest offshore wind turbine with a capacity of 16 MW was launched;
for this turbine, the nacelle has a weight of 37 T / MW, considered very competitive. In the case of small
turbines (< 100 kW), even if we do not have such weights, the same values are kept as a percentage. Other
research has shown that in offshore turbines, one of the main issues is gearbox failure, with current designs
requiring replacement or capital intervention every 4 years. With the gearbox contributing to around 10% of
turbine cost (Buhagiar, T. S., 2013), such frequent replacements are very detrimental to the overall viability
of offshore wind energy conversion. Danop Rajabhandharaks states in his thesis (Rajabhanharaks, D., 2014)
that it is not uncommon for a gearbox to fail on average every 5 years, while the designed lifetime of a wind
turbine is typically about 20 years. On the other hand, there are wind turbines that have appeared in the last
decades that differ from the classic solutions, and fall into the category of unconventional wind turbines; they
have different shapes, are arranged vertically or horizontally at different heights, and in terms of power they
usually fall into the category of low power turbines (below 100 kW).
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Reducing the weight of the platform, and implicitly the weight of the support pillar, would be easy to
achieve if the electric generator were located on the ground and the tower would support only the rotor and a
few other auxiliary elements. Maintenance would also be much easier to achieve. As for the unconventional
turbines, they are located in the most diverse places, and the reduction of the suspended mass and
reduction of the gauge is likely to simplify the construction and improve the visual impact. While in the
turbines with vertical axis located on the ground or near the ground, the generator has small dimensions and
weight, in those placed on buildings or bridges, the location on the ground of the generator significantly
simplifies the construction.
For all these problems the solution is the hydrostatic transmission of energy from the rotor to the
generator, also giving up the gearboxes that multiply the reduced rotor speed (5...40 rpm) to make it
compatible with that of the generator (1500...3000 rpm); by an intelligent use of some classic-and-modern
hydraulic components, high performance hydrostatic transmission can be achieved.

Fig. 1 – Unconventional wind turbines (***, https://www.whirlopedia.com/index.php/unconventional-windturbines)

MATERIALS AND METHODS
In addition to the advantages mentioned above, the research undertaken by the authors aimed to
establish energy efficiency in two transmission variants: a classic variant and a hydrostatic transmission
variant. Beside the main purpose of the research related to efficiency, the aim was to adjust the drive speed
of the electric generator and the transmission response to the input parameter variation (wind speed mainly).
In this phase, the research was performed by numerical simulation (by using Simcenter Amesim software), to
reduce material costs and research time.
Hydrostatic system is consisting of a variable speed motor that represents the turbine blades,
connected to a planetary speed multiplier that increases the hydrostatic pump speed up to 2000 rev/min. The
hydrostatic pump is connected in an open circuit, which includes also: a hydraulic orifice that adds flow rate
losses in the system; a hydraulic pressure relief valve that opens if the pressure in the system is higher than
150 bar; a hydraulic motor that drives the load pump; a hydraulic pressure relief valve. Generator is
represented in this simulation by the load pump. The power sensors and the speed sensor collect the data,
and then the difference between output power and input power is calculated and displayed on a chart. The
same data from the sensor is divided and the result represents the efficiency of the transmission. Speed
sensor measures generator speed, the data is transmitted for comparison in the comparator where the value
from the sensor is compared with a reference value and then the error signal is transmitted to the PID
regulator that adjusts pump displacement in such way that output speed remains constant. The reason is the
necessity to maintain a constant frequency of 50 Hz.
Mechanical transmission has in componence the same variable speed motor that is connected to a
continuously variable speed multiplier that increases the speed up to 1470 rev/min. The output of the speed
multiplier is connected by a flexible coupling to the load pump. The sensors from the mechanical
transmission are placed in the same place as in the hydrostatic transmission, the PID regulator does the
same thing as the PID regulator from the hydrostatic transmission; the difference is the parameter that is
adjusted.
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Fig. 2 – Simulation Network

Table 1

Simulation parameters
Component

Hydrostatic
transmission

Variable speed motor
(turbine blades)
Speed multiplier
Hydraulic pump

Mechanical
transmission

Speed: 25…100 rev/min
Planetary
i R = 20

Continuously variable
i M = 60

Displacement: 112 cm3/rev
Variable displacement

-

Relief valve
150 bar

Hydraulic pressure
valve
Hydraulic motor

Displacement: 35 cm3/rev
Fixed displacement

-

Hydraulic oil

HEP46

-

Moment of inertia

0.1

kg∙m2

Hydraulic load pump

Displacement: 35 cm3/rev

Hydraulic load pressure
valve

Cracking pressure 120 bar

PID regulator

kp= 3
k i = 3750
k d = 0.0016
saturation range: 0 - 1

k p = 180
k i = 3800
k d = 0.0018
saturation range: 0 – 60

RESULTS
The comparison between a hydrostatic transmission and a mechanical transmission by simulation
leads to the following results that will be discussed next. In the following graphs, hydrostatic transmission is
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denoted as HT and mechanical transmission is noted as MT. The parameters have been monitored and
calculated in order to ensure a fair comparison between the two transmissions.

Fig. 3 – Wind turbine shaft speed variation over time

Wind turbine shaft speed variation for HT and MT is shown in Fig.3. The two shafts speeds have the
same variation as one can see on the graph.

Fig. 4 – Variation of the speed and torque at the output of the planetary speed multiplier (HT)

Variation of the speed and torque at the output of the planetary speed multiplier for HT, Fig. 4, shows
that the speed increase and simultaneously the torque decreases. The speed at the output of the multiplier
increases because the input of the multiplier increases too due to the variation of the wind turbine shaft
speed and because the torque decreases. The planetary multiplier provides the necessary speed for which
the hydraulic pump has a good efficiency and good stability because the mass distribution of the
transmission is even.
Variation of the speed and torque at the output of the continuously variable speed multiplier for MT,
Fig.5, shows the output value of both parameters remains constant, the only parameter that varies is speed
at the input of the multiplier. However, as is well known this type of transmission is capable to operate at a
constant speed while the speed of the shaft may vary.
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Fig. 5- Variation of the speed and torque at the output of the continuously variable speed multiplier (MT)

Fig. 6 – Variation of the pump flow rate and internal and external flow losses (HT)

Variation of the pump flow rate, internal and external flow losses are shown in Fig.6, and as one can
see the open circuit pump flow rate, after a short oscillation caused by the PID regulator, stabilizes. After the
speed of the output multiplier shaft speed reaches 500 rev/min and the hydraulic pump enters in the speed
zone where it begins to have good efficiency, the flow rate stabilizes. Of course, as in any hydraulic system,
there are some internal losses in the hydraulic pump as well as in other system components and certainly,
there are external losses too; both type of losses do not exceed 5.56 L/min.

Fig. 7 – Pressure and flow rate variation through the pressure relief valve (HT)
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To ensure that pressure in the system has the set value and the flow rate through pressure relief valve
remains zero, the values of these parameters are verified during the entire simulation. As it is shown in Fig.
7, the pressure at the relief valve is 120 bar and the flow rate through the pressure relief valve is 0 L/min,
meaning that it remains closed. The relief valve will open when the pressure reaches 150 bar.

Fig. 8 – Variation of the hydraulic motor speed and flow rate through the hydraulic motor (HT)

Variation of the hydraulic motor speed and flow rate is showed in graph in Fig. 8; after a short period
of variation in the beginning, the parameters become constant during the rest of the simulation. Speed of the
hydraulic motor is monitored with a sensor that sends the value that is measured to the comparator that
compares the set value with the output value of speed from the hydraulic motor. Based on the error that the
PID regulator receives, it adjusts its output according with the input and makes correction in order to obtain
at the HT the desired speed.

Fig.9 a) – Variation of the load pump speed and torque at the load pump (HT)

Fig. 9 b) – Variation of the load pump speed and torque at the load pump (MT)
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Fig. 9 a) is the graph for the variation of the load pump speed and torque for hydrostatic transmission
and Fig. 9 b) shows the graph for the variation of load pump speed and torque for mechanical transmission.
The two transmissions have the same values for these two parameters that are presented in the graphs,
which means that frequency is the same, and constant for both transmissions.

Fig. 10 a) – Variation of the load pump flow rate and pressure at the load pump (HT)

Fig. 10 b) – Variation of the load pump flow rate and pressure at the load pump (MT)

Fig. 10 a) shows the variation of the flow rate and pressure for the load pump of the hydrostatic
transmission and Fig. 10 b) shows the variation of the flow rate and pressure for the load pump of the
mechanical transmission. Both pumps have the same values of the parameters during the simulation and
that means that they generate the same power.

Fig. 11 – a) PID regulator parameters (HT)
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Fig. 11 – b) PID regulator parameters (MT)

The graphs in Fig. 11 a) and Fig. 11 b) show the PID regulator variation of the parameter for HT and
MT during the simulation. The PID parameters were calculated with Ziegler – Nichols method before they
were introduced in the simulation parameters. Ziegler – Nichols method consists in finding a k u gain by
increasing the proportional gain, k p , until output of the control loop remains stable. After finding the k u ,
period, T u , can be found too by measuring the difference between two oscillations. With those two
parameters the PID regulator parameters can be calculated. For this simulation, it has been chosen ZieglerNichols method with no overshoot.

Fig. 12 – Error variation for HT and MT

The speed error can be seen in Fig. 12 for both transmissions. Comparing the two graphs, one can
say that the hydrostatic transmission is more precise than the mechanical transmission because the speed
error that enters in the PID regulator of the hydrostatic transmission is 55 times smaller than at the
mechanical transmission.

Fig. 13 – Input power variation for HT and MT
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Fig. 14 – Output power for HT and MT

Fig. 15 – Lost power for HT and MT

Fig. 13 shows the power consumption for HT and MT during the conversion of the wind power to
electricity; even if the two transmissions have different power consumption the output power that is produced
remains the same. Fig. 14 proves that both transmissions have the same output power. The lost power, Fig.
15, is bigger for the mechanical transmission because of the friction in bearings. The friction generates heat
and causes premature wear of the transmission. Hydrostatic transmission does not lose that much power
because the components are permanently immersed in fluid and, as we know, the fluid has lubrication
proprieties.

Fig. 16 – HT and MT efficiency

Fig. 16 shows that HT has a higher efficiency than MT, which makes this transmission better than the
other; even a small difference of efficiency means a lot in the current situation that we are today when almost
everything uses energy. HTs are more reliable and more compact than MTs that need a lot of space for the
gearbox to fit.
CONCLUSIONS
• Hydrostatic transmission is by 8% more efficient than mechanical transmission.
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•
•
•
•
•

PID regulator was introduced in the system to maintain constant the output speed for both
transmissions, speed that is proportional to the frequency of the generators.
The speed regulation in the hydrostatic transmission is more precise than the one in the
mechanical transmission.
Hydrostatic transmission is easy to control and they can perform in various weather conditions.
Hydrostatic transmission adapts easy to the changes of the input parameters such as wind
speed fluctuations.
Hydrostatic transmissions are more reliable than mechanical transmissions.
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ABSTRACT
The paper presents the way in which a biomass transporter with screw was designed, made and tested by
INOE 2000 together with the beneficiary company ROLIX IMPEX SERIES, which is intended for the shortdistance transport of the chopped / densified biomass, being able to be placed in the technological flow of
biomass processing between the chopping and densification equipment, or between densification and
sifting/singing equipment. It is equipped with a rolling system, which gives it increased mobility and
maneuverability. The conveyor was made by the company and tested in real conditions with finely chopped
biomass and bakery wheat, better results being obtained with bakery wheat.
REZUMAT
Lucrarea prezintă modul în care a fost proiectat, realizat și testat un transportor de biomasă cu șnec de către
INOE 2000 împreună cu firma beneficiară ROLIX IMPEX SERIES, acesta fiind destinat transportului pe
distanțe scurte a biomasei tocate/densificate, putând fi amplasat în fluxul tehnologic de prelucrare a
biomasei între echipamentele de tocare și cele de densificare, respectiv între echipamentele de densificare
și echipamentele de cernere/însăcuire. Este prevăzut cu sistem de rulare, care îi confera mobilitate și
manevrabilitate sporite. Transportorul a fost realizat de către firmă și testat în condiții reale cu biomasă
tocată mărunt și grâu de panificație, rezultate mai bune fiind obținute cu grâul de panificație.
INTRODUCTION
The energy exploitation of biomass has been developed in recent years, in accordance with the
indications of the energy policy plans of the European Union and of the renewable energy plan (Romero,
S.R. et al., 2012). These plans set the target of taking renewable energy as the primary source, which has
been set as a target for 2020. In recent years, a very large number of resources have been allocated to the
energy exploitation of biomass (Del Río González, P., 2008). The use of biomass residues as clean fuels in
combustion processes has an economic benefit and a social development of rural areas. In addition, the use
of these residues reduces the impact on the environment by removing debris and reducing pollutant
emissions into the atmosphere. The use of biomass has a great benefit for the atmosphere, which leads to a
favorable balance of CO 2 , since organic matter is able to retain more CO 2 than that released by burning it.
Biomass can be obtained in a sustainable and renewable manner, where the consumption rates of these
residues are not faster than their production speeds, giving a favorable balance for CO 2 (Kadiyala, A. et al.,
2016). An important component in the use of biomass is the transport system, as part of the machinery or
equipment specific to a certain type of processing. Thus, a transport system is a mechanical system used for
moving materials from one place to another and is found in most industries of processing and production,
such as chemical, mechanical, automotive, mineral, pharmaceutical, electronics, etc.
The screw conveyors (with auger) are used for the transport of cereals, flour, fodder, root feed,
chopped/densified biomass, etc., in a horizontal, vertical or inclined direction up to 450, over relatively short
distances, with low and medium productivity, up to 80-100 t/h.
They are simple, cheap, convenient installations in operation, with small dimensions, offering the
possibility of easy loading and unloading at different points. By their construction, they are hermetically
sealed and prevent the spread of dust in the atmosphere (Hristea M.-Al. et al., 2019).
As disadvantages, there should be listed: high energy consumption, strong wear of the trough and
snail, shredding of fragile materials during transport and sensitivity to overload.
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The load-bearing organ of the helical conveyors is a closed trough through which the inserted
material circulates through one or more points. The material moves by sliding, being pushed by the helical
work surface of a rotating snail screw, coaxial with the trough (Hapenciuc, M., 2004).
Inclined screw conveyors work the same as most drips, but are used at an inclination between 0-450
relative to the horizontal. They work differently because each degree of inclination reduces the efficiency of
the conveyor and the amount of material transported. Since more torque is required to convey the material
through the conveyor, it must be designed more carefully for the product being transported. The angle of
inclination should be as small as possible to maximize efficiency and reduce the need for additional power.
Angles of inclination less than 100 affect very little efficiency, which can be compensated by increasing snail
speed; angles of inclination between 10 and 200 reduce the efficiency of the snail by 10-40%; angles above
200 reduce efficiency from 30-90%, depending on the angle.
CONSTRUCTIVE CHARACTERISTICS OF HORIZONTAL AND INCLINED SCREW CONVEYORS
In principle, the construction of a horizontal helical conveyor is shown in figure 1. In trough 6, coaxial
with it, the snail 8 is mounted, leaning on one or more intermediate bearings 7 and on the end bearings 9.
The snail is driven by electric motor 1, by means of reducer 3, coupled through couplings 2 and 4. The
loading of the material is done through the power outlet 5 located at the top of the trough, and the discharge
through the outlet of the end 10, located at the bottom. If the conveyor also has an intermediate outlet, it
must be fitted with a locking device. Another variant is the case of the conveyor with power supply on both
ends and with discharge in the middle, in which case the snail propeller has different inclinations, figure 2.

Fig. 1 - Horizontal screw conveyor with one feeding mouth

Fig. 2 - Screw conveyor with two feeding mouths

The screw trees are executed with tubular or circular section full, in sections of 2-4 m. At small
lengths, preference is given to tubular shafts, the assembly of which is made more conveniently. At long
lengths, trees with a full section are preferred, which for the same requests have smaller sections.
Figure 3 shows a frequent construction of a section of the shaft. Tree 1 has a tubular section, on
which the propeller 2 of the snail is welded. For assembling the sections of the shaft and supporting it in the
intermediate bearings, spindles 4, mounted in bushings 3, on the ends of the sections, are used by means of
screws 5 and safety washers 6. The snail propeller is executed by molding of steel sheet with a thickness of
2-8 mm. Smaller thicknesses are recommended at relatively small screw diameters.
Thus, at screw diameters of 200-300 mm, sheet thicknesses of 4-5 mm are recommended, and at
diameters of 500-600 mm - thicknesses of 7-8 mm. The propeller sections weld to each other and to the
contour of the shaft. Frequently, the snail is executed with a single beginning with diameters ranging from
150mm to 650 mm.
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Fig. 3 – Tree section

The trough is made of steel sheet with a thickness of 2-8 mm, of sections with the same length as
that of the snail. Larger thicknesses are recommended for larger snail diameters.
The extremities of the sections are rigidized transversely by angles that also serve to assemble the
sections between them. To ensure the tightness between the lid and the flanges of the trough, gaskets are
mounted.
The screw is mounted so that between it and the trough there is an interstitial of 5-10 mm.
The propeller shaft rests in the bearings; due to the low rev, plain bearings are preferred. One end
bearing is radial, and the other is radial axial. The axial radial bearing is mounted at the end where the
discharge takes place, in order to take over the axial demand of the shaft.
At longer lengths, outside the end bearings, the shaft is also supported on intermediate bearings.
The intermediate bearings are mounted at 2-4 m away from each other, this distance corresponding to the
length of the snail sections. The bearings are mounted suspended to ensure the passage of the material on
the bottom of the trough. The length of the bearings is recommended to be as small as possible, because
next to the bearings the snail propeller is interrupted. The longer the length of the interrupted area, the
greater the running resistance of the material.
Because the shaft rests on several bearings, in order to ensure installation and exploitation, the
bearings are built oscillating. Both at the end and intermediate bearings, a good sealing must be ensured.
PRESENTATION OF THE BIOMASS TRANSPORT EQUIPMENT WITH SCREW
The development of screw conveyors makes it possible to improve the efficiency of overloading bulk
materials. However, due to the significant angular speeds of screw rotation in screw telescopic conveyors,
the asymmetry of the telescopic screw and external disturbances, fluctuations often occur, which leads to
significant dynamic loads in the screw (Hevko I.B., 2013; Lyashuk O.L., et al., 2016), especially in cases of
resonance.

Fig. 4 - Prototype conveyor with auger

1- pulley protection box; 2- engine; 3- tube with biomass outlet mouth; 4- food switch; 5 intermediate tube; 6-sleeve fixing tubes; 7- snail;
8- rolling frame; 9- support biomass treatment basin; 10- sleeve fixing tubes; 11- tube sorb; 12- cap sorb; 13- sorb

The biomass transport equipment with auger made within the project is intended for the transport
over short distances of the chopped/densified biomass, being able to be placed in the technological flow of
biomass processing between the chopping and densification equipment (pelleting/briquetting presses),
respectively between the densification equipment and the sifting/cutting equipment. It is equipped with a
rolling system, which gives it increased mobility and maneuverability.
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The prototype of the biomass slurry transport equipment was executed in accordance with the
Execution Documentation developed by the project partner INOE 2000-IHP. The main subassemblies of the
equipment are shown in Figure 4.
The assembled biomass transport equipment is shown in figure 5.

Fig. 5 - Biomass transport screw equipment

DETERMINATIONS UNDER OPERATING CONDITIONS
These tests were carried out in order to determine the main qualitative working and operating indices
of the equipment. Improvement of quality indicators during the transport of agricultural production materials,
especially seeds, can be provided by screw conveyors, the working surfaces of which are made elastically.
The results of these studies were presented in the papers Tian et al. (2018) and Hevko et al. (2019).
Screw conveyors can also move loose materials along curved paths into elastic housings. Theoretical and
experimental studies of these types of conveyors were discussed in the research paper Trokhaniak et al.
(2020).
Specific electricity consumption
The specific consumption of electricity is the consumption of electricity consumed for the transport of
a unit of product.
𝑞𝑞 =

𝐸𝐸𝑒𝑒𝑒𝑒
𝑄𝑄

=

𝑃𝑃𝑢𝑢 ·𝑡𝑡
𝑄𝑄

=

𝑃𝑃𝑁𝑁 · ɳ𝑚𝑚𝑚𝑚 ·ɳ𝑡𝑡𝑡𝑡 ·𝑡𝑡
𝑄𝑄

where:
E ec – the electricity consumed for the transport of the product unit
Q – unit of product taken into account, [t]

E ec = P u . t [kWh]

𝑘𝑘𝑘𝑘ℎ

�

𝑡𝑡

�

(1)

(2)

P u – useful power of the machine, [kW]
𝑃𝑃𝑢𝑢 = 𝑃𝑃𝑁𝑁 · ɳ𝑚𝑚𝑚𝑚 · ɳ𝑡𝑡𝑡𝑡
(3)
P N – rated electric motor, [ kW]
η me - electric motor efficiency, for powers below 10 kW, η me =0.75
η tr – the efficiency of the electric motor transmission - screw; takes into account the efficiency of the belt
transmission and the losses in the bearings of the screw; η tr = 0.8
Determination of the electricity consumed
Two methods can be used to measure the electricity consumed:
- direct method, by using a single-phase meter of electricity, which records the electric consumption in kWh;
- indirect method, by measuring the voltage at the supply network by means of a voltmeter and the current
absorbed by the electric drive motor by means of an ammeter. The electric power of the motor is determined
with the equation

P1=U· I [kW]

and the energy consumed with the equation

(4)

W = (P1 x t)/3600, [KWh]
(5)
in which t - operating time (s).
The direct method was used, using the monophase meter STILO 10-40A.
The power of the drive motor is given by the power necessary to overcome the friction between the
material and the screw conveyor housing (Pf), to which the power necessary for the transport of material at
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the required speed (Pm) is added. The result obtained is multiplied by the overload factor (Fo), after which it
is related to the efficiency of the actuation. Power required for the idling operation of the screw conveyor

Power required for a screw conveyor to move the material:

(6)

(7)

Total power required for the screw conveyor:

(8)
The following factors determine the power requirement of the screw carrier operating in optimal conditions:
P f - the power to be exceeded when rubbing between the material and the screw conveyor housing (kW); P m
- power for the transport of material at the specific speed (kW); L - the total length of the conveyor (m); noperating speed (rot/min); F d - the diameter factor of the screw carrier; F b - the bearing factor; C - the
capacity of the helical conveyor (m 3 /h); W – material density (kg/m3 ); F f - the load factor of the snail; F m the power factor for the material to be transported; F p - turn factor, when necessary; F 0 - overload factor; e the efficiency of the screw conveyor
There were made 3 measurements, on time intervals of 15 min, the average electricity consumption
being of 0.88 kWh when idling, respectively 1.32 kWh when going on load.
Determination of the working capacity of the screw conveyor
The theoretical working capacity of the helical conveyor is determined starting from the size of the
linear load, which, for a snail with the outer diameter D and the diameter of the axis d, is:

in which: ψ is the filling coefficient;
γ - the volumetric mass of the material
The speed of movement of the material along the conveyor is:

where n is the snail's speed, in the rpm; p – snail step, in m (p = kD);
With these data, the working capacity of the screw conveyor becomes:

(9)

(10)

(11)
If the helical conveyor works at an angle between
then its productivity will be affected by a
coefficient that decreases with the angle of inclination, from 1.0 for the horizontal direction, to 0.65 for an
angle of 200.
Q= 4.875 m3/h at operation at an angle of 200
The experiments in real exploitation conditions confirmed the results obtained by calculation, for the
operation of the conveyor at an angle of 200 the working capacity being 5.35 m3/h.
The transported product was chopped biomass, with a maximum granulation of 35 mm, figure 6.
0-200,

Fig. 6 - Handling of chopped biomass (chopped branches, with maximum granulation of 35 mm)
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Superior results were obtained when handling the bakery wheat, the production capacity of the
conveyor (as an average of three determinations) reaching 8.3 m3/h, due to a better filling coefficient.

Fig. 7 - Handling of bakery wheat

CONCLUSIONS
The design and execution of the prototype of the screw conveyor was made together with Rolix
Impex Series and tested at a farm in Fundeni. The working capacity obtained for the chopped biomass
with the 35 mm granulation, at an angle of 200 is 5.35 m3/h. Following the experiments, it was noticed that
when transporting the bakery wheat, at an angle of 200 the working capacity is 8.3 m3/h. These
characteristics are similar to the ones of the equipment on the market.
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ABSTRACT
In this article, the authors propose two solutions of digital hydraulic equipment for their use in agricultural
machines. The proposed pieces of equipment are: (1) a Digital Hydraulic Pumping System (DHPS)
consisting of 4 fixed flow pumps driven by a biaxial motor, 4 3/2 on/off electrohydraulic directional valves
connected on the pump outlets, a 4/2 control valve, 4 one-way valves and a rotary hydraulic motor and (2) a
Digital Flow Control Unit (DFCU) consisting of 5 electrohydraulic directional valves type 2/2, of different flow
rates, connected to a fixed flow pump, connected to a hydraulic motor.
The two digital systems are simple, reliable and are serviced by electronic control modules (ECUs), which
send signals to close or open the on/off type electrohydraulic directional valves depending on the operator's
commands in the cab. Due to these characteristics, the systems can obtain a flow regulation with lower
energy losses, compared to the classic hydraulic systems that use a resistive regulation (with high energy
losses), so that the consumption of agricultural equipment is also reduced.
Authors will present the achievements obtained after the simulation of the two digital hydraulic systems.
REZUMAT
În acest articol autorii propun două soluții de echipamente hidraulice digitale pentru utilizarea acestora în
cadrul mașinilor agricole. Echipamentele propuse sunt: (1) un sistem hidraulic digital de pompare (DHPS)
format din 4 pompe de debit fix acționate de un motor biaxial, 4 distribuitoare 3/2 de tip on/off conectate pe
ieșirile pompelor, un distribuitor de tip 4/2, 4 supape de sens și un motor hidraulic rotativ și (2) o unitate
digitală de control a debitului (DFCU) formată din 5 distribuitoare de tip 2/2, de debite diferite, conectate la o
pompă de debit fix, conectate la un motor hidraulic.
Cele două sisteme digitale sunt simple, fiabile și sunt deservite de module electronice de control (ECU), care
trimit semnale de închidere sau deschidere a distribuitoarelor de tip on/off în funcție de comenzile
operatorului din cabină. Datorită acestor caracteristici, sistemele pot obține o reglare a debitului cu pierderi
mai mici de energie față de sistemele hidraulice clasice care folosesc o reglare rezistivă (cu pierderi
energetice mari), astfel că se reduce și consumul echpamentelor agricole.
Autorii vor prezenta rezultatele obținute în urma simulării celor 2 sisteme hidraulice digitale.
INTRODUCTION
In recent years, the big problem in hydraulics has been to reduce energy losses, thus reducing CO 2
emissions into the atmosphere. Numerous studies and articles have shown that hydraulic systems are high
energy consumers and about 30% of the energy consumed is lost by transforming it into heat. In general, a
large part of the hydraulic energy is dissipated on the internal energy losses and on the valves.
The current trends of the industry are the reduction of energy losses in hydraulic systems, but
keeping the technical specifications at a high level (Scheidl et al., 2012).
In the 21st century agriculture, agricultural machines and equipment are a vital component without
which agri-food production could not meet current demand.
Most agricultural machines have one or more hydraulic systems. These become very complex from
a constructive point of view.
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Digital hydraulics is a relatively new concept, and it is developed by teams of researchers such as
those led by Scheidl et al., (2012), or Linjama (2011), and companies (Hyöty, 2012) such as Artemis and
Bosch-Rexroth. The possibility of developing digital hydraulics arose with the development of electronic
systems, so that more reliable hydraulic equipment could be created.
According to Zang et al., (2020), the main features for digital systems are:
- Active control of outputs.
- Use of electrohydraulic directional valves on/off type.
- Intelligent system control (use of microprocessors or PLCs).
Digital hydraulic systems are divided into:
- Systems with several electrohydraulic directional valves connected in parallel coded using different series:
• Encoding using binary series 2, 4, 8, 16… etc., or Fibonacci number is called Pulse Code Modulated
(PCM).
• Coding using series 1, 1, 1, etc. is called Pulse Number Modulated (PNM).
- Hydraulic systems that use a single PWM operated electrohydraulic directional valve where the flow
variation results from the sum of the open or closed periods.
The advantages of digital hydraulic systems are:
• Due to the fact that digital systems use simple electrohydraulic directional valves that do not have high
requirements on the working fluid, they increase the reliability of the system.
• Using a programmable logic controller (PLC) and the fact that several components are used to adjust it, if
one of them fails, the system will still be able to operate, even if not with the same high characteristics, as
one can see in figure 1.
• The acquisition cost is lower than other servo or propo systems.
The disadvantages of digital hydraulic systems are:
• There are pressure shocks when switching the electrohydraulic directional valves, but this can be solved by
using a hydro accumulator.
• The adjustment is made in discrete points, not continuously as the servo and propo equipment do.

Fig. 1 - If one electrohydraulic directional valve fails, the remaining valves are
automatically reconfigured to produce a response curve that
allows the machine to continue to run.
(***wpp_digihydraulics)

A representation of a DFCU with n on/off electrohydraulic directional valves system can be seen in
figure 2 (Drumea et al., 2016).
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Fig. 2 – Digital Flow Control Unit

Fig. 3 – Simplified symbol of DFCU

The simplified representation of the DFCU can be seen in figure 3, where „n” is the number of
electrohydraulic directional valves that the system is composed of.
To implement a parallel connected DHPS, there are two independent ways, one of them is based on
the direct control of the pump pistons (for the radial hydraulic pumps or motors (Drumea et al., 2016)), and
the other is based on controlling the outputs of serval hydraulic pumps, which have a fixed geometric
displacement (Linjama, 2011; Locateli et al., 2014).
For the implementation of the parallel connected DFCU, the authors have chosen the binary
encoding method, of five electrohydraulic directional valves, with five different flows.
The simulation of the two digital systems was done with the help of the AMEsim software, and
obtaining table for flows, showing in this way, that variable flow can be achieved with digital hydraulic
systems, at low energy consumption.
MATERIALS AND METHODS
The digital systems proposed by the authors are equipment consisting of components of different
capacities, which are in a binary progression of the form 2,4,8,16 ... etc., which can be practically called 2n,
where „n” is the number of electrohydraulic directional valves/pumps. Using the calculation formula 2n-1, we
can obtain the number of discrete points of flow variation for each system (Mantovani et al., 2016).
Presentation of the systems sketches
Next, we will present two digital hydraulic systems:
- Digital Hydraulic Pumping System (DHPS) with four fixed capacity pumps with cylindrical capacity in binary
progression. Using the formula 2n-1, where n = 4, we obtain 16-1 = 15 discrete points of variation of the
flow.
- Digital Flow Control Unit (DFCU) with five on/off electrohydraulic directional valves of different flow rates,
also in binary progression, where a flow variation can be obtained in 31 discrete points. Using the formula
2n-1, where n = 5, we obtain 32-1 = 31 discrete points of variation of the flow.
DHPS System
The DHPS system consists of four fixed flow pumps with coded capacities using the binary series
P1-P4, an internal combustion engine marked M with a speed of 750 rpm, four on/off type electrohydraulic
directional valves (DV1-DV4) with inactivated position that has the consumers connected to the tank to
manage the energy losses when the equipment is in standby. Four CV1-CV4 direction valves, DV5 hydraulic
motor direction selector valve HM, a flow transducer marked FM, a pressure transducer PT, Programmable
Logic Controller (PLC) that drives the whole process. The system is also equipped with a filter F and a safety
relief valve RV.
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System operation:
The system is designed not to consume much energy when the equipment is in standby and is
suitable for either applications with hydraulic cylinders or hydraulic motors.
When the operator wants to start the movement, he sends a command to the PLC, which in turn selects one
or more DV1-DV4 electrohydraulic directional valves to achieve the desired flow by the operator.
When the equipment is not used, the four pumps send all the flow to the tank at low pressure, so that
the pressure loss is minimal.

Fig. 4 - Hydraulic diagram of the DHPS system with 4 binary coded pumps

Modeling the DHPS drive system
The hydraulic circuit was modeled in AMESim. The hydraulic components have the sub-models in
table 1 and the parameters value are shown in table 2.
Table 1

Components of sub-models in the simulation
Component
Sub-model
Pump

PU001

Directional valve 3/2

HSV23_01

Directional valve 4/2

HSV24_01

Dynamic time table

SIGUDA01

Hydraulic cylinder

HJ021

Pressure control

RV010

Table 2
Parameters of the simulation
Parameters
Hydraulic Hose
Pressure 1.013 bar
Diameter 10 mm

Directional valve (2/3)

Relief valve

Flow rate 20 l/min

Cracking Pressure 250 bar

Pressure drop (ΔP) 5 bar

Length 1 m
Hydraulic pipe
Diameter 10 mm
Length 0.1 m

Directional valve (2/4)

Hydraulic Cylinder

Flow rate 50 l/min
Pressure drop (ΔP) 5 bar

Piston diameter 100mm
Length of stroke 1,5 m
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The hydraulic pipes are modeled with the HL0000 sub-models, and the hoses are modeled with the
HL0001R sub-model. The configured parameters for pipes and hoses are the nominal diameter and length.
The system simulation sketch is presented in figure 5.
There are four electrohydraulic directional valve 3/2 type that control the output of each pump and
4/2 types electrohydraulic directional valve that controls the direction of the hydraulic cylinder. The
electrohydraulic directional valves in the simulation have proportional valve sub-models, but in this case,
they are controlled with maximum on/off signal. Static models have been adopted for electrohydraulic
directional valves. The system safety relief valve has been set to 250 bar.

Fig. 5 - DHPS system simulation scheme

Fig. 6 - Variations of the total capacity of the geometric capacity of the pumps, for the 15 control stages

Dynamic time table blocks were used to control the pumps, which simulated the binary code for
controlling type 3/2 electrohydraulic directional valves, to achieve the 15 flow steps.
DFCU system
The second system DFCU consists of: internal combustion engine marked M, Fixed Flow Pump
(HP), Hydro accumulator (HA), electrohydraulic directional valve 2/2 (DV6), 5 electrohydraulic directional
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valves (on/off) DV1- DV5 type 2/2 which are transited by different flows in binary progression. DV7
electrohydraulic directional valve type 4/2 that changes the direction of rotation of the hydraulic motor. HM
hydraulic motor, FM flow transducer, PT pressure transducer, Filter F. The PLC that controls the operation of
the entire system.
This system is designed for applications where continuous operation such as adjusting the combine
head is not required.
The operation of the system is the following: the fixed flow hydraulic pump is a small capacity one
and charges the hydro accumulator. When it is necessary to operate the system, depending on the speed
desired by the operator, the PLC sends an order to one or more DV1-DV5 electrohydraulic directional
valves. When the pressure in the hydro accumulator decreases, the PT transducer sends a signal to the
PLC, so that the DV 6 electrohydraulic directional valve is actuated so that the pump sends flow into the
system and implicitly into the hydro accumulator. When the pressure value has reached the set threshold,
the PLC takes control of the DV 6 electrohydraulic directional valve, and it moves to the main position,
sending the flow supplied by the pump to the tank, with low energy loss.
Due to the hydraulic accumulator, the pump can be small, so that the energy loss is reduced,
implicitly the consumption of the machine.

Fig. 7 – Hydraulic diagram of the DFCU system with 4 binary coded electrohydraulic directional valves

DFCU simulation
Figure 8 shows the simplified DFCU simulation scheme.
A simplified simulation was performed in order to initially validate the principle of this DFCU. SC-1 to
SC-3 are super components created to be able to operate the directional valves according to the actuation
scheme presented in table 3.
In order to be able to see the flow adjustment, a flow transducer was introduced at the exit of the five
directional electrohydraulic valves.
In the simulation of this DFCU system, a constant pressure and flow source was taken into account
in order to validate the operating principle of this system, and according to the simulation, it can operate in
the system described in figure 5.
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Fig. 8 – DFCU system simulation scheme

Table 3

The condition of each electrohydraulic directional valve and the flow obtained for each of the 31 adjustment
stages
Q
q=2
q=4
q=8
q=16 q=32
Qt
State [l/min] [l/min] [l/min] [l/min] [l/min] [l/min]
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
-
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+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+

0
2
4
6
8
10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
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27
28
29
30
31

+
+
+

+
+
+

+
+
+
+

+
+
+
+
+

+
+
+
+
+

54
56
58
60
62

RESULTS
The simulation result for the 4-pump digital system is presented in the following figures.
The directional control valves are ordered at an interval of 4 seconds. After the maximum
capacity of the pumping system is dyed, the direction of movement of the hydraulic cylinder is reversed,
using the 4/2 electrohydraulic directional valve.
For the DHPS system, as one can see from the figure below, a discrete flow adjustment in 15
points is obtained.

Fig. 9 – Pressure and flow at the inlet to the hydraulic motor for the DHPS system

Following the simulation of the DFCU system with five binary coded distributors, a flow variation in 31 discrete points is obtained, as
shown in table 3

.

Fig. 10 - Input velocity and displacement for the DHPS system

615

INTERNATIONAL SYMPOSIUM

Fig. 11 – Hydraulic cylinder pressure and force on the rod for the DHPS system.

Fig. 12 - Variation of the system depending on the status of the control system for the DFCU system
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CONCLUSIONS
DHPS and DFCU systems are two systems that use simple components that can be easily replaced
and with reduced working fluid requirements.
By using the two systems, discrete flow adjustments are obtained with lower energy losses than in
the case of proportional or servo devices, where the flow in addition to the system requirements is sent to the
tank through the high-pressure valve.
The world trends are to develop these simple and efficient systems as widely as possible, which
makes the subject of ascending interest.
The two digital systems presented above are developed within INOE 2000-IHP and are part of the
doctoral theses of two of the authors, therefore based on these results we will move to the next stage that
will be the realization of these two digital hydraulic systems and subjecting them to various tests.
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ABSTRACT
For most traditional energy sources, price increases are a current perspective; on the other hand,
conventional fuels are considered responsible for global warming, with very negative estimated
consequences. For these reasons, the use of more environmentally friendly energy sources, from the
category of renewable sources, is required for the next period. The article presents a part of a system
designed to obtain domestic hot water by combining 2 renewable sources: solar energy and biomass energy.
For the conversion of energy from biomass, tests were performed in 2 constructive variants, in order to
improve the performances.
REZUMAT
Pentru cea mai mare parte a surselor tradiționale de energie, creșterea prețului este o perspectivă actuală;
pe de altă parte, combustibilii convenționali, sunt considerați responsabili de încălzirea atmosferei, cu
consecințe estimate foarte negative. Din aceste motive, utilizarea unor surse de energie mai prietenoase cu
mediul, din categoria surselor regenerabile, se impune pentru perioada următoare. Articolul prezintă o parte
dintr-un sistem realizat pentru obținerea de apă caldă menajeră prin combinarea a 2 surse regenerabile:
energia solară și energia din biomasă. Pentru conversia energiei din biomasă s-au efectuat teste în 2
variante constructive, pentru îmbunătățirea performanțelor.
INTRODUCTION
Energy consumption is a characteristic of carrying out any activity, whether we are talking about the
existence of life for the simplest beings or activities carried out or led by people, which seek to achieve
various complex goals for the benefit of human progress. Energy consumption associated with human
activity is constantly increasing, even though energy-consuming processes are considered in order to
increase efficiency in most areas; in other words, the increase in energy efficiency does not keep pace with
energy demand, regardless of where it comes from (from conventional or renewable sources). One of the
aspects of increasing energy consumption is increasing pollution, with all the negative consequences of this
phenomenon (Rose et al., 2017).
At the level of 2019, Total Final Energy Consumption was approximately 381.1 EJ (or 105,900 TWh)
- (***, Renewables 2021. Global Status Report), increasing by 1% compared to the previous year - figure 1;
of this, only 11.2% was made with modern renewables. This last category includes, according to figure 1,
wind, solar, hydropower, ocean power, biomass and biofuel.
Biomass that falls into the category of Modern Renewables is the one used by modern methods, in
the form of pellets or briquettes; this category excludes directly burned biomass, in the form of firewood, for
heating or food preparation, in poor or developing countries (Maican, 2015).
The modern conversion of energy from biomass to thermal energy is done through intermediate
gasification plants, obtaining superior yields (Shackley et al., 2014); however, fuel in the form of briquettes or
pellets obtained from biomass has a cost that cannot be neglected, especially if the fuel in these forms is
purchased on the market. In this context, reducing consumption by combining thermal energy generators
that use biomass with other renewable energy conversion systems remains the most appropriate solution to
reduce the final costs of useful energy produced (Ilie et al., 2019).
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Fig. 1 – The evolution of energy consumption from conventional and renewable sources in the last decade

One option is to combine a biomass-based heat generator with a system that uses solar thermal
panels. In such a system, solar panels are the main source, and the generator that uses biomass comes into
operation when the estimated need exceeds the amount of energy produced and accumulated, for various
reasons (higher consumption, lower solar radiation, etc.).
Such a combined system was developed within INOE 2000 Subsidiary IHP Bucharest; the system
uses two high-efficiency solar panels with pressurized vacuum tubes, along with a pellet-fired heat
generator. The article presents the results obtained with this generator, which was used in two variants: an
initial variant and an improved final variant.
MATERIALS AND METHODS
The schematic diagram of the combined system, in which the component using biomass and the
combi boiler can be identified on the left, is shown in Figure 2.

Fig. 2 – Combined system schematic diagram

SS1,2 – relief valves; S1 – S3 – temperature sensors; Coil 1,2 - the inner coils of the boiler; M1,2 – manometers; R1,2 – taps; RE electric resistance for water heating; T – thermometer; Cvol – flowmeter; VT - automatic aerator; VE- expansion vessel.

This subsystem has as a basic element a thermal energy generator composed of two modules:
- a gasification module
- a combustion and heat transfer module.
The gasification module works on the basis of the TLUD (Top-Lip UpDraft) principle, which involves
the advance of the pyrolytic front from top to bottom (Saraswati, 2018; Maican et al., 2016); it is a modern
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gasification process characterized by low-emission combustion, on the one hand, and on the other hand
allows the production of biochar, a by-product of combustion that can have multiple uses in agriculture
(Latawiec et al., 2021).
The combustion and heat transfer module is made in the form of a water-to-air heat exchanger;
Following the combustion of the gas, the thermal energy is taken up by a heat transfer fluid circulating
between the heat exchanger and a combi boiler, in which the thermal energy accumulates.
The fluid is transferred by means of a CP2 circulation pump specific to thermal installations,
controlled by a solar regulator (SR) which allows control in various operating modes; the heated fluid
circulates to the combi B2S boiler, in which it gives off heat as it passes through the Coil2 coil, to the water in
the boiler, which is heated and thus transformed into domestic hot water (DHW). Another coil of the combi
boiler brings heat from the solar thermal panels; in this way, the energy from the two sources is added
together.
Figure 3 shows the physical realization of the thermal energy generator and the combi boiler,
hydraulically connected by rigid pipes; the system has all the specific hydraulic elements necessary for a
safe and efficient operation: pressure valves, taps, thermometers for visualizing the parameters, etc.

Fig. 3 - The combined system developed

RESULTS
For this configuration of the system, experiments have been performed in order to determine the
total conversion efficiency, by measuring the amount of thermal energy released in the boiler and relating it
to the energy from the fuel used (pellets) (Grîu, 2014). The input data of the process were:
 Quantity of pellets burned: M = 2.6 kg - storage container filled up under the holes for secondary air
 Calorific value of pellets: Qs = 18 MJ / kg (5 kWh / kg)
 The mass of water in the combi boiler: 120 l
 Circulation pump operating mode: continuous
The main values obtained from the experiment were as follows:
 Burning time: 1.5 h (90 min)
 The initial temperature of the water in the boiler: 20oC
 The final temperature of the water in the boiler: 60oC
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Fig. 4 – The evolution of the temperature in the boiler in the initial version

The automatic recording of the data on the evolution of the water temperature in the boiler allows the
graphical representation of the variation of this parameter (fig. 4).
The calculation of the primary energy (from the quantity of pellets) and respectively that of the water
taken from the boiler is made with the following relations:
- For pellet energy, based on the product data sheet:
Energy stored in the mass of pellets:
E Mp = M p • Qs p = 2.6 kg • 18 MJ / kg = 46.800 MJ
(1)
where E Mp is the energy, [J]
M p – mass of pellets used, [kg]
Qs p – calorific value of one kg of pellets, [J/kg]
- For the energy stored in the boiler, based on the recordings during the experiment:
Energy stored in the boiler:
Q w1 = M w • C w • ΔT 1 = 120 kg • 4182 J / (kg • oC) • 40oC = 20.074 MJ
(2)
where Q w1 – energy stored in the form of heat in water, [J],
M w – mass of water in the boiler, [kg]
C w – the specific heat of the water, [J/kg•oC]
ΔT – temperature difference, [oC]
By comparing these values, the total yield of the process is obtained:
η 1 = Q w1 / E Mp = 20.074 / 46.800 = 0.43
(3)
The value obtained was considered unsatisfactory, as it is much lower than the average yield of
similar processes in modern installations (70… 80%); the analysis of the structure and operation led to the
following changes:
- Constructive modification of the heat exchanger, by increasing the number of vertical pipes from 5
to 9; reducing the inside diameter of these pipes from 70 mm to 50 mm; height increase (figure 5). All these
constructive changes have been made to improve the heat transfer of the gases resulting from combustion
to the heat transferring fluid (Dumitrescu et al., 2021).
- Thermal insulation of the heat exchanger, in order to reduce the heat loss outside
- Reducing the flow rate of the heat transferring fluid through the heat exchanger, by adopting a
pump operating mode based on the temperature difference of 4oC between the exchanger and the boiler,
instead of the manual mode (continuous operation).
Following the changes, a new set of tests have been performed; the main results obtained under the
new conditions are shown in Figure 6.
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Fig. 5 - 9-tube heat exchanger

As one can see, the operating time has remained the same, as it depends only on the amount of
fuel, given that the air flow (gasification and combustion) has been maintained at the previous values.

Fig. 6 - The evolution of the temperature in the boiler in the final version

Under the new conditions, the amount of thermal energy stored in the combi boiler has increased,
reaching a final temperature of 81oC (starting from 18oC).
Energy stored in the boiler, in this case:
Q w2 = M w • C w • ΔT 2 = 120 kg • 4182 J / (kg • oC) • 63oC = 31.616 MJ
(4)
The efficiency of the process, in this form, will be:
η 2 = Q w2 / E Mp = 31.616 / 46.800 = 0.68
(5)
Under the new conditions, the yield is close to an acceptable minimum, which leads to the idea that
component improvements are needed in the future for further growth.
The main direction of study will be to improve the heat transfer process by optimizing the flow rate of
hot gases from the heat exchanger; a reduction in flow rate will increase the heat transfer time.
CONCLUSIONS
The use of heat generators that utilize biomass in densified form (pellets or briquettes) as fuel is a
current and energy efficient solution, even if such an energy source is combined with another renewable
source. If the converted solar radiation using one or more solar thermal panels is used as the main source,
the biomass generator is a spare source, which will be put into operation when the consumption exceeds
the amount of DHW stored.
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The tested system requires some improvements to increase the total efficiency, which was
calculated by the ratio between the amount of heat stored in water and the amount of energy in the pellets,
prior to gasification.
Since the design and implementation of the gasification module were done observing the specific
parameters in the literature (air flow correlated with the volume of pellets, the ratio between primary air
and secondary air, etc.), it is concluded that the main study direction for the next period will be the
optimization of the hot air flow in the heat exchanger, for a better heat transfer to the heat transferring
fluid. This can be done by constructive changes in the heat exchanger, but also by changes in the amount
of air (mainly secondary air, combustion), so that when passing through the heat exchanger the gases
give a greater amount of energy.
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ABSTRACT
The work presents the way in which the functioning of the motor reducer can be improved by operating it by
means of a converter, with speed adjustment and anti-locking system, but without a monitoring based on a
warning and parameter recording system during operation it is not known where the problems arise, what is
actually the necessary torque, why the peak torque appears, how long does a peak last. It is necessary to
perform predictive maintenance and eventually to integrate into a fully automatic system. This installation
has been developed by INOE 2000-IHP together with S.C. CORNER PROD S.R.L.
REZUMAT
Lucrarea prezintă modalitatea prin care se poate îmbunătăți funcționarea motoreductorului prin acționarea
acestuia prin intermediul unui convertizor, cu reglaj de turație și sistem antiblocare, dar fără o monitorizare
cu sistem de avertizare și înregistrare parametrii în tipul funcționării nu se știe de unde apar problemele, care
este de fapt momentul necesar, de ce apar vârfurile de moment, cât durează vârful. Este necesară o
mentenanță predictivă și, eventual, integrarea într-un sistem complet automat. Această instalație a fost
realizată de către INOE 2000-IHP împreună cu firma S.C. CORNER PROD S.R.L.
INTRODUCTION
Due to the dimensional inequality of the biomass passed through a conveyor, it can get stuck in its
piping. This locking leads to excessive heating of the reducer, burning of the drive motor, destruction of the
reducer seals, loss of lubricant, destruction of the gear reducer and breakage of its housing. Of course, a
problem is the insufficient torque in the engine for the current mode of use, the time capable and the service
factor too small at the reducer, but there may be other problems related to improper use, wear, lack of
alignment, voltage variations, unbalanced phases or insufficient installed power. In case of such failures, the
technological flow is interrupted, with major economic effects. To reduce the risk of blockages, the drives are
greatly oversized. This solution is totally uneconomic, and when the blockage of the material occurs, the time
required for weave is much longer.
In general, at low power, at this moment the problem is solved by oversizing the engines and
reducers, but in the conditions in which it is necessary to use engines with premium efficiency (increased) to
decrease the energy consumption, the oversizing approach is a matter of the past, especially as the energy
is expensive and the reactive energy charges the bills even more. For this reason, it is necessary to monitor
and optimize these drives. Big problems occur in medium and large drives, where powers of over 3kW-4kW
are common (Narayan, S., 2015). Depending on the type of conveyor, molten reducers are generally used
for low power and especially for screw or inclined strips, pendulum reducers (cylindrical with parallel axes)
for screw, conical-cylindrical reducers for strips, orthogonal reducers for operating biomass blenders (it
actually has the role of bringing it to the biomass evacuation area at the same time as mixing).
In the working process of agricultural equipment, the supervision of their operation in optimal
operating parameters is a complex process and requires for the operators extended working time, increased
attention, concentration and knowledge in the field (Gandjbakhch, E. et al., 2020). However, they cannot
notice the sensitive functioning problems (Caixal, G. et al., 2021) by which major defects can be avoided.
Meeting the needs of reliable equipment with active assisted operation based on intelligent supervision
(Hassan, M.M. et al., 2020) is a priority for researchers.
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Luz E. et al. (2021) introduced an intelligent algorithm in the management of agricultural equipment.
The monitoring system surveys the status of use and lease of the equipment. Good results have been
achieved and work efficiency has been improved (Luz, E. et al., 2021).
MATERIALS AND METHODS
On the market there are biomass conveyor solutions where the electric drive installation does not
notice the imminent blockage in the conveyor piping, ensures only its stopping when overcoming an
overload. Researching the current situation of the market, we found that there is room for improvement
which meets the needs of users (Stojanovic, N. et al., 2018)
There are extremely expensive general solutions. An example is the monitoring system using the
vibration and temperature sensor QM42VT1. It is designed for monitoring pumps, compressors and engines
of different sizes. Data can be collected from multiple engines, evaluated, centrally displayed and, if
necessary, related to alarm actions for timely warning of imminent damage. Users can use radio technology
to connect the vibration and temperature sensor QM42VT1 with the high-performance HMI TX700 device for
this purpose.

Fig. 1 - Sensor mounting mode and data display

The sensor, figure 1, detects vibration and temperature values. Changes in temperature or vibrations
occur when in that transmission the screws through which the engine is fixed have been loosened, causing
the wrong alignment of the shaft, it is a blocked bearing or an imbalance has occurred, mechanical vibrations
can signal problems such as these. The QM42VT1 vibration and temperature sensor detects vibrations with
a high level of accuracy. For this purpose, the compact sensor based on MEMS (micro-electromechanical
system) is simply mounted directly on the engine block through a magnetic support. From there, it offers data
on speed and acceleration on two dimensions in different frequency ranges. Changes to the measurement
data can then be used to identify different problems in operation (Lacatus, P. et al., 2021).

Fig. 2 – Optimal Schaeffler System
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Measuring the temperature of the engines is also vital, since a significant increase in temperature
could be an indication of insufficient wear or lubrication for the bearing. The IP67 sensor also detects
working temperatures in the measurement range from -40°C to +105°C. Another very new system is
Schaeffler OPTIME, which is now under testing at the Schaeffler factory in Brasov.
The Schaeffler OPTIME solution developed by the bearing manufacturer Schaeffler in collaboration
with Siemens, monitors the behavior of the bearings in the machines by measuring vibrations and
temperature at a distance of up to 500mm from the bearing, then transmits the data and its interpretation,
taking into account the existing database for bearings.
THE CONSTRUCTIVE SOLUTION OF THE INTELLIGENT DRIVE INSTALLATION FOR BIOMASS
CONVEYER
The solution developed and realized by INOE 2000 together with the partner company CORNER
PROD aims to continuously monitor the state of the system (voltage, absorbed current, temperature, and
power), developed for biomass conveyers of different types, recommended for a range of gearmotors and
reducers with speed between 2 rpm and 1400 rpm. The solution can be applied both for individual equipment
and for a large number of machines that can be monitored remotely on a smart phone or computer.
The data collecting is done through sensors for monitoring the absorbed currents and temperature
sensors, the wireless transmission of the collected data to the Gateway. The gateway receives the data sent
by the sensors and transmits it to the cloud. In the cloud, data is continuously and automatically analyzed
based on predetermined models and if it is necessary warnings or messages of imminent failuret are sent.
The results are based on models developed by manufacturers of engines and reducers. All
information is recorded and can be available in an easy-to-use way on the smart phone or computer app.

Fig. 3 – Type of screw conveyor with additional action for homogenization and loading
1,2 – reducers; 3 – temperature sensor; 4,5- engines; 6- Raspberry Pi4; 7 – Monitoring block

SENSOR SYSTEM
For the realization of the sensor module and the transmission of wi-fi to the gateway, the mounting
below, Figure 4, is used.

Fig. 4 - Sensor module mounting
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The sensors used in this application are sensors with WiFi communication produced by Shelly Cloud
Bulgaria. In this application, two sensors are used. The first sensor, electrical, allows measuring the voltage
in the three-phase network and the current consumed by each phase of the motor. The sensor acquires all
six of these parameters with a cadence of one measurement per minute. The electrical sensor also makes
calculations to indicate the power consumed on each phase and the power factor. The second sensor,
thermally, is Shelly 1 with temperature measuring mode that allows the acquisition of three temperatures, in
three points with semiconductor sensors of type 18S20 in cases with IP67 degree of protection.
Temperatures are read with a cadence of one measurement per minute.
COMMUNICATION NETWORK
In order to achieve the data processing mode and the communication network, the assembly below,
figure 5, is used. High-performance equipment for solar installations such as solar chargers or inverters have
Serial, Ethernet, CAN or Modbus communication ports. These devices can be connected to the internet
through gateways (Radoi, R.-I. et al, 2021)
The communication network used in the application is a local WiFi network, used only by the
application components.

Fig. 5 - Communication network assembly

The network is controlled by the microtik Hap Lite RB941 Access Point swarm that ensures the
management of network functions:
• Authentication of clients in the Wi-Fi network
• Automatic allocation of addresses in the local network through DHCP protocol
• Network Address Translation function to connect the local network to the internet
• Firewall function to protect the internal network from attacks from the internet
• Port forwarding function to make available resources from the local network to the Internet to allow access
to data collected and processed by the system from the Internet. All sensors connect to the WiFi network
and automatically receive IP addresses from the Microtik router.
Applying the Internet of Things (IoT) can improve the efficiency of the technology for monitoring the
operation of agricultural equipment (Pi, J. et al., 2021).
DATA PROCESSING MODULE
The data processing module is implemented with a Raspberry Pi 4 with 4GB of RAM that provides
all the necessary functions for the application:
• Data collection
• Storage
• Data processing.
On the Raspberry Pi runs the Raspbian operating system along with the applications necessary to
ensure the above functions. In order to ensure a slight replication of the system, a solution was chosen to
use docker containers with the necessary applications. Under these conditions, only a compose file for the
Docker Compose application is required to replicate the application. The compose file that was written
specifically for this application has the YAML format. It allows downloading from the internet the necessary
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Docker containers and linking them to ensure the operation of the application. The management of the
installed containers can be done through the web interface of the Portainer-CE application.
The data collection function allows retrieving data from sensors with the cadence of one measurement
per minute. Each sensor is programmed to transmit once a minute the data measured by MQTT protocol.
In order to use the MQTT protocol, it is necessary to use a Broker that takes the data published by
the sensors and transmits it to the applications that have subscribed for receiving the data in question. The
MQTT broker is provided by the open source Mosquitto application that runs in a Docker container.
Within the data collection function is also the node-red open source application that allows the
graphic realization and running of Node JS applications. The function of the Node Red module is to connect
to the MQTT Broker and process the primary data received from the sensors in order to be stored in a
database in a unitary way (Lacatus, P. et al., 2021).

Fig. 6 - Node-Red graphics application
INTELLIGENT DRIVE INSTALLATION TEST
For testing the prototype of the intelligent drive installation used for biomass conveyors, the conveyor
belt equipment from the experimental model was used; the validated tests to the experimental model were
repeated and the transmission of data and warnings of damage on the computer and mobile phone was
followed.

Fig. 7 - Prototype testing installation

1-frame; 2- the way of recording and transmitting data; 3- crash button; 4- moto-reducer; 5- temperature sensors; 6- conveyor belt

The installation for prototype testing consists of a frame (1), a module for recording and transmitting
data (2), a hazard button (3) the moto-reducer (4) with temperature sensors (5) and the conveyor belt (6) for
simulating the load variation.
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The monitoring module is located near the monitored motor assembly, and the connection of the
motor is made through it to take over the electrical voltage current sizes necessary for the analysis.
The control module contains the router that ensures wi-fi communication with the rest of the
monitoring modules and the Raspberry Pi 4 single board computer that stores the data and processes it
according to the processing levels described above (Russell T., 2017).
The equipment monitors the behavior of the operation throughout the period of use and follows the
following parameters:
• The current absorbed on each phase of the motor;
• The power absorbed on each phase;
• Voltage on each phase;
• The power factor on each phase;
• The temperature recorded in correlation with the other parameters in 3 strategic points on the engine
and on the reducer (a sensor is also used to measure the ambient temperature)
These parameters are transmitted through the recording system, via wireless to the reception system
that is connected to a computer. Thus, the intelligent drive installation stores the data recorded during
operation and provides in real time error messages in case of exceeding the predetermined warning or
damage values, so that the user can make decisions in the shortest time or establish the necessary changes
to optimize the operation of the conveyor.
After the empty start of the installation, the loading of the conveyor belt is simulated by pressing with
the hand.

Fig. 8 – Mounting of the automatic control module

The data is automatically recorded every 5 sec and is transmitted via Wi-Fi by the monitoring module
located near the conveyor belt to the control module located in another room that is connected to the central
computer for data acquisition and interpretation in order to optimize the operation of the monitored system.
RESULTS
At the same time, this data is displayed on the mobile phone:

Fig. 9 – Displaying the results on the mobile phone screen and on the computer screen
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Data monitoring is displayed independently on both devices. The data is automatically recorded
every 5 sec and is transmitted wirelessly by the monitoring module located near the conveyor belt to the
control module connected to the central computer for data interpretation and establishing the decisions to be
taken. The power outage was simulated and the installation sent an alert to the mobile phone:

At the reboot, a new status change alert was sent. Higher load charges were simulated at the
conveyor belt and the intelligent installation transmitted again on the monitor and on the phone alerts of
exceeding the current and of the phase voltages at the monitored electric motor:

CONCLUSIONS
The prototype of "Intelligent drive installation for biomass conveyor" was tested in operating
conditions in the laboratory, for monitoring, acquisition and data transfer of monitored parameters, via Wi-Fi
from the conveyor belt equipment to the mobile phone and to the central computer where a dedicated
program monitors and stores data for warning in case of failures or for the subsequent analysis of the
monitored system.
It has been proven that it is possible to improve the operation of the motor by operating it by means
of a converter, with speed adjustment and anti-locking system, but without a monitoring with a warning
system and recording the parameters in the type of operation it is not known where the problems arise, what
is actually the necessary moment, why the peaks appear, how long the peaks last. It is necessary to perform
predictive maintenance and eventually to integrate into a fully automatic system. The same problems are
encountered not only in the tracks but also in other types of conveyors, especially where the personnel using
the installations do not check and do not comply with the conditions listed in the technical book, but where
they can’t be checked if the normal operating conditions have been observed.
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ABSTRACT
The basic function of this type of gasifier on the TLUD principle is to make a flame from syngas that can be
used as a heat source. Compared to other direct combustion or wood gasification processes, the TLUD
gasification process is characterized by very low values of the surface velocity of gases passing through the
pyrolytic front. The slow process maintains a surface speed of the gas produced at very low values, which
ensures the reduction of free ash being dragged along to values below the 2015 norm imposed in the EU for
biomass combustion processes.
The article presents the TLUD combustion principle, TLUD gasifier sizing, a simulation of the automatic
temperature control system, and a combustion test equipment in low power TLUD gasifiers.
REZUMAT
Funcția de bază a acestui tip de gazogen pe principiul TLUD este de a realiza o flacără din singaz care
poate fi utilizată ca sursă de căldură. Comparativ cu alte procedee de ardere directă sau cu gazeificare a
lemnului, procedeul de gazeificare TLUD se caracterizează prin valori foarte mici ale vitezei superficiale a
gazelor care trec prin frontul pirolitic. Procesul lent menţine o viteză superficială a gazgenului produs la valori
foarte mici, ceea ce asigură reducerea antrenării cenuşii libere la valori sub norma din 2015 impusă în UE
pentru procese de ardere a biomasei.
Articolul prezintă principiul de ardere TLUD, dimensionarea gazogenelor TLUD, o simulare a sistemului de
reglare automată a temperaturii și un echipament de testare a arderii în gazogenele tip TLUD de putere
mică.
INTRODUCTION
Gasifiers are essentially devices that allow the conversion of solid fuel into gaseous fuel through a
thermochemical conversion process. This process involves a high (substoichiometric) temperature in the
embers layer in order to obtain oxidation and reduction reactions between the solid fuel (biomass) and an
oxidant, in our case the air. The construction is made so that the air and gas pass through the embers that
advance into the fixed layer of biomass.
The TLUD gasifier is composed of a gasifier with ascending gasification air flow coupled to a gas fire
(Murad, E. et al., 2012). The biomass is introduced into the reactor and is supported on a grate through
which the primary air for gasification passes from the bottom to the top (Matache, G. et al., 2016). By
thermochemical gasification, the biomass is oxidized in the reactor with 20 ... 30% of the air required for
stoichiometric combustion. The result is a gas, called gasgen, which has a typical average composition: CO
– 20%, H 2 – 18%, CO 2 – 10%, CH 4 – 4%, and the rest is N 2 . The heat conversion efficiency varies
depending on the construction of the equipment, the characteristics of the biomass used, as well as the level
of insulation of the equipment, in the range of 75...85%. The calorific value of the gas produced is PCIgas
(4.5...5.5) MJ/Nm3 depending on the biomass chemical composition and humidity.
Ignition and initiation of the pyrolytic front are done at the top of the gas generator where a bed of
embers is formed which advances into the biomass layer. Due to the heat radiated by the oxidation front, the
biomass under the embers layer heats up, in the first phase it dries and then enters a process of rapid
pyrolysis from which the volatiles are released and unreacted carbon remains. Pyrolysis results in gas, tar
and coal. The tars pass through the layer of incandescent coal, are cracked and completely reduced due to
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the heat radiated by the pyrolysis front and the flame placed in the upper part. The resulting gas is mixed
with the secondary combustion air at the top of the reactor. The high turbulence mixture (Matache, G. et al.,
2017) burns with a flame at temperatures of about 900ºC. When the combustion front reached the grate all
volatile gases in the biomass were gasified and part of the fixed carbon was reduced; about 10-20% of the
initial mass remains on the grate in the form of sterile charcoal, called biochar (Rădoi, R. et al., 2020).
The biochar obtained as a by-product is an active, sterile coal with a large adsorption surface, which
can be used as a soil amendment in environments with low carbon sequestration capacity as well as a filter
material for air, gas and water (Drumea, P. et al., 2015).
To improve the gasification sustainability, researchers oriented towards the use of biochar product
from gasification mainly as soil amendment. Up to 80% of biochar composition is unreacted carbon. It has
increased capacity to hold water, and demonstrated the capacity to improve soil fertility, to reduce its acidity,
and to mitigate the process of pesticides leaching to groundwater (Patuzzi, F. et al., 2016; Fowles, M., 2008).
Negative aspects related to gasification char are also encountered in terms of potential contaminant content,
such as furans, heavy metals, dioxins, or PAH. Yet it has been demonstrated that higher pyrolysis time and
temperature decrease PAH concentrations below the existing environmental quality standards (Hale, S. et
al., 2012). Having a highly porous structure, biochar can also be used to adsorb heavy metals or organic
pollutants in filtering processes, such as for water and air filtration (Shen, Y., 2015; Acharya, C. et al., 2013).
Heat production through biomass burning has however low efficiency and generates problems
related to air quality, due to emissions of N 2 O, CH 4 , particulate matter (PM) and polycyclic aromatic
hydrocarbons (PAH) (Devesa-Rey, R. et al., 2011). Thermo-chemical biomass conversion through
gasification is an alternative of higher efficiency. Gasification reactors demonstrated many benefits
depending on their type, such as high carbon conversion, ability to scale-up, or low tar production. Apart
from these advantages, they also pose disadvantages like sensitivity to biofuel moisture, complexity, low
production of H 2 and CO, resilience, ash deposition on the reactor walls that leads to bed sintering, or
maintenance costs (Molino, A. et al., 2016; Iovane, P. et al., 2013; Wang, L. et al., 2008).
MATERIALS AND METHODS
Sizing of the TLUD equipment
From the literature (Pavel, I. et al., 2020; Maican, E. et al., 2017) it results that the gasification
process is done with low advance speed of the pyrolytic front, with a specific hourly biomass consumption of
80-150 kg/m²h, which results in low specific powers of 250-350 kW/m² for the reactor. The slow process
keeps the surface velocity of the gases in the reactor at very low values, v ≤ 0.06 m/s, and does not allow for
free ash particles larger than PM2.5 to be dragged along, reaching a maximum of 5 mg/MJbm at the exit of
the burner. This value is at least five times lower than the current standards required for solid fuel heat
generators.
The stages of the gasification process (drying, pyrolysis, oxidation, and reduction) take place
simultaneously in different areas of the reactor. (Pavel, I. et al., 2019). Drying is necessary because the
moisture content of the biomass varies between 5 and 55%. At temperatures above 100°C, the water is
removed and turned into steam. During the drying process, the biomass does not undergo any
decomposition. Pyrolysis takes place in the temperature range of 150-700°C and consists in the thermal
decomposition of biomass in the absence of oxygen. Oxidation takes place with the help of air introduced
into the oxidation zone. The air contains oxygen, water vapours, inert gases, nitrogen and argon that do not
react with biomass components. Oxidation takes place at 700-2000°C. During reduction, several chemical
reactions take place at a temperature of 800-1000°C in the absence of oxygen.
The resulting syngas is a mixture of combustible and non-combustible gases. Combustible gases
are carbon monoxide (15 - 30%), hydrogen (10 - 20%), methane (2 - 4%). Non-combustible gases are
nitrogen (45 - 60%), water vapours (6 - 8%), carbon dioxide (5 - 15%).
The calculation algorithm for a gasifier (Pavel, I. et al., 2019) of 3 KW and operating time of 3.5 h on
the TLUD principle
If the specific power of the reactor is approx. 300 KW/m², then for the power of 3 KW a section of the
reactor of 3/300=0.01 m² results. For this section, we start from the reactor diameter of 0.1 m.
Reactor diameter:

D r = 0.1 m

Biomass layer height (loading height): H rbm =

0.5 m
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Reactor section:

𝑆𝑆𝑟𝑟 =

𝜋𝜋 ∙ 𝐷𝐷𝑟𝑟2
4

=

𝜋𝜋 ∙ 0.102
4

=

0.03
4

= 0.0078 𝑚𝑚2

(1)

Biomass volume in the reactor:
𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐻𝐻𝑟𝑟𝑟𝑟𝑟𝑟 ∙ 𝑆𝑆𝑟𝑟 = 0.5 ∙ 0.0078 = 0.0039 𝑚𝑚3
(2)
Biomass layer density: 600 kg/m3 (pellets).
Initial mass in the reactor:
𝑀𝑀𝑏𝑏𝑏𝑏0 = 600 ∙ 0.0039 = 2.34 𝑘𝑘𝑘𝑘.
(3)
The specific hourly consumption of gasified biomass is 85 kg/m2 · h; therefore, for the surface of the
reactor we will have a specific consumption of:
C hbmg = 85 · 0.0078= 0.66 kg/h
(4)
The operating time will be:

𝑇𝑇𝑓𝑓 =

2.34
0.66

= 3.5 ℎ

(5)

Energy from gasified biomass:
E bmg = M bmo · P Cibm = 2.34· 17 = 39.78 MJ
Thermal power of hot gases:

𝑃𝑃𝑔𝑔 =

𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏

𝑇𝑇𝑓𝑓 ∙3.6

∙ 𝜂𝜂𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =

39.78 ∙ 0.93
3.5 ∙3.6

= 2.95 𝑘𝑘𝑘𝑘𝑘𝑘ℎ

(6)
(7)

and the thermal power to the burner, which takes into account the combustion efficiency of the combustible
gas (η ard =

0.95) and the insulation efficiency (losses to the outside - η izol = 0.96), will be:
𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑃𝑃𝑔𝑔 ∙ 𝜂𝜂𝑎𝑎𝑎𝑎𝑎𝑎 ∙ 𝜂𝜂𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 2.95 ∙ 0.95 ∙ 0.96 = 𝟐𝟐. 𝟔𝟔𝟔𝟔 𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌

(8)

The equations of combustion (Bălan, M., and Mădărăşan, T., 2013)
For each fuel element the equation of the oxidation (combustion) process is:
Combustion of carbon:
C + O 2 = CO 2 + Q C
1 kmole C + 1 kmole O 2 = 1 kmole CO 2 + 405800 kJ
c kg C + c/12 kmole O 2 = c/12 kmole CO 2 + 405800 kJ
If the combustion of carbon is incomplete, carbon monoxide (CO) is obtained as a combustion
product:
C + ½ O 2 = CO + Q
Combustion of hydrogen in solid or liquid fuels:

1
H 2 + O2 = H 2 O + Q H
2

1 kmole H 2 + 0.5 kmole O 2 = 1 kmole HO 2 + 240000 kJ
h kg H 2 + h/4 kmole O 2 =h/2 kmole H 2 O + 240000 kJ
Combustion of sulphur:

S + O 2 = SO 2 + Q S
1 kmole S + 1 kmole O 2 = 1 kmole SO 2 + 290200 kJ
s kg S 2 + s/32 kmole O 2 = s/32 kmole SO 2 + 290200 kJ
Combustion of carbon monoxide:

1
CO + O2 = CO2 + QCO
2

1 kmole CO + 0.5 kmole O 2 = 1 kmole CO 2 + 283700 kJ
(co) m3 N CO +0.5 (co) m3 N O 2 = (co) m3 N CO 2 + 283700 kJ
Combustion of hydrogen in gaseous fuels:

1
H 2 + O2 = H 2 O + Q H
2

1 kmole H 2 + 0.5 kmole O 2 = 1 kmole HO 2 + 240000 kJ
(h 2 ) m3 N H 2 +0.5 (h 2 ) m3 N O 2 = (h 2 ) m3 N HO 2 + 240000 kJ
Combustion of a hydrocarbon:
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n
n

C m H n +  m + O2 = mCO2 + H 2 O + QCm H
n
2
4

1 kmole C m H n + (m + n/4) kmole O 2 = m kmole CO 2 + n/2 kmole H 2 O + Q CmHn
(c m h n ) m3 N C m H n + (m+n/4) (c m h n ) m3 N O 2 = m (c m h n ) m3 N CO 2 + n/2(c m h n ) m3 N H 2 O + Q CmHn
If the combustion takes place in stoichiometric conditions, i.e., using the minimum air required for
combustion (λ=1), then the minimum volume of flue gases will be obtained, with the equation:

 m3 
V gmin = VCO2 + VH 2O + VSO2 + V N 2  N 
 kg cb 

(9)

The partial volumes of each element in the flue gas composition are calculated from the combustion
equations of the combustible elements:
For CO 2 :
𝑐𝑐

For H 2 O:
For SO 2 :

𝑉𝑉𝐶𝐶𝐶𝐶2 = 12 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐶𝐶𝐶𝐶2 =
ℎ

22.414
12

𝑚𝑚3

𝑐𝑐 = 1.867𝑐𝑐 �𝑘𝑘𝑘𝑘𝑁𝑁 �

(10)

𝑐𝑐𝑐𝑐

𝑚𝑚3

𝑤𝑤

𝑉𝑉𝐻𝐻2𝑂𝑂 = 22.414 �2 + 18� + 1.61𝑥𝑥 = 1.245𝑤𝑤 + 1.61𝑥𝑥 �𝑘𝑘𝑘𝑘𝑁𝑁 �
𝑉𝑉𝑆𝑆𝑆𝑆2 =

22.414
32

𝑚𝑚3

𝑠𝑠 = 0.7 𝑠𝑠 �𝑘𝑘𝑘𝑘𝑁𝑁 �

𝑐𝑐𝑐𝑐

𝑐𝑐𝑐𝑐

(11)
(12)

The nitrogen volume, V N2 , contained by the minimum air required for combustion is calculated
taking into account the volume participation of nitrogen in dry air:
𝑚𝑚3

𝑉𝑉𝑁𝑁2 = 0.79 𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 �𝑘𝑘𝑘𝑘𝑁𝑁 �
𝑐𝑐ℎ

(13)

If the combustion takes place with excess air, the total volume of the flue gases is:

 m3 
exces
= V gmin + (λ − 1)Lmin  N 
V gt = V gmin + Vaer
 kg cb 

(14)

The volume of dry gases is obtained by subtracting from the total volume the volume of water
vapours:

 m3 
V gus = V gt − VH 2O  N 
 kg cb 

(15)

The volume of dry gases is very important in the control of combustion, because the composition of the
dry gases is determined experimentally. The equipment used for combustion control, called gas analyzers, is
provided with condensation systems for the water contained in the gas samples under analysis. Thus, only dry
gases enter the process of chemical analysis of the flue gas composition.

Fig. 1 – Simulation network and parameters
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Simulation parameters and settings
Components / Submodels
Parameters
Work environments
Water and dry air
Electrical motor speed
1470 rev/min
Compressor displacement
68.05 cc/rev
Pneumatic chamber
100 L
Relief valve cracking pressure
6 bar
Pneumatic proportional
directional control valve and
Dn 6
pneumatic line
Proportional gain
150
Integral gain
2
Water tank capacity
5L
Simulation time: 4000 s
Tolerance: 1 x 10-7
Simulation settings
Sampling frequency:
100 Hz
Print interval: 0.01 s

Table 1

The numerical simulation network was made with Simcenter Amesim software. It includes mechanical,
pneumatic and hydraulic components (water and dry air). Its role is to determine the maximum theoretical
performance of the system and to analyze the control performance of the PI controller. The simulation lasts 4000
seconds; the print interval is 0.01 s, the sampling frequency is 100 Hz, and a tolerance of 1e-07.
The PI controller adjusts the air flow by means of the proportional control valve, which in turn adjusts the
combustion temperature (Tryner, J., 2016). The flame heats the water tank, and the water temperature is
measured and transmitted to the PI controller comparator (feedback loop).
RESULTS
Presentation of the combustion test equipment solution in low power TLUD type gasifiers

Fig. 2 – Combustion test stand for a TLUD gasifier

1- gasifier, 2- pyrolytic front temperature probes, 3- water and flame temperature probes, 4- electric panel, 5- pneumatic throttles,
6- compressor, 7- combustion air flowmeter, 8- pyrolysis air flowmeter, 9- electronic scale

The equipment consists of a gas generator on the TLUD principle equipped with flow meters and air
control throttles, seven temperature probes, four in the furnace area, one for the supply air, one in the flame area
and one in the water tank for power testing. All these elements are placed on an electronic scale to establish the

636

INTERNATIONAL SYMPOSIUM

hourly biomass consumption. A pressure transducer is provided for measuring the gasification air pressure
(necessary to cross the biomass layer). The data is acquired and processed in a controller that controls the
control valve that provides flow to the two throttles adjusted in flow ratios, 1/3 for gasification and 2/3 for
combustion. One of the objectives of the tests that will follow is to control and maintain the power of the gas
generator at predetermined values.
With the combustion testing equipment in low power TLUD type gasifiers, data can be acquired that will
be disseminated in further articles, relating to:
• Maximum and minimum power of the equipment
• Hourly biomass consumption
• Calorific value of different types of biomass
• Optimum temperature of the embers layer by varying the gasification air
• Combustion flame temperature
• Temperature variation in the water vessel
• Influence of gasification air temperature
• Combustion air and gasification air flows
• Influence of gasification air and combustion air flows
• Gasification air pressure for various biomass granulations
• Gasification air pressure for various height values of biomass in the gasifier
• Influence of the distance between the flame and the vessel to be heated
• Possibility to maintain a constant (adjustable) power by varying air flows.
Fuel consumption has been studied in other articles as well (Murad, E. et al., 2012) with a more complex
pneumatic system, but at the presented stand it is done with an electronic scale that transmits the information
during the testing to the acquisition board.

Fig. 3 - Schematic diagram of the combustion test stand on the TLUD principle

Simulation results
In the figure 4 below, one can see the evolution over time of the compressor flow rate, in red color, which
is constant throughout the simulation, pneumatic proportional control valve flow rate, in blue color, whose
evolution is adjusted by the PI controller, and pressure drop due to the pellet layer, in yellow color. Pressure
decreases because the pellet layer thickness decreases and an increasingly smaller resistance opposes the air
flow. Transient phenomena occur because of pressure drop on the pneumatic proportional control valve.
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Fig. 4 – Flow rates and pressure of the system

The figure below (fig. 5) shows the evolution over time of the parameters of the PI controller, as well
as the control signal that it sends to the pneumatic proportional control valve that adjusts the air flow.

Fig. 5 – Internal parameters of the PI controller and output signal

Fig. 6 – Control error (detail)
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In the detail presented by the figure 6 above, one can see the evolution over time of the adjustment error.
At first it is large, due to the thermal inertia of the system, and then it becomes very small (an amplitude of 0.4 ºC).
The graph in the figure below shows the evolution over time of the following parameters:
- The red curve shows the set point, which controls the system evolution over time of the desired temperature.
- The blue curve shows the temperature of the combustion gases. In its evolution, one can see that after reaching
the set temperature, it oscillates around a temperature of 189 ºC.
- The yellow curve shows the temperature of the 5 liters of water; on this, one can notice that the temperature
reaches 100 ºC in 1690 s (28.1(6) minutes).

Fig. 7 – Evolution over time of the process temperatures, time in s x 103

CONCLUSIONS
By continuing the research with the combustion test equipment, presented as a physical
achievement, suitable for low power TLUD type gasifiers, the study and control of combustion at TLUD type
equipment can be deepened, which can transfer these devices from food preparation equipment category to
automated heating equipment category similar to gasification boilers.
Almost any form of natural organic (wood) material can be transformed into biochar. Therefore,
materials considered wood waste can be efficiently transformed into energy and biochar that can be used as
main material for the amendment of degraded soils, and to sequester carbon in the soil for a long time,
helping reduce greenhouse gas emissions, achieve effective environmental protection and ensure
sustainable energy development.
Framing of the flame temperature in the range of 180 - 200 ºC is advantageous because the tar does
not deposit and the equipment does not lose too much heat. Water temperature reaches 100 ºC in ~ 28
minutes.
Using only a PI-type controller in this case is appropriate because temperature exchange takes place
slowly due to the high thermal inertia of masses. Even in this situation, the control performances are optimal.
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ABSTRACT
"Ecology is the science of the struggle for existence," says Greg Cooper in his paper titled "The Science of
the Struggle for Existence." Indeed, the 21st century will be the century of the "science of the struggle for
existence." The paper presents some exhortations to engineers, who must find solutions "before nature
dies." Eco-friendly product design is one of the solutions to this global problem. Several basic concepts of
eco-design, several eco-design strategies, traditional design strategies versus eco-design, are presented in
this paper.
REZUMAT
„Ecologia este știința luptei pentru existență”, spune Greg Cooper în lucrarea sa „Ştiinţa luptei pentru
existenţă”. Într-adevăr, secolul al XXI-lea va fi secolul „științei luptei pentru existență”. În lucrare se prezintă
unele îndemnuri către ingineri, care trebuie să găsească soluții „înainte ca natura să moară”. Proiectarea
ecologică a produselor este una din soluțiile acestei probleme globale. Unele concepte de bază ale
proiectării ecologice, unele strategii de proiectare ecologică, strategii de proiectare tradițională versus
proiectare ecologică, sunt prezentate în prezenta lucrare.
"Modern man carelessly wastes non-renewable resources, natural fuels, minerals, which risks ruining
today's civilization."
(Jean Dorst. Before Nature Dies)
INTRODUCTION
Engineers need to find solutions to the challenges of the millennium "before nature dies". The
environment is an essential part of any development process and encompasses the links and
interdependencies that exist between human beings and natural resources. As a result, the changes that the
environment goes through are generated not only by natural events, but also by the practical manifestation
of development patterns, practices and lifestyles. What is certain is that man has often erred in relation to
nature, through the excesses made, and nature sometimes takes revenge. The great J.W. Goethe rightly
said: "Nature is always true, serious and severe. It is always right, and the errors are always those of man. "

The effects of environmental pollution, manifested by the emergence of serious health problems and
the disturbance of the ecological balance, were recognized internationally at the Stockholm Conference of
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1972, held under the slogan "Only One Earth". The main document of this conference was the Final
Declaration on the Environment, which highlighted the inseparable link between the quality of life and the
quality of the environment, proclaiming the duty of every human being to protect and improve the
environment: "The world's natural resources, including air, water, land, flora and fauna and, in particular,
representative samples of natural ecosystems, must be protected in the interests of present and future
generations through careful planning or management, as required.” In 1986, the United Nations established
the World Commission on Environment and Development, aiming to study the dynamics of environmental
degradation and provide solutions for the long-term viability of human society. The document addressing the
human right to a healthy environment was the Report of the World Commission on Environment and
Development titled "Our Common Future”, also known as the "Brundtland Report": "Sustainable
development is development that seeks to meet the needs of the present without compromising the ability of
future generations to meet their own needs." (Dulgheru, 2020).
As a matter of fact, "ecology is the science of the struggle for existence" (G. Cooper). Ecology,
defined over 100 years ago as the science that deals with the study of the interdependencies between living
organisms and, especially, their interdependencies with the environment, has developed strongly in the last
15 years. It is carried out mainly through research in academic environments and specialized institutes,
resulting in a large number of sophisticated ecological models and methodologies, evaluation techniques,
rules and design guides, etc. It should be noted that environmental issues differ from one geographical area
to another, sometimes even from one country to another, which is why no ecological model, methodology or
tool has yet been imposed worldwide as being applicable to any type of product or process.
Therefore, speaking from an engineer’s perspective, a problem has arisen. The environment in
which we live faces many problems: global warming, water pollution, acid rain, gas emissions, which cause
smog, transmissions of toxic substances, radiation. Which is the solution? How can all these harmful effects
that affect the sustainable quality of life be dealt with? The solution to the problem is the ecological design
of the products or the Ecodesign.
Eco-design has emerged as a growing need to protect nature. One of the first forms of eco-design
was product recycling. As early as the beginning of the twentieth century, artists used collages from
newspapers, packaging and other unused materials to make their works of art. Renowned artists such as
Pablo Picasso and Georges Braque are among the pioneers of this initiative. There has also been a great
demand in Western European countries to decorate their homes in the most "green" style possible. For this
purpose, a series of products made of recyclable materials have been designed, which have a natural
appearance.
So, eco-design can be implemented in various fields, whether it's art, building or arranging a house
or designing industrial products. Eco-design is a growing responsibility of the designer to understand the
ecological footprint of the planet. In connection with such global problems as overcrowding and
environmental pollution, it is strictly necessary for designers, for engineers, to find environmentally friendly
solutions that lead to a reduction in the consumption of materials and energy, and that the materials used are
as recyclable as possible.
The range of green industrial products is very wide. It ranges from durable goods such as
televisions, refrigerators, home appliances, automobiles, computers, mobile phones, to building materials
and subassemblies, transportation, and industrial equipment. With the explosive development, especially in
the last 30 years, of material products and, therefore, of manufacturing industries, there have been serious
negative effects on the environment with major, sometimes catastrophic, implications. In connection with this,
a series of measures have been taken, through which "pressure" is exerted on the economic and industrial
environment in several ways: environmental taxes, directives and laws for producer responsibility, vouchers
for pollution prevention initiatives. Several international (WCED - World Commission on Environment and
Development attached to the UN, EMAS - European Eco-Audit and Management Scheme) and national
organizations specialized in environmental issues (SETAC – Society of Environmental Toxicology and
Chemistry, USA; ICME - International Council on Metals and the Environment, Canada; UBA - German
Federal Environmental Agency) have been set up to implement these measures. Thanks to a well-balanced
environmental policy, implemented over about 20 years, Germany, a major energy consumer, now covers
more than 40% of its consumption with "green" energy.
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In 2005, the EU adopted the Ecodesign Directive, which set out a framework on mandatory
environmental requirements for energy-related products sold in its 28 Member States. Representatives of
European manufacturers in the industry, such as Bosch, Siemens, Haushaltsgeraete and Philips, were
involved in the consultations and welcomed the new rules. The directive covers more than 40 product
groups, which are responsible for 40% of all greenhouse gas emissions. A further revision took place in 2009
(2009/125 / EC), which extended the scope to other energy-related products, such as windows, insulation
materials and certain water-consuming products. The purpose of the Ecodesign Directive is for
manufacturers of energy-using products to use, in the design stage, materials that reduce both energy
consumption and adverse effects on the environment. The policy, known as eco-design, is in line with the
EU's goal of reducing fossil fuel imports and greenhouse gas emissions (*** https://www.green-report.ro/...).

WHAT IS ECOLOGICAL DESIGN?
The environment is seriously affected by existing products on the market, which produce a number
of negative environmental effects such as: depletion of raw materials, energy consumption, water
consumption, the effect of global warming, ozone depletion, photochemical fog, air acidification, air toxicity,
water eutrophication, water toxicity, noise or radiation. What about artificial plastic islands (human products!)
formed in the Planetary Ocean?!
Eco-design is a broad topic, but the basic idea is to reduce the negative impact on the environment
throughout the entire product life cycle through improved product design. Ecodesign means "reducing the
impact on the environment throughout the life cycle of a product through better product design" (***
https://biblioteca.regielive.ro/ …).
Directive 2009/125 / EC - Ecodesign states that "eco-design is the integration of environmental
characteristics into the design of a product in order to improve the environmental performance throughout
the life cycle".
Ecological design can also mean a configuration of products and services from both environmental
and cost perspectives. Eco-designed products must meet certain criteria, such as: recyclability, low material
and energy consumption, durability, avoidance of toxic materials, optimal customer benefits, use of regional
resources (Lasliu et al., 2019). In ecological design, the whole evolution of the product - from manufacturing
to disposal - is kept under observation, the most profitable and most environmentally friendly solutions being
developed.
The eco-designer assesses the impact of a product or process on the environment throughout its life
cycle. He / she takes part in the technological choice of components and materials, so that maintenance and
recycling are easier. The main missions of the eco-designer are the research of technical solutions and their
industrial development. The basic idea in eco-design is to reduce the impact on the environment throughout
the product life cycle through improved product design, while achieving similar performance and features.
The life cycle of the eco-product is as follows: purchase of raw materials, manufacture of a component part,
assembly of the product, distribution and sale, use of the product, repair and reuse, disposal, recycling of
materials, and final disposal (Lasliu et al., 2019).
All products have a certain impact on the environment throughout the life cycle, namely through the
use of raw materials and natural resources for manufacturing, packaging, transportation, storage and
recycling. The designer's problem is to minimize this impact. In general, about 80% of the environmental
impact of the product can be determined during the design phase. Ecological design involves taking into
account the environmental impacts of the product, right from the first design stage. In terms of lifecycle costs,
the situation is pretty much the same. In these conditions, it is crucial to take into account the economic and
environmental aspects in the very design phase of the product.
Directive 2009/125 / EC - Ecodesign sets out some generic requirements, which do not set limit
values, but may impose:
- designing an "energy efficient" or "recyclable" product;
- providing information on how to use and maintain the product in such a way as to minimize its impact
on the environment;
- performing a product life cycle analysis to identify alternative design options and solutions for possible
improvement.
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The general principles of European environmental policy are (Fernández Fernández, 2018):
Precautionary principle: If there is clear evidence of a new environmental problem, without full
scientific confirmation, precaution measures will be taken;
Prevention principle: Try to avoid any form of pollution or damage to the environment, instead of
remedying the effects it produces when the damage cannot be avoided;
Rectification of the principle of pollution at source: Immediate implementation of the resolution in due
time to neutralize as much as possible the effects of the attacks produced and to prevent their
progress;
'Polluter pays' principle: aiming at elaborating the regulation which establishes the responsibilities
before the actions, the identification of the offender to whom the damage caused to the environment
can be attributed and the damages to be repaired.
The introduction of new minimum requirements may result in a ban on the marketing of all noncompliant products in EU countries. For example, incandescent bulbs have been phased out since 2009.
Basic eco-design requirements:
are adopted according to the product;
set minimum standards for product performance to reduce environmental impact;
must be met by all products marketed in the EU;
are based on the environmental impact throughout the life cycle of the product (design, production,
distribution and recycling).
The scope of the Ecodesign Directive was extended in 2009 to all products with an energy impact
(the use of which has an impact on energy consumption), including:
Energy consuming products (ECPs), which use, generate, transfer or measure energy (electricity,
gas, fossil fuel), including consumer goods - such as boilers, computers, televisions, washing
machines, light bulbs - and industrial products - such as transformers, industrial fans, industrial
ovens, etc.;
Energy labels show where an appliance is located on a scale from A to G, depending on energy
consumption. Class A is the most energy efficient and class G is the least efficient (fig. 1);
Energy labels offer consumers the opportunity to save money by choosing products that consume
less energy;
Other products with energy impact (ERP), which do not use energy but have an impact (directly or
indirectly) on energy consumption and can therefore contribute to energy savings, such as: windows,
thermal insulation materials, sanitary ware, taps, etc. Directive 2009/125 / EC - Ecodesign on
ecological design does not provide mandatory product requirements, product requirements are set
out in European Commission Regulations.
-

Fig. 1 - Energy label of a home appliance
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Thus, the implementation of Directive 2009/125 / EC - Ecodesign consists in establishing a
framework for establishing the eco-design requirements applicable to energy-related products. In this way,
the Directive aims to reduce the environmental impact of the product life cycle (from raw material
procurement, production, assembly, distribution, retail, use, transport and recycling) by designing it better.
EcoDesign means better products, but better and more effective tools are needed to design better
products. There are several types of tools, from guides and checklists to selection indicators and life cycle
assessment, including methodologies, process simulation software and databases of materials and
processes. The pressure exerted by the governments of the economically developed states in the post-1990
period through legislation to implement the requirements of sustainable development in industry, the attitude
of citizens towards the purchase of environmentally friendly goods, and the prospect of depleting essential
resources for production and consumption are the main factors that have accelerated the transition from
non-organic industrial products to organic industrial products.
Based on an analysis of several guidelines found in some company guides and in various textbooks,
the professor Luttropp et al., 2006, at KTH, Stockholm, formulated 10 golden rules, which are very generic
and need to be transformed and customized to be really used in product development. The rules are not
listed in any order of preference:
1. Do not use toxic substances and utilize closed loops for necessary but toxic ones;
2. Minimize energy and resource consumption in the production phase and transport through improved
housekeeping;
3. Minimize energy and resource consumption in the usage phase, especially for products with the
most significant aspects in the usage phase;
4. Promote repair and upgrading, especially for system-dependent products;
5. Promote long life, especially for products with significant environmental aspects outside of the usage
phase;
6. Use structural features and high quality materials to minimize weight. Nevertheless, these shall not
interfere with necessary flexibility, impact strength or other functional priorities;
7. Invest in better materials, surface treatments or structural arrangements to protect products from dirt,
corrosion and wear;
8. Prearrange upgrading, repair and recycling through access ability, labelling, modules;
9. Promote upgrading, repair and recycling by using few, simple, recycled, not blended materials and
no alloys;
10. Use as few joining elements as possible and use screws, adhesives, welding, snap fits, geometric
locking, etc. according to the life cycle scenario.
BASIC CONCEPTS OF ECOLOGICAL DESIGN
The number of consumers who show greater responsibility for sustainable consumption of products
and resources is growing day by day. Consequently, this type of consumer aims to support environmental
sustainability by requiring companies, especially manufacturing companies, to demonstrate respect and
commitment to the environment and natural resources, consolidating the entire product life cycle with actions
that demonstrate a such a commitment. Regarding these types of activities, the most remarkable action is
the ecological design, which has become the main methodology, which can be used by companies to make
their products more sustainable and environmentally friendly. We can define eco-design as a "systematic
incorporation of environmental aspects into product design in order to reduce its impact on the environment
throughout its life cycle". For any manufacturing industry, eco-design supports the need to incorporate
environmental and sustainability criteria into the basic requirements of product design, such as cost,
function, utility, aesthetics, reliability, safety, and so on. These environmental criteria range from the fight to
minimize all consumption and the reduction of emissions and pollutants throughout the life of the product, not
only during the manufacturing process, but until the end of its useful life.
Environmental psychology, behavioural psychology, consumerism, business, environmental policy,
and additional research in the social sciences were used to define cognitive concepts that led to the
purchase and use of environmentally friendly products. The basic concepts and explanations of eco-design
are (MacDonald et al., 2015):
- responsibility, a sense of personal control over actions and results;
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- complex decision-making skills, mental tools, which structure complex decisions;
- decision heuristics, mental shortcuts, which simplify decisions;
- the link between altruism and sacrifice, an assumption that doing good requires personal sacrifice;
- trust, the degree to which a person believes the information given to him / her;
- cognitive dissonance / guilt, mental processes, which can occur when a mismatch between intention and
action is identified;
- motivation, intrinsic and extrinsic satisfaction, which determines the designer's behaviour.
Eco-design is focused on monitoring the product life cycle. All the stages that the product goes
through, from the purchase of raw materials, which will be part of it or its generation from natural resources,
to the moment of its final disposal. Consequently, this cycle covers the forms of raw materials until final
disposal, through the intermediate stages of manufacturing, packaging (Monteiro et al., 2019), logistics and
distribution, sale, maintenance and even reuse. Companies that decide to include eco-design in their product
development as part of their business strategy not only demonstrate environmental sensitivity, but increase
their competitiveness by having better products, better projects, better manufacturing with a clear
distinguishing factor. In other words, at the beginning of the third millennium, deeply affected by the global
problems facing humanity, organic products are selling better. Companies that promote the ecological
development within sustainable development must demonstrate that an appropriate balance has been
achieved between economic, ecological and social growth, which contributes to sustainability (QuellaDr.,
2013):
At the economic level: demonstrating the rational use of resources, in particular in the key stages of
the value chain (supply, manufacturing, transportation and waste management).
At the environmental level: demonstrating that the type and origin of the raw materials, the energy
consumed for their manufacture, the pollution caused and all aspects that could affect the environment have
been deeply considered.
At the social level: demonstrating that the company maintains and consolidates its corporate social
responsibility, being part of an elite of companies, which demonstrates that it ensures the well-being of the
affected workers and work groups (partners, employees, etc.).
Therefore, eco-design takes off as an essential tool for achieving the desired sustainable
development (Fig. 2). From a "key business factor" perspective, design is an increasingly important factor in
the competitiveness of companies.
The current competition, globalization and high customer knowledge have transformed the
association, which requires not only a well-balanced quality cost, but also a demonstrable respect for the
environment. This is why companies need to consider the environment, operationally and especially
strategically, as a key factor. Therefore, the first step of eco-design is to integrate the environmental factor
into the design and manufacturing of the product, to clearly try to prevent any potential contamination
associated with a product through all the stages it goes through (design, manufacture, use and disposal).
However, it should be clear that eco-design not only aims to ensure that the product is environmentally
friendly, but also to implement a global environmental concept, which determines the maximum involvement
of the company by integrating an identification-based methodology, control and continuous improvement of
all environmental aspects of manufactured products.
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Fig. 2 - Evolution of sustainable ecological design

Ecological design strategies. Ecological design highlights a number of strategies, the main
objective of which is to help prevent, reduce and / or minimize the impact of the product on the environment,
associated with its life cycle. These strategies highlight a number of considerations that must be applied
during the development of a new product.
The products are very different in terms of design, creation process and purpose of use. The nature of
the product is assessed when the applicable strategies are to be selected. It is important to keep in mind that
due to the close relationship between different strategies and life cycle stages, when implementing
strategies, the impact of one stage must be taken into account and not transferred to another stage.
The development of new products will have a considerable impact on the environment. An eco-design
strategy can be pursued to minimize this impact (Fernández Fernández, 2018; Anghel et al., 2018). The ecodesign strategy wheel (fig. 3) shows the strategies that can be followed. Thus, the implementation
methodology can be structured on four different levels:
- conceptualization (includes strategies 0 – 2);
- manufacturing (includes strategies 3 – 4);
- application (includes strategies 5 – 6);
- end of life (includes strategy 7).

Fig. 3 - Eco-design strategy wheel in the product life cycle
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TRADITIONAL DESIGN VERSUS ECOLOGICAL DESIGN
Eco-design is like a design philosophy, which supports the need to include environmental criteria in
the basic requirements of a product, such as cost, utility, aesthetics, reliability, safety, etc. Obviously,
environmental requirements support the optimization of consumption, emissions and any possible
contamination during the life cycle of the product. Eco-design does not refer to a substantial change in the
traditional stages of the product design and development process, but to providing a new perspective,
considering sustainability issues as part of the essential requirements. The difference between the traditional
design process and the ecological design are presented in fig. 4. The environmental criteria indicated in the
eco-design at each stage are added to the traditional design and development.
The legal framework of ecological design. The European Union began to develop regulations and
legislation in the field of green product design as early as the 1990s. Eco-design is of vital importance in
European environmental policies, as demonstrated by the European ‘Sustainable Development’ Strategy of
2009, which established Sustainable Consumption and Production as one of the priority areas for action.
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Fig. 4 - The difference between the traditional design process and ecological design

For the quantitative assessment of the environmental impact levels, eco-indicators are defined and
implemented by going through the following phases:
inventory, which involves compiling a list of relevant inputs and outputs to identify factors that contribute
to an ecological problem;
characterization, which is the process of quantifying the description of the contributions;
quantification, which involves the quantitative assessment of the characterizations relative to each
other.
Eco-indicators are methods that are used to calculate the environmental impact, usually assessable in
the form of an associated global score, of materials and processes. There is a possibility of errors on each phase.
Studies and analyses are currently being carried out on eco-indicators based on life-cycle methods in order
to identify the sources of error as well as to assess the validity and scientific objectivity. An illustrative
methodology is wheel graphics, which allow users (designers, manufacturers, managers) to identify priorities
for green development. Fig. 5 shows the cost diagram of the industrial product: total production costs (TPC),
life cycle costs (LCC) and social cost accounting (SCA), highlighting the environmental costs of the product
life cycle.
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Fig. 5 - Industrial product cost diagram

Eco-design aspects in engineering: the stages of the ecological product design process.
Product and process designers must ensure that they excel in all aspects, which lead to meeting customer
demands by ensuring functional performance, cost-effectiveness, reliability and, equally, environmental impact.
The purpose of ecological design in the context of sustainable design (Fig. 6) is to minimize the
impact (negative effects, harms) of products and processes on the environment throughout the life cycle,
while maximizing the benefit, performance and quality. Sustainable design requires consideration of social
and ethical implications in addition to functional economic and environmental issues.
With the growing importance of environmental issues, specific information systems, models,
methodologies and tools have been developed to make products and processes better for reducing
environmental impacts (increasing environmental performance), which can be varied levels of quantification.
In the last period of time, intense efforts are being made to introduce in the study programs at all levels
notions and even advanced elements of industrial ecology, ecological design, sustainable design, etc. On
the other hand, the future development of integrated EcoCAD / CAE / CAM tools will lead to high
performance in the long-term optimization of the planetary existential complex.
Sustainable Design
Eco-Design
Product Design
functional, economical,
aesthetic, safety
plus environment
plus social/ethic aspects
Fig. 6 - Sustainable design of an industrial product
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ABSTRACT
Hemp is not a crop prohibited or restricted by law, only that such a plantation must be authorized and
monitored by the Ministry of Health, the Ministry of Internal Affairs and the Ministry of Agriculture and Rural
Development. Beyond the impediment to authorization and monitoring, hemp cultivation brings more than
profitable gains to those who invest in it. It is grown for its relatively high natural fiber content and for its
seeds rich in drying oil. Hemp fibers are longer than flax, very durable and quite resistant. hey are used to
make a wide range of rot-resistant textiles, even in water. Short fibers (tows) are used in the manufacture of
mattresses as well as as an insulating material. Lately, the market demand for green hemp inflorescence has
increased. The paper will present the partial results obtained in a research project in which a piece of
equipment for harvesting green hemp stems was grounded and made in order to process these stems to
obtain fibers. However, there are factors in the agro-industrial chain that limit the large-scale marketing of
these crops and their products. From an agronomic point of view, some of the problems are associated with
technological gaps in harvesting technologies, which prevent the full exploitation of some crops. For
example, the production of high-quality textile fibers depends primarily on the quality of the raw material,
which in turn is linked, inter alia, to the efficiency of the harvesting system adopted. In most cases, these
systems have been developed locally, based on available solutions related to specific local agricultural
practice. The purpose of this paper is to present a review of existing mechanical harvesting systems for
hemp fiber crops with special reference to hemp. In addition, the paper will provide a description of the
innovations that have been adopted in recent years to improve harvesting processes to increase the value of
these crops and their products, made by INMA Buchare
REZUMAT
Cânepa nu este o cultură interzisă sau îngrădită prin lege, numai că o astfel de plantaţie trebuie să fie
autorizată şi monitorizată de de Ministerul Sănătăţii, Ministerul Afacerilor Interne şi de Ministerul Agriculturii
şi Dezvoltării Rurale. Dincolo de impedimentul legat de autorizare şi de monitorizare, cultura de cânepă
aduce celor ce investec în ea câştiguri mai mult decât profitabile. Aceasta se cultivă pentru conţinutul său în
fibre naturale în procent relativ ridicat şi pentru seminţele bogate în ulei sicativ. Fibrele de cânepă sunt mai
lungi decât cele de in, foarte durabile şi destul de rezistente. Ele se utilizează la confecţionarea unei game
largi de produse textile, rezistente la putrezire chiar şi aflate în apă. Fibrele scurte (câlţii) se folosesc la
confecţionarea saltelelor precum şi ca material izolator.În ultimul timp a crescut cererea pe piaţă a
inflorescenţei de cânepă în verde. În cadrul lucrării vor fi prezentate rezultatele parţiale obţinute într-un
proiect de cercetare în care s- a fundamentat şi realizat un echipament pentru recoltare tulpinilor de cânepă
în verde în vederea prelucrării acestor tulpini pentru obţinerea de fibre. Cu toate acestea, există factori în
lanțul agroindustrial care limitează comercializarea pe scară largă a acestor culturi și a produselor lor. Din
punct de vedere agronomic, o parte din probleme sunt asociate cu lacune tehnologice în tehnologiile de
recoltare, care împiedică exploatarea deplină a unor culturi. De exemplu, producția de fibre de înaltă calitate
pentru textile depinde în primul rând de calitatea materiei prime, care la rândul său este legată, printre altele,
de eficiența sistemului de recoltare adoptat. În majoritatea cazurilor, aceste sisteme au fost dezvoltate local,
pe baza soluțiilor disponibile în legătură cu practica agricolă locală specifică. Scopul acestei lucrări este de a
prezenta o revizuire a sistemelor de recoltare mecanică existente pentru culturile de fibre referire specială la
cânepă. În plus, lucrarea va furniza o descriere a inovațiilor care au fost adoptate în ultimii ani pentru a
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îmbunătăți procesele de recoltare pentru a crește valoarea acestor culturi și a produselor lor, realizate de
INMA Bucureşti.
INTRODUCTION
The traditional (pre-industrial) methods of producing and processing hemp (Cannabis) once used in
Europe are compared to those in Asia. The common climate characteristics of Eurasian hemp growing
regions, in line with the essential characteristics of all Liberian fibers and the use of hemp in particular,
impose functional constraints on the cultivation and processing of hemp. (Clarke, Robert C, 2010) .
The dynamic changes in the European and world economies have had inclusive effects on agricultural
production systems as well. High prices, currently for traditional commodities (such as cereals, oil and biogas
crops), lead to new approaches to traditional crops, namely the introduction of non-energy and non-food
plants into crop rotation. Increasingly in industrial applications, technical crops and especially hemp cutting
and other Liberian fibers, some technical developments have been made to increase efficiency and reduce
operating costs for plant harvesting and biomass handling (Hans-Jörg Dr. Gusovius, 2009).
The interest in hemp cultivation today is due to the special qualities of this plant. Hemp oil is rich in
protein, vitamins and minerals and the protein is complete, being rich in nutritionally important essential
amino acids.
For this reason, there is a real chance that hemp seed powder will be part of the food ration of animals
in the future, being able to successfully replace soy (Carus M. et al. 2013). Compared to soy, hemp protein is
much easier to digest.
The huge potential of hemp for cultivation in order to extract fiber and cannabidiol for medicine, makes
this plant return today to the attention of agronomists and medical researchers. On the other hand, it is
currently desired to eliminate plastics (dependent on fossil fuels), and hemp could successfully replace these
products and even construction materials. In addition, hemp would be a more economically attractive
alternative to ethanol production. Of particular interest worldwide is the cultivation of hemp for cannabidiol
(CBD) extraction for the pharmaceutical industry. In this regard, breeders have produced hemp varieties to
produce compounds that may have pharmaceutical value. One such product is cannabidiol.
Regarding cannabidiol, studies show that it has antiemetic, neuroprotective, antiepileptic,
antipsychotic, anti-inflammatory properties, etc. (Grotenheim and Müller - Vahl, 2016).
Over the last 15 years, research and practice in natural fiber technology have shown that, in addition
to their use as textiles, natural fibers can also be used successfully as reinforcing fibers in composite
materials, in building materials, as insulating material and in many other applications (Mohanty et al. 2005).
Hemp is part of the Cannabaceae family, along with hops. Within the family, hemp is found in the
genus Cannabis which has two species, figure 1:
• Cannabis sativa L;
• Cannabis indica (Law.)
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a

Fig 1 Hemp species
a-part aerial (cannapyhealth.com); b-all components of the Sativa plant;
c-section through a green Sativa hemp stem (Găgeanu P. et al, 2020)

Hemp strains from local populations and wild hemp contain 10-12% fiber, and improved varieties, 2632% (Nedelcu A. et al, 2020).
Several ecological groups (borealis, medioruthenica, australis) are known in fiber hemp; in our country
and in general in Europe, the ecological group australis, also called southern hemp, is cultivated. Among the
temperate climate textile plants, hemp ensures the highest fiber production (averages between 2210 and
2790 kg / ha for varieties and hybrids cultivated in our country).
Comparatively higher prices and variable quality of natural fiber products for the consumer compared
to synthetic materials mainly lie in the costs for cultivation and processing of hemp fibers. Also for farmers, in
turn, the income from natural fiber stems hardly covers the costs. This results in the following situations in
Romania and beyond:
● there are fewer and fewer farmers who are willing to grow natural fibers;
● high consumer prices for construction materials and insulation lead to insufficient market demand,
even taking into account the environmental aspects;
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● Although the general demand for natural materials is growing, the automotive industry mainly prefers
to buy cheaper fibers from abroad;
In order to meet the requirements of the beneficiaries, who grow or process hemp, INMA has
developed within the Core Program two technologies for harvesting and processing green hemp stems and
two technical equipments, experimental models for harvesting and processing green hemp stems. This
equipment aims to simplify and lower costs in the process of obtaining natural hemp fibers.
MATERIALS AND METHODS
In order to establish the technologies for harvesting and processing hemp stalks, it is necessary to
take into account the general morphological characteristics of this crop. , the compound responsible for the
main psychoactive effects of most cannabis for medicinal preparations), An important role in Romania having
also the research station from Secuieni, with the varieties: Dacia Secuieni, approved in 2011, with the length
of the plant in the culture for strains: 1,8-2,8 m and in seed culture: 3 – 4,5 m and Secuieni Jubilee approved
in 2012, with plant length in stem culture: 1,3-1,5 m and in seed culture: 1,3 – 2,2 m.
The hemp stalk from which the fibers are extracted is straight and has branches at the bottom. Its
length is between 1 and 3 m, and the thickness varies from 4 to 8 mm. The anatomical tissues of the bark
are more complex compared to linseed, thickness and humidity. The mechanical rupture of the stems is
known as dehulling and results in the separation of free fibers from the less valuable wood core (ie waste).
The fiber content in the stems is influenced by variety, technological and pedoclimatic conditions. Fibers
have a number of particularly valuable properties in strength (tensile, torsional, friction, rot), extensibility
(elastic and plastic), spinning capacity, longer than sisal, jute, manila or cotton fibers, which make them
usable in a number of areas. The value of the total fiber length was influenced by the climatic and soil
conditions specific to each test center in the SIVTR network. This is the case of Satu Mare test center, where
the Successive variety, presented a total length of the stem superior to that of the control variety, both in
2015 and in 2016, of 5% and 3%, respectively, table 1 (Popa L. D et al, 2019).
Tabel 1 The fibers total length (cm) of the monoecious hemp varieties from ARDS Secuieni tested in
SIVTR network during 2015-2016 (Popa L. D et al, 2019).

Physical properties of hemp fiber: the length of the hemp cells is between 3 and 55 mm (average 22
mm) and the thickness is between 5 and 50 micrometers (average 22 micrometers). The cells are less
transparent and more irregular in diameter than the flax cells, and their tip is rounded or branched. The
fineness of the elementary fibers is between 3,000 Nm and 5,000 Nm. The length of the technical fibers
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varies within very large limits. Thus, the length of the technical fibers in the string is more than 50-65 cm. The
color of the fibers varies: in general, it is gray-green and tends to white. The specific weight of hemp is 1.43 1.48 g / cm3.
Unlike flax, hemp does not withstand heat because the fibers crack due to pressure and temperature.
This is one of the reasons why hemp is not recommended for bedding, which should be washed and ironed
often.
Mechanical properties of hemp fiber: The specific strength of hemp fiber is 41-52 N / cm2. This
depends, among other things, on the degree of maturity. Summer hemp (male) is less resistant than autumn
hemp. The strength of the fibers is even greater, as they come from an area of the stem closer to the root.
The fibers in a bunch of hemp are more strongly bound together than flax, due to the higher content of lignin
and pectic substances. The elongation at break is 3-5%. Un proces complet de prelucrare primară a cânepii
în funcţie de varianta de obţinere a fibrelor topite sau netopite presupune următoarele faze tehnologice,
(Cuzic-Zvonaru C. et al, 2002):
1 - preparing the stems for melting;
2 - melting the stems;
3 - drying the molten stems;
4 - mechanical processing of molten stems by crushing and melting;
5 - processing and sorting of melita tow by drying, shaking and ennobling;
6 - sorting the hemp string;
7 - pressing and packing the rope or tow.
If melting is excluded, the resulting fiber being unitary, from the seven phases are excluded those
concerning melting and, respectively, the grouping of technical fibers into strings and tow. Because in the
country the smelters used for hemp stalks are almost non-existent, in order to solve the problem we try to
apply harvesting technologies and process the stalks in green. Figures 2 and 3 show green harvesting and
processing technologies.

Fig. 2 Technologies for the preservation and wet processing of fiber plants (Idler Ch.,. et al, 2011)
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Fig.3 Green hemp stem harvesting and processing technologies
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Normally, the production of fibers from agricultural crops is based on field drying. As the weather
conditions during the harvest are often problematic for the harvesting and processing of hemp stalks,
researchers in the field have developed supply technologies independent of the weather. Meteorological risk
can be avoided if, for example, hemp after being harvested with a forage harvester is processed directly into
the final products or stored by wet preservation. Investigations have shown that conventional silage
technologies are able to ensure the preservation of hemp for more than a year (Idler Ch.,. Et al, 2011).
Figure 3 shows a processing technology for hemp stems applicable in Romania as well.
RESULTS
In order to meet the requirements of the beneficiaries, who grow or process hemp in Romania, INMA
has developed Green Hemp Stem Harvesting Equipment ERCV is intended for sequential harvesting of
hemp stalks, in order to process them to obtain the string.figure 4.

Fig.4 Green harvesting equipment for ERCV hemp stalks

When using this equipment, the cut plants remain mixed in the furrow, the inflorescence with the stems.
When making the technical harvesting equipment, the technological requirements, the general morphological
characteristics of the hemp crop were taken into account, in the case of hemp harvesting for fiber: the
average cutting height from the ground should not exceed 7 cm; stem losses to be less than 5%; broken
stems of up to 6%. It should be noted that this equipment is intended for small and medium-sized hemp
farms. The green harvesting equipment of ERCV hemp stems is based on a patent application (Păun A. et
al, 2019).
The experimental model provides the following general characteristics:
-type of machine
trailed
-energy source
tractor> 65 CP
-type of the cutting machine
double-edged
-number of cutting knives
2
-cutting height:
-rear cutting device
100 mm
-front cutting device
1500-2500 mm
Also within the project PN 19 10 01 03-Substantion of the technology for harvesting and primary
processing green hemp stalks, two variants of stem processing equipment were made: variant I, figure 5 and
variant II, figure 6. Of the two variants, only the experimental model for variant II was performed. The
technical equipment for hemp hulling, EDC 450 (450 represents the active length of the rollers) consists of
the following main subassemblies (see fig. 5). Positions 1, 2 and 3 are welded sheet metal constructions that
ensure the supply of hemp stalks and the guidance to the guide rollers, pos 4, (Olan M., et al, 2020).
The guide rollers are special constructions and consist of an upper roller that provides guidance and
drive of the stems and a lower roller that provides only guidance.
The flattening rollers, position 5, are 2 drums with shallow rifles that ensure the flattening of the hemp
stalks passed through the guide rollers.
The splitting rollers, position 6 (see fig. 5), have the role of splitting the flattened stems into strips, in
which it will be easier to break the wooden part. Both rollers have a serrated surface, the pitch of the teeth is
8 mm and their depth is 7 mm. The upper roller is equipped with 4 blades, 6 mm deep equidistant, which
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ensures in addition to splitting and advancing the material. The lower roller is provided with only teeth for
splitting. The teeth on the drums are staggered so that they intertwine, the pitch remaining constant.

Fig. 5 EPC 450 Green Hemp Stem Processing Equipment - Longitudinal Section
1.Supply table; 2. Guides; 3. Hood; 4. Guide rollers; 5. Flattening rollers;6. Splitting rollers; 7. Crushing rollers I; 8.
Displacement rollers I; 9. Crushing rollers II; 10. Displacement rollers II; 11. Crushing rollers III; 12. Lattice
dislocator;

Crushing rollers I, are special constructions that make the first crushing of the split strips, and consist of
an upper and a lower roller. Displacement rollers I, are special constructions that make the first detachment
of wood material that was crushed by the previous pair of rollers) and consist of an upper roller 1 and a lower
roller. Crushing rollers II and III consist of an upper and a lower roller. The difference between crushing
rollers II and III lies in the depth of the rifles. In the case of crushing rollers II the depth of the rifles is 6 mm
and in the case of crushing rollers III it is 9 mm. The lattice dislocator, pos.12, (see fig. 5), is the last
subassembly that has the role of detaching the wood part from the fiber.
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Fig. 6 Hemp processing equipment EPC 450

The experimental model of EPC 450 hemp processing equipment (simplified version II) consists of the
following subassemblies: 1- Mobile support EPC 450-1.0; 2- Processing module EPC 450-2.0; 3- Fiber
cleaning module EPC 450-3.0; 4- Feeding table EPC 450-4.0; 5- Discharge table EPC 450-5.0 ; 6-Top
cover EPC 450-6.0; 7-Side guard 1 EPC 450-7.0; 8-Side guard 2 EPC 450-8.0; 9-Side guard 3 EPC 450-9.0;
10- Collector support EPC 450-10.0; 11-Electrical panel support EPC 450-11.0; 12-Electrical panel EPC
450-12.0.
Start the technical equipment on the electrical and control panel. The hemp stalks sit on the feeding
table. The stems are taken and processed by the two pairs of rollers. At the exit of the last pair of rollers, the
fibers are taken up by the cleaning module and then discharged to the unloading table and from there to the
collector bracket.
General technical characteristics
-Stem processing capacity,
0.3-0.5 m3 / h
-Drive the processing mode:
-coaxial gear motor
MR202-112M2
-power,
4 kW
-input speed
3000 rpm
- output speed,
833 rpm
-Fiber cleaning mode operation:
-electric motor
with sole
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-power,
-speed,

1,5 kW
1500 rpm

CONCLUSIONS
Because hemp is a multifunctional crop, the development of specialized finished plant products requires
a more realistic approach to metabolic control, both in terms of genetic and molecular mechanisms, in order
to promote a reshaping of metabolic pathways. In order to establish the technologies and technical solutions
of the equipment for harvesting and processing hemp stalks, it is necessary to take into account the general
morphological characteristics of this crop. The constructive solutions adopted for the harvesting equipment
were aimed at ensuring the following technological requirements in the case of fiber hemp harvesting:
- the average cutting height from the ground must not exceed 100 mm;
- strain losses should be less than 5%;
-the percentage of broken stems must not be higher than 6%;
- realization at a lower cost price than externally.
The hemp processing equipment was subjected only to in-house testing, and both the harvesting and
processing equipment were to draw the final conclusions after the in-service experiments.
ACKNOWLEDGEMENTS
This research work was supported by:
- A grant of the Romanian Research and Innovation Ministry, PN 19 10 01 03-Substantion of the technology
for harvesting and primary processing green hemp stalks, contract no. 5N/07.02.2019;
REFERENCES
Carus M., Karst S., Kauffmann A. The European Hemp Industry: Cultivation, Processing and Applications for
Fibres, Shives and Seeds. Cologne: EIHA, pp. 1–9, 2013.
Clarke, Robert C., Traditional fiber hemp (cannabis) production, processing, yarn making, and weaving
strategies-functional constraints and regional responses, Journal Of Natural Fibers, Volume 7, Issue
3 (2010). pp. 229-250.
Christine Idler ,Ralf Pecenka,Christian Fürll &Hans-Jörg Gusovius, Wet Processing of Hemp: An Overview,
Pages 59-80 | Published online: 13 Jun 2011
Cuzic-Zvonaru C. şi alţii, Manualul inginerului textilist. Vol.I. Fibre textile. Prelucrarea primara a bumbacului,
inului si cânepii. Filatura. Tesatorie, 2002, Editura: A.G.I.R.
Grotenhermen, F., Müller-Vahl K., Medicinal uses of marijuana and cannabinoids. 2016, Crit. Rev. Plant Sci.
35: 378 – 405.
Hans-Jörg Dr. Gusovius, Current Developments for Efficient Raw Material Supply Procedures Enforcing
Cost-Effective Bast Fibre Production in Europe, Journal of Biobased Materials and Bioenergy
3(3):262-264 , DOI:10.1166/jbmb.2009.1031, 2009
Găgeanu P., Olan M., Găgeanu I., Zaica Al., Theoretical considerations on the factors influencing the
processing of hemp stalks. E3S Web of Conferences 180, 03005 (2020) TE-RE-RD 2020 ,
https://doi.org/10.1051/e3sconf/202018003005
Mohnaty A., Misra M., Drzal L., Natural fibers biopolymers and biocomposites, 2005, Book, USA
Nedelcu A., Popa L.-D., Zaica Al. , Zaica A., Ştefan V., 2020, Considerations regarding technologies for
hemp stem harvesting , ISB-INMA TEH' 2020 International Symposium AGRICULTURAL AND
MECHANICAL ENGINEERING-Jubilee Edition-Bucharest, 30 October 2020, pp.609-614.
Olan M., Vlăduț V., Păun A., Găgeanu P., Zaica Al., Bunduchi G., Constructive optimization, by the method
of finite element analysis (fea), of hemp fibre processing equipment . Proceedings of The 19th
International Scientific Conference ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 2022.05.2020, DOI:10.22616/ERDev.2020.19.TF414, pag.1612-1620.
Pӑun, A., Bogdanof G.l, Ganea-Christu I., Ciupercӑ R, Matache M., Patent application no. A00426/04.07.2019 Equipment for harvesting green hemp / Echipament de recoltat cȃnepӑ verde,
OSIM, Romȃnia, 2019
Popa L. D., Buburuz Al., A. , Simona-Florina Isticioaia S. F., Constantin Găucă C-tin., Teliban G. C. Succesiv
– A new monoecious hemp cultivar created at ards Secuieni, Neamţ county, ROMANIAN
AGRICULTURAL RESEARCH, NO. 36, 2019, Print ISSN 1222‒4227; Online ISSN 2067‒5720,
NARDI FUNDULEA, ROMANIA www.incda-fundulea.ro
https://www.cannapyhealth.com

661

INTERNATIONAL SYMPOSIUM

MODERN METHOD FOR OPTIMIZING TECHNOLOGICAL FLOW FOR
MANUFACTURING METAL PARTS BY USING LASER CUTTING EQUIPMENT
/

METODĂ MODERNĂ DE OPTIMIZARE A FLUXULUI TEHNOLOGIC DE FABRICARE A
PIESELOR METALICE PRIN UTILIZAREA UNUI ECHIPAMENT DE DEBITARE CU
LASER
1)INMA

Anghelache D. 1), Tăbărașu A-M. 1), Persu C. 1), Dumitru D. 1), Bălțatu C. 1), Radoi R. 2)
Bucharest / Romania; 2) INOE 2000 – Subsidiary Hydraulics & Pneumatics Research Institute / Romania
E-mail: dragos1989anghelache@gmail.com

Keywords: optimize, CNC, process, production
ABSTRACT
Given the desirable need to streamline the technological flow of manufacturing to optimize production costs
and minimize losses of raw materials, the use of numerically controlled equipment (CNC) for cutting metal
parts is a goal of real interest. The paper presents in stages a manufacturing sequence of a metal part, with
an explicit description of the necessary steps, which includes the design stage and realization of 3D and 2D
models of the part, loading in the command computer and control of laser cutting equipment, positioning
material on the work surface, parameterization and calibration of the equipment, proper cutting of the parts
and dimensional verification of the part at the end of the process.
REZUMAT
Avand in vedere nevoia dezirabila de fluidizare a fluxului tehnologic de fabricare pentru optimizarea
costurilor de productie si minimizarea pierderilor de materii prime, utilizarea unor echipamente cu comanda
numerica (CNC) pentru debitarea pieselor metalice reprezinta un scop de real interes.
In lucrare este prezentata etapizat o secventa de fabricare a unei piese metalice, cu descrierea explicita a
etapelor necesare, care include etapa de proiectare si realizarea modelelor 3D si 2D ale piesei, incarcarea in
calculatorul de comanda si control al echipamentului de debitare cu laser, pozitionarea materialului pe
suprafata de lucru, parametrizarea si calibrarea echipamentului, debitarea propiuzisa a pieselor si verificarea
dimensionala a piesei la finalizarea procesului.
INTRODUCTION
The production of laser cutting machines began fifty years ago. Progress has been rapid and laser
cutting is one of the largest applications of lasers in the metalworking industry. Numerically controlled laser
cutting (CNC) tools have been developed as an alternative to conventional cutting equipment and bring a
considerable benefit due to the increased accuracy, contactless processing, higher productivity and lower
energy consumption. Common to all personal manufacturing tools (e.g., 3D printer, laser cutter, CNC
machine) is the need for a virtual representation, diagram, drawing, or 2D / 3D model of the object to be
produced. Another important aspect in the manufacture of metal parts using modern cutting equipment is the
calibration and parameterization of the cutting machine. Laser cutting is a thermal process that begins by
heating and focusing the laser beam (density varies around 104 Wmm-2) in combination with the gas (active
or inert). The laser beam melts the metal that is being cut, and the gas with its current eliminates the
liquefied metal (Ahn, D.G., et al., 2005).
MATERIALS AND METHODS
The process of laser cutting or laser cutting is done with the help of a laser beam. It is directed with a
lens to the area to be cut or cut. The laser beam that passes through the lens and into the work area melts
the material you want to cut or cut. In order for this activity to take place, a coaxial gas jet is pumped in order
to remove the waste that occurs as a result of the melting process of the material you want to cut or cut
(Barton, K.L et al., 2007).
RESULT
The necessary steps for cutting a metal part consist of a sequence of operations and
parameterizations, such as: designing the part, loading into the computer the command and control of the
laser cutting equipment, parameterization and calibration of the equipment, actual cutting of parts (Cheng, T.
et., 2001).
• Part design
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In order to cover the manufacturing flow, a side wall of a drum was selected, which was designed in the
solidworks program according to predetermined dimensions (Davim, P. et al).

Fig.1.Design and dimensioning of the piece (Solidworks)

Fig.2.Previewing the piece in 3D format (Solidworks)

• Loading into the computer the command and control of the laser cutting equipment
The project designed in solidworks has been saved in a .dxf file so that it can be loaded into the laser cutting
machine program (Felix Huppert et al., 2019).
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Fig.3.Loading and parameterization in the control computer of the cutting machine

• Equipment parameterization and calibration
Depending on the material to be cut and its thickness, we choose a cutting nozzle. The size of the nozzle
holes has a great influence on the quality of cutting and drilling. When the diameter of the nozzle holes is
larger, its proper protection for the focusing mirror is weaker because the chances of the flying melting
sparks reaching the mirror are higher (Davim, P., et al.).

Fig.4. Cutting nozzle

The calibration of the cutting machine according to the thickness of the material to be cut is done
automatically, the machine having capacitive sensors.
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Fig.5. Calibration of sheet thickness

Fig.6. Calibrarea din soft

Fig.7. The results displayed on the display after calibration

The auxiliary gas used for cutting can be connected to the O2 and N2 sources at the same time. The gas
can be selected as needed during cutting and the system can automatically switch the gas supply (Frederick
Struckmeier et al).
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Fig.8. Gas pressure adjustment

• The actual cutting of the parts.
Each workpiece has different profiles, some are easy to cut, but some are difficult to cut, such as small
holes, sharp corners, etc. To ensure the cutting quality and cutting efficiency of the whole part, we will adopt
the layered cutting method. In this way, we could adopt different technological parameters to control the
cutting of different profiles, thus ensuring not only the cutting quality of the hard-to-cut profiles but also the
improvement of the cutting efficiency of the easy-to-cut profiles (Miroslav Radovanovic et al., 2002).

Fig.9. The debit process

After completing the above steps, the part being cut, we can measure it with the help of measuring
instruments (subler) to verify compliance with the quotas in the execution drawing (Paolo Bison et al.).

Fig.10. Checking the final part
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CONCLUSIONS
• Prototyping, an activity which normally costs a car manufacturer thousands of hours per year (the
parts to be produced range from single pieces to a few dozen for experimental preproduction runs).
• Production in small batches, luxury or special cars, trucks and buses or parts for the aerospace
industry.
• Production of spare parts where the robot flexibility is especially suited to following the diversified
demand.
• For cutting and drawing dies. The process of development that precedes the die forming reaps a
major advantage when laser robots are used.
• Cutting of large turbine blade ving contours for rotors and stators. Flexibility of the systems is often
the most important reason for its purchase since in the case of production start-up or small batch production,
frequent modifications will be necessary
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ABSTRACT
In this article are presented the importance and advantages of this system of agriculture, by analyzing the
the evolution of organic farming in Romania and worldwide, objectives, principles and rules of organic
farming, in the context of the high needs of the population to consume organic products.Organic farming can
be defined as a production system that broadly avoids or excludes the use of synthetic compound,
pesticides, fertilizers, feed additives and growth regulators.
REZUMAT
În acest articol sunt prezentate importanța și avantajele acestui sistem de agricultură, analiza evoluției
agriculturii ecologice în România și la nivel mondial, a obiectivelor, principiilor și regulilor agriculturii
ecologice, în contextul nevoilor ridicate ale populației de a consuma produse ecologice.Agricultura ecologică
poate fi definită ca un sistem de producție care, în linii mari, evită sau exclude utilizarea compușilor sintetici,
a pesticidelor, a îngrășămintelor, a aditivilor pentru hrana animalelor și a regulatorilor de creștere.
INTRODUCTION
In EU countries, there is a growing trend for production systems that comply with the rules of organic
farming, systems that can bring added value to foods and products with a high level of nutritional density, a
requirement imposed by European consumers.
Organic farming isthe production system that avoids or excludes the use of synthetically composed
fertilizers, pesticides, growth regulators and additives in animal feed. This type of agriculture is based on
measures such as crop rotation, the use of crop residues, manure, manure and organic residues from offfarm.
Organic farming focuses primarily on changes within the farm and the farming system, especially
crop rotation and garbage management, in order to achieve an acceptable level of production, and external
inputs to be generally ancillary or additional. The traditional aim of maximising agricultural production is
countered by a wide concern over the countryside and the environment, but also by the fact that natural
resources are limited and as such, it is necessary to be better managed.
MATERIALS AND METHODS
According to FAOSTAT, in 2019, 72.3 million hectares were under organic agricultural management
worldwide. Recent statistics, published by SOEL - SURVEY, INFOAM, EUROSTAT and USDA show that
organic farming is on the rise, practicing in over 100 countries on 5 continents, but has successes and
concerns in many other countries. The region with the most organic agricultural land is Oceania, with
35.9 million hectares, followed by Europe with 16.5 million hectares, Latin America (8.3 million
hectares), Asia (5.9 million hectares), North America (3.6 million hectares) and Africa (2.0 million hectares).
Oceania has half of the global organic agricultural land. Europe, a region that has had a very constant
growth of organic land over the years, has over 23 percent of the world’s organic agricultural land followed
by Latin America with 12 percent (fig. 1).
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Fig.1 - Distribution of organic agricultural land by region (2019)
(https://www.fibl.org/fileadmin/documents/shop/1150-organic-world-2021.pdf)

The 10 countries with the largest organic agricultural areas have a combined total of 56.5 million
hectares and constitute almost 80 percent of the world’s organic agricultural land. Apart from the organic
agricultural land, there are further organic areas such as wild collection areas (approximately 35 million
hectares) (fig.2)

Fig. 2 - The ten countries with the largest areas of organic agricultural land (2019)
(https://www.fibl.org/fileadmin/documents/shop/1150-organic-world-2021.pdf

Comparative, in 2018, 71.5 million
worldwide.
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Fig. 3 - Organic Farmland (2017) (www.organic-world.net-statistics.fibl.org)

The basic principle of organic farming is "to develop agriculture as an organism and to consider
it an ecosystem that is shaped in nature and is an alternative to intensive agriculture, specialization and
dependence on the use of chemical products".
In 1972, the International Federation of Organic Agriculture Movements (I.F.O.A.M. International Federation of Organic Agriculture Movements) was established, based in Germany, which
groups over 500 organic agriculture organizations and over 100 countries.
In most producer countries there are national bodies that protect and control 'organic'
production.
I.F.O.A.M. organizes scientific events, symposiums, world congresses, edits scientific or
popularization works and adopts at the World Congresses the "Framework Specification", important in
the unification of biological agriculture movements, where any country can intervene, correct or
substitute some provisions.
RESULTS
Much of these agricultural activities are based on tillage or its transformation. These processes have
advantages related to aeration, reducing the number of weeds, incorporating organic matter or heating it.
However, soil work can cause erosion by wind and water.
Soil erosion occupies the first place in terms of land degradation due to intensive grazing, through
unreasonable exploitation of the forest and land fund (to increase arable areas and pastures), but also the
application of a totally inadequate technological system, especially on land belonging to small and mediumsized households.
The ploughings on the slopes, executed perpendicular to the level curves, lead to the degradation of
the soils, the diminishing of the production potential and the change of the external environment through
ravines following heavy rains that can determine the removal from the agricultural area and their transition to
unproductive lands, with negative effects on the agricultural future of the respective area. Incorrect irrigation
and drainage, associated with other inappropriate practices, lead to increased physical degradation of the
soil (destructuring, compaction, crustification, wind and water erosion) and to the accentuation of
environmental pollution.
Improving soil composition by recycling plant and animal waste and by-products not only
enhances biological activity in the soil and prevents its erosion, but can counteract climate change by
restoring organic matter levels and thus the carbon concentration in the soil. Best management
practices on organic farms can increase the content of soil organic matter and improve soil quality,
having a beneficial effect on air, water quality and soil productivity.
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The application of the principles of organic agriculture, which refer to crop rotation, the use of
biofertilizers, but also the promotion of soil quality improvement works are the prerequisites for ensuring a
sustainable development of this sector. Reducing, until elimination, the negative impact of degradation
processes, increasing production capacity and restoring soil quality are important principles of organic
agriculture.
The main objective of organic farming is to protect the biosphere and natural resources of the planet,
excluding the use of chemical fertilizers, synthetic pesticides and herbicides, the prevention methods playing
a primary role in the fight against pests, diseases and weeds.
In order to practice an agriculture in harmony with nature, an increased attention will be paid to the
biological techniques used, but also to the local conditions, the system adapting thus to the socio-economic
realities and to the traditional methods, through the optimal use of the agro-ecosystem resources, being an
essential factor for obtaining optimal and long-lasting results.
Agricultural activities are important sources of pollutants, which have led over time to the degradation
or destruction of some ecosystems, have contributed to climate change through the use of fossil fuels, both
directly on the farm and in the manufacturing process of pesticides and fertilizers, thus contributing to the
degradation of the soil, which releases carbon. The depletion of organic soil carbon through conventional
agriculture has limited fertility capacity and water retention, resulting in the salting and desertification of land
in irrigated areas and up to soil compaction due to the use of heavy agricultural machinery and pollution
through the excessive use of pesticides (pest control) and fertilizers (used to fertilize soils). The state of the
environment and the efficient use of natural resources influence the economic growth, the level and quality of
life of the population. An FAO report states that, in the organic farming system, "CO2 emissions per hectare
are 48% to 66% lower than in the conventional system" and that "organic farming is more efficient per
hectare than conventional, both in terms of direct energy consumption (fuel and oil) and indirect consumption
(fertilisers and products to combat harmful organisms).
Three hypothetical landscapes illustrate the types and multitude of services associated with different
types of ecosystems. Natural ecosystems can support many ecosystem services at high levels,
but not for the production of food. Organically managed farmland can support a wide range of ecosystem
services (J.A. Foley et al., 2005), as seen in Figure 3.

Fig. 3 - The impact of organic farming on the ecosystem compared to intensive agriculture (J.A. Foley et al.,
2005)

In a system of organic farming, the development of sustainable and productive farms will be
considered in order to protect the environment. Cultivation technologies must restore and then maintain the
ecological stability of the agricultural holding and the environment. Soil fertility is maintained and improved by
a system of measures that favor maximum biological activity in the soil, as well as the conservation of soil
resources.
Romania benefits from appropriate conditions to promote organic farming, such as:
 the soil is fertile and productive;
 traditional Romanian agriculture is based on approaches that do not harm the environment and there
are possibilities to identify unpolluted ecological areas where organic agriculture could be developed;
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 In order to develop the agro-ecological sector and to improve the competitiveness of organic products
on export markets, we have identified the following measures, which will be implemented:
 capturing and retaining more value on the national component of the value chain by orienting
 production and sales to primary and processing products, promoting organic Romanian export
products;
 covering the existing market niche by identifying new export markets and strengthening existing
markets;
 the implementation of the legislation developed for this sector, with the aim of strengthening the
control system through additional measures aimed at supervising the inspection and certification bodies in
order to increase the quality of the exported products;
 creating an appropriate production, processing and marketing system for organic products, meant to
meet the needs of internal and external markets;
 promoting the exports of Romanian organic products by developing the research activity;
 improving the training of all actors involved in the environmental sector:
- breeders;
- processors;
- inspectors;
- experţs of the Minister;
- exporters and importers,
The conversion period is established by the laws and standards in force, being different from one
country to another (Emergency Ordinance of the Romanian Government, no. 34/2000). According to the
Emergency Ordinance, the conversion period is as follows:
 2 years before sowing, for annual crops, pastures and meadows;
 3 years before harvesting, for perennial crops and plantations;
 1 year for cattle for meat;
 6 months for small ruminants and pigs;
 12 weeks for dairy animals;
 10 weeks for poultry intended for meat production, bought at the age of three days;
 6 weeks for poultry intended for meat production;
 1 year for bees, if the family was bought from conventional apiaries.
CONCLUSIONS
The global organic market share is in increasing trend, growth between 2000 and 2018. However,
about 50% of the countries practicing organic farming are with poor legislation.
The main objective of the EU's agricultural policy on rural development is to promote and develop a
compatible relationship between agriculture and the environment.
The quantitative objective is to expand the area cultivated by ecological methods and the creation
of an internal market with organic products. Romania has great opportunities to promote and develop
organic agriculture due to an agricultural area of 14.8 million hectares and unpolluted soils. In order to
achieve this important objective, measures are needed, such as a better promotion of organic products and
increasing the participation of organic agricultural producers in economic events in the country or abroad
(BioFach 2006).
Organic farming makes a great contribution to lasting economic development, playing an important role in
improving the environmental condition, preserving the soil, improving water quality, biodiversification and
nature protection.
Organic farming can go forward in the rural economy and make it viable by expanding economic
activities with high added value and by generating jobs in rural areas.
In most food processing and winemaking industries there is a great lack of capacity for the
valorisation of grapes, meat and vegetables, which limits the volume of exportable products.
In order to be validated as organic and to be put on the market, food must have on the labelling
explicit references to the organic methods of their production and to the quality assessment certification
issued by a supervising organisation.
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Strategically, the qualitative objective of the sector is to place organic agriculture at the heart of
national agriculture as a pivot for long-term development in rural areas.
ACKNOWLEDGEMENT
This work was supported by a grant of the Romanian Education and Research Ministry, through
Sectoral Plan, contract no. 1 PS / 2019 and through Programme 1 – Development of the national researchdevelopment system, subprogramme 1.2 – Institutional performance – Projects for financing excellence in
RDI, contract no. 16 PFE.
REFERENCES
Balasubramanian R. et al., 2021 – Organic farming: Does it contribute to contaminant-free produce and
ensure food safety, Science of the total environment vol. 769 (2021), article 145079;
Bolintineanu Gh. et al., 2009 - Centralized system for working monitoring of the parameters of the equipment
to be applied phytosanitary treatments OSIM, Patent application no. A-00960 / 23.11.2009;
Dumitru M., 2003 – Cod de bune practici agricole, vol. I, Editura Expert, Bucureşti;
Fitiu A., 2007 - Ecologia şi protecţia mediului, Editura Academic Pres, Cluj-Napoca;
Laza E.A., Caba I., 2020 - The production of biohumus for a healthy and organic agriculture, ISB-INMA TEH’
București;
Marin E. et al., 2020 - Alternative solutions for weed control on vegetable crops, ISB-INMA TEH’ București;
Rigby D., Caceres D., 2000 - Organic farming and the sustainability of agricultural systems, Agricultural
Systems, Vol. 68, No. 1, 2001, p. 21-40;
Sarath Ch. et al., 2018 - Organic Farming: Global Perspectives and Methods, Woodhead Publishing, Nov
2018, pp.10 –15;
Ștefan V. et al., 2020 - Ecological method for weed control in viticulture, ISB-INMA TEH’ București;
The World of Organic Agriculture Statistics and Emerging Trends 2021;
Toncea I., 2005 - Ghid practic de agricultură ecologică, Editura Academic Pres, Cluj-Napoca;
Vanghele N. et al., 2019 – Research on methods of de-pollution soils contaminated with heavy metals,
International Conference on Hydraulics, Pneumatics, Sealing Systems, Precision Mechanics, Tools,
Specific Electronic Devices & Mechatronics, HERVEX, Băile Govora, Vâlcea;
Viorel I., 2000 - Agricultura ecologică, Editura Alma Mater, Bucureşti;
Vlăduţ V. et al., 2008 - Guidance on the quality of soil works, Printech Publishing, București;
Willer H. et al., 2020 - The world of organic agriculture. Statistics and emerging trends 2020, Congrès
Mondial Bio 2020, 21 – 27 sept, Rennes, France;
Zouari A., Mohammed, 2017 - Organic Farming: A Path of Sustainable Development,
International Journal of Economics & Management Sciences, Vol. 6, Issue 5, Aug 22, 2017;
http://www.fao.org/agroecology/database/detail/en/c/1262695/
http://doi.org/10.1051/e3sconf/202128603014;
https://www.bioagro.ro/
https://www.ifoam.org/whoisifoam/index.html
https://www.organic-europe.net/europe_eu/default.asp
https://www.fao.org/family-farming/detail/en/c/1378841/
https://www.fibl.org/fileadmin/documents/shop/1150-organic-world-2021.pdf
https://www.girisudecris.ro/documente/8e33b7dc8e66ba941a73760e653e207c.pdf;
https://www.organic-world.net-statistics.fibl.org

673

INTERNATIONAL SYMPOSIUM

CONSIDERATIONS ON THE OBJECTIVES, PRINCIPLES AND NORMS OF ORGANIC
FARMING
/
CONSIDERAȚII PRIVIND OBIECTIVELE, PRINCIPIILE ȘI NORMELE AGRICULTURII
ECOLOGICE
Grigore A. I., Vladutoiu L., Sorică C., Cristea M., Petre A.A., Sorica E.
INMA Bucharest
Tel: 0734319749; E-mail: igrigore44@gmail.com

Keywords: self-sufficiency, sustainability, organic farming, durable agriculture, agrochemical
ABSTRACT
The desire for a sustainable agriculture is universal, yet agreement on how to progress towards it remains
elusive. Sustainability is considered in relation to organic farming a sector growing rapidly in many countries.
The role of regulation and the use of synthetic agrochemicals, the desired degree of self reliance of
agricultural systems, and the scale of production and trade in agricultural goods are all considered in the
context of this discussion of sustainability.This paper present the objectives, principles and rules of organic
farming, in the context of the high needs of the population to consume organic products.
REZUMAT
Dorința pentru o agricultură durabilă este universală, dar acordul privind modul de progres spre ea rămâne
evaziv. Durabilitatea este luată în considerare în ceea ce privește agricultura ecologică, un sector care
crește rapid în multe țări. Rolul reglementării și al utilizării substantelor agrochimice, gradul dorit de încredere
în sine a sistemelor agricole și amploarea, producția și comerțul cu bunuri agricole sunt toate luate în
considerare în contextul acestei discuții despre durabilitate. Lucrarea de față prezintă obiectivele, principiile
și regulile agriculturii ecologice, în contextul nevoilor ridicate ale populației de a consuma produse ecologice.
INTRODUCTION
Organic farming is a system for production which avoids or excludes the use of synthetic compound
fertilizers, pesticides, growth regulators and feed additives. This type of agriculture is based on measures
such as crop rotation, the use of crop residues, animal manure, manure and off-farm organic waste.
This type of farming focuses primarily on changes in the farm and the farming system, especially
crop rotation and manure management, in order to achieve an acceptable level of production, and external
inputs are generally ancillary or additional. The traditional goal of maximizing agricultural production is
counteracted by a widespread concern about the countryside and the environment, but also by the fact that
natural resources are limited and as such, need to be better managed.
MATERIALS AND METHODS
Organic farming can be defined as a production system which, in a broad sense, avoids or excludes
the use of synthetically composed fertilisers, pesticides, growth regulators and additives in animal feed.
Organic farming systems are based on crop rotation, the use of crop residues, manure, manure and
organic residues from off-farm.
Organic farming focuses primarily on changes within the farm and the farming system, especially crop
rotation and garbage management, in order to achieve an acceptable level of production, and external inputs
to be generally ancillary or additional. The traditional aim of maximising agricultural production is countered
by a broad concern over the countryside and the environment, but also by the fact that natural resources are
limited and need to be better managed.
In 1972, the International Federation of Organic Agriculture Movements (I.F.O.A.M. - International
Federation of Organic Agriculture Movements) was established, based in Germany, which groups over 500
organic agriculture organizations and over 100 countries.
In most producer countries there are national bodies that protect and control 'organic' production.
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I.F.O.A.M. organizes scientific events, symposiums, world congresses, edits scientific or
popularization works and adopts at the World Congresses the "Framework Specification", important in the
unification of biological agriculture movements, where any country can intervene, correct or substitute some
provisions.
In EU countries, there is a growing trend for production systems that comply with organic farming
rules, systems that can add value to foods and products with a high level of nutritional density, a requirement
imposed by European consumers.
In 2017, 69.8 million hectares were under organic agricultural management worldwide (fig.1)

Fig. 1. Organic Farmland (2017) (www.organic-world.net-statistics.fibl.org)
In comparative, according to FAOSTAT, in 2019, 72.3 million hectares were under organic
agricultural management worldwide. Organic farming is practicing in over 100 countries on 5 continents, but
has successes and concerns in many other countries. The region with the most organic agricultural land
is Oceania, with 35.9 million hectares, followed by Europe with 16.5 million hectares, Latin America
(8.3 million hectares), Asia (5.9 million hectares), North America (3.6 million hectares) and Africa (2.0 million
hectares). Oceania has half of the global organic agricultural land. Europe, a region that has had a very
constant growth of organic land over the years, has over 23 percent of the world’s organic agricultural land
followed by Latin America with 12 percent (fig. 2).

Fig. 2 - Distribution of organic agricultural land by region (2019)
(https://www.fibl.org/fileadmin/documents/shop/1150-organic-world-2021.pdf)

The basic principle of organic farming is "to develop agriculture as an organism and to consider it
an ecosystem that is shaped in nature and is an alternative to intensive agriculture, specialization and
dependence on the use of chemical products".
The principles on which organic farming is founded are universal, but the techniques used are adapted
according to pedoclimatic conditions, resources and local traditions.
Organic farming is a method that requires the ability to observe and reflect. It uses a high labour potential,
thereby creating new jobs, which is important in a period of unemployment on the one hand, and a massive
exodus from rural areas to urban agglomerations, on the other.
Minimum requirements for achieving sustainable development:
• balanced and fair distribution of resources and the accentuation of the qualitative side of production, as
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attributes of a new concept about the resizing of economic growth;
• improving, reorienting or even changing technologies, putting them under control and monitoring their
risks;
• decentralization of forms of governance and increasing the degree of participation in decision-making on
ecology and environment;
• ensuring a potential developed from a financial, economic, human and technological point of view;
The environment and natural resources must be recognised as the foundation of all human activities, and
their protection must be a prerequisite for development. The concept of sustainable development is based on
rights, obligations and justice, assuming:
• the need to maintain environmental integrity;
• promoting economic efficiency;
• maintaining equity (Equity);
The sustainable development of agricultural ecosystems and the possibility of producing food of the
highest quality, can be considered the most significant contribution of agriculture in securing the future of
mankind.
Sustainable (sustainable) agriculture is primarily economically viable, and meets the demand for healthy,
high-quality food, thus guaranteeing the protection and improvement of natural resources in the long term,
transmitting them unaltered to future generations.
Such agriculture determines and diversifies economic activities, because raw materials appear and are
processed as a priority in rural areas, developing infrastructure and leading to an increase in the economic
potential of villages. So, sustainable agriculture must be:
- productive,
- profitable;
- ecological;
- able to conserve resources;
- socially and humanly balanced;
The main objectives of organic farming are:
1. To make agricultural products of high nutritional quality in sufficient quantity;
2. To develop and strengthen living systems by going through biological cycles;
3. To promote and diversify biological cycles within agrarian systems, respecting micro-organisms, soil
flora and fauna, crops and animal husbandry;
4. Maintain and improve soil fertility in the long term;
5. To make the most of natural and recyclable resources at local level;
6. To develop agricultural systems as self-sufficient as possible, in terms of organic matter and
nutrients;
7. To ensure that all animals have the least possible living conditions that are contrary to the
fundamental aspects of their natural behaviour;
8. To avoid all forms of pollution that the agricultural practice may favour;
9. Maintain the genetic diversity of agricultural systems, their environment, including the protection of
wild plants and animals;
10. To allow farmers an adequate remuneration, a satisfaction of their own work, to ensure a safe and
healthy working environment;
11. To take into account the impact of cultural techniques on the environment and social relations.
Organic farming is based on the conscious concern to follow the discoveries of the biological sciences.
Organic agriculture is scientific, integrating the advances of the science of life, but it is also based on the
"respect for facts", which obliges to retain practices whose effects are good, even if the explanation of their
correlations is still defective, due to the insufficiency or lack of applied research. The main practical elements to
which organic farming relates relate to:
- maintaining appropriate proportions at farm level between the different large groups of plants and carrying
out as varied and long-lasting rotations as possible;
- carrying out crop associations respecting ecological principles;
- fertilization on the surface of the soil, without incorporation of fresh organic matter;
- moderate tillage on the soil;
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- prevention of attacks of diseases and pests, using physical, technological and phytotherapeutic means;
- the extension of manual works and the reduction of specific mechanical ones in classical agriculture.
RESULTS
The application of the principles of organic agriculture, which refer to crop rotation, the use of
biofertilizers, but also the promotion of soil quality improvement works are the prerequisites for ensuring a
sustainable development of this sector. Reducing, until elimination, the negative impact of degradation
processes, increasing production capacity and restoring soil quality are important principles of organic
agriculture.
The main objective of organic farming is to protect the biosphere and natural resources of the planet,
excluding the use of chemical fertilizers, synthetic pesticides and herbicides, the prevention methods playing
a primary role in the fight against pests, diseases and weeds.
Much of these agricultural activities are based on tillage or its transformation. These processes have
advantages related to aeration, reducing the number of weeds, incorporating organic matter or heating it.
However, soil work can cause erosion by wind and water.
Soil erosion occupies the first place in terms of land degradation due to intensive grazing, through
unreasonable exploitation of the forest and land fund (to increase arable areas and pastures), but also the
application of a totally inadequate technological system, especially on land belonging to small and mediumsized households.
Improving soil composition by recycling plant and animal waste and by-products not only
enhances biological activity in the soil and prevents its erosion, but can counteract climate change by
restoring organic matter levels and thus the carbon concentration in the soil. Best management
practices on organic farms can increase the content of soil organic matter and improve soil quality,
having a beneficial effect on air, water quality and soil productivity.
In order to practice an agriculture in harmony with nature, an increased attention will be paid to the
biological techniques used, but also to the local conditions, the system adapting thus to the socio-economic
realities and to the traditional methods, through the optimal use of the agro-ecosystem resources, being an
essential factor for obtaining optimal and long-lasting results.
Three hypothetical landscapes illustrate the types and multitude of services associated with different
types of ecosystems. Natural ecosystems can support many ecosystem services at high levels,
but not for the production of food. Organically managed farmland can support a wide range of ecosystem
services (J.A. Foley et al., 2005), as seen in Figure 3.

Fig. 3 - The impact of organic farming on the ecosystem compared to intensive agriculture (J.A. Foley et al.,
2005)

In a system of organic farming, the development of sustainable and productive farms will be
considered in order to protect the environment. Cultivation technologies must restore and then maintain the
ecological stability of the agricultural holding and the environment. Soil fertility is maintained and improved by
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a system of measures that favor maximum biological activity in the soil, as well as the conservation of soil
resources.
Romania benefits from appropriate conditions to promote organic farming, such as:
o the soil is fertile and productive;
o traditional Romanian agriculture is based on approaches that do not harm the environment and there
are possibilities to identify unpolluted ecological areas where organic agriculture could be developed;
In order to develop the agro-ecological sector and to improve the competitiveness of organic products
on export markets, we have identified the following measures, which will be implemented:
o capturing and retaining more value on the national component of the value chain by orienting
o production and sales to primary and processing products, promoting organic Romanian export
products;
 covering the existing market niche by identifying new export markets and strengthening existing
markets;
 the implementation of the legislation developed for this sector, with the aim of strengthening the
control system through additional measures aimed at supervising the inspection and certification bodies in
order to increase the quality of the exported products;
 creating an appropriate production, processing and marketing system for organic products, meant to
meet the needs of internal and external markets;
 promoting the exports of Romanian organic products by developing the research activity;
 improving the training of all actors involved in the environmental sector:
- breeders;
- processors;
- inspectors;
- experţs of the Minister;
- exporters and importers,
The conversion period is established by the laws and standards in force, being different from one
country to another (Emergency Ordinance of the Romanian Government, no. 34/2000). According to the
Emergency Ordinance, the conversion period is as follows:
o 2 years before sowing, for annual crops, pastures and meadows;
o 3 years before harvesting, for perennial crops and plantations;
o 1 year for cattle for meat;
o 6 months for small ruminants and pigs;
o 12 weeks for dairy animals;
o 10 weeks for poultry intended for meat production, bought at the age of three days;
o 6 weeks for poultry intended for meat production;
o 1 year for bees, if the family was bought from conventional apiaries.
CONCLUSIONS
As organic standards become established in an increasing number of countries, and as these
standards become more co-ordinated and integrated, the degree to which the organic producer and organic
consumer may be geographically separated grows. Furthermore, the trade in organic farm inputs may also
grow, with organic producers having the option of buying in mulch or organic fertilisers from distant sources.
There may be doubts regarding the sustainability of the systems which have generated these purchased
inputs. In addition, organic producers may be sceptical of such developments because they farm in this way
to escape from many aspects of the global trade in foodstus, and aim to produce for local markets because
of concern regarding the energy eciency implications of such a trade in organic products
Strategically, the qualitative objective of the sector is to place organic agriculture at the heart of
national agriculture as a pivot for long-term development in rural areas.
The main objective of the EU's agricultural policy on rural development is to promote and develop a
compatible relationship between agriculture and the environment.
The quantitative objective is to expand the area cultivated by ecological methods and the creation of
an internal market with organic products. Romania has great opportunities to promote and develop organic
agriculture due to an agricultural area of 14.8 million hectares and unpolluted soils. In order to achieve this
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important objective, measures are needed, such as a better promotion of organic products and increasing
the participation of organic agricultural producers in economic events in the country or abroad (BioFach
2006).
Organic farming makes a great contribution to lasting economic development, playing an important
role in improving the environmental condition, preserving the soil, improving water quality, biodiversification
and nature protection.
Organic farming can go forward in the rural economy and make it viable by expanding economic
activities with high added value and by generating jobs in rural areas.
In most food processing and winemaking industries there is a great lack of capacity for the
valorisation of grapes, meat and vegetables, which limits the volume of exportable products.
In order to be validated as organic and to be put on the market, food must have on the labelling
explicit references to the organic methods of their production and to the quality assessment certification
issued by a supervising organisation.
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ABSTRACT
In the technological process for obtaining grape seeds oil, a very important stage is the separation of grape
seed from pomace. Depending on the attention paid to this stage depends on the quantity and quality of
grape seed oil. Therefore, INMA Bucharest has developed vibrating sieves equipment to encourage the
exploitation of vegetable waste from the wine industry. In this article, the point focus is the qualitative and
quantitative separation of grape seeds from the marc of three grape varieties. At the same time, we changed
the way the equipment works by changing the frequency of the equipment control panel.
REZUMAT
În procesul tehnologic pentru obținerea uleiului din semințe de struguri, o etapa foarte importanta este
reprezentata de separarea semințelor de struguri din tescovina. În funcție de atenția acordata acestei etape
depinde cantitatea si calitatea uleiului din semințe de struguri. Prin urmare, INMA București a realizat un
echipament cu site vibratoare care sa încurajeze exploatarea deșeurilor vegetale din industria viticola. În
acest articol, am urmărit din punct de vedere calitativ si cantitativ separarea semințelor din tescovina de la
trei soiuri de struguri. În același timp, am variat modul de funcționare al echipamentului prin modificarea
frecventei din panoul de comanda a echipamentului.
INTRODUCTION
The current trend is towards the use of environmentally friendly methods and materials in all fields
(agriculture, food industry, pharmaceutical industry, etc.) and the reuse of certain waste, so that the products
placed on the market have a closed cycle, leading to a circulating economy. Figure 1 shows the vinification
waste circuit from the point of view of a circulating economy.
In this article, we aim to separate the seeds from the pomace in order to extract the oil contained in
them. For this, we took into account the research in the field which confirms the fact that globally grapes are
the most cultivated and widespread fruits, about 7.5 million hectares with a production of approx. 78 million
tonnes and most of this is used in the wine industry (FAO and OIV, 2016).
The annual quantity of discarded grape seeds is over 3 Mtons worldwide, and 20% of them are
considered to be waste during production. Grape seeds have protein, fiber, carbohydrates, minerals, lipids
and polyphenolic compounds (5% -8%). The oil content can vary between 10% and 20%, and the
percentages of oil components can vary depending on the origin, variety, soil characteristics, climate, baking
level and manufacturing processes. This waste can be used for various purposes, such as the extraction of
antioxidants, biotechnological production of fine chemicals, biomethane generation, composting, animal feed
and incineration due to their chemical structure (Choi & Lee, 2009; Da´vila, Robles, Egues, Labidi, & Gullo´n,
2017; Spigno, Marinoni, & Garrido, 2017).
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Fig.1 The circuit of viticultural waste from the perspective of a circulating economy (Milea D. et.al., 2018)

The substances contained in grape seeds can be used to obtain edible vegetable oil and natural
antioxidants, which can be preferred as food ingredients and dietary supplements to promote general wellbeing and to prevent disease. These secondary metabolites have shown antioxidant, antimicrobial, antiinflammatory, anticancer, and cardiovascular-protective effects, which support human health and reduce the
risk of various and especially chronic diseases (Da´vila et al., 2017)
Cleaning and selection of grape seeds, aim to increase the quality indices and physical-mechanical
properties. Usually, the seeds are meant to go through several processing steps, but first of all the impurities
(mineral formations, weeds and plant parts) are removed. Those operations are usually designed according
to the type of material to be separated, the mechanical-pneumatic separation system which is provided with
smaller and smaller meshes, but also the number of passes. This combination is usually found on all highperformance equipment that works on the gravitational and aerodynamic principle, the material that passes
through the sieve is known as sieving (fine sorting) and the other refuse (coarse sorting). The mechanical
screening equipment is provided with several sites through which the impurities and calibration of the seeds
in several dimensions are eliminated (Brăcăcescu C. et al., 2017, Milea D. et.al., 2018).
MATERIALS AND METHODS
For this article, we used marc from three types of grapes: Feteasca regala, Riesling and Burgundy. These
were harvested from INCDBH Ștefănești, the first two are white varieties and the last one is from red varities. In
fig.2. represents the starting stage.

Fif.2.The three varities of pomace: Feteasca neagra, Reislig and Burgundy
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The next step was processing the pulp. Table 1 includes the initial moisture of the pomace that it had at
the reception of the material and the final moisture before separation. Drying was done naturally by spreading
the pomace on perforated sheet metal frames so that the pomace could be ventilated on both surfaces. The
moisture value was determined by the classical method: the pre-weighed sample is heated in an oven at 1300C
for 60 minutes, then cooled in a desiccator and weighed, the difference in mass representing the amount of
water evaporated.
Table 1
Moisture of marc before separating seed
Varieties of pomace
Feteasca neagra
Reislig
Burgundy

Initial moisture [%]
58
61
64

Final moisture [%]
25
27
31

To separate the grape seeds from the marc we used a technical equipment namely ESSS, designed by
INMA Bucharest, fig. 3, the separation is made with the help of oscillating screens and a fan system that cleans
the air inside the equipment to ensure the high purity of grape seeds.

Fig. 3 Scheme of separator ESSS (Milea D. et.al., 2018)

Bunker A is fed with pomace (mixture of seeds, bunches, skin and other materials), which falls into the
decompaction system 1, provided with a decompaction unit of the pomace tree (grape skins and seeds).
Subsequently, the raw material is separated by means of vibrating sieves 10, 11 and 13. At the first passage,
coarse residues such as tailings and larger material fins are discharged through the side of the equipment D. In
the second stage of separation the mixture of skins and seeds, and the average waste is then collected and
transported via another trough to the outlet E. Screen 13 removes impurities smaller than the seeds of healthy
grapes and then directed to the outlet C (Milea D. et.al., 2018).
The healthy seeds are then collected in trough B, and the particles that are glued to it are sucked in by the
air. The screens are equipped with cleaning brushes 12, which will be mounted on mobile trolleys on which a
translational movement is printed. All systems will be positioned and supported by Frame 2 and will be covered
to ensure the tightness and efficiency of the technological process (Milea D. et.al., 2018).
In this article, we looked at the quality of separating grape seeds from the rest of the marc and the
efficiency of the separation equipment. Regarding the quality of the separation, it was done visually by
comparing the three residues to be screened. For the separation yield we introduced a weighed amount of marc
and we collected the sieves after each stage of the marc inside the equipment at the end we weighed them and
calculated the yield of seeds obtained.
𝜂𝜂 =

𝑚𝑚𝑠𝑠
𝑥𝑥 100
𝑚𝑚𝑚𝑚
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Where: m s - mass of grape seeds obtained [kg]
m m – initial mass of marc [kg]
Milea D. et.al. conducted a study at INMA Bucharest, which estimates that the percentage of grape seed
in pomace is between 35-55%, depending on the grape variety. In this paper we will relate to this value to
compare the results obtained.
RESULTS
After the drying stage, the pulp was loaded into the hopper of the separation equipment with vibrating
sieve, fig. 4. We collected the refusal from each evacuation slot and visually analysed each refusal.

Fig. 4 Grape seed separation equipment

The marc of Burgundy variety was passed through a grape seed separator, and in the first sieve where
the sieve meshes are larger than 10 mm, the stalks, wood, stones and other materials were separated, fig.5 a,
and the mixed seeds were passed on to the next step with small residues, skin and other residues smaller than
10mm.

Fig. 5 Grape seed separation equipment

Figure 5 shows the four residues collected from each separation step. In the first stage, fig. 5 a, are the
large residues, but we also have some seeds that have not passed this stage. In fig. 5b, are medium-sized
residues, mainly dried grape skins and here we notice that among the desserts there are also healthy seeds. In
the third stage, fig. 5 c, there is small waste that passed through the meshes of the sieve from the second stage,
but we do not find seeds in these residues. The finest waste, fig. 5d, are the smallest and are composed of dust
and residues with dimensions smaller than 4mm, and in these residues are found very few seeds mainly
unhealthy seeds.
Regarding the balance of material is shown in table 2 the quantity of residues discharged from each
separation stage of the equipment is displayed for each of the three grape seed varieties.
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Table 2
Collected residue from equipment with vibrating sieves
Variety
Feteasca regala
Riesling
Burgundy

Frequency
[Hz]
25
35
25
35
25
35

Residuum from
sieve 1 [%]
20,00
19,50
20,00
21,04
23,10
23,90

Residuum from
sieve 2 [%]
21,40
20,30
23,00
23,50
24,30
24,60

Residuum from
sieve 3 [%]
8,80
7,40
3,70
3,46
2,70
0,70

Residuum from
suction fan [%]
14,40
10,80
8,30
5,00
4,50
4,80

In order to better visualize the process of separating the grape seeds, in figure 6 we have for each variety
a graphic that shows the two operating regimes of the equipment. The result shows that in the first separation
regime where the frequency is 25Hz, several residues are collected on each collection slot. Most of the waste
was collected on the second stage of separation, but the suction of the fan has an important percentage in the
cleaning of impurities and dust of the final product, grape seeds.

Feteasca regala

Riesling

25.0

25.0

20.0

20.0

15.0

15.0

10.0

10.0

5.0

5.0

0.0

0.0

RS 1 [%] RS 2 [%] RS 3 [%] RSF [%]

RS 1 [%]

RS 2 [%]

RS 3 [%]

RSF [%]

Burgundy
30.0
20.0
10.0
0.0

RS 1 [%]

RS 2 [%]

RS 3 [%]

RSF [%]

Fig. 6 Chart of residues collected at each stage of separation at two operating modes: 25 Hz and 35Hz

Table 3 shows the percentage of seeds obtained after separating the grape seeds with the equipment with
vibrating sieve. As can be seen, in a higher frequency operating regime, the seed quantity is higher than in the
situation when the oscillation frequency was at 35Hz. As the vibration increases, the time spent on the sieve
decreases, and the impurities pass from one stage to another faster and can reach the final product.
Grape seed yield obtained from a batch for the three grape varieties
Variety
Frequency [Hz]
Grape seed yield [%]
25,00
35,4
Feteasca neagra
35,00
42
25,00
45
Reisling
35,00
47
25,00
45,4
Burgundy
35,00
46
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The best yield is the Reisling variety in both modes of operation. One of the reasons why this variety has a
higher yield than the other two is the presence of a higher number of seeds in the pomace.
CONCLUSIONS
From the point of view of the quality of the grape seed separation, the equipment still needs to be
improved on steps one and two, because in these stages most of the healthy grape seeds are found in the
collected residues. This is due to either a too steep sieve slope, too high a working speed, or too high an
oscillation frequency.
The equipment has a good yield of grape seed extraction and is a good way to save grape seed
from the marc and get oil from it.
In order to improve the separation efficiency and to save as many seeds as possible from the
residues, it would be useful to break the pulp lumps before separation.
Last but not least, the yield of grape seed is also influenced by grape soil, depending on which
there may be a higher amount of seeds in the marc.
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ABSTRACT
Extracting oil from oilseeds is one of the most important food industries. Nowadays, it is experimented to
obtain oil from as many seeds as possible that contribute to improving food quality. In the process of
extracting oilseeds, there are several parameters that can influence the quality and quantity of oil, but in this
paper, we chose to analyse the influence of humidity. Moisture is a parameter that can be measured and
modified as needed. In this article, it is discussed that there is an optimal level of moisture content for each
type of oilseed. Therefore, we will analyse the existing research to see the field in which the largest amount
of oil is obtained and what are the advantages and disadvantages of oil extraction at a certain value of
moisture.
REZUMAT
Extragerea uleiului din semințe oleaginoase este una din cela mai importante industrii pentru alimentație. In
ziua de azi, se experimentează obținerea uleiului din cat mai multe semințe care aduc contribuții la
îmbunătățirea calității alimentare. In procesul de extracție a semințelor oleaginoase exista mai mulți
parametri care pot influenta calitatea si cantitatea de ulei, însă in aceasta lucrare am ales sa analizam
influenta umidității. Umiditatea este un parametru care poate fi măsurat si modificat in funcție de necesitate.
In acest articol, se pune in discuție exista un nivel optim al conținutului de umiditate pentru fiecare tip de
semințe oleaginoase. Prin urmare vom analiza cercetările existente pentru a observa domeniul in care se
obține cea mai mare cantitate de ulei si care sunt avantajele si dezavantajele extincție de ulei la o anumita
valoare a umidității.
INTRODUCTION
The vegetable oil industry is one of the most important sub-branches of the food industry, this
industry contributing to the capitalization of Romania's agricultural potential. Vegetable oils and fats obtained
in the vegetable oil industry have an important role both in food, due to their special quality and nutritional
value in human nutrition, and as a raw material for various industries. In addition to the important uses of
vegetable oils in various branches of industry, the importance of grinding mills and cakes resulting from the
extraction of oils should also be mentioned, as these by-products are an important source of animal feed,
rich in concentrated protein (30-50%), fats and vitamins, (A. Bagvand et. al,2013).
Obtaining vegetable oils from oilseeds / oilseeds is done by various methods, of which the most used
are the mechanical method (pressing) and the chemical method (solvent extraction). The oil obtained by
pressing oilseeds is, in many ways, richer in vitamins, flavors, certain natural components, which make it
much more suitable for human nutrition than vegetable oils obtained by other methods.
The quantity of oil extracted, as well as the quality of the oil obtained are influenced by the geometric
configuration of the press, by the process parameters of the equipment on the technological flow of obtaining
the oil, as well as by the physical and mechanical characteristics of the oil materials. Thus, the knowledge of
these factors that influence the process of obtaining oil is of real importance for specialists, designers,
builders and operators in this field (E.A. Ajav, O.A., 2013).
Although the field of oilseeds is very wide, there are not many plants that can be used as raw
material in the vegetable oil industry, as many of them have a low oil content - being unprofitable, and others
with higher content have difficulties in obtaining it. due to the special structure of the plant.
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Table 1
The composition and characteristics of the main oil plants (I. Banu,2008)
Chemical composition, %

Raw material

Hectolitre
mass, kg /
hl

The
contents of
the shell

Moisture

Protein

Oil

Sunflower

38-42

14-28

14-28

44-48

18-20

10-15

14-18

2-3

Soy

70-75

7-12

11-13

17-19

33-36

20-23

4-5

3-5

Flaxseed oil

65-69

4-6

9-11

35-38

25-27

20-23

4-5

3-4

Rape

65-70

4-6

6-8

35-42

25-28

17-20

4-6

3-5

Ricin

48-50

22-25

6-9

44-52

14-18

15-17

15-18

2-4

Hemp

48-58

20-25

5-12

28-34

15-27

15-25

12-16

3-5

Nonzonate
extractive
substance

Cellulose

Ash

Mass hectolitre (MH) or volumetric mass is the mass of one hectolitre of seed (equivalent to 0,1 m3)
expressed in kilograms (kg / hl). This property is significantly influenced by seed moisture, seed surface
condition, specific mass, degree of compression of seed substances, presence of foreign bodies, (M.
Panainte,2005).
MATERIALS AND METHODS
Humidity (U) is the amount of water contained in the seed sample relative to the mass of the sample
analysed, expressed as a percentage.
Seed moisture can be determined by direct or indirect methods, the most accurate direct method being
oven drying, which involves introducing the seed sample into the oven at 104 ° C for 24 hours and determining
by, (A. Bagvand, 2013):

where: M is the mass of the seed sample before drying, (g); M o - the mass of the seed sample after drying, (g).
Seed moisture at harvest is usually high and unsuitable for optimal storage. The species, variety or
degree of maturity of the seeds are factors that influence the value of moisture, which varies within very wide
limits. Humidity also varies inside the seed, so it is higher inside (in the embryo) than outside the seed, (I.
Banu,2008).
The most important factor that influences the storage in optimal conditions is the humidity of the seeds. In
order to avoid the negative effects of storage (self-heating, mould, heating) which reduces the technological and
food value, it is necessary that the seeds be brought to a humidity below the critical humidity. The critical
humidity has the following values for different oilseeds: sunflower 8.5%, hazelnuts 9.0%, flax seeds 10.5% and
soybeans 13.0%, (B.D. Shukla, 1992).
RESULTS
For the most efficient extraction of the oil, it is considered that there is an optimal level of moisture content
for each type of seed. For example, in the case of rapeseed, the optimum moisture content is around 7%, (P.C.
Bargale et.al.,2000) for sunflower seeds, the optimum humidity is between 6-7% and for flax and flax seeds.
soybean, the optimum moisture content is about 6%, (S. Karaj, 2014).
Y.L. Zheng et al., studied the influence of moisture content on the pressing process, using a Komet S 87G
screw press and two varieties of flaxseed, Omega and Neche. The experiments were carried out in four stages:
pressing of whole Omega seeds, with the moisture content varying in the range of 6.1-11.6% (relative to dry
mass) and two dimensions of the outlet, 6 mm and 8 mm, respectively; pressing whole Neche seeds, with
humidity ranging between 6.1-13.4% (dry mass) and 6 mm outlet; pressing of peeled Omega seeds, with a
moisture content between 7.7-11.2% (dry mass) and the size of the outlet of 6 mm. When pressing the Omega
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flax seeds using the 6 mm grout outlet, an inverse relationship was observed between the moisture content of
the seeds (between 6.1 and 11.6%) and the yield of extracted oil (between 70.1 and 85,7%). The dependence
between productivity and moisture content was less obvious when the outlet was 6 mm than when it was 8 mm
in size. An inverse relationship was also observed between the moisture content of whole flaxseed and the
temperature of the oil and grit. Fig.1, shows the dependencies between the moisture content and the yield of
extracted oil (fig.1 A) and between the moisture content and productivity (fig.1 B), for the two varieties of flax
seeds, for different dimensions of the orifice evacuation.

Fig. 1. Oil recovery (A) and capacity (B) of pressing whole flaxseed as influenced by moisture content,
choke size, and variety. (●) Omega, choke size 8 mm; (▲) Omega, choke size 6 mm; (●) Neche, choke size 6 mm.
Error bars represent the SD (Y.L. Zheng et al.,2003

Another study that looked at the influence of the initial and final moisture content of roasted and ground
cuphea (cigarette plant) seeds was performed using a snail laboratory press, manufactured by the French
Oil Mill Machinery Company, (L.E. Roque et.al, 2007).

Fig.2. The influence of the moisture content of roasted and crushed cup seeds on: a) residual oil from
grinding; b) oil yield; c) processing capacity, (L.E. Roque et.al, 2007)
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Seeds with an initial moisture content of 9% and 12% were crushed and fried for different periods of
time until moisture content values of 3.0-5.5% were obtained. From Fig. 2, a, it is observed that the
residual oil from the grit decreases significantly with the decrease of the moisture content of the fried and
crushed seeds. The minimum amount of 5.6% residual oil was obtained for a moisture content of 3.1% of
the fried seeds. In Fig. 2, b, it is observed that when the moisture content of roasted seeds decreased
from 5.5% to 3.1%, the yield of extracted oil increased from 79.4% to 83.6%. However, the moisture
content of the seeds does not affect the processing capacity in the case of seeds with a moisture content
of 9% (fig.2, c). Processing capacity decreased by 3.8% (from 79 kg / h to 76 kg / h) when the moisture
content of roasted and crushed seeds decreased from 5.7% to 3.1%.
CONCLUSIONS
In order to streamline the process of pressing oilseeds, an important factor is to determine the most
effective point of moisture at which the oil content is the most.
Of course, the moisture content acts and influences other parameters, and the recommendation is
to study the raw material and do some tests before extracting the oil. The optimum moisture content is
different for each type of oilseed.
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ABSTRACT
Various specific equipment is used to harvest hemp from experimental lots. The present study presents the
mathematical modelling of the harvesting process and the constructive analysis by finite element analysis
(FEA) methods of an innovative equipment. Finite element analysis (FEA) is a computerized method used to
predict how a product reacts to working conditions, vibration, heat, etc. and shows if a product withstands
working conditions, wears out, or functions as designed. Field testing showed that the workpieces of the
equipment were in stable working order with a good harvesting effect. The missed cutting rate was 5.8-7%,
the cutting qualification rate at the established height was 80-90% and the production rate was 0.3-0.4 m3 /
hour, which practically met the mechanized requirement for hemp harvesting.
REZUMAT
Pentru recoltarea cânepei de pe loturi experimentale se utilizeazǎ diverse echipamente specifice. Prezentul
studiu redǎ modelarea matematicǎ a procesului de recoltare ṣi analizǎ constructivǎ prin metode de analizǎ
cu elemente finite (FEA) a unui echipament inovativ. Analiza cu elemente finite (FEA) este o metoda
computerizatǎ utilizatǎ pentru a prevedea modul în care un produs reactioneaza in condiṭiile de lucru,
vibraṭii, caldura, etc. ṣi arata dacǎ un produs rezista în condiṭii de lucru, se uzeazǎ sau funcṭioneazǎ aṣa
cum a fost proiectat. Testarea pe teren a arǎtat ca piesele de lucru ale echipamentului au fost în stare de
funcṭionare stabilǎ cu un efect bun la recoltare. Rata de tǎiere ratatǎ a fost de 5,8-7%, rata de calificare de
tǎiere la înalṭimea stabilitǎ a fost de 80-90%, iar rata de producṭie a fost de 0,3-0,4 m.c/ora, care practic a
îndeplinit cerinṭa mecanizatǎ de recoltare a cânepei.
INTRODUCTION
Hemp is one of the oldest plants cultivated in our country (over 2000 years), being used mainly for
obtaining fibers used in the manufacture of clothing but also in industry.
Hemp harvesting for fiber production is done with specialized equipment because they have stems
with a high resistance to harvesting. In order for these machines to withstand maximum efforts but also to
use optimal material consumption in their construction, it is necessary to make the dimensional analysis of
the components subjected to maximum effort with the FEEA method from the design phase.
After calculating the maximum force required in the harvesting phase of the stems with maximum section, we
will proceed to the sizing and verification at maximum effort of the support for the assembled knives that will
be used for this purpose.
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a)

b)

Fig.1.Hemp plant.
a) The aerial part; b.) Section through a green hemp stalk

MATERIALS AND METHODS
The equipment for harvesting hemp stems, figure 2: a, b consists of the following subassemblies:

Fig.2. Green hemp stem harvesting equipment; a-side view
1-Assembled mobile platform - ERCV - 1.0; 2-Assembled knife 1 - ERCV - 2.0;
3 - Assembled knife 2-ERCV-2.0; 4-Control panel for hydraulic drive.
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Fig.3. Green harvesting equipment for hemp stems, b-rear view

Fig.4

Cutting equipment and its operating principle.

Fig.5

The hemp stem cutting equipment is made of two blades (1) and (2) on which are mounted mowing
knives (3) by riveting, the two blades are mounted in a support (4) with guides and the upper blade has a
reciprocating motion generated by a hydraulic motor (5) and a connecting rod-crank mechanism (6).
The quality of the cut is influenced by the quality of the transmission and the rigidity of the support on
which this equipment is mounted. The cutting equipment of the reaper for high stem crops includes systems
with simple action - a fixed assembled knife and a mobile one driven by a hydraulic motor and a crank
connecting rod mechanism. Disc milling systems are also used, but they present the danger of winding the
fiber around the axis of rotation and therefore linear action systems are preferred.

Fig.6 Kinematic analysis of cutting equipment.
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Using Crank Pitman's mechanism, we will represent the working method of the hemp stem cutting
equipment.
Considering the point O in the center of rotation of the mechanism, the vector equation of the point C is
calculated as follows:
OA+AB+BC=OC
xc=r cosꭃt+L1cos ɑ
yc=L2+L3=L2+Lsin ɑ-r sin ꭃt

(1)

The speed of the mower knife can be obtained by deriving the equations in time (1)
νxc=dxc/dt= - rꭃ sin ꭃt-L1sin ɑ
νyc=dyc/dt=L1 cos ɑ - rꭃcosꭃt=0 (2)
The acceleration of the knife is obtained with the relation (3):
ɑxc=dνxc/dt= - rꭃ2cosꭃt-L1cos ɑ

(3)

Where:
xc - is the movement of the cutting knife, mm;
νxc - is the cutting speed of the knife, mm/s;
ɑxc- is the acceleration of the knife; mm/s2;
r - is the crank radius, mm;
ꭃ- is the angular velocity of the crank, rad/sec;
t - is the running time, sec;
L1 - is the length of the connecting rod, mm;
ɑ - is the angle of the connecting rod;
L2- is the length of the connecting arm, mm.
Checking the simulation of the relationship between travel, speed and accelerated cutting speed.
The assembled cutting knife will be driven by a crankshaft that rotates clockwise at constant angular
velocity ω and the knife moves rectilinear alternately in a horizontal direction with a variable speed v.
In order to verify the physical reference data with the given values, namely the movement, speed and
accelerated cutting speed of the knife for the hemp harvesting equipment, the following design parameters were
established: knife cutting stroke = 76 mm, initial speed for n = 200 rot / min, connecting rod radius r = 38 mm and
crank length L1 = 242 mm.
To better observe the movement of the cutting knife, the frequency of the frame was chosen as 100, the
minimum interval was 0.01 s, the terminal time was 0.6 s and the displacement, simulation of speed and
accelerated speed was performed at one point of the upper cutter.
Calculations have shown that the design of this mechanism was reasonable.
Stress Analysis Report. Project Info (I Properties).
The support plate for the assembled knife is chosen as the representative element.
For maximum effort verification, the FEEA method from the INVENTOR software will be used.
Date preliminare: Physical.Mass-39,283 kg; Area-495696 mm^2; Volume-5115070 mm^3; Center of
Gravity- x=9.24911 mm; y=0.253161 mm; z=4.22152 mm
Static Analysis:1
General objective and settings: Design Objective- Single Point. Study Type- Static Analysis.
- Material- Steel Material: - 40Cr10 steel Density: - 7850 Kg/m3 Modulus of Elasticity - 200GPa Poisson’s ratio: 0.3 Tensile yield strength: - 380 MPa Tensile ultimate strength: - 680 Mpa.
- Operating conditions- Pressure=0.400 MPa
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Fig.7. Results Reaction Force and Moment on Constraints

Constraint Name

Reaction Force

Reaction Moment

Magnitude Component (X,Y,Z) Magnitude
0N

Fixed Constraint:1 2000 N

Component (X,Y,Z)
-694.852 N m

430.152 N

694.852 N m 0 N m

1953.19 N

0Nm

Result Summary
Name

Minimum

Maximum

Volume

5004270 mm^3

Mass

39.2835 kg

Von Mises Stress

0.0000625639 MPa

19.8685 MPa

1st Principal Stress -4.74565 MPa

21.1888 MPa

3rd Principal Stress -25.0458 MPa

2.97265 MPa

Displacement

0 mm

0.298189 mm

Safety Factor

12.5827 ul

15 ul

Stress XX

-8.42745 MPa

7.02595 MPa

Stress XY

-1.83212 MPa

1.76894 MPa

Stress XZ

-1.39738 MPa

1.47561 MPa

Stress YY

-21.9281 MPa

20.7979 MPa

Stress YZ

-3.45798 MPa

7.717 MPa

Stress ZZ

-8.72838 MPa

4.88453 MPa

X Displacement

-0.000893821 mm

0.00088447 mm

Y Displacement

-0.0738547 mm

0.0011197 mm

Z Displacement

-0.293097 mm

0.000259435 mm

Equivalent Strain

0.000000000271209 ul

0.0000883083 ul

1st Principal Strain -0.0000000000364754 ul 0.0000878107 ul
3rd Principal Strain -0.000102885 ul

0.000000000315878 ul

Strain XX

-0.000015575 ul

0.0000145378 ul

Strain XY

-0.0000113417 ul

0.0000109506 ul

Strain XZ

-0.00000865047 ul

0.0000091347 ul

Strain YY

-0.0000835851 ul

0.0000853904 ul
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Strain YZ

-0.0000214065 ul

0.0000477719 ul

Strain ZZ

-0.0000277151 ul

0.0000246647 ul

Figures Von Mises Stress

Fig. 8 1st Principal Stress
Maximum value of shear stress is 19,87 MPa

Y Displacement

Fig.9. Z Displacement Maximum displacement is 0,07485 mm

Fig.10. Equivalent Strain Maximum displacement is 0,2931 mm

Fig. 11 Max Strain is 8,831e-05, minim strain is 2,712e-10

RESULTS
The static analysis of the two profiled rollers is done using alloy steel for the analysis of the maximum
shear stress, the total deformation of the part. Support plate for the assembled knife.
The maximum deformation is 0.074 mm and the minimum is 0.029 mm.
The maximum value of the shear stress is 8.831 MPa and the minimum is 2.71 MPa.
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The studies carried out according to this article allowed the analysis and dimensional redesign of the
main components subjected to maximum effort of the equipment for harvesting hemp stalks.
CONCLUSIONS
Modelling with INVENTOR software and FEA analysis was performed for the most requested part Support plate for assembled knife.
Analysing the diagrams obtained in the FEA analysis we will conclude the following:
1. The maximum value of the deformation is very small and falls within the safety conditions.
2. The shear stress is very low so there is the possibility to optimize the weight of the components.
3. The use of the FEEA analysis method is very useful in the design of this equipment for verifying the
dimensioning of the parts subjected to maximum effort.

The equipment was designed constructively and executed based on a research contract. Field testing
showed that the working parts of the equipment were in a stable working condition with a good harvesting effect.
The missed cutting rate was 5.8-7%, the cutting qualification rate at the established height was 80-90% and the
production rate was 0.3-0.4 m3 / hour, which practically met the mechanized requirement for hemp harvesting.
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FARMS
/
TEHNOLOGII MODERNE DE ÎNFIINȚAT PLANTAȚII POMICOLE ÎN CADRUL
FERMELOR POMICOLE FAMILIALE
Dumitraşcu A., Stroescu Gh., Bălţatu C., Gheorghe G.
INMA, Bucharest / Romania
Tel: 0761602569; E-mail: a.dumi@yahoo.com
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ABSTRACT
The need to adapt the mechanization technologies of fruit growing works to the current requirements, led to the
development of new equipment: seedling planting equipment for setting up orchards or nurseries and technical
equipment for extracting seedlings with soil bales at the root, for transplanting to green areas, plantations and/or in
establishment areas made of nurseries.
REZUMAT
Necesitatea adaptării tehnologiilor de mecanizare a lucrărilor din pomicultură la cerințele actuale, a condus la
realizarea de echipamente noi: echipament de plantat puieţi pentru inființarea plantațiilor pomicole sau pepiniere şi
echipament tehnic destinat extragerii de material săditor cu balot de pămȃnt la rădăcină, în vederea transplantării
în zonele verzi, plantații şi /sau în cȃmpurile de formare din pepiniere.
INTRODUCTION
Fruit growing is and will remain one of the priority branches of agriculture. When choosing the place for the
establishment of the orchard, a number of environmental (climate and microclimate of the land, soil, relief, slope)
and economic factors (existence of labour, road network, water supply sources, etc.) are taken into account.
MATERIALS AND METHODS
Intensive orchards ensure high fruit production and good conditions for mechanized maintenance works.
These plantations are located on flat ground or with low slopes and irrigation possibilities (Sultanov B. et al., 2021).
Planting density depends on the fruit crop, the row spacing being 2.5 and 6 meters, and the tree spacing on the
row 0.5 and 5.5 meters, according to Table 1:
Table 1
Fruit crop
apple tree
pear tree
plum tree
apricot tree
peach tree
sweet cherry tree
sour cherry tree
red currant
raspberry
blackberry
hazel tree

Row spacing and the tree spacing on the row
Row spacing [m]
Tree spacing on the row [m]
2.5…6
0.8…5
3.5…5
1.5…4.5
5…6
3.5…4.5
5…6
3.5…5.5
4.5…5.5
3…4
5…7
4…5.5
4…6
2…4.5
2.8…3
1…1.2
2.5
0.5
2.5
1.5…1.8
4…5
3…3.5

Orchard establishment works
In order to establish an orchard, the following steps must be followed: marking the land; digging holes;
re-marking the land and partial filling of holes with soil and manure; choosing the planting material;
distribution of trees to planting holes and planting of trees (Massini G. et al., 2016; Roper T. 2015).
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Planting of trees
The best season to plant trees in general is autumn (October-November), as it ensures the restoration
of the root system and the start of vegetation in early spring, but they can also be planted in early spring
(March-April), the tree should be planted at the depth at which it grew in the nursery, respectively with the
grafting point at ground level (Jantsch E., 1972; Childers E. et al., 1995).
For tree planting the next steps are taken (Watson G.W. et al., 1997):
a) Hole making
The holes can be made manually using a spade (fig.1) or mechanically using a drill (fig.2).

Fig. 1 – Manually hole making

Fig. 2 – Mechanically hole making

b) Tillage in strips (fig.3) and opening of a furrow in which the seedlings are mechanically planted
(fig.4)

Fig. 3 - Tillage in strips

Fig. 4 – Planting in the furrows

c) Seedling extraction and replanting (fig.5)

Fig. 5 - Seedling extraction equipment

Equipment description
A) The equipment for soil tillage intended for afforestation EPI (fig.6,a), performs the operation of
cutting the soil and plant debris (branches, thickets, roots), using a disc rotor to a depth of approx. 230 mm,
followed by the operation of shredding the soil and the wood fragments previously cut by the discs by means
of a rotor with chisel-type knives, in strip, on a width of approx. 380 mm and at a depth of approx. 230 mm,
requirements imposed for the soil preparation works for the subsequent planting of the seedlings, and the
one in fig.6, b performs the operation of cutting the soil at a depth of 300 mm and on a width of 600 mm.
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a)

Fig. 6- Soil tillage equipment

b)

Between the strips, the soil will remain completely undisturbed, uncultivated and covered with plant
debris, so that after planting, the entire surface of the forestry unit will remain covered with plant debris.
By using the equipment for tilling the proposed soil, within the operation of preparing the afforestation
works, a large part of the operations currently practiced are performed with a single equipment, as follows:
• chopping and shredding the branches up to 12 cm in diameter;
• destruction of stumps;
• soil scarification;
• levelling the ground;
• unclogging by ploughing;
• tilling and levelling the land;
• breaking the soil crust;
• loosening the soil and destroying weeds.
B) Equipment for planting forest seedlings, EPF1, with one workstation (fig.7, a) or two workstations (fig.7,
b), is made in a compact, mounted type, designed for fixing on the hydraulic lift in three points (Mircea C. et al.,
2016).

a)
b)
Fig. 7 - Equipment for planting forest seedlings - EPF1, in operation

C) Equipment for extracting soil bale root plants, Explant 500
The technical equipment (fig. 8) is intended for the extraction of dendro-horticultural planting
material, ornamental or fruit, with soil bale at the root, in order to be transplanted in green areas, plantations
and/or in the establishment areas made of nurseries. Also, the equipment can be used for the early digging
of the holes where the transplantation, either of the planting material extracted with a soil bale or of the
material with bare root, is to be made.
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Fig. 8 - Explant 500 equipment

RESULTS AND DISCUSSIONS
A) Soil tillage equipment
Qualitative working indices determined by measurements or calculation during the field-laboratory tests,
were achieved on rammed land, at a forward speed of 2.5 km/h, rotor speed nr=780 min-1, tractor power 150
HP, are presented in Table 2.
Table 2

Qualitative working indices
Index name

Symbol

UM

Value

Average working depth

amed

mm

227.5

Average working width
Working depth/width variation index
Soil shredding:
- fractions less than 1 cm
- fractions between 1… 5 cm
- fractions over 5 cm
Soil shredding degree
Soil levelling degree
Plant debris destruction degree

Bm
Va

mm
%

377.5
2.2/1.3

%
Gms
Gns
Gdv

%
%
%

96.5
2.5
1.0
97.5
98.5
98.8

B) Equipment for planting forest seedlings - EPF1
The values determined in the experiments for planting depth can be easily identified in the diagram
in fig. 10, for the traction force. The traction force graphs were raised for two average speeds because the
speeds for tests 1 and 2 are very close.

Fig. 9 - Planting depth - reddish brown forest soil

The fuel consumption values per hour and per hectare and the average power required are
centralized in Table 3.

701

INTERNATIONAL SYMPOSIUM

Table 3

Fuel consumption values

No.

1
2
3
4
5
6
7
8

Soil type and tillage
condition

Fuel
consumption
per hour (l/h)

Fuel
consumption
per hectare
(l/ha)

Average
speed (m/s)

6.5

22.1180

0.428

7.2

16.2

0.600

7.3

15.9180

0.630

7.5

24.6875

0.421

16.3947

7.8

16.7916

0.605

25.5971

7.5

16.25

0.641

23.5144

6.5

20.4027

0.442

16.5420

8.2

16.9694

0.610

22.1627

Reddish brown forest
soil - Ploughed and
disced before planting
Reddish brown forest
soil - Ploughed and
disced before planting
Reddish brown forest
soil - Ploughed and
disced before planting
Reddish brown forest
soil - Disced before
planting
Reddish brown forest
soil - Disced before
planting
Reddish brown forest
soil - Disced before
planting
Reddish brown forest
soil - Ploughed in
autumn
Reddish brown forest
soil - Ploughed in
autumn

Average
power
required
(kW)

12.4722
20.3770
20.5829

The traction power values are centralized in Table 4.

Table 4

Traction power values
No.

1
2
3
4
5
6
7
8
9

Soil type and tillage condition
Reddish brown forest soil Ploughed and disced before
planting
Reddish brown forest soil Ploughed and disced before
planting
Reddish brown forest soil Ploughed and disced before
planting
Reddish brown forest soil - Disced
before planting
Reddish brown forest soil - Disced
before planting
Reddish brown forest soil - Disced
before planting
Reddish brown forest soil Ploughed in autumn
Reddish brown forest soil Ploughed in autumn
Reddish brown forest soil Ploughed in autumn

Average traction
power (N)
30569.3
33.961.76
32671.31
38942.32
38685.45
36683.99
37425.43
34149.15
38854.83
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Average speed
(m/s)

Average
power
required
(kW)

0.428

12.472274

0.600

20.377056

0.630

20.582925

0.421

16.394716

0.605

25.597115

0.641

23.514437

0.442

16.54204

0.610

22.162798

0.646

25.10022
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CONCLUSIONS
Following the experimental research carried out, the use of such equipment within the new
technology for establishing intensive and super-intensive orchards will solve one of the real needs of the
Romanian horticulture, and the production of the equipment in the country will create new jobs and reduce
the cost price. The use of mechanized planting technology leads to:
 lower fuel consumption by approx. 20%;
 reduced labour requirements by approx.35%;
 physical effort reduction by 10 times compared to a situation when planting is done manually;
 the possibility of increasing the surfaces worked with the same labour force;
 enabling suitable framing within optimum planting periods, with effects on production growth
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ABSTRACT
Psychological counseling is a way of moral intervention that addresses those people who are healthy, but who are
in a difficult situation in solving certain borderline situations, professional, social or family. The role of the
counselor is to help the patient control these types of situations and support him to find a solution to the problem
he is facing. Due to the pandemic situation facing the whole world, the role of Artificial Intelligence has started to
be more and more demanded, including in the area of medicine, respectively psychology.
REZUMAT
Consilierea psihologică este o modalitate de intervenție morală care se adresează acelor persoane sănătoase,
dar care se află într-o situație dificilă în rezolvarea anumitor situații limită, profesionale, sociale sau familiale. Rolul
consilierului este de a ajuta pacientul să controleze aceste tipuri de situații și de a-l sprijini să găsească o soluție la
problema cu care se confruntă. Din cauza situației de pandemie cu care se confruntă întreaga lume, rolul
Inteligenței Artificiale a început să fie din ce în ce mai solicitat, inclusiv în domeniul medicinei, respectiv al
psihologiei.
INTRODUCTION
In order to find a solution at the level of the national community (Romania), we noticed the need to
develop a digital application in psychology and psychiatry. The world is constantly changing, and our role is to
provide solutions for digitalization of all services. Even though it has been considered over the years that certain
professions will never be replaced by Artificial Intelligence, the world of technology has proven that anything is
possible and can be transferred to digitalization.
Mobile applications are created based on the characteristics of the device, the platform and the main
operating system that are implemented on mobile devices are:
- iOS (Apple)
- Android (Google)
- Windows Phone (Microsoft).
Each operating system has specific features:
A.
iOS- creat de Apple, compatibil numai cu dispozitivele mobile: iPhone, iPad și iPod. Primul iOS a fost
lansat în iulie 2007. Nu este disponibil și pentru telefoanele fabricate de alți producători.
B.
Android- Este cel mai întâlnit sistem de operare pentru smartphone, care este produs de Google. Lansat
în 2008, sistemul poate fi întâlnit pe foarte multe mărci de și în fiecare an vine cu diferite îmbunătățiri.
C.
Windows Phone- Conceput de Microsoft special pentru dispozitivele mobile. Platforma Windows Phone a
fost lansată în februarie 2010.
We can perform an analysis of applications on each operating system, and we have:
- Android: over 2.8 million applications
- iOS: over 2.2 million apps
- Windows Phone: thousands of applications
MATERIAL AND METHOD
In order to best understand a project and the need, a SMART analysis of all the factors underlying the
creation of this application is required.
Based on them, an overview of all the needs gathered in a digital platform can be drawn.
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SMART ANALYSIS
A. Specific
FOR WHO?
Digital psychological counseling platform for people between 18 and 65 years old.
HOW?
A number of psychologists and psychiatrists will be available to anyone who enters the application and
makes an appointment. Potential patients will automatically log in with their Gmail or Facebook account, and will
complete their account and display their status. Following a discussion with the chat-bot, he will receive a
recommendation to a psychologist or psychiatrist and the possibility of choosing an appointment date.
B. Measurable
When the app will be available?
In 12 months.
How many people will be able to access it?
For a start, the people on the Romanian territory will be accessible internationally.
C. Affordable
In order to carry out this project you need a team of people with various knowledge such as:
- Marketing
- IT
- psychological counseling, psychiatry and coaching
- Sales
D. Relevant
Psychologists and psychotherapists to be directly involved in the application to provide support and
access to users.
E. Time

The implementation period is one year, and the development period is 3 years.

THE SWOT ANALYSIS
STRONG POINTS
Mobile application at national level.
Access to a database with psychologists and
psychotherapists involved.
OPPORTUNITIES
It is a time full of trials, and the world in the online
environment is much more open to try these types of
services.
Evaluation and maintenance in digital format of all
patient information.

WEAKNESSES
The world is still skeptical of talking to psychologists
or psychotherapists.
Stopping counseling sessions at any time of user
meetings.
Lack of trust in such applications.
THREATS
During the pandemic, the interest for such
applications increases, so the offer of such
applications increases.
Enormous costs and resources for creating and
developing this application.

All this can be done with programming. This programming can be done in the following steps:
1. Identifying the necessary resources
To identify the resources needed to create the application, we need to consider:
- The application will not have a basic website;
- It will be created to sell psychology and psychiatry services;
- It is addressed to adults aged between 18 and 65 years.
2. Application design - IOS and ANDROID
At this stage, we make the application diagram and graphic design.
3. Application development - its effective implementation
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Here, programmers use modern programming languages to create a state-of-the-art application that is userfriendly.
4. Testing and putting it into production
At the end, there will be the creation of images, texts and animations, specific to the theme.
In Figure 1 Taking into account an analysis by Counterpoint, the second quarter of 2020 was again led by
Huawei in terms of sales volume. Samsung is in second place, a massive decrease from 76.3 million in Q2 2019
and a rather small decrease from 21 to 20% when it comes to market share. Then we have Apple with 37.5
million units, increasing by one million units compared to last year and with a market share of 14% compared to
10% in the past.

Figure 1. Exhinit: Smartpohne Market Share

RESULTS
From this analysis we can see that the ANDROID operating system is the most sought after, but iOS is
catching up with fast steps presented in Figure 2.

Figure 2. Smartpohe Sales Growth

Returning to the use of applications in psychological counseling, digitization applied to the counseling
system, is a way to collect all available and accessible information in a digital format. Digital transformation refers
to the creation of innovative concepts that can be made instantly, in real time at the user's disposal.
On the one hand, the increased number of applications and, on the other hand, social events on a global
scale, have led to a massive increase in interest in psychological and psychiatric counseling. In 2020, there was
an expansion of requests for adults for psychological and psychiatric counseling services.
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CONCLUSIONS
The digital application is based on the desire to support and facilitate access to top counseling
services and solve health problems that are becoming more pronounced in recent years, related to
stress, anxiety and depression.
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ABSTRACT
Industrial hemp (Cannabis Sativa) 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 now used for many applications: in
construction, in papermaking, as animal bedding, fabrics, rope making, and also as biofuel. Hemp for fibre provides a
large amount of fibre per hectare, and the valuable properties of fibre have led to the expansion of this textile plant.
The results of the experiments were presented to determine the constructive and functional characteristics of the
technical equipment for harvesting hemp stalks and sheaf-binding, the influence of the adjustments of the working
devices and the conditions under which the tests were carried out on the characteristics of hemp sheaves.
REZUMAT
Cânepa tehnică (Cannabis Sativa) face parte din grupa plantelor textile de mare valoare pentru uzul uman și cel
industrial. Producția de cânepă în scopuri industriale continuă să crească la nivel mondial și este utilizată în prezent
pentru multe aplicații: în construcții, la fabricarea hârtiei, ca așternut pentru animale, țesături, confecționarea frânghiilor
și, de asemenea, ca biocombustibil. Cânepa pentru fibre asigură o cantitate mare de fibre la hectar, iar însușirile
valoroase ale fibrei a determinat extinderea acestei plante textile.
În cadrul lucrării s-au prezentat rezultatele experimentărilor pentru determinarea caracteristicilor constructive şi
funcționale ale echipamentului tehnic pentru recoltarea tulpinilor de cânepă şi legarea ȋn snopi, influența reglajelor
dispozitivelor de lucru şi a condiţiilor de în care s-au desfǎşoarǎ încercǎrile asupra caracteristicilor snopilor de
cânepǎ.
INTRODUCTION
Among the textile plants, Industrial Hemp (Cannabis Sativa) provides the highest amount of fibre per hectare
(2.2 - 5.5 t/ha) (Trotuș et al., 2020) and is considered to have the highest industrialization capacity among all industrial
plants (Biriş et al, 2018). Lately. the Romanian state has aimed to support the development of this sector occupied by
hemp cultivation through substantial subsidies, which should attract as many growers as possible. Thus, a revival of
hemp cultivation was observed. Romania offers favourable cultivation conditions for hemp on most of its territory. The
success of hemp, both for fibre and for seed, is due to its location in specialized farms, well organized and technically
equipped, in areas with pedoclimatic conditions corresponding to the biological requirements of hemp crops.
From hemp stalks fibres are obtained (26-32%), which are used in the textile industry for various fabrics. The
hemp plant, due to its high cellulose content, can be used as a raw material in the cellulose and high-quality paper
industry, in construction (emerging material in the green construction sector, according to Pérez-Sáez et al, 2020), as
bedding for animals, for rope-making and also as a biofuel (Allegret et al, 2013, Mihalache et al, 2019).
Seeds and fibres have optimal (different) harvesting periods, beyond which some of their qualities are lost.
Fibre hemp is harvested at technical maturity, when the male plants shake off their last pollen, and the stalks
are yellow-green and the leaves have fallen to the ground. Harvesting is done by cutting both mature male plants and
female plants in vegetation. Delayed harvesting leads to woody male plants: mechanized harvesting becomes difficult
and it affects the extraction performance and the impact of the process on the morphological and mechanical
properties of hemp (Grégoire et al., 2020; Liu et al. 2015).
The technology of harvesting hemp for fibre includes a series of operations, the main ones being the
harvesting or cutting of the stalks at a height of 70-100 mm, leaving them in a uniform row in the field to complete the
drying and then gathering and sheaf-binding, called split harvesting.
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Another technological variant of hemp harvesting is the harvesting of the stalks and sheaf-binding at the
same time, recommended for crops with uniform fields.
According to the authors, Zaica et al. 2019, when designing the technical equipment used in the technology
of harvesting hemp stalks, it is necessary to identify, analyse and choose the technical solutions to ensure the
realization of high-performance technical equipment that meets the requirements of the users.
The paper presents the testing method and some results of the tests performed with a specialized technical
equipment for hemp harvesting and sheaf-binding, presented in the work of the authors, Nedelcu et al, 2020.
MATERIALS AND METHODS
The tests for determining the parameters and working indices were performed according to the methodology
developed for this technical equipment, in which are specified:
- measuring and control apparatus, used for testing;
- the standards, norms and regulations according to which the tests are performed;
- working plan with the following stages: initial technical expertise; laboratory-field testing; determination of
operating indices and final technical expertise.
The initial technical expertise was carried out for the purpose of analysing and assessing the machine in
terms of construction and execution, and consisted of:
- execution analysis: quality of welds, joints, corrosion protection, preparation of the machine for testing.
- the running-in of the machine: it was done after the careful verification of the quality of the mounting of the
assemblies and of the working parts.
The specific equipment used for the measurements has been metrologically checked, adjusted or calibrated
accordingly.
For the determination and verification of the constructive and functional parameters were used: weighing
machine, 8m roulette; digital calliper; mechanical stopwatch; electronic tachometer.
The experimental model called “Innovative technical system for harvesting hemp stalks” (Fig.1), performs the
harvesting of hemp stalks, sheaf-binding and unloading on the ground, on the side of the working system, behind the
tractor.
The technical system is of the semi-mounted type and requires a power source of at least 45HP for the works.
The tractor in the unit must be equipped with the appropriate coupling device (drawbar mounted on the three-point
suspension mechanism), braking system, hydraulic system and electrical system. (Fig. 2).

Fig. 1 - Innovative technical system for harvesting
hemp stalks

Fig. 2 – Technical equipment coupled to the tractor

In order to determine the conditions under which the tests were carried out, a test plot was chosen in
the experimental group of monoecious hemp for fibres - Ratza variety - and the following were measured:
plant height, stalk diameter and plant density was determined.
To determine the height of the plants, markers were placed with which a square surface with a side of
1 m2 was created, in 3 different points located on the diagonal of the test plot. Inside the marked surface, the
height of the stalks was measured with a tape measure, which by visual appreciation represented the
average (Fig.3).
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To determine the density of the crop, the markers were placed and a square surface with a side of 1
m2 was made in 5 different points, placed on the diagonals of the plot. The plants inside were counted. The
value obtained was related to the measured area.
To determine the diameter of the stalks, a surface of 1 m2 was marked at 5 different points, placed on
the diagonals of the plot and inside it the base of the stalk (at a height of max. 100 mm) was measured in at
least 10 plants (Fig.4).

Fig.3. - Determination of plant height

1. - marking of the measuring surface; 2. - plant height measurement

Fig. 4. - Determination of stalk diameter

The tests for determining the constructive characteristics and the qualitative working indices were carried
out between 16.07.2021 - 14.10.2021 on the experimental plot of monoecious hemp for fibres - Ratza variety,
established by INMA Bucharest and S.C.D.A Secuieni.
RESULTS
To determine the constructive and functional characteristics, presented in Table 1, at least three
measurements were performed, and as a result the arithmetic mean was considered.
Table 1
Determination of constructive and functional parameters
mm
mm
mm
kg

Value provided in the
execution documentation
4130±5
2510 - 2655±5
1755±5
955±5

kg

410±5

410

mm
mm
mm

280±2
1500±2
3675±5

280
1500
3675

Tire dimensions:
Tire pressure
Hydraulic system:
-pump type
-assemblies controlled by
hydraulic system
Frequency of rotation of the
hydraulic system drive
mechanism

bar

6.00-16 8PR
3.3
Axial piston pump
-cutting-binding device
- sheaf loading system
-hydraulic cylinder
-540 s-1 from the power takeoff and a 4/1 multiplication to
the axial piston pump

Cutting device:
-type
-working width
-knife operating mode

mm
mm

Rotation frequency of the
cutting device actuator

s-1

6.00-16 8PR
3.3
- Axial piston pump F1A16-25-IPG
-cutting-binding device
- sheaf loading system
-hydraulic cylinder
-540 s-1 from the power take-off;
-measured values np=2100 - 1740 s-1
at the axle of the axial piston pump
wheel
-classic shearing device with normal
cutting
S = t = t0 = = 76.2 mm (3 inch) – single
stroke device.
Working width of the cutting device
=1400mm
hydraulic drive with orbital motor
n=600 s-1

Parameter name
Total length
Total width
Total height
Constructive mass
Mass at the coupling point
on the tractor
Clearance
Track gauge
Wheelbase

UM

-

-standard knife cutting device
with
knife
and
fingers
arranged at 76 mm
-knife operated by hydraulic
system
-Working width=1400 mm
-hydraulic drive with orbital
motor n=600 rpm

710

Determined value
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Parameter name

Loading mechanism
-type
-wheelbase, la
-active length, La
-width

UM

mm
mm
mm

Frequency of rotation at the
motor shaft of the load
conveyor

Unloading mechanism:
-drive type
-transmission length, L
-width, l
-the dimensions of the
unloading platform length

Frequency of rotation at the
motor shaft of the unloading
conveyor

s-1

mm
mm
mm

s-1

Value provided in the
execution documentation
-2/1 multiplication by belt
drive
-with two chains on which
grabbing elements were
arranged
la=1180 ±3mm wheelbase
La=1450 ±3mm
h=380 ±1mm
-the rotation frequency is
adjustable from the choke
valve
of
the
hydraulic
installation;
Working speeds
n=60 … 300 s-1
-is a chain and finger
conveyor type, driven from
the tractor’s power take-off by
a mechanical transmission
made of cardan shaft,
intermediate
transmission
and gearbox
L=1470...1530±2 mm
l=600±2 mm
-the dimensions of the
unloading platform length
1835x1010 mm.
Frequency of rotation at the
motor shaft
n=112 s-1

Determined value
-2/1 multiplication by belt drive:
n=approx. 1200 s-1
-with two chains on which fingers were
arranged to push the sheaf stalks
la=1182mm
La=1452 mm
h=380 mm
L gauge =1460 mm
Measured speeds
n=40-550 s-2
Working speeds
n=60 … 300 s-1.
-mechanical construction, with two
parts of the agricultural chain with
attachment and fingers
-cardan drive from axial gearbox RI63-UP3A-5B.
L=1470 …1529 mm
H=600mm
Platform overall dimensions:
1832x1010

The frequency of rotation of the motor
shaft is equal to that of the output of
the gearbox.
n=112 s-1

The characteristics of hemp crop were measured in various stages of plant ripening. Table 2 shows
the values recorded during the flowering and seeding phase.
Characteristics of hemp crop (25.07.2021)
Measured values
Index
R1
R2
R3
MEDIA
Crop name
monoecious hemp for fibres - Ratza variety
Plant ripening phase
After flowering and seeding and other plants in
the pre-ripening stage
Row-spacing, [mm]
250
250
250
250
Number of plants per m2
93
80
110
94.34
Degree of weeding, [%]
10
5
5
6.67
Plant height, [mm]
1100
1300
900
1100
Crop density, [plants/m2]
93
80
110
94.34
Name

Stalk diameter, [mm]

R1
5
R1
4.3
R1
3.5

Determination of stalk diameter
Plot 1
R2
R3
R4
R5
R6
R7
5
10
4.8
3.9
7
5.7
Plot 2
R2
R3
R4
R5
R6
R7
6.2
6.4
4.3
2.0
3.3
3.4
Plot 3
R2
R3
R4
R5
R6
R7
4.3
7
2.7
6.6
6.5
4.8

where: R1, R2,.....R10, number of repetitions (measurements).

711

Table 2

R8
4.6

R9
5.5

R10
5

Average
value
5.65

R8
5.5

R9
2.4

R10
5.8

4.36

R8
8.2

R9
3.8

R10
4.6

5.2
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The tying of the cut stalks with string and the release of the sheaf formed in the forming chamber are very
important operations in the working process, because they influence the correct grip of the sheaf by the loading
conveyor and the kinematics of the sheaf when loading and unloading.
Figure 5 shows the main components of the equipment that influence the sheaf density.

Fig.5. – Constructive details

1. Lever; 2. Traction spring I; 3. Lever triggering the binding process; 4. Flap; 5. Traction spring II; 6. Adjusting screw

The traction spring I (2), fixed at one end in one of the holes of the lever (1), and at the other in the lever for
triggering the binding process (3), allows adjusting the density of the sheaves.
By positioning the spring in various holes of the lever (1), the spring strength can be increased, increasing in
the same way the triggering force of the sheaf binding process followed by its release.
The role of the flap (4) is to support the sheaf in the forming process, being maintained in this position by the
traction spring II (5). The strength of the spring (5) and thus the opening resistance of the flap (4) are adjustable by
means of an adjusting screw (6).
The forces in the triggering lever (3) and in the flap (4) should be approximately equal to synchronize their
operation.

Fig.6. – Examples of sheaves obtained by various adjustments made to the springs that influence the binding
with the string
1. sheaves improperly bound; 2. sheaves properly bound.

ţi
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CONCLUSIONS
In the technology of hemp cultivation, harvesting is a delicate work, because the process of seed ripening
is done unevenly on the stalk, at the top the seeds are ripened, but at the bottom they are green, and the harvesting
of fibre stalks is done at technical maturity.
Following the research and development activities, an innovative technical equipment was developed for
harvesting and sheaf-binding of hemp stalks.
The tests for determining the technical characteristics and working indices were performed according to
the methodology developed for this technical equipment and specific equipment was used for the measurements
which has been metrologically checked, adjusted or calibrated accordingly.
To determine the characteristics of the hemp crop, an area of the experimental plot was marked and the
following were determined: row spacing, number of plants per m2, weeding degree, plant height, crop density. These
characteristics may affect the operation of the technical equipment and the sheaves.
During the tests, the influence of the adjustments made to the binding device on the density of the
sheaves of hemp stalks was analysed.
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ABSTRACT
Energy harvesting (also known as power harvesting or energy scavenging or ambient power) is the process
by which energy is derived from external sources (e.g., solar power, thermal energy, wind energy, salinity
gradients, and kinetic energy, also known as ambient energy), captured, and stored for small, wireless
autonomous devices, like those used in wearable electronics and wireless sensor networks. In this paper, it
is intended a solution in order to generate enough power to supply a humidity and temperature sensor using
a low-cost off-the-shelf thermoelectric generator that allows estimating the production of at least 0.1485 W
corresponding to 3.564 Wh of available energy considering specific operation hours, determined statistically
for a given geographic location. The sensor can be used in many applications from the agronomy sector,
such as greenhouses and solariums.
REZUMAT
Recoltarea energiei (cunoscută și sub denumirea de recoltare a energiei sau de recuperare a energiei sau
energie ambientală) este procesul prin care energia este obținută din surse externe (de exemplu, energia
solară, energia termică, energia eoliană, gradienții de salinitate și energia cinetică, cunoscută și sub
denumirea de energie ambientală), este captată și stocată pentru dispozitive autonome mici, fără fir, cum ar
fi cele utilizate în dispozitivele electronice portabile și în rețelele de senzori fără fir. În această lucrare, se
intenționează o soluție pentru a genera suficientă energie pentru a alimenta un senzor de umiditate și
temperatură, utilizând un generator termoelectric, care permite producerea a cel puțin 0,1485 W,
corespunzând la 3,564 Wh de energie disponibilă, luând în considerare orele specifice de funcționare,
determinate statistic pentru o anumită locație geografică. Senzorul poate fi utilizat în numeroase aplicații din
sectorul agronomic, cum ar fi serele și solariile.
INTRODUCTION
The entire harvesting process is based on the Seebeck effect, which is a phenomenon in which a
temperature difference between two dissimilar electrical conductors or semiconductors produces a voltage
difference between the two substances. When heat is applied to one of the two conductors or
semiconductors, heated electrons flow toward the cooler one. (Enescu D.,2019). If the pair is connected
through an electrical circuit, direct current (DC) flows through that circuit. If the temperature difference is
large enough, some Seebeck-effect devices can produce a few millivolts. Numerous such devices can be
connected in series to increase the output voltage or in parallel to increase the maximum deliverable current.
(Camboin M. et.al, 2020; Cardei P. et.al, 2021).
To summarize, The Seebeck effect occurs when a temperature difference across a conductor
provides a voltage at the conductor ends. Two distinct conductors A and B are linked together to compose
the junctions of a circuit. These conductors are connected electrically in series and thermally in parallel. One
junction has the hot temperature Th and another one has the cold temperature Tc with Th bigger than Tc.
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Fig. 1 – Seebeck effect in a TEG
(Diana E., 2019)

Fig. 2 –Seebeck effect in a open circuit
(Diana E., 2019)

The Seebeck voltage at the circuit’s junctions may be written as:
(1)

𝑉𝑉 = (𝛼𝛼𝐴𝐴 − 𝛼𝛼𝐵𝐵 ) ∙ (𝑇𝑇ℎ − 𝑇𝑇𝑐𝑐 )

Where 𝛼𝛼𝐴𝐴 and 𝛼𝛼𝐵𝐵 are the Seebeck coefficients for the conductors A and B, measured in 𝑉𝑉 ∙ 𝐾𝐾 −1 .

The thermoelectric device (TEG) is composed of one or more thermoelectric couples. The simplest
TEG consists of a thermocouple, comprising a pair of P-type and N-type thermoelements or legs connected
electrically in series and thermally in parallel. The differentiation between N- and P-doped materials is
important. The P-type leg has a positive Seebeck coefficient and an excess of holes h+. The N-type leg has a
negative Seebeck coefficient and an excess of free electrons e-. (Quintans C. et.al, 2020; Cristea M. et.al,
2020). The two legs are linked together on one side by an electrical conductor forming a junction or
interconnect, usually being a copper strip. Let us denote the voltage at the outside terminal connected to the
N-type leg on the cold side of TEG as V2, while the voltage at the external terminal connected to the P-type
leg on the cold side of TEG is V1. An electrical load having resistance RL is connected in series with the
output terminals of TEG creating an electric circuit. When the electric current flows in this electrical load, an
electrical voltage is generated at its terminals. (Mohammadreza A., Nasser M., 2016; Tudor E. et.al, 2020)
The TEG device will generate DC electricity as long as there is a temperature gradient between its sides.
When the temperature difference ∆𝑇𝑇 = 𝑇𝑇ℎ − 𝑇𝑇𝑐𝑐 across the TEG device increases, more electric output
power will be generated. A number of thermoelectric couples n form a TEG system wired electrically in
series and sandwiched between two ceramic plates to maximize the output voltage from the TEG. In this
case, the equivalent internal resistance of the thermoelectric couples in series is:
𝑅𝑅 = 𝑛𝑛 ∙ (𝜌𝜌𝑃𝑃 ∙ 𝐿𝐿𝑃𝑃 ∙ 𝑆𝑆𝑃𝑃 −1 + 𝜌𝜌𝑁𝑁 ∙ 𝐿𝐿𝑁𝑁 ∙ 𝑆𝑆𝑁𝑁 −1 )

(2)

𝐾𝐾 = 𝑛𝑛 ∙ (𝑘𝑘𝑃𝑃 ∙ 𝑆𝑆𝑃𝑃 ∙ 𝐿𝐿𝑃𝑃−1 + 𝑘𝑘𝑁𝑁 ∙ 𝑆𝑆𝑁𝑁 ∙ 𝐿𝐿𝑁𝑁−1 )

(3)

and the equivalent thermal conductance of the thermoelectric couples in parallel is:

ρ=R∙S/L is the electrical resistivity of each leg, S is the cross-sectional area of the each leg
in
L is the leg length in [m], k is the thermal conductivity of each leg in [W∙(m∙K)^(-1)], and the
thermal conductance of each leg is K = k^S in W∙K^(-1).
Where

[m2],

The voltage at the TEG terminals is:
𝑉𝑉𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑉𝑉2 − 𝑉𝑉1 = 𝑛𝑛 ∙ (𝐼𝐼 ∙ 𝑅𝑅 − 𝛼𝛼𝑃𝑃𝑃𝑃 ∙ 𝛥𝛥𝛥𝛥) = 𝑛𝑛 ∙ 𝐼𝐼 ∙ 𝑅𝑅 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
Where

(4)

αPN=〖 (αP-αN)]^2 is the Seebeck coefficient of the thermoelectric couple. The input

electrical current in the circuit is:
𝐼𝐼 =

𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑛𝑛 ∙ 𝛼𝛼𝑃𝑃𝑃𝑃 ∙ 𝛥𝛥𝛥𝛥
=
𝑛𝑛 ∙ 𝑅𝑅 + 𝑅𝑅𝐿𝐿
𝑛𝑛 ∙ 𝑅𝑅 + 𝑅𝑅𝐿𝐿

(5)
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Where the load resistance RL is connected to the output of the circuit where the electric output

power generated by TEG is consumed. The Seebeck voltage is VSeebeck=VP - VN= αPN∙ΔT. The
relationship between VSeebeck and ΔT is non-linear, therefore αPN depends on temperature.

Fig. 3 – Representation of a TEG with n numbers of thermoelectric cells (Diana E., 2019)

The electrical efficiency of a TEG (or thermoelectric conversion efficiency) is the ratio between the
electric output power P delivered to the load and the rate of heat input Qh absorbed at the hot junction of the
TEG and transferred through the TEG. When a TEG converts the rate of heat input Qh into electric output
power P with electrical efficiency η TEG.
𝜂𝜂 𝑇𝑇𝑇𝑇𝑇𝑇 =

(6)

2
𝑃𝑃
𝑛𝑛 ∙ 𝑅𝑅𝐿𝐿 ∙ 𝛥𝛥𝛥𝛥 ∙ 𝛼𝛼𝑃𝑃𝑃𝑃
=
2
𝑄𝑄̇ℎ 𝐾𝐾 ∙ (𝑛𝑛 ∙ 𝑅𝑅 + 𝑅𝑅𝐿𝐿 )2 + 𝑛𝑛 ∙ (𝑅𝑅𝐿𝐿 ∙ 𝑇𝑇ℎ + 𝑛𝑛 ∙ 𝑅𝑅 ∙ 𝑇𝑇) ∙ 𝛼𝛼𝑃𝑃𝑃𝑃

Where T is the absolute temperature representing the mean temperature between the cold side and
hot side of the TEG and is written as T=(Th+Tc)/2 .
The efficiency corresponding to Pmax is:
𝜂𝜂 𝑇𝑇𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 =

𝛥𝛥𝛥𝛥
4 ∙ 𝑍𝑍 −1 + 𝑇𝑇ℎ + 𝑇𝑇

(7)

Where Z=(αPN^2)/(K∙R) is the figure-of-merit for a thermocouple.
The most popular thermoelectric material is Bismuth Telluride (Bi2Te3). The usage of this material in
TEGs is pretty limited, because the temperature on the hot side of the device is relatively low.

Fig.4 – Bismuth Telluride in natural form
(Wikipedia, 2021)

Fig.5 – Bismuth Telluride on the microscope
(Wikipedia, 2021)

For a better understanding of the Seebeck effect in the proposed application, a simulation using
COMSOL Multiphysics is made. Using certain parameters, we can represent geometric simulation of the
thermoelectric cell, as seen in fig. 6.a, 6.b and 6.c.
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Fig. 6.a. – Thermoelectric cell,
material distribution

Fig. 6.b. – Frontal view

Fig. 6.c. – Lateral view

Once the geometric model is built and its parameters defined, we can specify the electrical
conditions and also the temperature conditions. As seen in the fig. 7, one electrical terminal is grounded and
one terminal is electrical isolated. As of the temperature conditions, one terminal is set at a room
temperature of 293.15 °K and the other terminal is set at a temperature of 773.15 °K.

Fig. 7.a–Temperature condition cold side

Fig.7.b–Temperature condition hot side

Therefore, by running the simulation we can see the electric potential at the electric terminals for a
single thermoelectric cell, which is approx. 0.223 V.

Fig. 8 – Temperature distribution, along with the electric potential

Since a TEG uses a multitude of thermoelectric cells, electrically connected in series and thermally
connected in parallel, a simulation of a final model is illustrated in figure 12.
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Fig. 9 – Final geometric model of a TEG, simulated in COMSOL Multiphysics

MATERIAL AND METHOD
In this chapter we will analyze the powering of an energy autonomous temperature and humidity
sensor by a thermoelectric generator. The operation of thermal harvesting relies on maintaining as large a
temperature gradient as possible between the TEG junctions.
Therefore, in order to increase the temperature difference at the level of the thermoelectric generator, on the
low temperature surface of the thermoelectric generator we will apply an radiator based on aluminium fins.
The heat source will be a black metal plate, which we will expose to the sun on a representative summer
day.
A DC/DC converter for the amplifier circuit is designed using an integrated circuit, Model LTC3109:
Linear Technology Co, Ltd.

Fig. 10 – Heat sink mounted on TEG
(Nakagawa K., Suzuki T.,2016)

Fig.11 - Block diagram of the operating principle
(Charris et al.,2016)

The Sun is so hot that it radiates most of its light in visible wavelengths, and these photons heat the
Earth and exposed objects can absorb photons. First the color of an object has a great deal to do with its
thermal absorption. The color black absorbs heat while the color white is more reflective. Let us assume that
the material is perfectly black (emissivity of 1.0) and facing the sun which delivers approximately 1 kW of
power per square meter at the surface of the Earth (a bit more at the top of the atmosphere). The black
surface will heat up until it loses that kW as fast as it is coming in. It will do so by a combination of radiation
and convection.
To calculate the heat potential of an object one can use the Stefan-Boltzmann law.
(8)

𝐽𝐽 = 𝜎𝜎 ∙ 𝑇𝑇4

To lose 1kW over 1 m2 requires a temperature of
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4

𝑇𝑇 = �

(9)

1000
= 364.42 𝐾𝐾 ≈ 91.27 ℃
5.67 ∙ 10−8

Fig. 12 – Black metal plate

In the next representation we can observe the temperature evolution in the air during a
representative day of summer and in figure 17 we can see the temperature evolution between the junctions
of the plate exposed to the sun during the same day.

Fig. 13 - Temperature evolution of the air during a
representative summer day

Fig. 14 - Temperature difference between TEG
junctions over the same day

The TEG module consists of a thermoelectric generator, an aluminum heatsink with slots to
dissipate heat from the cold surface, a DC-DC converter consisting of a plate with an amplifier circuit, an
aluminum component that conducts heat from the metal plate to the TEG, resin that protects the electrical
components, and four magnets for a good thermal connection between the module and the metal plate.
Any IOT application requires a low-power microcontroller. Thus, an EFM32 Happy Gecko Evaluation
Board microcontroller (from Silicon Labs, Austin, TX, USA) is chosen for this purpose. The EFM32 is an
ultra-low-power, easy-to-deploy 3.3 V device that has an active-mode power consumption of 528 µW and a
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sleep-mode power consumption of 1.98 µW. This microcontroller contains an e-sensor model Si7021, which
measures ambient temperature from 233 K (-40.15 °C) to 358 K (84.85 °C) and relative humidity from 0% to
80%.

Fig. 15 - TEG module together with radiator and
support posts

Fig. 16 - Temperature and humidity e-sensor
integrated on microcontroller
(SILICON LABS™, 2021)

The chosen TEG is model GM250-161-12-20 manufactured by Adaptive ® Power Management,
whose technical characteristics are shown in figure 48.

Fig. 17 – TEG’s technical specs
(Europeanthermodynamics product catalog, 2021)
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As can be seen, the technical specifications match temperatures of 250°C for the hot surface and
30°C for the cold surface, resulting in a temperature difference of 220°C.
Since the proposed application cannot reach temperatures of 250°C on the hot surface, we can find
out the technical details for the temperature differences within one day, using the graphs provided by the
manufacturer, and also knowing that the temperature difference on TEG surfaces is directly proportional to
the voltage delivered.
RESULTS

Table 1

Technical parameters of the TEG

Component

Average Power

Temperature
measurement
Humidity measurement
µC (processing)
µC (shut-off mode)
Radio transceiver

Duration Per
Sending Cycle

Energy During The
Day

720 µW

20 ms

691.2 µWh

480 µW
528 µW
66 nW
132 mW

20 ms
3s
1597 s
150 ms

460.8 µWh
76.032 µWh
5.059 mWh
950.4 mWh

A LoRa RN2483 transmitter is used as a radio transmitter. Using the parameters reported by the
manufacturers, an initial theoretical energy budget is estimated which is summarised in table 2.
Table 2
Sensor energy budget
Hour

Thot [°C]

Tcold [°C]

ΔT= Thot – Tcold [°C]

6:00 AM
9:00 AM
12:00 AM
3:00 PM
4:00 PM
6:00 PM
9:00 PM
12:00 PM
3:00 AM

32.84
69.79
83.21
91.27
93.95
75.8
65.16
25.54
22.17

22.16
28.29
33.71
35.07
35.48
30.86
29.22
25.41
22.05

10.68
41.5
49.5
56.2
58.47
44.94
35.94
0.13
0.12

Output
voltage [V]
0.284
1.106
1.32
1.498
1.559
1.198
0.958
0.0034
0.0032

Current [A]
0.0379
0.147
0.175
0.199
0.207
0.159
0.127
4.61E-04
4.62E-04

Output power
[W]
0.0107636
0.162582
0.231
0.298102
0.322713
0.190482
0.121666
1.57E-06
1.36E-06

Given that the TEG generates an average power of 0.1485 W, the average energy output in a day
would be 3.564 Wh, a value that ensures optimal sensor power.
Storage units can be used to supplement the energy harvesting process when the main source
(solar radiation) is not available, such as at night. In order to properly size the required storage unit, we
considered the power and average energy output of the TEG. Thus, a 3.7 V, 550 mAh Li-Po battery is
suitable for this application as seen in figure 21.
A proper energy management system is very important for the good functioning of the sensor. As the
total load changes, the power system must be able to supply a sufficient amount of energy. DC-DC
converters are circuits that convert one DC voltage to another regulated DC voltage with high efficiency
(>80%). DC-DC converters can increase or decrease the output voltage compared to the input voltage
depending on the application.
We chose the LTC3109: Linear Technology Co, Ltd. converter to boost the voltage generated by the
TEG, taking into account the power output of the TEG and the power required by the sensor.
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𝑅𝑅1
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 = 1.004 ∙ � + 1�
𝑅𝑅2

(10)

Fig.18 – Storage unit
(LiPol Battery™,2021)

Fig.19 – Voltag divider connection
(Analog Devices™, 2021)

Thus, we will have an output voltage from the converter of 3.7 V. This makes it possible to
power not only the battery but also the microcontroller, which would allow the use of a single supply
voltages between 1.98 V and 3.8 V. Also, this converter has a wide range of supported input voltages
(225mV ÷ 5V), which is preferable, especially around 6:00, when the TEG output voltage will be
around 0.284 V.
CONCLUSIONS
In this paper we have discussed the problem of harvesting electricity using thermoelectricity
for low power devices, especially IOT sensors, which are increasingly common nowadays.
Using the COMSOL Multiphisycs program, we simulated the main component of a thermoelectric
generator, namely the thermoelectric cell.
The simulations confirmed the formulations of the Seebeck effect and the Peltier effect. It was
concluded that the key issue for the correct use of thermoelectric energy harvesting is the
maximization of the temperature gradient that a TEG experiences under certain environmental
conditions. Thus, we demonstrated that the temperature difference between the two surfaces of a
TEG is directly proportional to the electric potential at its terminals, implicitly to the power and electric
energy delivered.
In order to verify the efficiency of a TEG, we created an application consisting of exposing a
black metal plate to the sun during a summer day to create a larger temperature difference between
the TEG junctions. Also, for a higher temperature gradient, a radiator was mounted on the cold
surface of the TEG to dissipate heat from that surface. The aim was to accumulate enough electrical
energy to power a microcontroller with a temperature and humidity sensor integrated on it, as well as
a radio transmitter.
With an average temperature difference of 33.05°C between the two TEG junctions over the
course of a day, this resulted in an average power of 0.1485 W and an average energy output of
3.564 Wh, totaling to meet the 1.032 Wh requirement of the microcontroller and radio component. In
order to store the energy flowed by the TEG and to be used when the temperature gradient is low,
specifically at night, we attached a 3.7 V and 550mAh battery to the application.
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ABSTRACT
This article presents the results of wet saturated steam distillation equipment (E.D.A.S.U.P) from freshly harvested
lavender plants. The method used to extract volatile oils is steam distillation. As a result of the experiments, were
highlighted the efficiency and benefits of using this equipment for both small and medium farms.
REZUMAT
Acest articol prezintă rezultatele echipamentului de distilat cu abur saturat umed sub presiune (E.D.A.S.U.P) din
plante proaspat recolate de lavanda. Metoda folosita pentru extragerea uleiurilor volatile este de distilare cu vapori
de apă. Ca urmare a experimentelor, au fost evidențiate eficiența și beneficiile utilizării acestor echipamente atat
pentru fermele mici cât și a celor mijlocii.
INTRODUCTION
Experts consider essential oils as sources of chemical signals that allow the plant to control and regulate its
environment: attracting pollinating insects, repelling predators, inhibiting the germination of signs, communication
between plants, for example emitting chemical signals that signal the presence of animals. herbivore. The
concentration in plants is generally low, around 1-2%, even less (Grigore, I. at al, 2019; Abylaeva B., et al., 2020).
Among the vegetable families that produce the largest amount of essential oils is Labiateae - lavender (fig. 1).

Fig. 1 – Lavender freshly harvested

Among the plants whose chemical composition can generate a significant amount of volatile oils and flower
water, lavender occupies a forehead place.
Lavender is a species with moderate drought resistance, drip irrigation is recommended during the summer.
From this point of view, lavender can be grown in optimal conditions in areas with average annual rainfall between 5001000 mm (Hiroko K. and Yui K., 2018).
Another method of propagating lavender is through seeds, but this process is considered somewhat difficult, given
that the seeds of this plant germinate harder, at temperatures of about 20-22 ° C.
Lavender can be planted in both fall and spring, but farmers recommend setting up a crop in september or october
to allow the seedlings to grow over the winter, when the root is best fixed in the ground.
Lavender floral water is a 100% natural and organic product, being recognized for the fact that it provides good
hydration for sensitive skin, which it also tones, it is used more and more frequently in the kitchen, especially in the
preparation of drinks or desserts. it offers a special and refreshing aroma and since ancient times it has been used to
refresh fabrics and preserve them - especially since the smell drives away moths.
MATERIALS AND METHODS
Distillation is a process that involves separating a substance into its component parts, based on boiling points and
their volatility (Munir A. at al, 2014; Martin's, 2015). This means that when exposed to high temperatures, the constituents
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in a liquid mixture will change to a gaseous state (Muscalu A., et al., 2012). Each constituent boils at a different
temperature, so depending on the temperature of the system, some constituents will be in the gaseous state and others
will remain in the liquid state (Cantor M. at 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 profile of the essential oil
(https://www.doterra.com/EN/en_US/essential-oil-production-distillation- methods).
Direct steam distillation is an industrial method used especially in large plantations, but it can be just as useful for
producers of herbs in small and medium crops. This method has a high yield but also the possibilities of high control of the
distillation process (Grigore, I. at al, 2019; Munir A., at al, 2014). 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 too much pressure or
temperature can alter the result obtained and therefore a lower quality of the essential oil (Ospina, J.D. at al, 2016;
https://fabricademov.ro/distilarea/ ).
The working process of the equipment (fig. 2). The steam produced by the generator enters the vegetable mass
of the plants, entraining the volatile oil contained in them. The mixture of water vapor and volatile oil enters the cooling
vessel where the condensation process takes place, obtaining volatile oil and floral water. The separation of the volatile oil
from the floral water is done in the volatile oil separator (the volatile oil being easier will be deposited in a film over the floral
water) (Moronkola D.O., et al., 2015).

Fig. 2 - Wet saturated steam distillation equipment under pressure E.D.A.S.U.P

1 - steam generator; 2 - pressure regulator; 3 - distillation vessel; 4 - distillation vessel support; 5 - flexible hose for emptying the
distillation vessel at the sewer; 6 - serpentine; 7 - cooling vessel; 8 - Flexible hose for draining hot water during sewerage; 9 - cooling
vessel support; 10 - flexible hose for draining hot water during sewerage; 11 - volatile oil collection vessel; 12 - floral water drainage; 13
- volatile oil drain

The main technical characteristics of the presented equipment are highlighted below (Table 1):
Technical characteristics of the E.D.A.S.U.P.
Capacity of working

100 l

Distillation vessel diameter

400 mm

Distillation vessel height

700 mm

Cooling vessel diameter

400 mm

Cooling vessel height

600 mm

Working pressure

0,10-0,5 bar

Working temperature

105-110 °C

Electric steam generator
- supply voltage

400 V

- power absorbed

7000 W

- degree of protection

IPX5

- supply flow

3 l/min

- supply pressure

max. 6 bar

- dry steam flow

11,5 kg/h
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- water pump

110 W

- water tank capacity

30 l

- dimension

L-920 mm, l-610 mm, h-850 mm

- weight

70 kg

RESULTS
The tests were performed with freshly picked lavender plants. To prove the effectiveness of wet saturated steam
distillation equipment under pressure E.D.A.S.U.P 4 tests were performed according to table 2 Quantity of material used
for distillation for: sample 1 - 6 kg; test 2 - 7 kg; test 3 - 6 kg; sample 4 - 8 kg, the duration of a test was about 45-50
minutes.
The amount of oil obtained for: sample 1 - 23.1 ml; test 2 - 27.2 ml; test 3 - 23.2 ml; sample 4 - 31.1 ml, and the
amount of floral water obtained for: sample 1 - 4 l; test 2 - 3.7 l; test 3 - 3.6 l; test 4 - 3.8 l.
The amount of oil that can be obtained from distillation is largely influenced by the quality of the plants subjected to
distillation.
Table 2
Efficacy of E.D.A.S.U.P wet saturated steam distillation equipment after 4 samples
Parameters
Test 1
Test 2
Test 3

Load mass, [kg]
Temperature, [°C]
air
cooling water
steam pipe at the outlet of the generator
steam pipe at the entrance to the distillation vessel
steam in the distillation vessel
Air humidity, [%RH]
Test duration, [min]
Volume of resulting products
oil, [ml]
floral water, [l]

6

7

6

8

26
26,7
128,1
95,2
80,2
61,6
50

27,1
26,2
128,2
95,4
80,1
61,3
46

27,3
26,6
128,1
95,4
80,2
61,1
45

27,7
26,2
128,3
95,2
80
58,9
47

23,1
4

27,2
3,7

23,2
3,6

31,1
3,8

Aspects during the experiments

Fig. 2 Aspects during the experiments
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CONCLUSIONS
Following the tests performed, the following were found:
- The amount of oil obtained depends largely on the quality and quantity of plants subjected to distillation.
- E.D.A.S.U.P wet-saturated steam distillation equipment has proven effective for small and medium-sized plant producers
from which essential oils can be extracted;
- the distillation time regardless of the amount of plants in the vessel is approximately equal.
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ABSTRACT
To protect agricultural crops, farmers have a number of methods and technologies to combat falling of
hailstone. This article followed these methods and technologies for combating falling of hailstone. As the
knowledge about clouds, the sounding technology and the determination of the general parameters and
those specific to the clouds in which hailstone is formed, was developed, fundamental research and
subsequent development programs were initiated for combating falling hailstone.
REZUMAT
Pentru protejarea culturilor agricole, fermierii au la dispoziție o serie de metode și tehnologii de combatere a
căderilor de grindină. In cadrul acestui articol s-au urmarit aceste metode și tehnologii de combatere a
căderilor de grindină. Pe măsura dezvoltării cunoştinţelor despre nori, a tehnologiei de sondare şi de
determinare a parametrilor generali şi a celor specifici norilor în care se formează grindina, s-a trecut la
iniţierea de programe fundamentale de cercetare şi ulterior de dezvoltare de sisteme de combatere a
căderilor de grindină.
INTRODUCTION
Hailstone, meteorological that can cause great damage in the normal conduct of activities in various
fields, is an element of presence that must be taken into account in the planning of works carried out
outdoors (Cinteno J. L., 2012). Although it is manifested by great discontinuities in time and space, however,
due to the intensity it sometimes has and implicitly of the material damages they cause, the knowledge of its
particularities related to duration, frequency and territorial distribution is of particular interest, both from
theoretically - climatologically - as well as practically (Dalezios N.R., 2020; Alboteanu L., at al 2010).
Through the effects produced in the fall region, hailstone - which is usually accompanied by strong wind,
lightning and torrential rainfall - is a phenomenon of the territorial peculiarities of the distribution need to be
known (Bîrsan M., at al 2019). Being a phenomenon of maximum frequency occurs in the warm season of
the year, hailstone captures cereals, vegetables and greens, vines and fruit trees in various stages of
development, affecting or stopping their vegetative cycle (Muscalu A., 2020; Gheorghisoiu E., 2020; Ovidiu
M. M. 2009).
Accidental hailstone falls can cause immense damage to the fruit crop depending on the intensity of
the meteorological phenomenon produced. It can destroy the whole crop or only partially. The fruits can be
attacked, with obvious blows and injuries that make them unfit for marketing, the trees can be partially
affected (Baker, Alan R, H., 2012). An orchard attacked by hailstone the following year produces about 30%
less than in a normal year.
A single case of hailstone, in a critical phase of plant development, can lead to a total compromise of
that year's harvest. Given that the weather phenomenon manifests itself at the end of the vegetation phase,
when the grain size is small and their density per square meter is small, but the duration of falls must be
shorter, hailstone can have less harmful effects (Ovidiu M. M. 2009).
The dimensions of the hailstone grains are very different. Depending on the intensity of the genetic
processes of the phenomenon, the size of the hailstone grain also depends. Thus, the thermal contrast
between hot and cold air, the intensity of the ascending currents of thermal convection, the intensity of the
speed of movement of the cold front and the dynamic convection it generates, the altitude to which the hot
air can be raised, the dizzying vertical development of the cloud of hailstone, are important growth factors in
the size of hailstone (Arakelyan A.A., 2018). It is known that the triggering of hailstone storms is sudden, and
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the duration of the phenomenon is inversely proportional to the size of the grains. The shorter the duration of
the falls, the larger the grain size, as well as the mechanical influence it exerts (Bogdan O., Niculescu E.,
1999). The dimensions of the hailstone bean are highlighted by the size of the hailstone diameter. Research
has shown that, in the first part of spring and autumn, the diameters are smaller (less than 5 mm) compared
to the second half of spring and summer when they can reach exceptional dimensions, most often between
20-30 mm (Chattopadhyay N., 2017; Ovidiu M. M., 2009).
At national level, there is currently an active combating system of falling of hailstone, designed,
developed and operated by a consortium consisting of the Administration of the National Anti-hail System
and Precipitation Stimulation and the General Designer of the anti-hailstone system. It consists of combat
means consisting of an 82.5 mm undirected ground-to-air missile and an orientable launcher with 12 guide
rails for the old model and 8 guide rails for the new model. Information on the situation of cloud formation
and their dimensions is provided by the metrological stations in the SIMIN system.
MATERIALS AND METHODS OF COMBATING HAIL FALLS IN THE WORLD
Globally, either physical means (such as nets) or devices (terrestrial generators) or complex systems
for performing interventions in the atmosphere are used.
1. Anti-hailstone cannons (fig. 1) generate their hailstone disturbing shock waves by using acetylene or
butane gas, which allows the emission of a stronger shock wave and a higher frequency rate, which greatly
improve their efficiency in prevention of hailstone formation and growth. Therefore, they are not able to
increase the volume and as a result remain small in size, thus preventing them from causing damage when
they hit the ground (Anti-hail protection - All weather modification devices (anti-grele.fr)
While the history of anti-hail cannons dates back to the 18th century, modern anti-hailstone cannons
have largely been developed over the past 30 years.

Fig. 1. Anti-hail cannons (https://www.ziaruldeiasi.ro/stiri/primul-tun-privat-antigrindina-din-tara-la-iasi--

17605.html)

This is a lesser known system and is based on creating shock waves in an explosion chamber. Then
these waves are directed with the help of a conical nozzle with a certain length and geometry in the upper
layers of the atmosphere, to create a flow of mechanical disturbance in the area of hailstone formation. This
disturbance prevents the formation of ice crystals.
They are devices that emit sonic waves to the clouds in which hailstone is formed, these waves are
directed by means of a conical nozzle with a certain length and geometry in the upper layers of the
atmosphere, to create a flow of mechanical disturbance in the area of formation. hailstone. This disturbance
prevents the formation of ice crystals.
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Currently, sonic cannon systems are made by small companies, which operate for a period of
several years and then retire from business. Among the countries where such sonic cannons have been
produced are: Canada, Belgium, Spain and New Zealand.
In the early 1900s, the shock waves of anti-hail cannons were generated by gunpowder, which
proved to be dangerous, and the recharge time was quite long. In those days, a much larger number of antihail cannons had to be deployed to have a negative impact on the formation of hailstone stones.
An anti-hailstone firing operation must be initiated 20 minutes before the storm forms or arrives. The
efficiency of anti-hail cannons decreases in proportion to the start delay. If the anti-hailstone device is
activated when the storm is directly above it, its efficiency will be very low, because an anti-hail cannons has
a reduced effect on an already formed hailstone stone. It is therefore strongly recommended that this means
of protection be used in combination with either weather radar equipment or a weather alert subscription
service (Anti-hail protection - All weather modification devices (anti-grele.fr).
Benefits
They are much less expensive and more cost effective than hailstone netting. Operating and
maintenance costs are very low.
Disadvantage
Potential noise pollution for densely populated areas and must begin operation at least 20 minutes
before the arrival of the storm.
2. Anti-hailstone rockets (fig. 2) and other technologies for spreading substances is the most
suitable technique for protecting areas with complex relief, with large areas of fruit and vines. The
disadvantage of this technical means is the need to achieve a density of the problem of launching points in
the protected area, as well as the need to ensure the safety of air traffic during the intervention. It allows the
dispersion of chemical substances in the potential cloud cell, and the reaction time is much shorter. The
efficiency of the system developed in Moldova, Ukraine, Central Asia, Argentina is 75 - 96%.

Fig. 2 Anti-hailstone rockets (https://www.indiscret.ro/2018/04/18/exclusiv-valcea-lanseaza-primele-

rachete-antigrindina/)

Compared with anti-hailstone cannons, anti-hailstone rockets (fig. 2) with silver iodide are not
effective against already formed hailstone, because anti-hailstone rockets influence the formation of
hailstone stones by adding nuclei (silver iodide particles) inside the cloud.
3. Hailstone nets (fig. 3) are the only means of protection recognized by insurance companies and
could reduce the policy.
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Fig. 3 Hailstone nets (Muscalu A. et al., 2020)

Hailstone nets must be made of a quality material (high density polyethylene type HDPE, U.V.
stabilized), be light, but strong and durable. Its color can be white, black or gray, the last two being the most
commonly used.
The use of the hailstone net has many advantages: in addition to protection against hailstone, the
net protects the orchard from attack by birds, insects, wind and ultraviolet rays, creates a microclimate
favorable to fruit development, maintains a high humidity inside, protects against hot temperatures, reduces
the degree of evapo-perspiration in the leaves.
However, this protection is rarely installed to protect some important farms, as its installation and
handling costs are very expensive for large area farms.
As with other hailstone protection equipment, hailstone nets are not effective in the event of strong
hailstone storms. The consequences are potentially even more serious than for a completely unprotected
farm, because if the net structure collapses on crops, the farmer will often be forced to replant the entire
affected area.
Benefits
Very effective for most types of hailstone storms and also protects crops from bird attacks
Disadvantage
Very expensive, reducing sunlight for crops under the nets, the problem of spots on vehicles under the nets
when it rains.
For fruit orchards there are two types of hailstone systems. The choice depends on the place, the
way of planting and the type of soil:
• hut-type anti-hailstone system
It was the first anti-hailstone system used for plant protection, this system has the feature to facilitate
the unloading of hailstone, avoiding dangerous accumulations that can compromise stability
(http://www.morami.ro/articole/sistem-antigrindina-plat)
• flat anti-hailstone system
Flat hailstone system needs the same type of tie net used in the hut-type anti-hailstone system, the
percentage of net use is very similar to that used in the hut-type anti-hailstone system, but the height of the
poles is smaller to get the same the light for the passage used by cars. There are two different versions of
the flat anti-hailstone system [23]:
- fixing the net by elastic;
- fixing the net by clips.
Two other types of anti-hailstone system are used for vine plantations:
• "Gabardine" anti-hailstone system
• "Tendon" anti-hailstone system
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RESULTS
Manufacturers of anti- hailstone cannons
a) Eggers Hail Cannons (fig. 4) (https://www.hailcannon.com) is a manufacturer in New Zealand.
The anti-hailstone cannon is a shock wave generator used to disrupt the growth of the hailstone in the
growth phase. An explosive charge of oxygen and acetylene is ignited in the blast chamber. As the resulting
gas passes through the narrowed area and into the nozzle, it evolves into a flow that becomes a shock
wave. This shock wave, clearly audible as an intense thunder sound, then propagates at the speed of sound
in and through the cloud formations above, disrupting the growth phase of the hailstone.

Fig. 4. Anti-hailstone cannon Eggers Hail Cannons (https://www.hailcannon.com)

The device is triggered repeatedly every 4 seconds as the storm approaches and until it passes the
area. What would otherwise have fallen like pieces of ice turned into sleet or rain. It is essential that the
machine operates during the approach of the storm, to affect the forming hailstone. These machines cannot
change the shape of an already developed and solidified hailstone. The protected area for an anti-hailstone
system is a circle with a radius of about 500 meters, with a lower level of effectiveness, as the distance from
the device increases. Radar-controlled systems are available to replace the human factor required to turn the
unit on and off. Radio and mobile phone control is the standard method.
b) "Inopower" radar weather system (fig. 5) is a Belgian manufacturer whose website is the most
informative. It is our main competitor for Europe. Description of the anti-hailstone system: In an explosion
chamber, acetylene is injected which mixes with nitrogen and oxygen In the ignition chamber, oxygen is
injected under pressure to optimize the power of the explosion Nitrogen is also delivered separately to the
room because the air becomes too humid in case of storms and as a result the explosion loses much The
electronic components have also been renewed and encapsulated in a block of resin to prevent oxidation
and moisture problems (http://www.inopower.be).
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Fig. 5 "Inopower" radar weather system (http://www.inopower.be)

The cannon works with 8 bottles of acetylene compared to 6 bottles of the old model, so a lower
injection pressure can be used. This change improves security. Acetylene is a very explosive gas. The
ignition mechanism is encapsulated in the new cannon. At the old cannon, an explosion could be triggered
every 7 seconds. Thanks to the improved electrodes, the new cannon can generate an explosion every 5 to
6 seconds, and the explosions are 30% stronger, which improves the efficiency of the explosion and makes
the storm to be controlled faster.
The new system works with 24V solar panels, which is a safe voltage, given the atmospheric
electrical discharges during a storm and can be activated by a telephone signal.
There are also several types of silencers available as an option. Measurements "Inopower" Recent
images obtained by radar show that a storm front was broken by the hailstone cannon. The company and its
surroundings were protected from the hailstone. The problem was to put the cannon into action in time,
which means with at least 20 minutes before the storm can hit, and storm trends in the region can also be
tracked via Meteoweb radar images.
These radar images usually provide a good overview, but when a storm forms just above the
location, the system offers no guarantees, as a new radar image is introduced on the net only every 15
minutes. By measuring the differences in polarity in the air, developments can be seen long before they
occur. However, this technique is still under development. The aim is to create a table of values from which
the probability of a storm can be deduced and to provide users with a system of parameters to increase the
efficiency of the system. The tuna protects 80-90 hectares against hail (http://www.inopower.be).
c) Anti-hailstone tunnels Siri Aviation & Radtec Engineering Inc. (fig. 6) is a Colorado
corporation formed in December 1993.
Siri Aviation has advanced technology and a wide line of industry products such as RDR-250
magnetron, TDR 43-250 completely based on Klystron, up to mobile systems. It is a commercial provider of
weather radar that produces the entire radar system itself, including modulators, and antennas. It has
developed a modular radar architecture and the modules can be configured to meet the requirements of a
weather radar (https://www.indiamart.com/proddetail/anti-hail-gun-4440861512.html)
.
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Fig. 6 Anti-hailstone tunnels Siri Aviation & Radtec Engineering Inc.
(https://www.indiamart.com/proddetail/anti-hail-gun-4440861512.html)

d) Atlantify is a Bulgarian company that has developed a product that informs about weather
conditions that can affect the harvest.
The platform takes public data from the local Executive Agency - Hail Suppression. The data
provides the location and classification of clouds, using a Doppler radar, detected at an altitude of 2.5 km.
Clouds with reflectivity above 45 dBZ are considered dangerous. Based on predefined criteria by experts,
the system analyzes public data and sends notifications to the owners of ultrasonic cannons for the
suppression of recorded hail (Brook J.P., at al. 2021; https://www.atlantify.com/projects/anti-hail-cannonsoftware).
Each registered anti-hailstone cannon has a predefined warning and activation range. If a cloud,
classified as dangerous, is detected that crosses the warning interval, the system will send a warning
message to the owner. If the cloud crosses the cannon activation interval, the system will activate it
automatically or send an SMS to the owner to activate it manually (https://www.atlantify.com/projects/antihail-cannon-software).
e) Zenith (fig. 7) is an Armenian company that has developed a hailstone suppression system
designed to protect fields.
The Zenith hailstone suppression system is a steel shelter structure that houses acoustic cannons
equipped with: electronic ignition, remote control, autonomous electricity and gas distribution systems, jet
and fire extinguisher, as well as tanks filled with explosive gases. A special mixture of propane and butane is
used as an explosive fuel (https://www.indiscret.ro/2018/04/18/exclusiv-valcea-lanseaza-primele-racheteantigrindina/).
The Zenith hailstone suppression system is approved by the technical conditions and reviews of
specialists from the Institute of Atmospheric Physics of the Russian Academy of Sciences.
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Fig. 7 Zenith hailstone suppression system
(https://www.indiscret.ro/2018/04/18/exclusiv-valcea-lanseaza-primele-rachete-antigrindina/)

device.

The characteristics of the system are the following:
- Separate and / or network control
- Autonomous power supply by a solar battery
- Diagnosis and internal management
- Remote control of the status and operating parameters of the station
Parameter information is displayed on the screen of a computer or GSM mobile communication

The protection efficiency of the Hith Suppression System Zenith is 80%.
Zenith hailstone suppression systems:
- Zenith-TURBO® hailstone suppression system
The station protects an area of almost 100 hectares. It is equipped with 6 metal tanks, each filled with 20 kg
of gas.
- Zenith-TRIO hailstone suppression system
The station protects an area of almost 300 hectares. It is equipped with 10 metal tanks, each filled with 20 kg
of gas.
- Zenith-2500 hail suppression system
The system consists of 25 Zenith-TURBO® hailstone suppression systems and protects an area of
almost 2500 hectares. It is equipped with specialized weather radar for the early detection of hailstone
clouds.

1.

Anti- hailstone rocket:
a) The RAG-96 anti-hailstone rocket (fig. 8) is intended for the introduction into the clouds of special
active substances for the purpose of the artificial production of active nuclei. Thus, by burning a
special pyrotechnic composition containing iodinated compounds (AgI, KI) aerosols are generated
which are ejected through the holes provided in the housing of the useful component. These aerosols
act inside the hailstone generating clouds, preventing its formation (http://www.elmecph.ro/snacp/rag96.html).
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2.

Fig. 8 Racheta antigrindină RAG-96 (http://www.elmecph.ro/snacp/rag-96.html)

Characteristics:
- Caliber ................................................................82.5 mm;
- Length ................................................................1.4 m;
- Total weight ........................................................8.8 Kg;
- Payload table ......................................................0.66 Kg;
- Number of active nuclei formed ..........................3 x 1E + 15;
- Maximum trajectory height ..................................9,300;
- Maximum beat .....................................................12.000m;
- Time of self-destruction ........................................cca.41- 45 sec.
CONCLUSIONS
A single case of hail, at a critical stage of plant development, can lead to a total compromise of that
year's harvest.
Current technology does not provide 100% hail control efficiency against an already formed hail
formation, so hail control procedures should be initiated a few minutes before the storm forms or arrives.
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ABSTRACT
The Covid19 pandemic that started in early 2020 has affected the whole world and affected the way we live,
work, travel etc. Like this, there have also been big influences on the whole agri-food value network and
hence on agri-food clusters in the Danube Region. A major objective of the DS3C project is to foster
transnational cluster cooperation in agri-food and providing policy recommendations in that regard, which
must reflect and consider all the developments initiated or promoted by the global pandemic. Hence, it was
conducted a transnational analysis of Covid19 impacts on agri-food clusters.
REZUMAT
Pandemia de Covid19 care a început în prima jumătate a anului 2020 a afectat întreaga lume, dar și modul
în care trăim, muncim, călătorim etc. Astfel, au existat influențe mari asupra întregii rețele de valori
agroalimentare și, prin urmare, asupra clusterelor agroalimentare din Regiunea Dunării. Un obiectiv major al
proiectului DS3C este de a promova cooperarea transnațională a clusterelor în domeniul agroalimentar și de
a oferi recomandări de politici în acest sens, care trebuie să reflecte și să ia în considerare toate evoluțiile
inițiate sau promovate de pandemia globală. Prin urmare, a fost efectuată o analiză transnațională a
impactului Covid19 asupra clusterelor agroalimentare.
INTRODUCTION
Since 2020, there have been big changes for the whole agri-food value network and hence on agrifood clusters in the Danube Region. This is due of course to the Covid19 pandemic that started in early 2020
and has influenced the whole world and affected the way we live, meet and travel, but also how we work,
shop and eat. These global changes have also affected many sectors of the economy, for better or worse,
including the agri-food sector.
One of the main objectives of the Danube S3 Cluster project was to provide additional policy
recommendations and create a framework for the Covid19 Pandemic Response Plan specially designed for
agri-food clusters. These recommendations are based among other things on a transnational analysis of the
Covid19 impacts on agri-food clusters in the Danube region. The transnational analysis is itself composed of
individual regional analyses of all partner regions of the Danube S3 Cluster project. This analysis is helping
to achieve the first specific objective (SO1) of the Danube S3 Cluster project, that is, to “develop smart and
coordinated cluster policies and related implementing instruments in the Danube region, using the smart
specialization approach”.
To conduct the regional analysis, the Romanian partner, INMA has provided a methodology (D7.2.1)
that detailed the process of the analysis to ensure an easy comparability of the results. The Romanian
partner alongside the other partners combined information from desk research, interviews and
questionnaires to conduct a PESTEL analysis. The main results from the PESTEL analysis and not only,
were summed up as diagnosis and recommendations, which can be found in the following.
MATERIAL AND METHOD
In order to conceive the analysis, more precisely to have actual results,a questionnaire was created
and sent to different entities such as clusters, cluster members, NGOs, etc. in the following forms: the link
with the English version to which 1 cluster answered, the link with the Romanian version to which 14
clusters/cluster members/agencies answered and via e-mail a word document in Romanian to which 1
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cluster answered. There were 10 clusters from agri-food sector, 6 representatives from cluster’s members
(companies/RDI institutes/universities/NGOs) and agencies.
The questionnaire’s content is represented as follows: I.1 The PESTEL analysis - Impacts of Covid19
on the agro-food sector in general: political impacts; economic impacts; social impacts; technological
impacts; environmental impacts; legal impacts and I.2 Impacts of Covid19 on clusters in the agri-food sector,
summarizing the results of the PESTEL analysis: demand for cluster services; interests of regional decision
makers; percentage of measures to remedy negative impacts.
Table 1
English version
https://forms.gle/z1AwQy2cXv3YY88k9

Questionnaire versions
Romanian version
https://forms.gle/deM5Mj5kjxjw11Uq6

Word document

Chestionar impact
Covid 19_Ro_INMA_0

Details regarding the institution / position of the respondents are presented in Table 2.

Table 2

Details regarding the institution / position of the respondents
Crt.
No

Institution

No. of completed
questionnaires

Subsector of the
agri-food sector

Position

1.

Virtual Bio-economy Cluster

1

Cluster in Bioeconomy

Cluster Manager

2.

National Research-Development
Institute for Biotechnologies in
Horticulture Stefanesti-Arges

2

RDI public institute/
Biotechnologies in
Horticulture

Researcher

3.

SC IPA SA

1

RDI private institute

Cluster member

4.

University of Craiova

1

Higher education in
agriculture and agrofood

Cluster member

5.

Agency for Regional Development
South West Oltenia

3

Cluster organization
of a cluster in agrofood

Cluster organization
representative

6.

SC SPICUL ETAP SA

1

Company in Food
industry

Cluster member

7.

Nova Consult SRL

1

8.

INCDMTM - Bucharest

1

9.

Union of National Branch of
Cooperatives in the Plant Sector

1

10.

Cluster ProEco Isverna Association

1

11.

AgroTransilvania Cluster

1

Cluster in agro-food

Cluster manager

12.

Agency for Payments and
Interventions for Agriculture –
County of Dambovita Centre

1

Agency

Agency
representative

13.

IND-AGRO-POL cluster

1

Cluster in Bioeconomy

Member of advisory
board of the cluster

RESULTS
I.1 Impacts of Covid19 on the agro-food sector in general
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Company in Solar
plant production
RDI public institute
Association of
agricultural
cooperatives
Cluster in fruit
growing

Consultant
Cluster member
Executive manager
Cluster
representative

INTERNATIONAL SYMPOSIUM

Political impacts

Fig. 1 - Political impacts

Regarding the political impacts on the agro-food sector there were difficult imports, difficult sales, and
export volume was reduced and the HoReCa business was affected. The practical training of future agrofood specialists has suffered as a result of restrictions. A lot of companies had to close and people had to
return to rural areas. Also because of the restrictions for staying at home, hunting was no longer possible
and an uncontrolled breeding of wild boars leads to disasters such as the spread of African swine fever
which had serious and irreparable effects both on agriculture and on human and animal health. The closing
of markets and restaurants affected the sales volume and the structure for agro-food products demand.
As measures for these impacts, programs to support the agro-food sector were adopted in order to mitigate
the effects of the pandemic. As an example between September 2020 and August 2021, APIA developed
state or European-funded aid schemes to support the activity of farmers in the poultry, pig, cattle sectors, but
also for producers in the wine sector.(Agenţia de Plăţi şi Intervenţie pentru Agricultură, 2020)
In Romania the central bank not only has the role of monetary authority but is at the same time
regulatory and competent authority for micro-prudential supervision of credit institutions, while also having
responsibilities for the operation of payment systems and financial stability, the latter role being exercised
under an inter-institutional collaborative framework by participating to the activities of the National Committee
for Macroprudential Oversight.(Badea L., 2021)
Economic impacts

Fig. 2 – Economic impacts
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Regarding the economic impacts on the agro-food sector the product demand was reduced in the
HoReCa sector. There was lack of raw material which led to unjustified increase in prices (for example palm
oil). Due to the lack of human resources, farmers had to reduce production, and this influenced prices. In
addition, the agricultural sector has lost very important customers with the closure of hotels and restaurants.
There was a decrease of the demand for specific products mainly due to the restrictions imposed in the
restaurant area as well as increase in the demand for online purchase of products. These have led to the
need for new business models, the area of online acquisition developing a lot. As measures for these
impacts MARD has established the development of aid schemes for breeders in the poultry, pig, cattle and
wine producers as a result of the difficulties reported by them.
Agrifood tech, which addresses areas such as raising productivity and reducing agriculture’s carbon
footprint, is poised to grow in Romania, which combines one of Europe’s largest agricultural areas with a
strong IT sector. The sector is currently in its infancy in Romania, and the funding raised by local startups is
a tiny fraction of the Europe-wide total, yet there are a growing number of companies in areas from Internet
of Things (IoT) to biotechnology to e-grocery delivery, the last area being strongly stimulated by the
pandemic that saw Romanians looking at new ways of buying food and seeking out local products.
(Nuttall C., 2021)
In the medium and long term, revenues generated by the business services sector will increase. The
pressure put on costs, globally, determines companies to rethink the cost structure, opting for the
consolidation of services to economically attractive destinations and the quality of human resources.
Romania is doing well in this regard, so the situation generated by the pandemic may be an advantage for
this industry. (Constantin A., 2020)
Social impacts

Fig 3 – Social impacts

Regarding the social impacts on the agro-food sector there were transportation problems due to
drivers / mechanics staying at home. Because of structural reorganization, many jobs were lost and staff had
to be fired. Agro-food producers have faced a shortage of labor due to the cessation of the free movement of
seasonal workers. There was an impact of the Covid19 pandemic on the social sector materialized
especially by the increase in the number of employees working from home and the increase in the demand
for local products in the agro-food sector due to import restrictions.
The optimism of Romanian CEOs regarding the global economic recovery has reached the highest
level in the last ten years, with 60% of respondents believing that the economic situation will improve in the
next 12 months, according to the CEO Survey 2021 report by PwC Romania, quoted by Agerpres. The level
of optimism has tripled over the past year, which is not surprising, given the evolution of the pandemic
globally and in Romania. Although they are more optimistic than in previous years, CEOs in Romania are
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proving to be more cautious in their forecasts than their global counterparts (76%) and those in Central and
Eastern Europe (64%), according to the PwC survey. (Chirileasa A., 2021)
Technological impacts

Fig 4 – Technological impacts

Regarding the technological impacts on the agro-food sector there was a development of on-line
marketing and sales techniques. Also a number of new ways of marketing and distributing agro-food
products (with home delivery and consumer demand) have emerged and new ways of capitalizing and
disseminating technological knowledge through online platforms have been developed. There was decrease
in bulk product consumption and an increase in demand for individually packed. The number of events
organized on the Internet has exponentially increased.
Environmental impacts

Fig 5 – Environmental impacts

Regarding the environmental impacts on the agro-food sector there was an increase in the demand for
environmentally friendly products, from short supply chains, which has generated a reduction in the negative
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impact on the environment. The pollution generated by certain vehicles has been greatly reduced due to
circulation restrictions. Also, the level of pollution of some urban and rural centers was substantially reduced
during the night. The level of pollution decreased due to the closure or decrease of the activity of some
companies during the lockdown period and after. There was a reduction in passenger transport due to
working from home.
Legal impacts

Fig 6 – Legal impacts

Regarding the legal impacts on the agro-food sector there were changes in work conditions by
implementing, Hygiene-sanitary measures. There were regulations imposed on the limitation / closure of
business activity (restaurants, farmers, markets of agro-food products, shops, factories). The legal impact
was determined by specific laws and regulations imposed: home office; hygienic-sanitary measures at
specific workplaces and in markets.
According to the definition in the Romanian Civil Code, “force majeure” is any external, unforeseeable,
absolutely invincible and unavoidable event. It should be mentioned from the outset that its effects are
covered by virtue of the law, without the need for an express clause, provided that the parties have not
contractually agreed to the contrary (to establish liability even in case of force majeure). However, the party
invoking force majeure for the impossibility of performing a contractual obligation must prove the causal link
between the invoked event of force majeure and the non-performance of the obligation, as not every
unforeseeable circumstance can be considered an event of force majeure. (Noerr, 2020)
I.2 Impacts of Covid19 on clusters in the agri-food sector, summarizing the results of the PESTEL
analysis
The clusters have adapted, the new hygienic-sanitary conditions and the prevention and control of the
pandemic have been respected. Many more activities were organized on online platforms, and they also
adapted to the remote-working system.
At the level of the Romanian Cluster Association, the Cluster working group against Covid19 was
created, of which the clusters in agro-food and related sectors were parts. Thus, opportunities for
collaboration, especially cross-sectoral, were identified in the context of the pandemic. Some cluster’s
members were involved in the development and implementation of specific technologies (e.g. for the
disinfection of storage areas for agro-food products and the products themselves by using UV-C technology).
Also, a large part of the cluster’s members adapted their business model focusing on the online services.
The cluster organizations developed and offered online services for the cluster members (online advisory
session, innovation audits and brokerage events).
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How did the demand for cluster services change due to the pandemic?

Fig 7 – Demand for cluster services

Was there any interest of regional decision makers for input from clusters to find ways to mitigate the
impacts of the pandemic?

Fig 8 – Interests of regional decision makers

If yes: Please specify how clusters were included in decision making.
Local and national public authorities have had a number of bilateral meetings with cluster's representatives
in order to adapt to new working conditions.
Participation to conferences in order to identify and propose measures / solutions.
The clusters were consulted in terms of identifying specific public funding instruments such as the national
resilience and recovery plan.
Were there any measures (financial programs, new laws or regulations …) to remedy negative impacts on
cluster members or whole clusters in the agro-food sector?
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Fig 9 – Percentage of measures to remedy negative impacts

If yes: Please specify what measures there were.
Establishment of "green color" to maintain food circulation in Europe. (European Green Deal, 2020)
a) Together with the EU countries, “green color” has been created to ensure the functioning of the single
market. These green, based on essential border crossing points, imply possible checks when crossing the
border of up to 15 minutes. It is now allowed to pass all the goods, including agro-food products.
b) Qualification of seasonal workers as "critical workers"
Practical guidelines have been published to ensure that mobile workers whose activity is considered
essential in the fight against the pandemic of Coronavirus can reach the workplace. Seasonal workers are
essential for the agricultural sector, especially for activities such as harvesting, planting and care, the more in
the current season.
c) Postponement of rates.
Payment suspension, according to GEO 37/2020 (Portal Legislativ, 2020), modified by GEO 227/2020
(Portal Legislativ, 2020), consists in the suspension, at the request of the client, of the payment obligation of
the rates (representing capital rates, interests and commissions of the credit) by up to 9 months (in
depending on the customer's option).
There have been financial programs to reduce the negative impact of the Covid pandemic19 on companies,
including cluster’s members in the field of agro-food such as call "Support for SMEs to overcome the
economic crisis generated by the Covid19 pandemic" in the Competitiveness Operational Program
(structural funds) (Fonduri UE, 2020). Within the national plan for research, development and innovation, 7
competitions dedicated to research and innovation in the fight against Covid19 were launched. An
eLibrary.snspa.ro virtual library was created within the state of emergency imposed by the government in the
context of the pandemic in which works from various fields can be read and downloaded (SNSPA, 2021).
The Covid-19 research hub initiative was launched, which promotes the efforts of Romanian universities and
research institutions in the fight against Covid19 (Ministerul Educatiei – UEFISCDI, 2020). Non-reimbursable
grants under the national investment and economic recovery plan, such as: Working capital grants for the
resumption of economic activity for SMEs; Grants for investments and for the economic reconversion of
SMEs; Grants for the digitization of SMEs; Grants for the digital education of company employees etc.
(Ministerul Investitiilor si Proiectelor Europene, 2021)
Under Regional Operational Programme 2021-2027 for South Muntenia Region (SM ROP) (ADR Sud
Muntenia, 2021), the analysis carried out within the Country report 2020 illustrates that one of the vulnerable
points of the Romanian economy derives from a slower pace of transformations than necessary for Romania
to overcome the status of a less developed country having an economic structure dominated by SMEs
concentrated in low value-added areas and specialized in labor-intensive activities. At this time, it is
estimated that the national economy will contract sharply in the next period following the impact of the
COVID-19 pandemic, which will severely affect regional competitiveness. Thus, the ROP interventions aim to
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reduce the negative effects of the market failures. In particular, as market instability is expected to increase
due to the Covid 19 crisis, the Strategic Objective 1 of the South Muntenia Regional Operational Programme
aims to strengthen the business environment, including agri-food (one of smart specialization priority) and
clusters, making it more robust and competitive based on improving the innovation capacity of SMEs. The
main risk is, in fact, that without public intervention, worsening business conditions can create disruptive
effects on regional economic growth, increasing regional economic disparities - with effects on the social
context - and limiting the possibility of stimulating economic development and the recovery process of the
region's economy. In terms of digitalisation, without EU investment, the digital divide between South
Muntenia region with the rest of RO and the EU would be very difficult to bridge, with negative effects on the
quality of public service as well as on the overall competitiveness of SMEs in the region. More specifically,
Priority Axis 1 of the SM ROP will focus its interventions on the direct approach, mainly, of incomplete
markets and the underproduction of commodities:
• Supporting technology transfer for the benefit of SMEs and developing the innovation capacity of the
regional economy.
• Investments to support the adoption of digital technologies and tools by SMEs and smart city and smart
village solutions by the public administration.
• Investments to stimulate the growth of SMEs, including the development of skills at the level of SMEs.
All these interventions will take place in the context of RIS3 which will also contribute to strengthening the
general governance for the economic innovation policy in the South Muntenia Region. This will also help
reduce market instability caused by regulatory failure.
Finally, by improving the regional business environment, making it more innovative and competitive, Specific
objective 1 will also indirectly help to limit the negative effects of unstable markets and improve the
attractiveness of the regional business environment for potential investors.
CONCLUSION
During the Covid-19 pademic, the Agro-food sector in South Muntenia Region, same as in other
regions in Romania, was confronted with a reducion of product demand in HoReCa sector and with a lack of
raw material, which led to an unjustified increase in food and raw material prices. The crisis situation
generated by the pandemic and the fact that the population was going through a period full of uncertainties,
generated a chaos in terms of purchasing goods from local producers. Especially due to the fact that news
was connecting the pandemic to a farmers’ market in China. Also, the lockdown made it difficult for people to
conduct their purchase of food as usual, preferring to shop in supermarkets where they have available a
wide range o products, including food.
As a solution for the future, we recommend that the Agriculture and the Food Industry must be
considered and treated as Romania's strategic priorities for food security, protection of those working on
farms, ensuring the supply of inputs, guaranteeing food security and safety of citizens, and for these reasons
the Government must declare them strategic areas. And also, we recommended to encouraging farmers to
attend training courses to learn how to change their business model, including how to improve their selling
methods, including using digital tools to promote their business/products, manage an online shop, increase
their sales by providing delivery services and create/adjust their business strategy in order to become more
competitive and resilient. The crisis emphased the fact that business need to become more innovative and
more opened to changes in their business in order to manage to overcome the issues encountered.
Additional support for farmers can be by encouraging them to join cluster, DIHs, cooperative and other
forms of organization in order to have better access to information, support, customers, etc.
We believe that now would be the time for adequate support for both the education and training segments for
human resources involved in these sectors and the applied research-development-innovation segments that
would produce solutions for the present and for different time horizons. Thus, a series of important objectives
foreseen in the Development Strategies can certainly be achieved.
As an additional measure for the restart of agricultural economy, farmers need to be helped by
banking regulation, interest rates and credit programs for agro-food sector and tax provisions as applied to
food and agriculture, including possible differential treatment and tax incentives for investment, R&D and
innovation. The agriculture environment can also be supported by implementing ICT programs adapted to
this sector, and it is also important to promote the trade & investment that can be helped by protection import
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and export including on services, custom procedures, non-tariff measures and investment regulations.
Tariffs, taxes or subsidies to imports or exports, as well as other interventions in domestic markets,
measured as market price support.
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ABSTRACT
A dynamic system of material/energy cycle exists in every pond, broadly between all living species
and the non-living environment, which are inseparably connected and operate upon each other in
nature. Inorganic and organic components are among the non-living elements found in pond
ecosystems. These constituents stay in solution in pond water, as well as in reserves in bottom
deposits and in living organisms (plants and animals). The approach of fish polyculture is centred on
the comprehensive use of a pond's many trophic and spatial niches in order to maximize fish output
per unit area. Different compatible species of fish from various trophic and geographical niches are
farmed in the same pond to take use of the pond's natural food sources. This present paper aims to
briefly describe the main elements that must be considered when establishing a fish farming system
using the principles of polyculture.
REZUMAT
Un sistem dinamic al ciclului materie/energie există în fiecare iaz, între toate speciile vii și mediul
neviu, care sunt inseparabil conectate și acționează unul asupra celuilalt în natură. Componentele
anorganice și organice se numără printre elementele nevii găsite în ecosistemele piscicole. Acești
constituenți rămân în soluție în apa iazului, precum și în rezerve din depozitele de pe fundul acestuia
și în organismele vii (plante și animale). Abordarea de creștere a peștilor in policultură este centrată
catre utilizarea mai multor nișe trofice și spațiale ale unui luciu de apă pentru a maximiza producția de
pește pe unitatea de suprafață. Diferite specii compatibile de pești din diferite nișe trofice și
geografice sunt crescute în același iaz pentru a folosi sursele naturale de hrană ale iazului. Lucrarea
de față își propune să descrie pe scurt principalele elemente care trebuie considerate la stabilirea
unui sistem de piscicultură utilizând principiile policulturii.
INTRODUCTION
Polyculture, also known as mixed fish farming is the cultivation of various fast-growing
compatible fish species with different feeding habits in the same pond in order to take advantage of
the various ecological niches available and achieve high production per cultivated area of water body
(Chang et. al, 2019; Gormaz et. al, 2014, FAO, 2018). A pond may be classified into three separate
zones based on its depth: top surface zone, middle column zone, and bottom zone. A specific species
feeds on the food of a certain zone and uses directly or indirectly manure generated by other species
(Aarset et. al, 2004; Marta et. al, 2020; Neori et. al, 2004).
Fish may be raised in a variety of methods, from large ponds with no feeding or fertilization to
complex recirculating tank systems with high-protein diets, water treatment, and oxygenation. Earthen
ponds may produce fish entirely from solar and biological energy, requiring less industrial energy per
kilogram of fish produced than more intensive systems such as concrete raceways and recirculating
systems (Chopin et. al, 2012).
In order to establish polyculture, must respect the following principle: when multiple species of
fast-growing compatible fish, inhabiting distinct biological niches in a pond or other water body, are
grown together, they must efficiently use all of the food sources available in the pond while avoiding
affecting one other (Olsen and Osmundsen, 2017).
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Therefore, the main objectives of a fish farm that wants to implement the principle of polyculture
are the following:
(A) To maximize fish productivity or yield.
(B) To make use of all potential niches.
(C) The farmed fishes must not damage the ecosystem.
(D) Although there should be no direct competitiveness between the cultivated fish species, each
species may have a favorable effect on the growth and development of the others. For example,
grass carp turn plant tissue into fish meat by ingesting aquatic vegetation, while their excreta fertilize
the pond, benefiting all other species.
(E) Some fish species are bred for specialized tasks in preserving water quality in ponds, such as
eating on garbage that has collected there. Common carp and mrigal, for example, eat the feces of
grass carp and silver carp, which contain a lot of nitrogen.
(F) Pairing of fish species produced is focused on one or two species as the major ones, with the
others serving as secondary compatible species that would use the food resources that would
otherwise be squandered.
Farmers noticed that the eating patterns of the animals differed, as did their choices for natural
food sources. As a result, the idea of altering stocking patterns based on the availability of natural
food and the niche held by each species in the ponds developed. As a result, by cultivating
compatible species combinations in traditional production methods, it might be profitable (Girard et.
al, 2017; Tacon et. al, 2013; Mangano et. al, 2019).
This method could successfully lead to the use of a considerably bigger volume of food
resources and the development of a symbiotic interaction between the system's cultivated species.
This would result in increased output at a smaller price, while the agricultural environment would be
maintained at reasonable standards.
The microbial population at the pond-sediment interface can mineralize organic agricultural or
animal wastes of low nutritional quality. The inorganic nutrients can accumulate in the pond substrate
or can be used by primary producers (phytoplankton), which can also serve as fish feed. Atmospheric
nitrogen may be absorbed by nitrogen-fixing phytoplankton with proper management. Fishponds have
been proposed as a technique of enhancing inland fish output in underdeveloped nations for these
reasons (Azeredo, 2017).
Fishponds may be valuable components of integrated tropical farming systems, in addition to
providing nutritional advantages. Integrating fishponds with other agricultural operations has the
potential to provide synergistic impacts throughout the entire farm. Crop and animal wastes may be
converted into high-quality fish protein and fertile pond mud in fishponds, which improves nutrient
cycling. Ponds can also help with water management and boost lowland production. Fishponds boost
the productivity and efficiency of agricultural systems, potentially leading to greater sustainability, by
increasing the diversity of species, the number of resource flows, total farm output, and net farm
revenue.
Aquaculture system modeling may produce large fish yields exclusively from agricultural byproducts and trash under well-controlled settings on experimental research sites. However, putting
such linked systems into practice on a farm has proven challenging. Despite its promise, IAA systems
have been limited in their adoption by large groups of farmers due to socioeconomic and biotechnical
restrictions (Milstein et al, 1992).
Dose-response experiments and statistical analysis are used in traditional agricultural research
to solve productivity issues. Experiments like this can reveal a lot about how a system works under
certain conditions, but extrapolating study findings to other areas is tough. Furthermore, as compared
to animal production, the variety of possible aquaculture species is huge. The number of possible
feeds and fertilizers is also huge. The impacts of soil type, water parameters, and climate are
superimposed on them. Furthermore, there is a lot of variation in agricultural techniques (rice vs.
maize, irrigated vs. rainfed, lowland vs. highland, etc.). To cover all settings, a massive amount of
experimental effort would be required.
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Despite the wide range of factors impacting pond fish productivity, the physical and biological
mechanisms that support them are comparable. The same zooplankton and algae species may be
found in fishponds all around the world. The relative significance of the various groups in the pond
may change, as well as the rates at which processes occur; nonetheless, the fundamental linkages
between them are the same (Bacher et al, 2015). Similar similarities in nutrient and energy cycles
may be discovered among the many agricultural operations at the farm system level. The fundamental
physiological and ecological processes that occur in ponds and on farms provide opportunities for a
production ecology approach based on systems analysis. Pond and farm models in general may be
useful in understanding how pond and farm systems work.
MATERIALS AND METHODS
Polyculture is most commonly made up of three Chinese carps (bighead, silver, and grass carp)
plus the common carp. Other species may be utilized as well. While fish are classified into major
groups based on their eating patterns, there is significant overlap. The following are descriptions of
the feeding behaviour categories and examples of fish from each group (Troell et al., 2009; Yokoyama
et al., 2010).
The main groups of fish families according to their food-type are the following:
Plankton Feeders - Because plankton is frequently the most abundant food in a pond, a
polyculture system must contain a plankton-feeding fish. This kind of fish eats the microscopic, freefloating plants (phytoplankton) and animals (zooplankton) that thrive in fertilized ponds.
Herbivores - are fish that eat on aquatic plants. Ctenophanjngodon idella, the grass carp, is
well known for this behaviour and is commonly supplied in ponds to manage weeds.
Bottom Feeders - These fish eat predominantly at the pond bottom. They eat decaying organic
materials, as well as aquatic creatures including clams, insects, worms, and snails, as well as
bacteria residing in or on the sediments. This behaviour is widely known in the common carp,
Cyprinus carpio.
Piscivorous Fish - These predatory fish feed on other fish species, requiring 5 to 7 g of food to
grow 1 g. They're commonly placed in ponds to prevent undesired reproduction, especially in tilapia
and other fish that enter the pond with the water supply and compete with the supplied fish for food.
The average weight of prey species increases when predator fish are added to a polyculture system.
A carnivorous fish that eats little prey is the most efficient. This keeps the prey from becoming large
enough to compete for food with larger fish in the same species. In most parts of the world, the use of
predator fish in polyculture systems is still experimental. In tiny ponds, stocking the exact amount of
predator fish to establish the same predator/prey balance as in nature is nearly impossible. Predator
fish are often planted at rates of 5 to 20 fish per 100 m2 of pond surface area in small-scale
aquaculture to entirely regulate prey species reproduction.
RESULTS
The biology of aquatic species, such as feeding, water flow and temperature requirements, and
disease prevention, as well as engineering design, such as water source and water quality studies,
pond and tank containment systems, water filtration, and aeration, are all taken into account in
successful aquaculture.
Through the control of a variety of organism full life cycles, current aquaculture technology
allows for the economic and practical production of a variety of creatures. The seeding material (made
of larvae and juveniles) are created under controlled conditions, beginning with broodstock
development, eliminating the requirement for juveniles to be collected from the wild. Aquaculture
necessitates a complete knowledge of each species behavior, habitat and environmental needs,
reproductive biology, dietary requirements, larval and juvenile physiology, and disease susceptibility
under culture conditions. Furthermore, it entails the creation of all areas of fish husbandry, such as
the facilities needed for different phases of the life cycle, such as broodstock holding tanks/sea
cages, nursery tanks/cages, grow-out facilities, feed development, fish handling methods, and
disease management (Zhang et al., 2019).
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Unsustainable fishing methods, large-scale aquatic pollution, commercial exploitation of aquatic
environments, and loss of main breeding environments like as mangrove forests and coral reefs have
all contributed to the depletion of fisheries resources across the world. As aquaculture practices have
become more intensive across the world, excessive amounts of antibiotics, PCBs, pesticide residues,
and heavy metals have accumulated, causing significant environmental harm. Organic aquaculture is
the only way to boost fish output in a way that is both sustainable and environmentally friendly.
Organic aquaculture is the production of high-quality products in a sustainable aquatic
ecosystem while minimizing negative impacts on natural resources and the environment, as well as
preserving genetic variety and species richness in a natural system.
Because intense growth strategies have prompted concerns and criticism for diverse
environmental repercussions over time, the most recent approaches to sustainable agriculture
demand closer attention to the way farming operations influence the environment (Celik et. al., 2003;
Nenciu et. al., 2021; Saheb-Koussa et. al., 2011). One of the primary difficulties in the case of highperformance fishing farms is the large amount of energy required in the operation and management
operations, as well as wastewater treatment inadequacies (Maouedja et. al., 2014). Sustainable
development requires a balance of energy availability, accessibility, economic viability, environmental
effects, and social interactions (Saheb-Koussa, 2011; Nenciu et. al., 2014). Energy forecasting is a
critical component of any farm's conceptual framework for implementing sustainable energy policy.
CONCLUSIONS
Polyculture is an effective approach to get the most out of the natural food in a pond. When
feeding fish species with specialized eating patterns in the same pond, however, pond management
becomes more challenging since appropriate fertilization and feeding methods must be maintained. If
the number of species available for polyculture is severely limited because to a lack of fingerlings, at
least one species should have a generic rather than specialized eating behavior. This will make it
possible to use more of the available natural food.
Organic aquaculture is a way to mitigate the negative consequences of industrial aquaculture.
The importance of organic aquaculture in the creation of sustainable and environmentally friendly
aquaculture cannot be overstated. Organic aquaculture, like other food producing businesses, has a
certain level of consumer interest. However, many believe that current aquaculture operations are
already organic in principle but do not fulfill the tight legal regulations, therefore they have been
reticent to adopt the organic standard.
Principles of organic aquaculture involves the following particularly important issues (Mokhlesur et.
al,1992):
 Environmental impact assessment
 Hormones and antibiotics are not used in natural breeding processes.
 There will be no usage of inorganic fertilizers.
 Farm management that incorporates natural plant communities
 There are no synthetic pesticides or herbicides used.
 Certified organic agricultural and fisheries feed and fertilizer
 Organic sustainability requirements for fishmeal sources
 GMOs (Genetically Modified Organisms) are not present in stocks or feed.
 Limits imposed on stocking density
 Consumption of energy is limited (e.g. regarding oxygenation)
 Natural therapies are preferred.
 Processing only in organic facilities that have been approved
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ABSTRACT
Excessive fishing and the global economic situation have forced aquaculture in all countries to reorient
themselves and look for other development solutions. Raising fish in floating ponds (floating ponds) has gained
the trust of fish farmers in recent years, and in Romania this sector is evolving. This article presents the
technical equipment designed for the maintenance of floating nurseries, equipment which are used on the
ground and not underwater. The construction of floating fish nurseries differs from one manufacturer to
another, but the main part that is component of any floating nursery is the net. During the stay of the fishes
inside the nursery, there is a loading of the meshes of the net with vegetal material. This favours the
appearance of diseases in fish, their breathing is difficult, which is why it is necessary to periodically clean
these nets. For the cleaning of the nets, various constructive solutions of equipment have been found to carry
out their maintenance, from the simplest to the more and more complex solutions. In this article, we focused
on the solutions adopted for the equipment for cleaning the nets in the floating pools, during the period of nonuse of them, cleaning that takes place on the surface and not under water.
REZUMAT
Pescuitul excesiv si situația economica mondiala au forțat acvacultura din toate tarile sa se reorienteze si sa
caute alte soluții de dezvoltare. Creşterea peștilor in viviere plutitoare (viviere flotabile) a câștigat încrederea
piscicultorilor in ultimii ani, iar in Romania acest sector este in plina evoluție. Acest articol prezinta
echipamentele tehnice destinate asigurării mentenanței vivierelor flotabile, echipamente utilizate la sol si nu
subacvatic. Construcția vivierelor flotabile diferă de la un producător la altul, dar piesa principala care intra in
componența oricărei viviere flotabile o constituie plasa. In timpul staționarii peștilor in interiorul vivierei, are loc
o încărcare cu material vegetal a ochiurilor plasei. Acest lucru favorizează apariția unor boli la pești, respirația
le este îngreunată, motiv pentru care este necesara curățirea periodica a acestor plase. Pentru curățarea
plaselor, s-au găsit diverse soluții constructive de echipamente care să realizeze mentenanța acestora, de la
cele mai simple, la soluții din ce in ce mai complexe. In acest articol, ne-am focusat pe soluțiile adoptate pentru
echipamentele destinate curățării plaselor din componența vivierelor flotabile, pe perioada de neutilizare a
acestora, curățare care are loc la suprafaţă şi nu sub apă.
INTRODUCTION
Following the growth of world fish consumption, the development of industry and agriculture, the
introduction of new technologies is required, while maintaining low and competitive production costs.
One such concept refers to the integration of aquaculture into irrigation canals, ie the dual use of the
same water, first for fish production and later for irrigation.
The development of aquaculture as a complementary activity in irrigation canals for agriculture is a
new concept, still unexplored in Romania. Aquaculture developed in irrigation canals is a concept that
integrates aquaculture with agriculture and is expected to be developed to maximize water efficiency through
the design and location of facilities and the establishment of fish farming technologies in small bodies of water
(irrigation canals). ), through the initial use of irrigation water for fish farming and later through the irrigation of
agricultural plantations with nutrient-rich water, resulting from specific aquaculture activities.
Fish floating nurseries are a modern, intensive solution for fish farming. Due to its effectiveness and
government subsidies, this option has gained more and more followers among fish farmers.
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This method eliminates the costs of ponds management, facilitates the monitoring of fish evolution
dynamics and provides continuous control over all links in the technological flow. In addition, floating nurseries
are easily transported from one place to another.
While the nursery concept itself is not new, the quantification of its effects is still in a preliminary stage.
Moreover, the effect of the location of fish farms on irrigation canals has not yet been studied.
The net chosen for the manufacture of floating nurseries must be designed and dimensioned for the
environmental conditions in the area (currents, waves and wind). Depending upon the location and the material
used for making the cage, deposition on it may vary, but basically it contains: algae, sponges, hydroids,
polychaetes, molluscs, ascidians and bryozoanes, shells or various deposits, (Fig.1), that affect net condition.
Biofouling occurs as a result of settlement, attachments and growth of sedentary and semi-sedentary
organisms on net cages placed in the sea (Bannister J. et al., 2019; Stefan V. et al, 2019).

a)

b)

c)
Fig. 1 – Net with algae loads (Dhanasekaran et al.)

It has been observed the need to wash the nets that are part of the floating ponds, because over time,
they can accumulate mud, algae, shells or various other deposits that affect the condition of the nets and how
to use them later (Fig.2). The nets may become heavy and, in the worst case, break. The development of
algae on nets can also cause symptoms of disease and stress in fish biomass.

Fig. 2 – Water flow in both conditions: clean net and fouled net (Stefan V. et al, 2019)

That is why it is necessary to periodically clean the bio-deposits on the nets. At the same time, if the
nets are disused and need to be stored, they must be pre-cleaned (Stefan V. et al., 2019).
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Biofouling, the unwanted growth of organisms such as algae or mussels, growing on the nets of fish cages
is a multifaceted problem in Norwegian aquaculture. Biofouling is especially challenging since the Norwegian
salmon industry relies on cleaner fish to reduce the number of salmon lice on the cultured fish. However, given the
chance, the cleaner fish prefer to feed on biofouling instead of the lice, resulting in increasing lice numbers in cages
with biofouling growth.
The most common antifouling strategy employed in the Norwegian industry is the use of copper coated nets
that are regularly cleaned by high-pressure washers. Unfortunately, today's cleaning technologies are lacking
efficiency. One of the problems is that high-pressure cleaning leads to abrasion of the copper coatings, potentially
impacting the environment, and is not compliant with the Aquaculture Stewardship Councils (ASC) Salmon
standard. In addition, there is strong suspicion that waste material released during cleaning can damage the gills
of salmon (https://www.sintef.no/en/projects/2012/development-of-rov-as-a-tool-for-automated-simulta/).
The Norwegianresearchers conducted extensive field testing of 3 alternative cleaning technologies (lowpressure cleaning, cavitation cleaning and suction cleaning) to compare the cleaning efficiency and the impact on
the net and coating to effects of high-pressure cleaning. Preliminary results show that cavitation cleaning can be
similarly effective in removing biofouling as high-pressure cleaning. Low-pressure cleaning was less effective and
suction cleaning had very low efficiency. High-pressure cleaning was very abrasive to the copper coating on the
nets and reduced the average coating cover by 21-31 % after a single cleaning event, and 82-90 % after repeated
(35x) cleaning events. Low-pressure cleaning was less abrasive, and removed 5-9 % and 40-46 % of the coating
after a single and repeated cleaning events, respectively. In contrast, cavitation cleaning had no impact on coating
cover after a single cleaning event, and only very little (4-9 %) after repeated cleaning. None of the tested methods
had a negative impact on net strength. According to these preliminary results, cavitation cleaning may offer a less
abrasive yet similarly effective alternative to high-pressure cleaning.
There are known some research projects which are focused on the maintenances of the nets, the
equipment developed being very efficient and useful to improve the activity in the fish farming
(https://www.sintef.no/en/projects/2012/development-of-rov-as-a-tool-for-automated-simulta/.). Underwater
operations in aquaculture cages with a diameter of 157 meters, is time consuming and dangerous work. Now
researchers from SINTEF is developing an underwater robot that can perform systematic and effective
cleaning and inspection.

Fig. 3 – Robot for nets maintenance under water designed by SINTEF (Norway)

There are many other equipments used for cleaning under water, which have been presented in the
previous published article (Stefan V. et al., 2019).
MATERIALS AND METHODS
Most of this equipment are designed to work under water. But for conservation the nets for the next
season of the fish growing, there are necessary equipment dedicated for cleaning the nets out of the water
(https://www.akvagroup.com/pen-based-aquaculture/net-cleaning, https://www.weldplast.ro/catalog/Viviereflotabile-WELD.pdf; http://www.trimaraservices.com/,
https://www.agriculture-xprt.com/products/keywordaquaculture-net-cleaning-81973).
After the net is removed from the cage, it is transferred to land. If the net needs to be cleaned with highpressure cleaning equipment, it must be dried first.
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The dirty net is left in an open space for drying, preferably lying on the ground. If the net needs to be cleaned using
a net washing machine, drying is not necessary, but it is preferable.
Repeated or prolonged use of high pressure cleaners can damage the nets over time. Mesh repairs shall be made
after cleaning and shall include the removal of all plastic ties and netting, including the replacement of ropes as
necessary. A residual strength test shall be performed using a strength gauge and updated data in the net logbook.
If the residual strength of the net is less than 60% of the value of the initial breaking load, the net must be replaced.
At the end of this process, the net is folded and stored in a warehouse, avoiding direct exposure to sunlight.

Fig. 4 – Images of taking over and storing nets

To wash the nets after they have been removed from the water, centrifugal equipment is often used,
such as a washing machine with a rotating tank.
Nets washing machines are used to clean dirty nets once they are removed from the cages. There is a
wide variety of models and sizes, but the principle is always the same: the cleaning action is obtained by friction
resulting from the movement of the nets. Only water is added inside the drum as it rotates, no soaps or
additional cleaning products are required.
The resulting wastewater, which contains dead organisms removed from the net, must be treated, at
least through a sedimentation tank, before being discharged into the sea.
RESULTS
The research concluded the following conclusions:
Washing machines for fishing nets or nets that are part of floating ponds are very popular internationally.
They have dimensions from 10 to 60 m³, washing capacity of 3-4 tons. The power supply is 380 V, the wash
time is about 60-120 minutes per wash cycle. Each machine has an inlet for clean water and an outlet for
wastewater, with the possibility of using both seawater and fresh water as washing water.
Mesh washing machines are usually made of stainless steel and consist of the following main elements:
• Main frame that supports the drum shaft. An additional stainless steel tank can be installed on the
frame under the drum to collect sewage from the drum. This tank is usually shaped like a half-cylinder
and wraps around the bottom half of the drum.
• A rotating drum. It has a large volume (a few cubic meters), enough to fit the largest nets used on the
farm. Bio-deposits increase the volume and weight of nets dramatically. A large, lockable door is
located on one side of the drum. The drum is usually rotated at a speed of 5-8 rpm. The nets are
loaded inside the drum with a forklift or crane.
• A motor group. It can be powered or hydraulically powered.
• A water supply. This is a pipe connected to a dedicated pump that supplies water through a drum inlet.
The inlet is usually a hole in the drum shaft, opposite the motor shaft.
Below are some achievements of foreign companies.
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The Turkish company ASAKUA makes washing machines up to 30 m³, made of marine quality stainless
steel (Fig. 5) (https://www.asakua.com/net-cleaners).
Also on the principle of the washing machine, the company MØRENOT (Canada Ltd.) made the
equipment for washing nets in the picture. MØRENOT has been a supplier of technical equipment for the
marine industry for 70 years (Fig. 6) (https://www.aquaculturealliance.org/advocate/rise-of-the-machinesaquacultures-robotic-revolution/).

Fig. 5 – Nets washing machine made by ASAKUA (Turkey) (https://www.asakua.com/net-cleaners)

Fig. 6 – High-capacity machine washing made by MØRENOT (Canada Ltd.)
(https://www.aquaculturealliance.org/advocate/rise-of-the-machines-aquacultures-robotic-revolution/)

Fig. 7 – Mesh washing machine made by Vonin (Faroe Islands) with Roto Screen device
for separating solids from liquids (https://www.vonin.com/en/aquaculture/net-washers/)

Webber Marine & Mfg. Inc., (Alaska) has successfully developed a net washing system consisting of
a net running drum, which passes through a system of brushes and a pressure jet washing system.
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The net washing equipment consists of 2 rotating brushes and two spray lines with jet nozzles, one at
the top and one at the bottom of the nets.
• Clean the net by rolling it along two sides, while the jet nozzles provide a uniform distribution of water.
• Can be used for nets up to 1.5 m long, with an extension available for nets up to 1.6 m long.
• It has a foot winder and a small space to store the unused mesh winding shaft.
• The machine has four support wheels and is equipped with a control panel and an emergency stop.

Fig. 8 – Washing system developed by Webber Marine & Mfg

Another manufacturer is Thema (Greece), which has developed a centrifugal net washing machine on
the same principle. In the image below you can see an aspect during the work process.

Fig. 9 –Centrifugal Washing Machine made by Thema company (Greece) (http://www.themaautomation.gr/language/en/net-washing-machine/)

The constructive characteristics of the equipment are:
• Stainless steel construction
• Volume from 6m³ to 20m³.
• Drum support on heavy bearings.
• Model with holes for installation on the pool to reduce water consumption or model without holes based
on tightening with metal elements.
• Equipped with drive motor with bearings, electric brake and traction suitable for frequent starts, breaks
and reversals.
• Fully programmable electrical panel with inverter.
All machines built on this principle have a robust construction, regardless of the shape of the section,
the working principle being the same.
Within the project PROJECT NO: FP6-0272788 NETWASH NetWash- In-Situ Net Cleaning System in
AquaCulture, a rotary brush net washing system was designed.
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Fig. 10 – Brush washing system and water jet

The first prototype was tested at Norsk Havbrukssenter in Brønnøysund, Norway. The second improved
version was the one in the following figure.

Fig. 11 – Brush washing system (improved version)

CONCLUSIONS
Research has shown the importance of aquaculture in obtaining a surplus of food, which is also healthy.
aquaculture on irrigation canals has been little approached, the current project proposing to address this issue.
Floating ponds are being used on an increasing scale for fish farming. A very important component in
the composition of floating ponds is the net, which during use is loaded with vegetative bio-deposits that have
a negative effect on both fish growth and the construction itself. as a result, the nets must be cleaned regularly
or even daily.
There are washing machines for cleaning nets, which work on the centrifugal principle and are used for
surface washing of nets, but there are also automated systems, submersible washing robots. These are
becoming more efficient, making the operator's job easier.
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ABSTRACT
Textile plants being one of the most important groups in technical plants, are of great importance for the
agricultural economy, and the main textile plants are hemp, flax and cotton.
Among the works prior to the establishment of hemp, flax or cotton crops or experimental lots with these textile
plants, sowing is one of the important works of the soil in terms of mechanical processing being the basis of
the success of an experiment, so it is required to be executed with great care, making plants as uniform and
normally developed as possible. The paper presents the experimental research carried out at INMA Bucharest
for the technical equipment for sowing technical plants with a coupling and drive system that allows the use of
the cultivator or chainsaw as an energy source. The efficiency and reliability of field operations with this type
of seed drill are superior to those of hand-operated machines currently used by farmers and are comparable
to high-capacity seed drills.
REZUMAT
Plantele textile fiind una din cele mai importante grupe din cadrul plantelor tehnice, prezintă o importanță
deosebită pentru economia agricolă, iar principalele plante textile sunt reprezentate de cânepă, in și bumbac.
Dintre lucrările premergătoare înființării culturilor de cânepă, in sau bumbac sau a loturilor experimentale cu
aceste plante textile, semănatul constituie una dintre lucrările importante ale solului din punct de vedere a
prelucrării mecanice fiind baza reușitei unei experiențe, de aceea se cere ca acesta să fie executat cu mare
grijă, realizând plante cât mai uniforme și normal dezvoltate. În cadrul lucrării sunt prezentate cercetările
experimentale efectuate în cadrul INMA București pentru echipamentul tehnic de semănat plante tehnice cu
un sistem de cuplare și acționare care permite utilizarea ca sursă energetică motocultorul sau moto-sapă.
Eficiența și fiabilitatea pentru operațiunile pe teren realizate cu acest tip de semănătoare sunt superioare
operațiunilor realizate cu utilaje acționate manual, utilizate în prezent de fermieri, și sunt comparabile cu
semănătorile de mare capacitate.
INTRODUCTION
Technical plants are a group of grown plants and used for industrial purposes. These are raw materials
used in the food industry, the energy industry, the textile industry or in the tobacco and alcohol industry. The
main technical plants grown by man are: sunflower, sugar beet, rapeseed, flax, hemp, hops, tobacco and soy.
Textile plants being one of the most important groups in the group of technical plants. The main textile
plants are hemp, flax and cotton. Some of these plants, such as cotton, fall into the category of strategic plants.
Hemp is grown for its high natural fiber content, for its oil-rich seeds, and the fibers are longer than flax
fibers and are very durable and resilient.
Hemp fibers are used in the manufacture of a wide range of textiles, being resistant to degradation by
rotting even in water, hemp tow is used to make mattresses, and in construction they are used as an insulating
material. Hemp has the highest industrialization capacity of all technical plants (Budoi Gh., 2000, 2001), table1.
Following the cultivation of hemp, the land becomes suitable for the establishment of cereal crops the
following year, as hemp kills weeds. Also, the amount of chemical fertilizer required for good production is
much lower than in other crops, (Suhorevschi M., Tabara V. 2009)
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.
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Cotton, like flax, is part of the Malvaceae family, the genus Gossypium which includes several species,
we cultivate the species Gossypium hirsutum, cotton being used as a raw material in the textile industry.
Cotton is a natural, soft fiber that grows around the seeds of the plant, the color is white or yellowish
depending on the natural pigments, the gloss is matte, the fibers are short, hygroscopic have the ability to
absorb liquids from the environment (Nistor T., 2013) . Cotton fiber is made up of 20 ... 30 layers of cellulose,
which give cotton properties of absorption, resistance and durability (https://www.biaplant.ro).
Data on the evolution of areas and production in Romania for flax and hemp crops for fiber are presented
in table 1 (source: 2013 - 2018 - INS data - Statistical Yearbook of Romania 2019 - INS data - Tempo online).

Data on the evolution of areas and production in Romania
Area thousand [ha]
Total production [thousand t]
0,1
...
0,4
2,3
0,4
1,9
0,7
3,7
1,7
2,6
1,4
2,8
1,4
3,1

Year
2013
2014
2015
2016
2017
2018
2019

Table 1

source: 2013 - 2018 (INS data - Statistical Yearbook of Romania 2019)

Among the works prior to the establishment of hemp, flax or cotton crops or experimental lots with these
textile plants, sowing is one of the important works of the soil in terms of mechanical processing being the
basis of the success of an experiment, so it is required to be executed with great care, making plants as uniform
and normally developed as possible (Marin E., 2009).
The way of preparing the germination bed, the speed of advancing the equipment, the uniform
distribution of the seeds, etc. (Oancea I., 1998) also contribute to the achievement of sowing uniformities in
the experimental field. It is important to strictly observe certain technological elements (Olan M., 2021) specific
to each species (sowing season, sowing depth, density, etc.) according to the related cultivation technology.
MATERIAL AND METHOD
The experimental model of the equipment for sowing technical plants, symbolized SPT, is intended for
the realization of sowing works. This is the type of cultivator / cultivator-hoe, with a power of about 18 hp, and
in a single pass the sowing work is performed on 2 parallel rows of technical plant seeds (hemp, flax or cotton)
with the realization of the schemes of sown by technology, both for crops that require longer row spacing and
for those that require short row spacing.
2

1

Fig. 1 - Technical seed drill, Tiller + SPT equipment

763

INTERNATIONAL SYMPOSIUM

Figure 1 shows the unit consisting of the equipment for sowing technical plants (pos. 1) and cultivator (pos.
2). Seeders for technical plants sow in 2 rows at a distance between rows, adjustable, between 50 ... 90 cm.
In order to prepare the equipment for the sowing operation on the plowed field, it is necessary to make a
series of specific adjustments regarding the distribution system, the sowing depth, the distance between the rows
and the seed norm incorporated in the soil.
The main technical features:
- Destination: …………………………………………………………………………. sowing technical plants
- Equipment type: …………………………………………………………………………………….…… towed
- Power of the cultivator / tiller with which it works: …………………………………………….….…… 18 HP
- Number of rows sown per pass: …………………………………………………………….………………. 2
- Distance between rows: ………………………………………………………………….………... 50-90 cm
- Sowing depth: ………………………………………………………………………….………………. 3-5 cm
- Type of seed distribution device: ……………………………………... with vertical distributor with alveoli
- hemp seed dispenser: …………………………………………………………….…………... with 10 alveoli
- cotton seed dispenser: ………………………………………………………………….………. with 20 wells
- flax seed distribution apparatus: ……………………………………………………………… with 32 alveoli
- Overall dimensions, mm:
- length ………………………………………………………………………………… 2,687
- width …………………………………………………………………………………. 1,105
- height ………………………………………………………………………………...... 840
- mass, kg ...………………………………………………….…………………………… 76
Metrologically verified, properly adjusted and calibrated measuring equipment and instruments were
provided for laboratory and operating experiments.
The signing 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, made by drilling a hole
with a diameter of Ø7 mm and a depth of 7 mm made of PTFE-Teflon (Fig. 2); cotton seed dispenser with
horizontal disc with 20 alveoli; flax seed dispenser with horizontal disc with 32 alveoli.

Fig. 2 - Hemp seed distributor

The tests of the SPT technical plant sowing equipment were carried out with hemp seeds of two
varieties Olivia and Secuieni-Jubileu. The characteristics of these seeds are indicated in Table 2.

Variety
Physical purity, %
Mass at 1000 grains, g

Hemp, OLIVIA variety
99,2
20 g

Table 2

Hemp, SECUIENI - JUBILEE variety
99,4
16 g

RESULTS
During the experiments performed in laboratory conditions (in stationary) were performed: checking the
operation, determining the sowing rules (densities per row) and checking the possibilities of mounting the
sowing sections to achieve the recommended schemes in technical plant cultivation technologies.
Operation check:
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a) the flow of seeds from the seed boxes
b) damage to the seeds on contact with the moving organs
c) the tightness of the seed distributor
d) loading the alveoli of the distributor
e) checking the possibility of mounting the sowing sections
The results obtained:
The determinations were made in 3 repetitions at all alveoli of the distributor, the results being presented in
table 3, and the aspects during the tests are shown in figure 3.
Table 3

Sample 2

Sample 3

Sample4

Sample 5

Number of seeds
Hemp, OLIVIA variety
Sample 1

Sample 5

Sample 4

Sample 3

Sample 2

Alveolus
(Ø7 mm) / distributor

Sample 1

Number of seeds
Hemp, SECUIENI - JUBILEE variety

36

29

27

29

33

Obs.

Number of seeds / total alveoli at a complete rotation
Alveoli 1 ... 10

69

73

66

67

65

Fig. 3 - Aspects during laboratory tests (in stationary) with SPT equipment

Tests in operating conditions - field. The tests under operating conditions were performed with the
sowing equipment in the field ready for sowing (fig. 4).

Fig. 4 - Aspects during tests under operating conditions – field

The experiments were performed for the purpose of functional verification in real working conditions in
the field. Preparation and adjustment of sowing equipment for work:
- motocultor used: engine power 19 hp
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- speed of movement: 3.2 km / h
- mass: 220 kg
- adjusted row spacing: 70 cm
- adjustable sowing depth: 3 cm
- equipped sowing section: with hemp seed dispenser
- used sowing sections: 2 pcs
- adjusted distance between seeds per row for hemp: 25 cm.
The determinations were made before the seeds sprouted, digging up the sown seeds, measuring the
distance between the nests, no. of seeds from the nest and the depth of sowing, and after the emergence of
the seeds "in green", revealing the unseen seeds, to eliminate seed germination as a source of error.
The results obtained:
The determinations for finding the distance between the seeds in a row were performed by
measurements for 3 intervals, chosen at random over a length of 10 m, for 2 working speeds, the results being
presented in table 4.

Working speed
[km/h]

3,2

The distance between the seeds in a row
Adjusted distance
Measured distance
[cm]
[cm]
25
26,5
25
25.5
25
25,8
25
25.5
25
26,5

Table 4
Average distance
[cm]

25,96

To determine the sowing depth, measurements were performed for 5 intervals, chosen randomly over
a length of 10 m, at a working speed of 3.2 km / h, the results being presented in table 5.

Working speed
[km/h]

3,2

Sowing depth
Adjusted depth
[cm]
3
3
3
3
3

Table 5
Measured depth
[cm]

Average depth
[cm]

3,5
2,5
2,8
3,3
3,5

3,12

Equipment for sowing technical plants in aggregate with motocultor, symbolized SPT, complies with
occupational safety and security and does not pollute the environment. No interruptions, malfunctions or
malfunctions of the tested unit were observed during the experiments.
CONCLUSIONS
- The experimental model of sowing technical plants in two rows (SPT) is intended for an agricultural
management that allows a variation of the sowing of the three types of textile plants (cotton, linen and hemp)
available to any farmer regarding the use of equipment that will use a method of interchangeability of the seed
distributor.
- During the laboratory experiments, the following actions were performed: checking the operation of the
equipment, determining the sowing rules (densities per row) and checking the possibilities of mounting the
sowing sections to achieve the recommended schemes within the technology of cultivation of technical plants,
in this case hemp.
- The results obtained from the experiments of the technical plant sowing equipment established that it respects
the distance between rows of about 25 cm and the average sowing depth of 3 cm, these being criteria given
by the technology of hemp cultivation.
- The equipment for sowing technical plants intended for use in farms that implement in operation the
technology specific to the sowing work of technical plates and especially textile ones (cotton, linen and hemp).
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ABSTRACT
Solutions for pest control in organic viticulture must take into account many aspects such as:
disinfecting the soil, choosing high quality seeds, and when the damage caused by pests is substantial,
measures will be applied to combat them. The solutions used must be non-toxic, ensure the health of
the consumer but also protect the environment. A proposed ecological solution for combating pests is
the use of trap crops (buckwheat, sorghum, sudan grass, beans, tulips, mustard, red clover etc.)
REZUMAT
Soluțiile pentru combaterea dăunătorilor in viticultura ecologica trebuie sa tina cont de foarte multe
aspecte cum ar fi: dezinfectarea terenului, alegerea unor semințelor de calitate superioară, iar atunci
când daunele produse de dăunători sunt substanțiale se vor aplica masuri de combatere a acestora.
Soluțiile utilizate trebuie sa fie non-toxice, sa asigure sănătatea consumatorului dar și să protejeze
mediul înconjurător. O soluție ecologica propusa pentru combaterea dăunătorilor vitei se vie este
utilizarea de culturi capcană (hrișcă, sorg, iarbă sudan, fasole, lalele, muștar, trifoi roșu etc.).
INTRODUCTION
Organic farming aims to minimize the use of inputs from outside the farm and prohibits the use
of any substance obtained by chemical or synthetic processes. European Regulation 2092/91 (updated
by EC 834/2007) provides for a list of amendments and fertilizers and pesticides accepted in the practice
of organic farming.
The term biodiversity refers to biological diversity in an environment, and is difficult to measure
accurately due to the complexity of natural systems. However, it is generally accepted that the more
diverse a system is, the more resilient or self-regulating it will be. A wide range of potential natural
enemies coexist with pests in vineyards and contribute to control of the pests through predation and
parasitism (Thomson et al. 2012).
The occurrence of pests in classical vine crops can be an effect of the type of monocultural
management model. The transition to an integrated ecological pest control system must be achieved
gradually as the immediate and complete elimination of chemicals can lead to major crop losses and
this strategy is not recommended. Conversion to sustainable farming practices can be done first on a
small scale and then carefully expanded on a large scale throughout the farm.
Like any other plant species, grapevine is exposed to environmental influences, diseases and
pests. There are several grapevine pests and diseases around the world. One of the most destructive
vine pests in history was Grape phylloxera, who has damaged and destroyed several vineyards in
Europe. It came to Europe from North America in late 1850s. Since American vines were resistant to
those pests, winegrowers solved the problem by grafting European vines to American vines. Today you
can find European-American grafting planted all over Europe.
Pest control in particular is frequently achieved through a combination of chemical applications
and the actions of natural enemies, but the abundance of natural enemies will be influenced by aspects
of crop management, including pesticide applications (Stark and Banks 2003; Thomson and Hoffmann
2006).
Various pests are jeopardizing vines, but only some of them are responsible for economic losses.
Most of them are insects, and in the less cases also mites and nematodes. Pests are making direct and
indirect damage. They eat underground and above ground vines organs and are transmitters of fungal,
virus and phytoplasma diseases. Pests that threaten grapevine are: butterflies, cicadas, scale insects,
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aphids, thrips, beetles, mites, etc. One of the most dangerous cicadas for grapevine is American
grapevine leafhopper transmitter of Flavescence dorée (Most common grapevine pests around the
world, https://www.evineyardapp.com/blog/2015/05/29/most-common-grapevine-pests/) .
Interspersed crops can provide habitats and an alternative source of useful insect food that helps
controlling important pests. Alternative crops also play an important role against weed growth.
A trap crop is a plant that attracts agricultural pests, usually insects. This form of accompanying planting
can save the main crop from decimation by pests without the use of pesticides. While many trap crops
have successfully removed pests from greenhouse crops, in terms of damage caused by pests in the
field, it has been found that not all trap crops work as well as in greenhouses, but only a small part. of
these plants reduce large-scale damage.
The experts identified the main pests that affects vineyards, namely (Crisytina M., 2017):
• Grape moths, European grape moth (Lobesia botrana) and Cochilis grape moth (Eupocilia
ambiguella), two lepidoptera of Tortricidae family that cause direct damage to the bunch as they feed
on the grape content and indirect damage as it opens wounds that consequently offer opportunity for
attach of diseases such as Botrytis. They are common in Mediterranean climate;
• Mites (different species such as Calepitrimerus vitis, Eriophyes vitis, Eotetranychus pruni,
Panonychus ulmi) more common in mild climates they attach leaves and shoots, decreasing the
photosynthetic activity of the plant;
• Smaller green leafhopper (Empoasca vitis) a phloem-feeding leafhopper causing veinal
browning, as well as marginal rolling and burning;
• Grape mealybug, an unarmored scale insect of the Pseudococcidae family that damages
grapes by contaminating clusters with cottony egg sacs, larvae, adults, and honeydew and can transmit
grape viruses.
Research shows that cover crops are beneficial for enhancing natural enemies of vineyard pests,
and controlling spider mite and leafhopper populations in vineyards (Costello and Daane, 1998a,b;
Klonsky et al., 1998; Nagarkatti et al., 2003).
A
study
made
in
California
(https://biocontrol.ucr.edu/cover-crops-sustainable-pestcontrol#Introduction) investigate he use of buckwheat (Fagopyrum esculentum Moench) and cahaba
vetch (Vicia sativa L.) for management of arthropod grape pests. The results of the study were promising
because vines located in the irrigated plots and irrigated buckwheat plots had canes that were nearly
70% heavier compared to control plots, thereby illustrating increased vine vigor. The number of total
pests on sticky cards was equivalent between controls and plots with buckwheat present in the same
row as the trap
Other pests relevant on a local level are Trips and Phylloxera and there is increasing concern on
the risk of Pierce’s disease (caused by the bacteria Xylella fastidiosa) (Crisytina M., 2017).
Usually, pests and diseases management are an integrated one and several means and tools
should act together for protect the vineyards.
Cover crops for semi-arid areas show a favorable effect, but careful management is needed to
avoid excessive water consumption by the cover crop (Medrano et al., 2015). In order to maximize the
potential benefits of specific cover crops and to avoid the undesirable ones, the accurate selection of
species and varieties are key points in the decision-making process.
As reviewed by Medrano et al. (2015), the results about cover crops competition for water
resources with vineyards are ambiguous. Several studies showed that cover crop interfere with
grapevine water use by decreasing water resources and thus increasing grapevine water stress (mainly
early during the spring).
MATERIAL AND METHOD
One major ecological service provided by biodiversity in vineyards is the regulation of abundance
of undesirable organisms through predation and parasitization. Every insect herbivore is attacked to
some degree by one or more natural enemies (also called beneficial insects), thus predators, parasites,
and pathogens act as natural control agents resulting in the regulation of herbivore numbers in a
particular ecosystem. This regulation is known as biological control defined as “the action of parasites,
predators, or pathogens in maintaining another organism’s population density at a lower average than
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would occur in their absence”. The goal of biological control is to hold a target pest below economically
damaging levels — not to eliminate it completely — since decimating the population also removes a
critical food resource for the natural enemies that depend on it (Altieri et al.,2010). There are many
agricultural practices and designs that have the potential to enhance functional biodiversity, and others
that negatively affect it (Figure 1.)

Fig. 1 - The effects of agroecosystem management and associated cultural practices on
the diversity and abundance of natural enemies and the densities of insects pests (Altieri et al.,2010 ).

An effective organic pest management program involves understanding sampling procedures (when,
where and what to look for), economic injury levels, cultural and biological controls as preventatives, and
judicious use of chemicals. If at all possible, spraying is avoided. Even though most of the organic
insecticides and miticides are not highly toxic, they are not particularly selective, and may also injure very
helpful beneficial insects ( University of California.Agriculural Pests, ipm.ucdavis.edu).
According to Lincoln University SNAP system is a habitat for beneficials and it means ( McGourtey,
2008):
•
S = shelter, or habitat for the Beneficial’s to live in;
•
N = nectar, since many parasitic wasps use nectar as an alternative food source;
•
A = alternative prey for Beneficial’s, such as having prune trees or blackberry vines in which the
parasitic wasp Anagrus epos can find and feed on other species of leaf hoppers to build up their
numbers before the grapevines are growing. (This remains somewhat controversial, because the
populations of leaf hoppers on alternative plants may be overwhelmed in the fall by Anagrus
wasps leaving the vineyard looking for other food sources.) By the time the grape leafhopper
appears, there are significant numbers of the parasitic wasps ready to parasitize the leafhopper
eggs.
•
P = pollen, which is also another food source for beneficials, especially predatory mites which
help to control Pacific mites--Tetranychus pacificus (McGregor) and Willamette mites
Eotetranychus willamettei .
Beneficial organisms on the vineyard floor
Providing vegetation in the vineyard in the form of cover crops can increase the abundance of natural
enemies. For some this is due to the provision of resources such as pollen and nectar, but for others the shelter
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provided will be more important. Cover crops have been shown to increase the abundances of a wide range
of natural enemies and even to increase predation and parasitism of pests (Thomson et al. 2012).
Planting cover crops to enhance natural enemies.
Among the many benefits of cover crops (protection of soils from erosion, improved soil fertility,
improved soil structure and water holding capacity) are the provision of habitat for predators and parasitic
arthropods.
The benefits of cover crops in vineyards (Altieri et al.,2010):
Enhancement of Soil
Structure
- improve aggregation
- improve water infiltration
- improve water holding capacity
- improve aeration
- reduce erosion
- reduce soil crusting

Improvement of Soil Fertility

Pest management

- nutrient cycling
- increase nitrogen fixation
- enhance Phosphorus availability
- pH buffering
- energy and nutrient source for
biotic community

habitat
for
beneficial
arthropods
- weed suppression
- some cover crop species
suppress nematodes

Smaller mite populations have been reported in cover crop vineyards due to improved carnivorous mite
populations (Fig. 2), although improved water penetration, higher soil fertility, and reduced dust associated
with cover crops may also be responsible. for observed effects on mites

Fig.2 - Effect of a Sudan grass cover on Willamette mite abundance (Flaherty, 1969)

Most growers use an annual system of cover crops, plowed and sown, to preserve moisture in their
vineyards. Cover crops are planted in the fall, allowed to grow until some time in the spring (usually when
the cover crops bloom) when the soil can be easily grown and then mowed and plowed into the soil. Crop
species commonly used in this system include small annual grains (barley, oats, triticale), winter peas,
bell beans, daikon radish, Persian clover, and more.
Perennial species are commonly used in vineyards planted on fertile sites. Many of the perennial
herbs are very competitive with the roots of the vine and will have an invigorating effect on the vineyard.
This may be desirable if the vineyard is seriously out of balance.
There are a number of cover crops that range from being light (orchard feathers) to intermediate in
their competitiveness (perennial rye, orchard grass, tall fescue), to highly competitive ones such as
perennial rye grass, perennial grass. orchard. Perennial legumes can also be grown, as they will provide
nitrogen for the grass, but will also provide habitat for predators and parasitic insects.
Grassing is done every two intervals, with small grasses (Lolium perene), requiring a quantity of
seed of 12-14 kg / ha. After 8-9 years, the grass strips are removed by the autumn plowing, and the
intervals between the rows that have been maintained as a black field will be grassed. The sowing of the

771

INTERNATIONAL SYMPOSIUM

grasses is done after the spring plowing, in 1.40 m wide strips, so that a distance of 30-40 cm remains
between the sown strip and the rows of vines.
During the growing season, mowed and chopped grasses are left above the grassy band as mulch.
In the autumn, every 3 years, the grassy intervals are subsoiled, after which, in the spring, the bare parts
left by the subsoiler are reseeded by hand and leveled with the disc. The non-grassy intervals are
maintained like a black field by ordinary work.
Examples of cover crops grown in viticulture: buckwheat, sorghum, sudan grass, beans, tulips,
mustard, red clover, etc.
Flowering plants provide essential food for the natural enemies that ensure their survival, but also
influence their ability to reproduce and the natural longevity of the enemy.
To keep beneficial in a vineyard it is essential to have both annual and perennial flowers in bloom
throughout the growing season, so an abundant supply of food for natural enemies is readily available. It
is also essential that flowers be accessible to natural enemies and there are certain types of flowers that
are more accessible as a food source. Plants in the carrot family (Umbelliferae) are suitable because they
have exposed nectarines (nectar-producing glands). The color is also important, yellow, orange, and the
flowers seem to be particularly attractive to a number of parasitoids. The following plants from different
families are suggested to be useful for attracting natural enemies:
List of useful flowering plants that can be used in or around vineyards to attract natural enemies
are: Brassicaceae - Mustard family: sweet alyssum (Lobularia maritima), wild mustard (Brassica kaber
and Brassica spp), wintercress (Barbarea vulgaris).
Compositae - Asteraceae family: Echinacea spp, Coreopis spp, Cosmos, tansy (Tanacetum
vulgare), Mousetail (Achillea spp), black sesame (Rudbeckia hirta), Ratibida (Ratibida columnifera).
Umbelliferae - Carrot family: Goat's foot (Ammi majus), Cumin (Carum carvi), Coriander
(Coriandrum sativum), Dill (Anethum graveolens), Fennel (Foeniculum vulgare), wild carrot (Daucus
carota), wild parsnip (Past).
Leguminosae - Pea Family: alfalfa (Medicago sativa), vetch (Vicia atropurpureum), V.vilolosa, V.
cordata, V. benhali, bean (Vicia faba), sweet clover (Melilotus spp), clover (Trifolium fragiferum, T.
subterraneum , T. hirtum, T. incarnatum), Breseem clover (Trifolium alexandrinum), common pea (Piusm
sativum).
Lamiaceae - Mint from the family: blue catmint (Nepeta faassenii), Russian sage (Perovskia
atriplicifolia).
Other plants: Nemophila menziesii (Nemphila menziesii), buckwheat (Fagopyrum esculentum),
Potentilla (Potentilla spp) and Asclepias (Asclepias spp), Facelia (Phacelia tanacetifolia).
An example of testing the potential of several flowering plants (Fig. 3) to enhance biological control
of leafhoppers and other pests is given by Altieri et al ,2010. Species tested include ‘Annual Buckwheat’
(Fagopyrum esculentum), ‘Lacy Phacelia’ (Phacelia tanacetifolia), ‘Sweet Alyssum’ (Lobularia maritima),
‘Bishops Weed’ (Ammi majus) and ‘Wild Carrot’ (Daucus carota) which are deployed in the vineyard in
the sequential and spatial design.
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Fig.3 - Flowering sequence of five cover crops plants ensuring year - round refuge, pollen and nectar
for natural enemies (Altieri et al.,2010 )

As an added benefit, many of these flowers are excellent food for bees, increasing honey production or
can be sold as cut flowers, improving farm incomes. A number of such trap plants used in the ecological control
of pests are presented in the table below.
Research at Lincoln University has undertaken analysis of several native and non-native plant nectars
with results from this work presented in Fig. 4. HPLC analysis revealed the nectar ratio to significantly (F(13,55)
= 53.3, P<0.001) differ between plant species, providing the opportunity to shortlist native plant floral resources
according to parasitoid sugar ratio preferences. Current research is now clarifying whether the sugar ratio
affects parasitoid fitness and so confirm if these nectar signatures can be used as a selection criterion
(Tompkins J-M. L. 2008).

Fig.4 - The sugar ratios of various plant species determined through HPLC analysis of nectar.
(Tompkins J-M. L. 2008).

Demonstrating that floral nectar of a certain quality enhances parasitoid fitness does not automatically
mean it is suitable in all cropping situations and certainly not for all parasitoid species. Numerous factors
determine whether a floral resource is to be successful at enhancing biological control in the field and that it
will be adopted by growers.
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The effect of the increased shelter provided by a cover crop is demonstrated by the enhanced
abundances of a range of predators (spiders, beetles and brown lacewings) in the canopy and on the ground
(Fig. 5).

Fig. 5 - The benefits of shelter provided by cover crops and even straw are demonstrated by the increase in
abundance of spiders,beetles and lacewings seen with a straw ground cover (Thomson et al. 2012).

Trials using floral cover crops such as buckwheat (Scarratt et al., 2008 ) show that the impact of
cover crops on parasitoids extends as far as 30 m from the cover crop row, so planting in alternate rows
or at even greater distances may be effective
CONCLUSIONS
Biodiversity supports pest control and soil health. Biodiversity will be enhanced by sensitive
chemical use in the vineyard.
Moving the balance of pest control away from chemicals to the control provided by natural
enemies supports IPM in the vineyard.
Cover crops provide shelter for many invertebrates. Summer-active cover crops may also provide
nectar and pollen, which supply the energy and protein essential for beneficial species.
Abundant soil biodiversity supports pest predators that can keep harmful organisms from overpopulating and destroying your crop.
Abundant soil biodiversity also enhances the natural nutrient cycling that keeps plants healthy.
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ABSTRACT
High temperature values during braking cause brake degradation, premature wear, brake fluid vaporization,
bearing failure, thermal cracking and thermal vibration. The ideal brake pads must ensure a uniform and stable
friction in all working conditions, without causing brake degradation, regardless of temperature. Brake friction
materials consist of at least 10 components, required to achieve the desired braking performance, including
stable coefficients of friction, reduced wear and low noise, in a wide range of braking conditions.
REZUMAT
Valorile ridicate ale temperaturii în timpul frânării cauzează degradarea frânelor, uzura prematură, vaporizarea
lichidului frânei, defectarea lagărului, fisurare termica și vibrațiile termice. Plăcuțele de frână ideale trebuie să
asigure o frecare uniformă și stabilă în orice condiții de lucru, fără a genera degradarea frânei, indiferent de
temperatură. Materialele de frecare ale frânelor sunt alcătuite din minim 10 componenți, necesari pentru a
obține performanța de frânare dorită, inclusiv coeficienți de frecare stabili, uzură redusă și generare redusă de
zgomot, într-o gamă largă de condiții de frânare.
INTRODUCTION
The safety of the steering wheel depends on the braking parameters of the car. Braking is the ability
of the car to decelerate quickly and stop completely at a minimum distance. When braking, the kinetic energy
of the car is converted into thermal energy in the braking mechanisms and in the contact area of the tires with
the road surface.
The key braking parameters of the car are the braking force and deceleration, however, in practice,
the braking time and distance are mostly used. The grip parameters of the car could be changed, e.g. driving
the car on various road surfaces and equipping it with new tires with good tread, as well as varying the weight
of the car, e.g. driving it loaded or unloaded. If the car is loaded, the axle load distribution, the center of mass
height and the area of contact of the tire with the road surface may change. According to the physical laws,
the braking factor does not change if the load on the tire varies. (Vinodkumar, Jairaman, Anvesh, & Viswanath,
2017; Denimalab, Sinouac, & Nacivetb, 2019; Denimal, Sinou, Nacivet, & Nechak, 2019))
During braking, the temperature of the interface between the disc and the pad, and the change in
speed have a significant impact on the coefficient of friction. The coefficient of friction decreases with
increasing temperature and sliding speed. Brake wear is an event that occurs for any vehicle equipped with a
brake braking system, when the coefficient of friction decreases significantly with temperature
Mathematical models are frequently used which are intended for the analysis of vehicle braking
parameters. However, the values of the deceleration and braking distance parameters are random values in
practice. (Borivoj & S., 2016)
Tribological conditions of the brake components during operation have a dominant effect on brake
wear. Tribological analysis is one of the most important mechanical fields in the industry. The tribological
properties of two contact surfaces of engines and machines generally depend on factors such as load, speed,
temperature, slip time, lubricant and additives. The individual friction mechanisms depend on the temperature,
normal load and sliding speed, so the coefficient of friction is dependent on these parameters. Numerous
studies have shown the dependence of the coefficient of friction on temperature, braking force and braking
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speed. In most of these studies, the coefficient of friction is inversely proportional to the speed of travel, while
showing a mixed trend depending on the mass of the vehicle.
In recent decades, more and more sophisticated models have been developed. The most common
model is the static model. An analytical wording was proposed taking into account only the speed dependence.
A very simple analytical formulation was evaluated based on experimental tests at steady state that correlate
the dependence of pressure, speed and temperature of friction and wear, thermal effects due to increasing
temperature of friction materials [(Borivoj & S., 2016).
MATERIALS AND METHODS
Gray cast iron brake disc
Gray cast iron is a widely used material for brake discs. The advantages of using cast iron as a
material for brake discs are: easy processing, high thermal conductivity and heat capacity, high coefficient
of friction, reliability and lower costs.
The goal is represented by using the materials that are as light as possible for the brake discs, so
that it contributes as little as possible to the total weight of the vehicle and, finally, to improve fuel
consumption and increase comfort while driving.
One way to reduce the weight of the brake disc is to use an aluminium and cast iron mounting
bowl (hub), which is called a hybrid brake disc. These two parts can be connected to either (Rashid, 2014)
The brake disc, made of cast iron, cast with an aluminium bell, or fastened by means of screws
or bolts, has a friction ring made of cast iron to take advantage of superior abrasion resistance and good
thermal properties, while mounting the bell is made of aluminium to reduce overall weight (Rashid, 2014).
To reduce the mass, lightweight materials with suitable properties are required in the construction
of the brake disc. Since heat is generated at the surface of a disk due to frictional forces, it is desired that
for a given heat input, the temperature rise of the material be minimal, ie to have the maximum possible
volumetric heat capacity (ie density × specific heat capacity). During short braking, this is very important
as a significant amount of heat is stored (Rashid, 2014).
Other desired properties are frictional stability, corrosion resistance and wear, lower coefficient of
thermal expansion.
Aluminium metal matrix composites are an alternative to braking. They offer good wear and corrosion
resistance and a comparatively lower mass with cast iron. They also have higher thermal conductivity and
diffusivity. A disadvantage is the higher coefficient of thermal expansion compared to cast iron. Another major
disadvantage is the limited temperature resistance and therefore did not gain widespread acceptance (Rashid,
2014).
As seen above, the two main functions of a brake disc are transmitting a considerable mechanical
force and dissipating the heat produced in operation. The working temperature for breaking systems,
depending on the mass and the number of bursts, can be placed between room temperature and, in some
cases, up to 700º C (Maluf, et al., 2004).
The disc is also exposed to the action of a cyclic mechanical load applied by the pads during a break,
which contributes to component wear. Therefore, under real working conditions, the disk is exposed to a
thermal fatigue load condition instead of thermal load (Maluf, et al., 2004)..
Theoretically, several materials could meet the requirements for good performance. However, due to
better metallurgical stability, lower costs and light production, cast iron is the most widely used.
Other types of materials are used for high performance braking conditions, in which the disc is
subjected to very high temperatures. For example, carbon matrix composites are used to produce brake discs
for racing cars and aircraft, but also for high-tech cars. They have excellent heat performance, but the
manufacturing cost is relatively higher.
Another example is the titanium cast iron brake disc, which increases the strength of the components
but reduces the coefficient of friction, which can be a major problem when there is a short braking distance.
(Maluf, et al., 2004).
Aluminium alloys containing silicon carbide can also be used because they have a low density.
However, despite their lower weight, these alloys do not dissipate heat, like cast iron.
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Cast iron alloys are considered cheap by the manufacture of car brake discs. For the production of
several types of cast iron, the molten metal is usually composed of low iron ore, scrap iron and alloys such as
iron-silicon, iron-manganese, iron-chromium, nickel and others. All the elements in the alloy tend to increase
the mechanical strength, and the most effective are vanadium, molybdenum and chromium. For example, the
most commonly used alloys for the production of General Motors brake discs in Brazil are cast iron, with or
without other chemical elements, as shown in Table 1 (Maluf, et al., 2004).
Table 1

Chemical composition (% by mass) of cast iron used by General Motors Brazil (Maluf, et al., 2004).
Element
Metal Alloy
A
B
C
D
%C
3.20
3.20
3.60
3.70
3.60
3.60
3.80
3.90
%Si
1.90
1.90
1.80
1.75
2.40
2.40
2.20
1.95
%Mn
0.60
0.60
0.60
0.50
0.90
0.90
0.80
0.80
%P
Max
Max
Max
Max
0.20
0.10
0.12
0.13
%S
Max
Max
Max
Max
0.20
0.10
0.12
0.13
%Cr
0.25
0.10
Max
0.40
0.25
0.20
%Mo
0.40
0.30
Max
0.50
0.60
0.10
%Cu
0.30
Max
0.45
0.40

Ceramic brake disc
Ceramic matrix (CMC) compositions, based on carbon fibers and carbon-silicon matrix. are another
choice for brake discs, due to their superior tribological properties compared to cast iron. Their key features
are:
• low density
• high thermal expansion coefficient compared to cast iron
• constant coefficients of friction and high stability
A disadvantage of CMCs is their smaller volumetric heat capacity, which is offset by larger diameter
discs. They are used in high performance cars, but their prices are currently very high compared to cast iron
discs. They are connected to the wheel by the mounting bowl. (Rashid, 2014)
Ceramic brakes offer excellent braking performance, wear well over time and are very light. They are
made of ceramic fibers, fillers, gluing agents and may even contain small amounts of copper fibers inside them.
Due to the ceramic properties, these brake parts dissipate heat well, which maintains strong performance,
even after hard, repeated stops. They also produce less dust than other types of brakes, and the dust they
produce has a smaller mass and does not stick to the wheels. However, they are very expensive, so ceramic
brakes are not for every type of vehicle. Formula 1 sports cars can benefit from ceramic brakes. Almost all
other vehicles perform excellently with other brake pad materials (Rancsó, 2015)
A special feature of the carbon-ceramic brake discs is the ceramic composite material from which they
are made. The carbon-ceramic brake disc body and the friction layers applied on each side are made of silicon
carbide reinforced with carbon fiber. Silicon carbides (SiC) and elemental silicon (Si) are the main components
of the matrix (Rancsó, 2015).
The reinforcement of the material is provided by carbon fibers (C). Silicon carbide, the main component
of the matrix, provides high hardness for the composite material. Carbon fibers provide high mechanical
strength and provide the fracture strength required in technical applications.
The quasi-ductile properties resulting from the ceramic composite material ensure its resistance to high thermal
and mechanical load. Carbon fiber-reinforced silicon carbide materials, therefore combine the useful properties
of carbon fiber reinforced carbon (C / C) and polycrystalline silicon carbide ceramics.
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The elongation at break of C / SiC materials is between 0.1 and 0.3%. The characteristic profile of the
fiber-reinforced silicon carbide makes it a material of choice for high-performance braking systems.
The low weight, hardness, stable characteristics, as well as the high pressure and temperature, not to
mention the thermal shock resistance and quasi-ductility properties, offer a long life of the brake disk and avoid
all problems resulting from loading, which are typical of classic cast iron brake discs.
Table 2 shows the characteristic properties and differences between carbon-carbon ceramic discs and cast
iron discs (Rancsó, 2015)

Differences between cast iron disc and ceramic disk (Rancsó, 2015)
Carbon-ceramic brake discs Gray cast iron brake discs
(C/SiC)
Density (g cm-3)
2.45
7.25
Tensile strength
20-40
200-250
Modulus of elasticity (MPa)
30
90-110
Bending strength (MPa)
50-80
150-250
Elongation at break (%)
0.3
0.3-0.8
Thermal
shock
resistance >27.000
<5.400
(second thermal coefficient K’)
(Wm-1)
Thermal stability (˚C)
1350
Aprox. 700
Maximum operating temperature 900
700
(˚C)
Linear coefficient of thermal 2.6-3.0
9-12
expansion (K-1)
Thermal conductivity (W m-1K-1)
40
54
Specific heat capacity (c p ) (kJkg- 0.8
0.5
1K-1)

Table 2

Brake pad materials
The modern brake pad has a history of the last 100 years. Herbert Frood was the first to invent brake
pad materials in 1897. This pad had a cotton-based material, which was used for wagon wheels as well as
early cars and was watered with bitumen solution (Abutu, 2018)
Bertha Benz, Carl Benz's wife, was the first to invent automatic friction pads. This invention appeared
during his first long-distance car journey in 1888.
In the 1950s, metal pads that were glued to the resin were introduced, and in the 1960s semi-metals
containing a larger amount of metal additives were developed.
The material of the brake pad is a heterogeneous substance composed of various elements. Each
component has its own functions, which include improving the friction properties at low and high temperatures,
reducing noise, prolonging life, increasing strength and stiffness, and reducing porosity (Abutu, 2018)
Changes in the mass percentage or types of elements in the composition can lead to changes in the
chemical, mechanical and physical properties of the friction materials developed. Early researchers concluded
that there is no simple correlation between wear and friction properties of friction materials with mechanical
and physical properties. As a result, each new formulation developed must be subjected to several tests to
assess its wear and friction properties, using the road braking performance test, as well as an abrasion testing
mechanism, to ensure that the developed material of the friction plate meets the minimum requirements for
use. Figure 1 shows the construction of the brake pads
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Fig. 1 – Brake pad construction (Stefan-Ionescu, 2019)
1-friction material; 2- thermal material; 3- adhesive layer; 4- metal plate; 5- shock absorber

From a functional and safety point of view, the following friction material requirements are required:
• High coefficient of friction
• Stable coefficient of friction regardless of temperature, speed, pressure, humidity, wear, corrosion and
water spray
• Low wear rate of the friction material and long service life
• Low disc wear rate
• Smooth braking without noise and vibration
• Regeneration of original properties after severe braking and aging
• Ecological raw materials
• Reduced cost
These are essential requirements in the selection of material. To meet so many requirements, friction
materials are made of several compounds and are therefore called compounds. There can be up to 25 different
materials (Rashid, 2014).
Materials are usually classified into the following four categories:
Binders
A binder "binds" different component materials of a friction material. Phenolic thermoregulatory resins
are usually used as binders, with the addition of rubber for enhanced properties. The resin strongly affects the
wear resistance of the friction material (Rashid, 2014)
Reinforcing fibers
Reinforcing fibers ensure mechanical strength. Asbestos fibers have been widely used as a reinforcing
material, but have been replaced by other materials for environmental reasons. Other materials used as
reinforcing fibers are copper, aramid fiber, ceramic and various metals, for example copper, steel, iron, brass,
bronze and aluminium. The fibers are arranged in the tangential or radial direction of the plate, and not in the
axial direction. This is to keep the heat away from the metal fixing plate, as the fibers, especially the metal
ones, usually have a high thermal conductivity. If the pad overheats in the axial direction, it may eventually
reach the brake fluid and may cause the brake to lose its efficiency (Rashid, 2014)
The following table Table 3 shows the classification of friction materials

Classification of friction materials (Rashid, 2014)
Type of friction material
Metal content
Semi-metal
≥40
Low steel content, low metal
≤15
content
No steel content,
≤15
Low metal content
Metallic European
15-40
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RESULTS
Breaking pads wear
In addition to normal wear and tear caused by long-term use of the pads, there are a number of factors
that can lead to wear and tear of the brake pads, such as: thermal deformation, frictional detachment, defective
assembly, manufacturing defects, damage related to use, damage caused by environmental influences.
a) Thermal deformation of the plate
The overall thermal deformation of the plate called the convex bend results in a reduced contact surface
in the middle of the plate, as shown in Figure 2. The generation of frictional heat at the interface between the
disc and the plate results in a higher plate temperature. surface, in a short period of time, in the inner region
of the support plate. As a result, the surface expands more than the inner region of the plate and the support
plate, leading to a convex bend. (Rashid, 2014)

Fig. 1 – Thermal deformation of brake pads (Rashid, 2014)

b) Detachment of the friction material from the fixing plate

•
•
•
•
•
•
•
•
•

Detachment of friction material caused by corrosion
This phenomenon has as causes:
Use of pads on extremely worn brake discs.
Inadequate compression spring force (off-center displacement).
Mechanical overloads
High and constant thermal stress on the disc brake pads.
The friction material became porous (in whole or in points).
Friction material is loose due to corrosion.
The mounting plate shows obvious signs of corrosion.
Adhesive residues
The substrate and friction material are visible on the mounting plate (TEXTAR, n.d.).
An example with a plate showing such defects can be found in Figure 2

Fig 2. - Corrosion damage (TEXTAR, n.d.)

Detachment of friction material caused by thermal decomposition
This phenomenon occurs when the maximum allowable temperature has been exceeded at the level
of the plates, for more than 15-20 minutes. Thus, the compounds that contribute to the stability of the material
were destroyed. As a result, the friction material of the brake pad decomposes, may crack, the substrate and
the adhesive are damaged (TEXTAR, n.d.). The friction material becomes solid, showing a reddish-brown
color (Fig. 3)
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Fig 3. - Thermally damaged friction material (TEXTAR, n.d.)

Detachment of friction material caused by mechanical influences
These occur when the brake pads are tilted or the mounting has been made incorrectly in an inclined
position. Another cause may be a deformity caused by the "shaking" of the caliper. As a result, the friction
material can come off the metal plate. Thus, exfoliation occurs (TEXTAR, n.d.). An example of such a fault is
found in Figure 4

Fig 3. - Brake pad deformations caused by mechanical influences (TEXTAR, n.d.)

Table 4. Shows the causes, effects and detachments of the friction material

Causes, effects and characteristics of friction material detachment (TEXTAR, n.d.)
Detachment caused
by

Cause

Corrosion

1. Damage to the edges due to
extreme wear of the brake disc;
inadequate compression spring
(off-center displacement)
2. Constant high thermal stress
on p

The friction material
became porous (in whole
or in parts), the detachment
of the friction material as a
result of corrosion

Manufacturing defect

Wrong adhesive. Improperly
distributed substrate.

The friction material has
come off since it was
subjected to low stress

Effect
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Characteristics
The mounting plate
shows obvious
signs of corrosion;
adhesive residue,
the substrate and
the friction material
are visible on the
fixing plate
Fine fixing plate or
substrate and
adhesive only
partially visible

Table 4
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Thermal
decomposition of
adhesive, substrate
and friction material

Mechanical
destruction

•
•
•
•
•
•
•

Disc brake pads have exceeded
the maximum allowable
temperature for more than 15-20
minutes; During this period,
components that contribute
significantly to stability were
destroyed.

The friction material
decomposes, breaks in
certain places and / or the
substrate and adhesive are
damaged, the plates show
complete detachment

The coating
exfoliates, the
fixing plate is
colored blue in
some places, the
friction material has
solidified, has a
hard ring, reddishbrown coloration of
the friction
material, white ash
in some places

Friction material comes off
the mounting plate,
exfoliation occurs

Disc brake pads
are new;
separation above
the adhesive /
substrate. Visible
damage to the
mounting plate.

For example, the disc brake pads
have tilted

c) Damage related to use
These can be caused by:
Worn or non-compliant brake disc
Brake defective or contaminated
Insufficient brake load
Assembly defect (Fig. 4) / Manufacturing defect
Destruction of frictional material caused by mechanical or thermal overload at some points on the
surface.
Improper spacing of the pads caused by a defective brake.
Use of new brake pads on worn or scratched brake disc (TEXTAR, n.d.)

Fig 4. - Damage caused by manufacturing defects (TEXTAR, n.d.)

•
•
•
•
•
•
•

d) Damage caused by environmental influences
These can be caused by the following factors:
Inadequate contact structure, no cleaning of the brake after thermal loading.
Often the operating temperature is not reached; no self-cleaning takes place
Contamination of the friction surface, i.e. by corrosion, due to dirt, paint or salt.
Using the scratched brake disc.
Penetration of foreign objects, such as dirt, salt or corrosion. (Fig. 5)
Inadequate distribution of friction particles in the friction material.
Transfer of material from the brake disc to the brake pad due to, for example, different load, climate
and / or material incompatibility (TEXTAR, n.d.)
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Fig 5. - Penetration of metal chips on the plate surface (TEXTAR, n.d.)

CONCLUSIONS
Further studies with different braking systems are needed to fully validate the model and other friction
materials can be tested to generate a database with maps for friction centers (Gabriele RIVA, 2020).
Friction materials are a vital part of car and vehicle brakes. System designers need to understand
the characteristics of the friction and wear behavior and the causes of the variation of their properties (Dante,
2016).
Specifications for commercially available friction materials include mechanical properties, friction and
wear characteristics, and an indication of the effects of temperature and recommended operating conditions.
The coefficient of friction of these materials depends on their composition, and vehicle manufacturers can
select friction materials that meet their requirements; for example, for cars they can use friction materials with
a nominal value of the coefficient of friction in the range 0.38 <m <0.45, while commercial vehicles often
emphasize durability above m high and use a lower nominal range of the coefficient friction, e.g. 0.35 <m
<0.40. They are a starting point for the design of the braking system (Dante, 2016).
A friction torque practically complies with Amontons' friction laws, but when the braking load
increases and the temperatures generated at the friction interface increase significantly, the coefficient of
friction will change. Most changes in the coefficient of friction are related to temperature. How much it changes
depends on the specification of the friction material. The coefficient of friction of any friction material can only
be accurately assessed by testing (Dante, 2016).
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ABSTRACT
The advent of automobiles has given rise to the need for the most efficient braking system that can ensure
high standards of performance, reliability and safety. Today, the braking mechanisms are assisted by complex
systems such as: the anti-grip system during braking (ABS), which ensures the contact of the wheel with the
surface with which it is in contact; electronic stability control system (ESP), which ensures a dynamic stability
control, detecting slippage; anti-slip systems, which ensure the stability of the vehicle in different conditions
REZUMAT
Apariția automobilelor, a dat naștere necesitații unui sistem de frânare cat mai eficient, care sa asigure
standarde înalte de performanta, fiabilitate si siguranță. Astăzi, mecanismele de frânare sunt asistate de
sisteme complexe precum: sistemul anti-gripaj in timpul frânarii (ABS), ce asigura contactul rotii cu suprafața
cu care se afla in contact; sistemul de control electronic al stabilității (ESP), ce asigura un control al stabilității
dinamice, detectând derapajele; sisteme anti-alunecare, ce asigura stabilitatea vehiculului in diferite condiții
INTRODUCTION
As early as 5000 BC (Post W., 2019), when the first use of the wheel dates back, mankind was faced
with the problem of using a braking system. Over time, it has undergone many improvements, in order to obtain
a system as efficient as possible, which corresponds to current needs and technologies.
The first efficient braking system dates back to 1796, representing a wooden shoe-type braking
system. It survived for several decades and was later replaced by a system that used damp textiles as a friction
material, the latter being in turn replaced by tanned leather.
With the advent of motorized carriages, the need for a much more efficient braking system appeared,
so that in 1880, the braking system used ferrule as a friction material. (Cimpeanu & Cimpeanu, 2019)
One of the roles of the braking systems, which it has to fulfil, is to prevent the wheels from locking and
keeping the sliding from falling within certain limits. Also, the primary goal is to ensure the required
decelerations and progressive braking, without shocks (Tretsiak, Kliauzovich, Augsburg, Sendler, & Ivanov)
(Stefan-Ionescu, 2019).
The safety of the vehicle, as well as the possibility of full use of speed and acceleration during its
operation, is ensured by the braking capacity. Thus, the braking system must meet a number of essential
criteria such as:
• Stopping the car safely
• Immobilizing the car when it is on a slope
• Ensuring required decelerations
• Ensuring progressive braking
• Minimal effort on the part of the driver
• Proportionality between the effort applied to the drive mechanism and the deceleration
• Braking force to act in both braking directions
• Ensuring braking only when the driver intervenes
• Ensuring heat dissipation during braking
• Simple shrinkage, easy maintenance
• Prevent unwanted acceleration while driving downhill
• Immobilizing the vehicle when it is parked (Stefan-Ionescu, 2019, Post W., 2019).
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Thus, the braking system is indispensable for the safety of road users. The need for an efficient and
efficient braking system has led to its continuous improvement, becoming more and more complex with the
advent of microelectronics (Post W., 2019).
MATERIALS AND METHODS
There are 2 types of braking systems to use: disc brake type braking system and clog braking system.
The latter are currently used on the rear axle of cars, but their aim is to replace them with disc-type braking
systems (Reif, 2019). A breaking system is presented in figure 1.

Fig. 1 - Conventional braking system on both axles of the car (Reif, 2019)

In order to actuate the braking system, the driver applies force to the brake pedal (8) by moving the
rod which connects the brake pedal to the actuator piston (7). The actuator amplifies the pressing force and
transmits it to the rod connected to the main cylinder (6). The main cylinder converts the mechanical force into
hydraulic force. Inside the main cylinder, there are two pistons that push the hydraulic fluid from the main
cylinder pressure chamber into the brake lines (4) and the brake hoses (2), thus transmitting the hydraulic
pressure from the disc brakes (1) to the wheels. The front axles, and the drum brakes (12) are presented the
rear axle wheels. If one of the brake circuits fails, the other remains fully functional so that braking is provided
by a secondary braking system. The brake fluid container (6) is connected to the main cylinder (6), completing
the fluid volume fluctuations in the brake circuits (Reif, 2019).
The parking brake system applies the rear axle brakes (12) via the lever (9) and the parking brake
cable (10).
During braking, as the deceleration increases, much of the car's load is moved from the rear axle to
the front axle (dynamic axle load change). Thus, the pressure regulating valve (11) lowers the brake pressure
on the rear wheels to prevent overloading them. This process is called braking force balancing, unlike the ABS
system, where this process involves controlling the braking force (Reif, 2019).
In unfavourable conditions, such as wet asphalt, slippery road, sudden reaction from the driver, it is
possible for the vehicle's wheels to lock during braking, making the vehicle uncontrollable. To prevent such
situations, the anti-lock braking system (ABS) detects if one or more wheels are gripped, ensuring a constant
or reduced pressure for them, preventing wheel locking, and also ensuring the stability of the vehicle. Thus,
the vehicle can be stopped safely.
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Fig. 2 - ABS braking system

The ABS system is based on the components of the conventional braking system, as follows:
• brake pedal (1) (Figure 2)
• brake booster (2)
• main cylinder (3)
• Brake fluid reservoir (4)
• Brake fluid hoses (5)
• Brake fluid hoses (6)
• brake pads and discs (7)
• In addition, there are:
• Wheel speed sensors (8)
• hydraulic modulator (9)
• ABS control unit (10)
• warning light (11) which illuminates when the ABS system does not work (Reif, 2019)
The ABS system must meet a number of requirements, characterized by safety standards associated
with the braking response dynamics and braking system technology, such as stability and manoeuvrability,
efficiency, timing characteristics and reliability (Reif, 2019)
Thus, the braking system of vehicles plays the main role in the safety of the driver and other road
users, being composed of a series of complex elements designed for its proper operation, according to the
rules.
Disk break components
A vehicle needs a braking system to stop or adjust its speed depending on the change of road and
traffic conditions. The basic principle used in braking systems is to convert the kinetic energy of a vehicle into
another form of energy. During a braking operation, not all the kinetic energy is converted into the desired
shape. Thus, when braking by friction, a certain energy can be dissipated in the form of vibrations.
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There are two types of brakes, namely drum brakes and disc brakes. The latter are widely used. Disc
and pad brakes, compared to drum brakes, cool faster, due to a larger friction surface and greater exposure
to air flow, there is the ability to self-clean due to centrifugal forces (Rashid, 2014)
Studies have shown that disc brakes are the most effective at stopping cars whose mass is significant,
with ever-increasing performance, and whose safety standards are becoming more demanding (StefanIonescu, 2019).
The most important advantages of using disc brakes over drum brakes are the following:
• low sensitivity to the variation of the coefficient of friction.
• uniform pressure distribution on the friction surfaces and, as a result, uniform wear of the gaskets
• large cooling surface and good heat dissipation conditions allow them to dissipate high energy in the
form of heat.
• stability in operation at low and high temperatures - balancing axial forces and lack of radial forces
• the possibility of operation with small clearances between the friction surfaces which drastically
decreases the commissioning time
• independence of braking efficiency from the degree of wear of the friction linings
• ensuring the same braking moment regardless of the direction of travel - the deformations of the parts
in the friction torque much more advantageous: the disc deforms in the rough axial direction unlike the
radial deformation of the drum which causes change in its shape, thus affecting the play between
friction surfaces;
• easy replacement of gaskets (Stefan-Ionescu, 2019)
In the case of the disc brake system, the pads are pressed onto a rotating disc when braking,
generating heat due to friction between the pads and the disc. This is transferred to the outside environment,
resulting in the cooling of the disk. (Rashid, 2014) Such a braking system consists of a caliper, fixed by screws,
on the spindle port, a disc installed between the hub and the wheel. The brake pads are embedded in the
caliper, which under the action of hydraulic cylinders, will press on the disc and stop its rotational movement.
Disc break caliper
The disc brake caliper can be fixed or floating. In the case of the fixed caliper (Figure 3), it is absolutely
necessary to place two pistons on each side of the disc, while in the case of the mobile caliper (Figure 4), only
one piston can be arranged (Stefan-Ionescu, 2019).

Fig. 4 – Fixed caliper (Rashid, 2014)
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When pressure is applied, the piston moves and pushes the inner brake pad. When it comes in contact
with the surface of the disc, the stirrup moves in the opposite direction so that the outer plate comes into
contact with the surface of the disc. Following this process, the rotational motion is stopped (Reif, 2019).

Fig. 4 – FIG. 1.9- Mobile disk (Rashid, 2014)

In general, inner and outer plates have different contact pressure distributions and different wear
behaviors, due to the different support, drive system and the difference in thermal deformations of the internal
and external surfaces of a. (Rashid, 2014)
Brake pads
The brake pads are made of a rigid metal plate and a friction material as an adhesive part. The latter
must withstand high temperatures, pressure and friction. The contact surface is relatively small, which means
that the friction material is subjected to high pressures and forces, significant thermal loads and dynamic
stresses 20 times higher than drum brakes. The friction material is the element subject to wear, which means
that the brake pads require frequent replacement compared to the brake disc. They have a small surface area
compared to the braking they develop (Stefan-Ionescu, 2019).
A good brake pad must meet certain thermo-mechanical requirements and develop a stable coefficient
of friction. The stiffness of the friction material is relatively low, but the metal plate must be rigid to transmit the
force provided by the hydraulic piston and to distribute the pressure evenly on the contact surface with the
disc. This allows a uniform wear of the gasket, maintaining a constant braking and an optimal distribution of
heat flow (Stefan-Ionescu, 2019).
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Fig. 5 –Disk pad (Rashid, 2014)

In some cases, an additional layer of material, called a substrate, is added between the friction material
and the metal plate, in order to absorb the vibrations resulting from the contact of the pad and the brake disc
(Rashid, 2014).
The role of the metal plate is to support the friction material. They can be mounted by various methods
such as adhesion, welding or clamping (Rashid, 2014).
The viscoelastic material is found between the back of the metal plate and the piston, the case of the
fixed stirrup, or the metal plate and the housing of the movable stirrup. Its role is to dampen the vibrations
resulting from the contact between the plate and the disc. They can be made of a steel core with a viscous
coating or a viscoelastic core with a metal coating (Rashid, 2014).
Brake disc
The brake disc is fixed to the wheel hub and has the same rotating motion as it. It is made mostly of
gray cast iron, being very resistant to wear. In the case of high-performance vehicles, the brake disc has an
aluminum or steel hub or bowl and a ceramic carbon brake pad (crown), assembled by screws (Stefan-Ionescu,
2019).
The braking power of the disc brake is determined by the speed at which the kinetic energy is converted
into heat, due to the frictional forces between the plate and the disc. The resulting heat must be removed as
soon as possible, otherwise the temperature of the disc may increase and affect the braking performance
(Rashid, 2014).
Thus, in order to obtain optimum performance, ventilation holes have been designed in the brake discs
which increase the cooling speed.
Brake discs can be divided into two categories:
1 solid brake disc
2 ventilated brake discs
The solid brake disc is the most rudimentary model, while the ventilated disc has holes on the surface
of the disc and / or channels between the two discs, facilitating air circulation and heat exchange with the
environment. Ventilated brake discs have a higher cooling rate, so a lower surface temperature. Low
temperature reduces the risk of brake fading and disc and pad wear (Rashid, 2014).
Both the solid and the ventilated disc have or do not have a mounting hub (bowl). The bowl increases
the distance between the axle friction surface and the disc surface, making it easier to cool the disc and helping
to protect the bearings from the high temperature wheel generated during braking operation. A schematic
description of these two types of disks is shown in Figure 6. (Rashid, 2014)
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Fig. 6 – Representation of different types of brake discs
a) disc with ventilation without hub b) disc with ventilation hub;
b) solid disc without hub; d) solid disc with hub (Rashid, 2014)

If the bowl is not part of the brake disc, it is called a hybrid or composite brake disc.
There are different ways to mount the disc on the bowl. Figure 7 shows two methods of mounting
the disc on a bowl, with a connecting element, a steel screw or a ceramic bolt. They are mounted in the
radial direction of the disc (Rashid, 2014).

Fig. 7 – Representation of the disc fixed on the hub
a) disc with ventilation without hub b) disc with ventilation hub;
b) steel screw; d) ceramic bolt (Rashid, 2014)

For brake discs with ventilation, different shapes of ducts are used: radial straight, curved, diamondshaped or teardrop, arched (Figure 8). Each configuration provides a unique airflow, but in all cases, air enters
the center of the disk and is released through its outside. Due to the air circulation, high voltages can occur in
the center of the brake disc, which is a disadvantage in case of heavy use (Rashid, 2014).
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Fig. 7 – Representation of brake disc ventilation ducts
a) straight; b) curved; c) diamond and tear (Rashid, 2014)

Fig. 7 – Representation of airflow circulation in brake discs (Rashid, 2014)

RESULTS
Disc brakes are known to experience severe working conditions in conditions of thermal fatigue, wear
and heavy mechanical loads. Among various materials, cast iron is the most widely used material in disc
brakes because it has a unique combination of excellent wear resistance and higher heat transfer coefficient.
Different parameters, including alloying elements and their morphology, affect the tribological behavior of cast
irons. There are several studies on the effects of alloying elements, on the wear resistance of gray cast iron.
Silicone, chromium and manganese are known to have a positive influence on the wear resistance of the brake
disc (Abutu, 2018).
It is expected that higher hardness and tensile strength can be achieved, in combination with a lower
wear loss, by adding silicon and chromium as an alloy to the gray cast iron. In addition to the chemistry and
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microstructure of the alloy, abrasion and wear test variables also have prominent attributions to the wear
behavior of gray cast iron. Whether the test is performed under dry or lubricated conditions, the speed of the
parts moving continuously during the test and the applied load have an effect on the wear behavior of the
alloys.
For example, gray cast iron shows a much better wear resistance under lubrication conditions, obviously
due to the lower coefficient of friction. It is known that gray cast iron alloys have a characteristic lubrication in
themselves due to the presence of graphite particles in their microstructures. Therefore, cast iron is still by far
the most widely used material in disc brakes in trains and cars (Abutu, 2018).
Given that disc brakes are an essential component of passenger safety in the vehicle, it is essential to
understand the degradation mechanisms of this component.
Degradation and failure of the disc brake is very complicated due to the simultaneous contributions of
mechanical loading, surface conditions and thermal stresses. The fact that the disc brakes face dynamic
loading conditions makes the interpretation of the faults even more complicated. It is postulated that surface
washing, formed during abrasion, creates spots that can initiate cracks. Subsequent loading causes the disk
to crack and malfunction. The reason for the cracks is caused by fatigue caused by cyclic thermomechanical
loading (Abutu, 2018).
As a result of the brake disc malfunction, the phenomenon of brake vibration occurs. This term refers to
the uneven braking torque, resulting in fluctuations in braking force that occur during a complete rotation of the
disc. These phenomena are classified into thermal trepidation and cold trepidation. Thermal shaking occurs
during deceleration at high speeds, and cold shaking can occur at any speed (TEXTAR, n.d.). Thermal
vibration can be defined as a resonant vibration in a frequency range between 100 and 250 Hz. Sound intensity
varies throughout deceleration, but does not affect braking. These fluctuations can be felt as a vibration of the
steering wheel, impulses in the brake pedal and the vibration of the chassis components.
Braking speed depends on the force applied to the pedal. Thermal vibration can usually be identified by
a circular arrangement of points on the friction surface of the disk. These axles are caused by local overheating
during braking, which causes the transfer of materials from the brake pad to the brake disc and / or the
permanent change in the structure of the brake disc cast material. Usually, the transferred material is removed
during normal braking. To prevent the risks, it would be ideal to replace the disc and not recondition it (Abutu,
2018)..
The performance of the brake depends not only on the thermal and mechanical properties of the disc
friction materials, but is also affected by the topography of the contact surfaces and the third body formed as
a result of wear processes (Kemmer, 2002, Österle, et al., 2008)
In addition to the causes mentioned above, there are other factors that can cause thermal shock, such
as improper wheel balancing, worn wheel suspension bearing parts, steering system and incorrect front axle
alignment. The trepidation is caused by multiple factors, making it difficult to identify the exact cause (TEXTAR,
n.d.).
CONCLUSIONS
Disc brake is a complex system and understanding the various issues related to its design and
operation requires expertise in various disciplines, e.g. tribology, materials science, fluid dynamics, vibrations,
etc.
Disc brakes have evolved over the decades due to extensive research and development. There are
still many phenomena that are not fully understood. For the complete and realistic analysis of disc braking
systems, the further development of nonlinear finite element models, which could simulate the realistic
evolution of the contact interface, is crucial.
The problems that have attracted a lot of attention from the research community are represented by
the phenomena that appeared in the braking system, such as squeaking, vibrations, tremors. Due to the
continuous development of disc brake systems, they have become less and less common, but the problem
has not yet completely disappeared. The problem of predicting sensitivity to brake application remains a
difficult task for the brake research community. (Rashid, 2014)
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ABSTRACT
Environmental protection is the area that needs a specific approach in all branches of the national economy.
Industry is the economic sector with the largest contribution to environmental pollution, through the large
amount of gaseous, solid and liquid pollutants eliminated in the environment-air, water and soil, following the
development of technological processes related to it. Emissions of carbon dioxide into the atmosphere, which
causes the so-called "greenhouse effect", sedate the irrational use of fossil fuels in the technological processes
of the economy. At present, energy is obtained, for the most part, from mineral energy resources: coal, oil,
natural gas. The reserves of these fossil fuels are depletable, so the replacement, at least in part, of the use
of fossil fuels (non-renewable energy) with other energy sources (renewable energy), will help prevent the
phenomenon of global warming. The paper presents a series of technologies and technical equipment for
obtaining green energy. Thus, INMA Bucharest through research in the field has tried to meet the growing
energy requirements, pursuing the establishment of energy plant crops: willow, poplar, Miscanthus, crops as
an alternative to obtaining renewable energy.
REZUMAT
Protecția mediului reprezintă domeniul care necesită o abordare specifică în toate ramurile economiei
naţionale. Industria este sectorul economic cu cel mai mare aport la poluarea mediului, prin cantitatea mare
de poluanţi gazoşi, solizi şi lichizi eliminată în mediu-aer, apă şi sol, în urma desfăşurării proceselor tehnologice
aferente acesteia. Emisii de gaze de dioxid de carbon în atmosferă, care provoacă aşa-numitul „efect de seră”
se datorează utilizării neraționale a combustibililor fosili în procesele tehnologice din economie. În prezent,
energia se obţine, în cea mai mare parte, din resurse energetice minerale: cărbune, petrol, gaze naturale.
Rezervele acestor combustibili fosili sunt epuizabile, de aceea înlocuirea, cel puţin parţială, a utilizării
combustibililor fosili (energie neregenerabilă) cu alte surse de energie (energie regenerabilă), va contribui la
prevenirea fenomenului de încălzire globală. În cadrul lucrării sunt prezentate o serie de tehnologii și
echipamente tehnice destinate obținerii de energie verde. Astfel, INMA București prin cercetările în domeniu
a încercat să răspundă cerințelor tot mai mari de energie, urmărind înființarea de culturi de plante energetice:
salcie, plop, Miscanthus, culturi ca alternativă la obținerea de energie regenerabilă.
INTRODUCTION
The energy industry is the sector of activity of the economy that produces the most important emissions
of pollutants into the atmosphere, which also affects other elements of the natural environment (soil,
vegetation, fauna) and also generates the largest amounts of waste. The main sources of harmful emissions
can be found in the following areas of activity (Borza Gh. V., 2012)
- the transportation sector (14.3%);
- the sector of energy production from conventional sources (24.9%);
- the industrial sector (14.7%) whose share increases with the industrialization of rural areas;
- industrial processes (4.3%);
- changes in agricultural land use (12.2%);
- agricultural sector (13%).
Biomass is characterized by a number of physical properties that mainly influence the efficiency of the
production stage of biofuels, especially the energy consumption of transport and handling activities (Chira
Teodora A., 2010):
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The energy characteristics of biomass that are of great importance for biomass production are:
- calorific value which is defined as the heat developed by the complete combustion of the unit of mass
of biofuel with the minimum required air, having as unit of measurement kJ/kg.
- energy density is the product of calorific value and fuel density and is also a synthetic indicator
according to which fuels can be analyzed and appreciated.
Energy crops that produce biomass used for energy purposes are:
- starch-producing crops: cereals, potatoes;
- sugar producing crops: sugar cane, sugar beet;
- oil-producing crops: rapeseed, sunflower, camelina, etc,;
- ligno-cellulose crops: willow, poplar, Miscanthus, artichoke, Cynara, Panicum, etc.
As there is some controversy over the establishment of ligno-cellulose crops to the detriment of
agricultural crops for human and animal consumption, we would like to point out that energy plants (lignocellulose crops) can be grown on agricultural land that is not used in agriculture. (Usually, land that is taken
out of circulation for various reasons or land considered unsuitable for growing food plants) (Clifton-Brown,
J.C., S.P. Long, and U. Jørgensen, 2001).
In order to meet the growing energy requirements, INMA Bucharest has pursued the establishment of
energy plant crops: willow, poplar, Miscanthus, crops as an alternative to obtaining renewable energy (Ionel
I., 2009). In this sense, the institute has developed a series of technologies and technical equipment related
to these technologies for setting up, maintaining and harvesting power plants.
Energy willow crops-Salix viminalis, for biomass are practiced in agricultural areas and not in forested
areas and these crops can be established (INMA Bucharest, 2012):
- on sloping lands, fixing the soil and improving its quality;
- on heavily degraded lands - tailings dumps, saline soils, eroded, sandy, etc.;
- on swampy lands (these lands are recommended).
Energy willow-Salix viminalis is characterized by high calorific value (4,900 kcal/ha) which makes it
comparable to other fuel sources such as natural gas, coal, oil.
This willow crop can be transformed into clean resources that include:
- heat and electricity by direct combustion, combustion together with coal and gasification;
- biodegradable plastic and other polymers;
- biofuels.
Numerous experiments have shown that willow is ideal for many other purposes:
- riparian buffer - natural barrier that prevents the penetration of chemicals into rivers and lakes;
- phytoremediation - willow has the ability to clean contaminated soil;
- snow retention, figure 1 - strategically planted, within the agroforestry curtains for the protection of
agricultural crops, localities and roads, willow can prevent the blizzard of snow;
- willow biomass is a carbon-neutral fuel that contributes to reducing global warming.

Fig. 1 - Protective curtain

Energy poplar is part of the category of energy plantations, which have a fast growth, e.g., there are
species of poplar (CLON San Lorenzo) which have special characteristics (diameter 23.30 cm, height 7.12 m),
and which can respond requirements for the production of agroforestry curtains. These species are used for
the production of energy biomass, reduce groundwater pollution, using wastewater from human communities
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for irrigation and fertilization; but also has other industrial uses (lumber and light packaging; fiberglass boards
and plywood; furniture veneer; pulp for pulp and paper; wood for rural construction, etc.).
The culture of Miscanthus ("Elephant Grass") has become more widespread worldwide due to its
economic benefits, but especially its positive effect on the environment. This Miscanthus crop produces a lot
of biomasses (annual dry mass yield per hectare reaches 25 t) for the following reasons:
- the surface of the leaf is much larger;
- absorbs more photosynthesis carbon per unit area of the leaf;
- has a fast-growing season, low mineral content.
According to studies worldwide, mature Miscanthus crops can produce 48.5 tons of dry matter per
hectare, with an energy conversion of 1.2…2% of the incident solar radiation.
Miscanthus culture, figure 2, is the promising solution for the future production of biofuels in order to
produce renewable energy and replace fossil fuels;

Fig.2 - Miscanthus rhizomes and plant

Miscanthus culture makes good use of both sandy and organic soils;
The Miscanthus plant can be used to produce electricity and / or heat in both:
- large thermal power plants (30 MW+), which use thousands of tons of biomass annually;
- small household systems that use a few tons during the winter months;
When Miscanthus is used in the combustion process, carbon dioxide emissions are reduced and
methane emissions from deposits are eliminated.
The CO 2 emission resulting from combustion is equal to the amount of CO 2 used by the plant during
vegetation and thus the process is neutral in terms of the emission of "greenhouse gases".
MATERIAL AND METHOD
In order to make crops and equipment related, INMA Bucharest has developed a series of technologies
for energy plant crops. The technologies used for the cultivation of energy willow - Salix viminalis are presented
in figure 3 and the technology for setting up and harvesting a Miscanthus plantation shown in figure 4.
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Fig. 3 - Technologies used for the cultivation of energy willow - Salix viminalis

Fig. 4 - Technology for setting up and harvesting a Miscanthus plantation

Technologies for the recovery of solid biomass from power plants are shown in Figures 5 and 6.

Fig. 5 - Technology for obtaining pellets and briquettes from Miscanthus and forest residues
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Fig. 6 - Technology for obtaining pellets from energy willow

RESULTS
Machinery and technical equipment developed by INMA in order to implement technologies for
power plants
Analyzing the technologies previously presented for energy crops, it is necessary to make some
equipment to carry out a series of land preparation, planting and harvesting works:
- Preliminary land preparation is carried out in order to remove weeds and destroy their roots (begins
in the year before planting) applying various works depending on the situation of the land used to establish the
plantation (on land that has not been cultivated in recent years - was in ruins, or was a pasture or hayfield);
- the final preparation is carried out in the spring after thawing the soil and consists of:
- total tillage through classical agricultural works;
- strip processing of the soil with special technical equipment such as cutters;
In this case, the distance between the strips must be the same as the planting distance. Figure 7
shows a technical equipment made by INMA for working the soil in strips.

Fig. 7 - Equipment for tillage in EPS strips

Machinery and technical equipment for planting willow and poplar energy made by INMA
The choice of planting system is made according to the system of harvesting machines and equipment
for taking over and transporting the product, regardless of the form in which the willow or poplar was harvested.
Planting methods used to establish willow and poplar crops:
- Manual planting: with a spade according to a certain planting scheme; in gutters previously executed with
agricultural machinery;
- Mechanized planting: semi-automatic and automatic.
Figures 8, 9 and 10 show some types of equipment used to establish willow and poplar crops.
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Fig. 8 - Multifunctional soil preparation and planting unit with Planter - MPF-2

With two workstations - MPF-2
With a workstation - EPF-1
Fig. 9 Technical system for the establishment of energy plant crops

The technical system with two and one workstation (MPF-2 and EPF-1) is intended for the
mechanization of agroforestry afforestation works, carried out in order to restore the forest fund in the lowland
and hilly areas, to set up protection curtains, as well as to set up plantations in orchards or nurseries served
by two operators. The system is planted with deciduous and coniferous forest seedlings with dimensions
between 25…70 cm, up to a depth of max. 30 cm in striped soil with a width of approx. 60 cm or fully machined.
The technical system is of the type carried on the three-point suspension mechanism of a tractor with a power
of 65 HP-100HP.
Technical specifications:
- type of machine
- energy source
- coulter type.
- overall dimensions:
- length, mm
- width, mm
- height, mm
- mass, kg
- number of planting sections, pcs
- maximum planting depth, mm
- distance between seedlings in a row (5 planting schemes), m
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tractor.65 HP - 100HP
skate
3000
2000
1320
720
1
300
0.5; 0.75; 1; 1.5; 3
semi-automatic 0.25-3
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Fig. 10 - Technical equipment for planting willow energy (Salix Viminalix) EIS

Technical specifications
- Type
- Energy source
- Number of coulters
- Length of cuttings
- Diameter of cuttings
- Planting is done in two rows at distances of
- Free space between two planted rows
- The distance between two cuttings (along the line)

carried
tractor power source of 80… 150 HP
2
180… 250 mm
5… 25 mm
75 cm
150 cm
50…100 cm

Machines and technical equipment for maintenance of energy crops made by INMA
The equipment is intended for the maintenance of energy plant crops, e.g., energy poplar, energy willow,
figure 11, which performs simultaneously or individually the operations of weeding and protected herbicide
between rows.

Fig. 11 - Precision hoeing and spraying equipment in MEP belts

Technical specifications:
- type of equipment
- the power of the tractor with which it works
- solution tank capacity
- pump type
- pump flow
- pump speed
- max. working
- type of OMP 100
- max. flow rate
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carried
CP 45
500 l
with diaphragms
104 l / min
540 rpm
20 bar
hydraulic motor
75 l / min
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- no. hoeing and herbicide sections
- no. spray nozzles per section

3 pcs.
2 pcs.

Machines and technical equipment for Mischantus culture made by INMA
The Miscanthus MPM 4 planting machine is used in the technology for the establishment of the
Miscanthus culture. Miscanthus Giganteus is a plant that produces a large amount of dry matter per hectare,
with perennial growth (up to 15 years) and is used as an energy plant.
Planting of Miscanthus rhizomes is done in the spring, as soon as it is possible to go out into the field
and it is recommended not to postpone it after April 18 because after this date watering is necessary for
emergence, fig.12.

Fig.12 - Miscanthus MPM4 planting machine

Technical specifications
- Nr. of planted rows,
- Effective working capacity, ha / h
- Distance between rows, mm
- Working width, m
- Planting depth, cm

4
0,6...0,76
500…1000
2,5...4
8...12

Harvesting of Miscanthus crops in the form of rhizomes and in the form of chopped

Fig. 13 - Technical equipment for
harvesting rhizomes of Miscanthus
ERR

Fig. 14 - Combined CTF forage harvester with Miscanthus harvester
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Technical equipment for harvesting the rhizomes of Miscanthus ERR, fig.13 - with the help of a coulter
for dislocation, their separation from the ground by shaking (by means of a separator with eccentric, driven by
a hydraulic motor) which adjusts its working depth.
Technical specifications:
- Equipment type,
- Working width, m
- Number of rotors
- Cutter type,
- Knife speed, rpm
- Number of knives
- Overall dimensions:
- the length, mm
- width, mm
- height, mm
- Cutting height, mm
- Work capacity, t/h
ha/h

worn on the combine
1,6
2
rotary
288,5
2
1780
1730
350
100 - 120
7,9
0,5

CONCLUSIONS
- Renewable energy is a renewable natural source, which can be produced, grown, regenerated at a rate
comparable to or faster than the rate of human consumption, and derives from a wide range of resources such
as: wind energy, solar energy, energy geothermal or biomass.
- Biomass is a source of energy formed in nature, through the process of photosynthesis, which consists in the
fixation of carbon dioxide in the atmosphere by green plants in the presence of solar radiation, with the release
of oxygen and the formation of organic compounds.
- INMA Bucharest through applied research in the field has tried to meet the growing energy requirements,
pursuing the establishment of energy plant crops: Willow, Miscanthus, crops as an alternative to obtaining
renewable energy. In this sense, the institute has developed a series of technologies and technical equipment
related to these technologies for the establishment, maintenance and harvesting of power plants.
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ROOTSTOCK - SCION COMPATIBILITY AT SIRIANA F1 AND ALAMINA F1
TOMATOES CULTIVATED IN ROMANIA
/
ASPECTE PRIVIND COMPATIBILITATEA ALTOI - PORTALTOI PENTRU ROȘIILE
SIRIANA F1 ȘI ALAMINA F1 CULTIVATE ÎN ROMÂNIA
Dobre M., Vapor C., Toma M., Vintilă M., Iordache B., Sterian A. Moise D. Tănasă V.

Institute of Research - Development for Processing and Marketing of Horticultural Products - Horting, Bucharest / Romania
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ABSTRACT
Using the grafting method, a new plant results from the fusion of genitors’ genotypes. The rootstock provides
the rooting system to the new plant, while the scion provides the vegetative growing: shoots, flowers,fruits.
Specific research has been conducted to identify and establish new genotypic combinations of grafted
vegetables from the Solanaceae family. The compatibility between rootstock and scion was established on the
basis of four technological indicators (yield, quality, precocity and nutritional value) to the analysed tomatoes.
The research’s findings recommend the use of the local rootstock, L 686 with Siriana F1 and Alamina F1
tomatoes.
REZUMAT
Prin altoire se creează o nouă plantă rezultată din combinarea fizică a două plante cu fundal genetic diferit,
altoiul furnizează lăstarii și fructe, iar portaltoiul oferă rădăcini viguroase. S-au efectuat cercetări specifice în
vederea identificării și stabilirii unor noi combinații genotipice de legume altoite din familia Solanaceae.
Stabilirea compatibilității s-a efectuat pe baza analizei a patru indicatori tehnologici (randament, calitate,
obținerea primei recolte și valoarii nutritive) la variantele cultivate de tomate. În urma cercetărilor efectuate,
portaltoiul autohton L685 a prezentat cea mai bună compatibilitate cu tomatele Siriana F1 și Alamina F1
INTRODUCTION
Nowadays, grafted vegetables are commercially cultivated in many countries, such as Korea, China,
Japan, Turkey, Israel, Spain, Italy, the Netherlands, Greece, Romania, Hungary, Croatia, Egypt, Morocco,
Mexico, USA, Argentina and others. The cultivation of grafted vegetables is preferred to the classical one, due
to its higher production and fruit quality, better pest management, greater heat resistance and stress
adaptability. Various researchers (Kawaguchi et al., 2008) have shown that intraspecific (varieties or subspecies within a species) grafting is highly compatible and widely used to obtain grafted vegetables.
Rootstocks must be vigorous and it’s essential to provide a strong rooting system (Martinez-Ballesta et
al., 2010) for an improved absorption af water and nutrients, conducting to higher yields per square meter
(Ruiz et al., 1997). In fact, the rootstocks and scions would carrefully selected for their best fusion in the grafting
process, in order to get viable and healthy grafted plants with maximum potential, in terms of quantity and
quality.A successful rootstock-scion union (fig.1) can be accomplished by meeting the following conditions
(Andrews and Marquez, 1993; Hartman et al., 1977): (i) callus tissue development at both rootstock and scion;
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Fig. 1 - Schematic representation of signals exchanged between the rootstock and scion in grafted plants
(https://www.frontiersin.org/articles/10.3389/fpls.2020.590847/full)

(ii) callus bridge formation; (iii) differentiation of new vascular tissue from callus cells; (iv) secondary production
of xylem (involved in the transport of water and nutrients from the roots to the apical parts of the plant) and
phloem (involved in the transport of water and nutrients from the leaves to the growing and storage parts of
the plant).
Unappropriate rootstock-scion compatibility leads to unnaccurate vascular fusion, resulting in waste of
plant resources and damage of physiological processes (Abdelmageed and Gruda 2009; Martinez-Ballesta et
al. 2010). The effects are a weak plant development and low production.
MATERIALS AND METHODS
The research was carried out at the specialized greenhouses of the Institute of Research-Development
for the Processing and Research of Horticultural Products - Horting, within the Laboratory of Protected
Cultivation of Horticultural Plants. The experimental field of ICDIMPH-Horting is located in Bucharest at the
altitude of 72 m above the average sea level, 44°25′57″ North latitude and 26°06′14″ East longitude.
Tomatoes were planted in a greenhouse module (51 m length, 9.6 m width, 4 m eaves height, 6.5 m
roof/ ridge height, 3 m arches distance and the same between the side pillars). The greenhouse module is
endowed with: (i) ridge ventilation window with electric control/ remote control + insect net;(ii) double inflatable
foil tire; (iii) sliding access door; (iv) enclosure ventilation system and air humidification (fig. 2); (v) automatic
fertigation system (fig. 3); (vi) shading and plants training system; (vii) complex microclimate monitoring
system; (viii) carbon dioxide enrichment/ fertilization equipment.

Fig. 2 - Fan with humidifier

Fig. 3 - Fertilization plant / equipment

Concerning the tomatoes planting operation, the method of randomly arranged layers was used / he
method of randomized blocks was used, taking into account the fact that the soil was relatively uniform and
the fertilizers were optimally supplied.
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Without any unevenness, in terms of soil physical factors, such as texture and visible density or depth
of the capillary fringe, it’s achieved an unifome distribution of solid soil fertilizers (Săndoi D. I., 2020). Variants,
plants density, planting density, intra and inter row spacing can be found in Table 1.

Variants

A1B1
A1B2
A1B3
A2B1
A2B2
A2B3
A1B0
A2B0

Combination
rootstocks
Siriana F1 / Emperador F1
Siriana F1 / L685
Siriana F1 / L544
Alamina F1 / Emperador F1
Alamina F1 / L685
Alamina F1 / L544
Siriana F1
Alamina F1

Planting characteristics
Number of
Planting
plants
density

Table 1
Distance
between rows

The distance
between plants in
a row

80 cm

82,5 cm

80 cm

48 cm

Grafted plants
60
60
60
15000
pl/ha
60
60
60
Ungrafted control plants
90
27000
pl/ha
90

Seedbed preparation has started with the application of Linzer Compex, using natrium, phosphorus
and kallium (potassium) in the ratios of 15:15:15. After crops establishement, depending on the plants
development stage, tomatoes fertigation was carried out with: Balanced 20:20:20 + Mg; NPK 10:52:0 +
Razormin; NPK 10:52:0; NPK 10:10:34 and foliar fertilization with the bio-stimulator Cropmax: 0,1%, as well.
After planting (first decade of May 2021), the development of tomato plants was systematically monitored until
the deforestation of the crop (first decade of September 2021). During this period (3 months), daily
observations with a total of 25 measurements were made.
In order to evaluate the recorded data, the following algorithm was applied: (i) the average values
corresponding to each measurement performed on variants were calculated; (ii) a score was given on a scale
of 1 to 8, respectively 1 for the minimum value and 8 for the maximum value. The ranking of the data was
based on the score.
RESULTS
Plant development during cultivation
The measurements that characterized the plants development (fig. 4) have followed: height plant (cm); stem
diameter above the callus area (mm); number of leaves / plant; number of inflorescences / plant; number of
flowers / inflorescence; number of fruits / plant; number of fruits / floor (fruiting level).

Fig. 4 - Different types of inflorescences to tomatoes plants
(https://labs.plb.ucdavis.edu/rost/Tomato/Reproductive/flranat.html)

The average values of the above measurements are shown in the table 2.
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Variants
A1B0
SIRIANA
A1B1
A1B2
A1B3
A2B0
ALAMINA
A2B1
A2B2
A2B3

Specific measurements of plant development during their growing season
AVERAGE VALUES
Height
Stem
No. of
No.
No. of
No. of
plant
diameter
leaves / inflorescence
flowers /
fruits / plant
(cm)
(mm)
plant
/ plant
inflorescence

Table 2
No. of
fruits / floor

159,10

16,8

24,17

5,88

7,96

25,73

4,18

147,70
190,61
192,18

17,3
17,9
19,3

40,75
44,34
37,54

8,54
8,30
10,42

10,72
7,62
11,82

30,57
27,70
41,32

4,46
4,29
5,90

216,61

19,2

24,81

6,16

4,80

17,50

2,92

215,03
215,93
217,18

21,3
19,4
22,4

44,58
42,53
41,29

10,14
10,22
10,06

9,22
8,50
9,57

27,04
23,17
24,28

4,09
3,63
3,72

Different stages of development of tomato crops are presented in fig.5

Fig. 5 - Aspects regarding the development of tomato culture

First fruiting
For an accurate first fruiting evaluation, the values of the fruit mass obtained after 5 consecutive harvest waves
were analyzed. The results are presented in Table 3.

Fruit weight
(kg)

Average mass of tomato fruits collected in the first 5 harvest waves
Variante
A1B1
A1B2
A1B3
A1B0
A2B1
A2B2
A2B3
SIRIANA F1
3,995

3,587

5,833

Aspects regarding the harvested fruits are shown in fig. 6.
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3,786

4,219

3,898

2,361

Table 3
A2B0
ALAMINA F1
2,338
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Fig. 6 - Harvest stage of tomatoes

Yield and quality of tomato crop
The harvested fruits were grouped into 15 weight classes, namely: 90-100g; 101-111g; 112-122g; 123133g; 134-144g; 145-155g; 156-166g; 167-177g;178-188g; 189-199g; 200-210g; 211-221g; 222-232g; 233243g; 244-254g. Considering these classes of average mass, the data obtained at the harvesting time were
subjected to statistical calculation and the values for: frequencies, relative frequencies; cumulative absolute
frequencies; cumulative relative frequencies were determined for each class and variant.
Based on these data, the fruit percentage of each weight class upon variants was determined (Table 4).

Weight classes (g)
90-100
101-111
112-122
123-133
134-144
145-155
156-166
167-177
178-188
189-199
200-210
211-221
222-232
233-243
244-254

Percentage of tomatoes by weight classes and variants
Fruit / variant percentages
A1B1 A1B2
A1B3
SIRIANA F1
A2B1
A2B2
9,85
6,99
2,00
0,65
14,4
5,63
6,2
5,38
2,00
3,92
5,6
6,93
3,65
6,45
5,50
8,50
4
3,90
4,74
9,14
7,00
9,80
4
7,36
4,01
9,14
10,00
9,80
2,4
4,76
9,49
13,44
13,00
11,11
6,4
12,55
11,31 14,52
11,00
12,42
8
12,55
16,42 13,44
16,00
18,95
18,4
9,96
16,42 12,37
14,50
13,07
11,2
10,82
12,41
5,91
7,00
3,92
13,6
9,96
5,47
1,61
5
2,61
9,6
6,06
0,00
0,00
2,50
2,61
0,8
4,33
0,00
0,54
2,00
1,31
1,6
1,30
0,00
0,54
2,00
0,65
0,00
2,16
0,00
0,54
0,50
0,65
0,00
1,73

Table 4
A2B3
11,11
14,29
12,17
11,11
12,17
11,11
6,88
11,11
3,70
4,76
0,53
1,06
0,00
0,00
0,00

ALAMINA F1
15,05
16,13
10,75
18,28
12,90
4,30
4,30
11,83
5,38
0,00
0,00
1,08
0,00
0,00
0,00

Sensory features
The sensory characteristics of tomato fruits (visual appearance, color, taste, firmness) were
determined using the points grading method (https://lsinfo.byu.edu/grading-methods) in order to accuratelly
evaluate the fruits obtained from the analysed / cultivated variants.
The numerical rating scale method ( https://www.questionpro.com/blog/rating-scale) was used to: (i)
highlight the tomatoes organoleptic quality after harvest; (ii) evaluate the changes of the organoleptic
properties as a whole or of a simple feature (eg taste).
In the table 5 shows are shown the score average values after tomatoes tasting.

Variants
A1B1
A1B2
A1B3

Visual appearance
Average
Score
values
3,88
4
4,25
5
3,75
3

Sensory analysis results
Color
Firmness
Average
Score
Average
Score
values
values
4,25
2
3,50
1
4,50
4
4,13
4
4,38
3
3,50
1
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Table 5
Taste
Average
Score
values
3,88
1
4,50
4
3,88
1

Total
score
8
17
8
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A1B0
A2B1
A2B2
A2B3
A2B0

4,38
3,75
3,38
3,63
4,63

6
3
1
2
7

4,63
4,25
4,13
4,13
4,88

5
2
1
1
6

4,25
4,00
3,88
3,50
4,75

5
3
2
1
6

4,38
3,88
4,00
4,00
4,75

3
1
2
2
5

19
9
6
6
24

Nutritional values
In order to establish the nutritional values, chemical analyzes were performed to determine the dry
matter content (°Brix / 20⁰C), total sugar (%), total acidity (g of malic acid / 100g fruit), ascorbic acid (mg / 100g
fruit), lycopene (mg / kg fruit) and beta-carotene (mg / kg fruit).
The graphs of the figures 7 and 8 show the values recorded for the evaluated variants (eight).

Fig. 7 - Variation of dry matter content, total sugar, total acidity

Fig. 8 - Variation of ascorbic acid, lycopene and beta-carotene’s content

CONCLUSIONS
Determining the rootstock - scion compatibility of grafted tomato plants by evaluating the main
technological indicators (yield, quality, precocity - first harvest and nutritional value), has allowed to establish
the influence of rootstocks used at grafted variants compared to the control ones.
Regarding the yield quality and plants’ precocity it can be concluded that:
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- analysing the size of the grafted varieties with the control one, some influences relating height increase due
to rootstocks (L 544 and L 685) have been recorded, at A1B3 (192.18 cm) and A1B2 (190.61 cm) variants, in
comparison with Siriana control variety (159.10 cm). In case of A2B1, A2B2 and A2B3 variants, Emperador
F1, L685 and L544 rootstocks did not influence the plant height, comparing to Alamina F1 control variety, the
values were close, and at A2B1 and A2B2 variants they have diminished their values, compared to the control
one;
- in case of the of stem diameters, the rootstocks generate a slight increase, in comparison with the control
variants (≈1.37 mm for Siriana F1 and ≈1.84 mm for Alamina F1);
- the number of leaves per plant was influenced by the rootstock which has determined a significant increase
in the case of A1B2 (44.34 leaves / plant), compared to Siriana F1, control variant (24.17 leaves / plant) and
A2B1 (44.58 leaves / plant), compared to Alamina F1, control variant (24.81 leaves / plant);
- relating the number of inflorescences per plant and the number of flowers per inflorescence, the existence of
the rootstock has increased their number by 77.21 % and 48.59 % at A1B3, compared to Siriana F1, control
variant; in case of A2B2 and A2B3 their number has increased by 65.90%, respectively 99.37% , compared to
Alamina F1, control variant;
- as concern the number of fruits per plant and the number of fruits per fruiting floor (level), it recorded a
maximum increase of 60.59 % and 4.11 % at A1B3, compared to Siriana F1, control variant; in case of A2B1
their number has increased by 54.51 % and 40.07 %, compared Alamina F1, control variant;
- fruit average mass from the first 5 harvesting waves shows the highest values at A1B3 and A2B1, in
comparison with the control variants where L554 and Emperador F1 rootstocks were used;
- the distribution of fruit by weight grading scale confirms that the rootstock has successfully supplied all
necessary nutrients to the plant, so that A1B1 has obtained the largest amount of fruits, distributed in weight
classes over 150 g, offering a high recommendation for commercial cultivation.
As regard the sensory characteristics (visual appearance, colour, taste, firmness), the maximum
grading score was obtained by Alamina F1, control variant (24 points), followed by Siriana F1, control variant
(19 points) and A2B2 (17 points). The other five variants have obtained a lower score. These results point out
a decrease of fruit organoleptic (sensory) characteristics in case of grafted plants, in comparison with the
control variants.
In case of nutritional values, analysing the data and their distribution per variants, the results show that
the dry matter, total sugar, total acidity, ascorbic acid and beta-carotene values are differentiated by very low
values, so that the rootstock did not influence them.
A direct positive influence of the rootstock has occured in the case of lycopene content. At A1B2 and
A1B3 the increase was ≈ 68.17 %, compared to Siriana F1, the control variant, while A2B1 and A2B2 have
increases with 57.53 % and 45.25 %, compared to Alamina F1, the control variant.
The results of this study clearly highlight that rootstock type influences the internal and external
characteristics of the grafted plant. The rootstock - scion compatibility must be in-depth studied, carefully
selected and responsibly implemented, in order to promote the smartest combinations and to develop a market
strategy with impact of the increase of tomato yield and quality.
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ABSTRACT
The recent interest in sea buckthorn (Hippophae rhamnoides L.) is due to the nutritional and medicinal value
of the berries. When harvested from large areas, sea buckthorn fruits may involve the development of a
mechanized fruit harvesting technology. One of them is cutting the branches, freezing them with fruit and
detaching them from the branches, using this method of harvesting, the plantation is productive once every 3
years. In this paper are analyzed different solutions for the conditioning of sea buckthorn fruits in order to
obtain raw materials for their industrial processing.
REZUMAT
Interesul recent pentru cătină (Hippophae rhamnoides L.) se datorează valorii nutritive şi medicinale a fructelor.
Atunci când sunt recoltate de pe suprafețe mari, fructele de cătină pot implica realizarea unei tehnologii de
recoltare mecanizată a fructelor. Una dintre acestea este tăierea ramurilor, înghețarea lor cu tot cu fructe și
detașarea lor de ramuri, utilizând această metodă de recoltare, plantația este productivă o dată la 3 ani. Ȋn
acest articol sunt analizate diferite soluţii pentru conditionarea fructelor de cătină ȋn vederea obţinerii de materii
prime pentru procesarea industrială a acestora.
INTRODUCTION
Sea buckthorn is one of the most significant super foods in the world and is widely grown in Asia,
Europe and Canada (Ciesarova, Z., et al.,. 2020; George, S.D.ST., Cenkowski, S., 2009). Buckthorn products
obtained from fruit, leaves or seeds are widely used in food, animal feed, cosmetics, and the pharmaceutical
industry. All parts of sea buckthorn are valuable in biologically valuable substances, but the most important
part of the plant is the fruit (Bal L.M. et al., 2011; Blahovec J., et al.1995).
Globally, current technologies and integrated equipment for separating sea buckthorn SBT from twigs
are highly complex, as they implement automated equipment and systems (industrial 4.0) in multiple fields of
engineering and the food industry.
Another important factor is how to set up the sea buckthorn plantation (Li, T.S.C. and Schroeder,
W.R.,1999), because depending on the planting scheme (distance between rows and shrubs) and how to cut
the branches, different harvesting methods and equipment can be used that largely influence the flow.
technological information on the harvesting of sea buckthorn fruits, respectively the period of harvesting from
the plantations (Sinkh ,V. ,2008; Liang, J, Mu, H, Yang, H. 2008). .
One of the most acute problems encountered by Romanian producers in the fruit sector is the
harvesting of sea buckthorn fruits, a challenge difficult to solve technologically because the developed
solutions must be viable and the process of separating the harvested material (branches, leaves, as well as
the fractions resulting from the recovery of fruit (juice, peel, seeds, pulp) must comply with a wide range of
technical standards and specifications, as well as regulations for the efficient management of by-products and
vegetable waste resulting from these processes (Duda, M., , A., 2007).
When harvested from large areas, sea buckthorn fruits may involve the development of a mechanized
fruit harvesting technology. One of them is cutting the branches, freezing them with fruit and detaching them
from the branches, using this method of harvesting, the plantation is productive once every 3 years (Fu, L. et
al., 2014; Olander S., 1995). In this paper are analyzed different solutions for the conditioning of sea buckthorn
fruits in order to obtain raw materials for their industrial processing.
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MATERIALS AND METHODS
It is difficult to harvest the sea buckthorn berry because it does not readily form an abscission layer
and the fruit is tightly clustered on two-or three-year old, thorn-covered branches (LiT.S.C. and Schroeder
W.R., 1999).
Manual harvesting, however, requires approximately 1500 h of human labour for every hectare of orchard (Fu
L. et al., 2014). The costs associated with manual labour and the problems associated with recruitment and
management of picking staff suggest that manual harvesting of sea buckthorn berries is not a viable option.
Mechanical fruit harvesters can be classified as either direct harvesters or indirect harvesters (Liang
J.et al., 2008). A direct harvester relies on direct contact with the fruit, while an indirect harvester causes the
fruit to be removed without physically touching it. Direct harvesters can be very effective at removing the fruit,
but they usually damage either the fruit or other parts of the plant, or both. Robotic harvesters can reduce fruit
damage, but they tend to be slow. Indirect harvesting is usually accomplished by shaking a portion of the plant.
Forces applied to either the trunk, branch, or foliage of the plant cause the fruit to be detached from the stem
(Mann DD. et al., 2001, Xu Z. et al., 2011; Wang M. et al., 2013). Harvesters may also use a combination of
direct and indirect techniques.
In some cases sea buckthorn fruit may involve the development of mechanized fruit harvesting technology,
especially when harvested from large areas. One of them is cutting the branches, freezing them with fruit and
detaching them from the branches, using this method of harvesting, the plantation is productive once every 3
years.
Sea buckthorn plantation harvesting technologies can be developed depending on the tree planting
scheme and harvesting methodology. Thus, the methods of mechanized harvesting are divided into two
categories: direct harvesting - direct contact with the fruit and indirect harvesting - the fruits are detached
without coming into contact.
Fig. 1 shows a diagram of the methods used in the harvesting process.

Fig. 1 - Diagram of harvesting methods in sea buckthorn plantations

Direct harvesting can be very effective in collecting fruit, while indirect harvesting is usually done by
shaking a portion of the plant. The forces applied either on the trunk or on the branch of the plant cause the
fruit to be detached from the stem. This mainly includes vibration harvesting and cutting harvesting.
Prototype harvesters are based upon the principle of cutting off the fruit branch. Since sea buckthorn sets fruit
on second year wood, harvesting by this method means that a harvest can be obtained only every other year
which is economically unsuitable for most of the farmers in North America.
In some countries, sea buckthorn is harvested in the winter after berries have frozen, however, the
loss of moisture and vitamins involved with waiting for the first seasonal freeze may be unacceptable in some
circumstances and flavor is unacceptable. In Canada, the most successful methods of mechanical harvesting

815

INTERNATIONAL SYMPOSIUM

have involved shaking the individual branches of the shrub in situ to dislodge the berries, without any damage
if the berries are not overripe, causing them to fall into a catcher placed around the base of the tree.
If the berries are to be stored more than a few days, they should be frozen, preferably by individual
quick freezing techniques. The berries are thawed and processed to products as required on demand. Juice
extracted by pressing or centrifugal techniques must be stored under refrigeration and requires pasteurization
and freezing for long term storage. Alternatively fruit may be processed into pasteurized or sterilized finished
products and stored in that form at room temperature. The shelf life even of sterilized product is limited but
improved in refrigerated storage.
RESULTS
Mechanical fruit harvesters can be classiﬁed as either direct harvesters or indirect harvesters. A direct
harvester relies on direct contact with the fruit, while an indirect harvester causes the fruit to be removed
without physically touching it.
Direct harvesters can be very effective at removing the fruit, for example, vacuum suction harvester
(Mu H. et al., 2012). A representative model of this type it was coupled to a tractor and had a power of more
than 36.6 kW. It included universal shaft, pulley assembly, vacuum pumps, fruit tank, fruit boxes, vacuum
tubes, and picking heads, as shown in Fig. 2. During harvesting, negative pressure generated from the vacuum
pump, which was powered by the tractor through the universal shaft, formed a ﬂow in the special picking head
to suck the SBT fruit into the harvester’s container. Once the container was full, the fruit could be transferred
to fruit boxes. Generally, this type of harvester has six picking heads available for six people to work at the
same time, which could harvest up to 1000 kg of fruit in one day.

Fig. 2 - Structure of suction harvester for SBT fruit

1.universal shaft; 2. pulley assembly; 3. fruit boxes; 4. vacuum pump; 5. wheel; 6. inflation container;
7. fruit tank; 8. vacuum tube; 9. picking head; 10. stander

Indirect harvesting is usually accomplished by shaking a portion of the plant. Forces applied to either
the trunk or branch of the plant cause the fruit to be detached from the stem. This mainly
includes vibration harvesting and cutting harvesting.
A representative trunk vibration harvester as shown in Fig. 3 consisted of a fruit collecting device,
clamp vibrating device, hydraulic motor, and control cylinder, (Wang M. et al., 2013). For harvesting, the clamp
position on the trunk was selected first and clamped by the vibrating device after its height and angle were
adjusted via the hydraulic control valve. After that, the trunk was vibrated by the vibration from the eccentric
mechanism in the vibrating device, which was driven by the hydraulic motor.
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Fig. 3 - Structure of trunk vibration harvester for SBT fruit.

1.running system; 2.engine; 3.cab; 4.height control cylinder; 5.angel control cylinder; 6.hydraulic motor;
7.clamp; 8.collecting device

In Germany, a cutting harvester was developed by the Kranemann Co. Ltd. It included an adjustable
baffle, circular saw, reel, elevator, and container, as shown in Fig. 4. During harvesting, the harvester was
driven along the SBT tree line and adapted to the growth habit of the shrub by the baffle, which can go under
the drooping branches and raise a mower deck on the reel. The reels that mounted curved tines arrange the
branches and take them to a set position for cutting. Then, the fruit bearing-branch was cut by the circular saw
and conveyed to the container. After that, the fruit-bearing branches were transported on a special truck to a
flash freezer tunnel where the fruit-bearing branches were flash-frozen while passing through. Lastly, they
were transferred to a machine that separates the fruit from the branches by vibrating.
This method has great adaptability to various SBT varieties and high efficiency. However, it results in
a large yield reduction the following year. In addition, it requires a line spacing of more than 3 m, which means
it only can be applied to commercial planted SBT orchards.

Fig. 4 - Structure of cutting harvester for SBT fruit.

1.wheel; 2. hydraulic cylinder; 3.container; 4. engine; 5.cab; 6. elevator; 7. reel; 8. circular saw; 9. adjustable baffle

The innovative technology for pre-processing sea buckthorn from fruit plantations must be adapted to
the planting scheme and the technological needs for obtaining the raw material for marketing and processing
of sea buckthorn and sea buckthorn fruit, respectively. Thus, INMA researchers have developed a technology
adaptive to sea buckthorn bush varieties, a technology related to the development of an experimental model
of high-performance equipment for detaching sea buckthorn from ESFC harvested and frozen branches.
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Fig. 5 - ESFC equipment principle diagram and operating principle

M.I – fruit detachment module; M.II – sea buckthorn seed separation module; M.III- suction light impurities module;
A – raw material supply (branches, fruits, leaves); B – branch evacuation (wood material);
C – evacuation of material for pre-processing (fruit, leaves); D – evacuation of small heavy impurities (seeds, fruit and leaf fractions);
E – evacuation of sea buckthorn seeds; F – evacuation of plant debris (leaves, small branches); G – evacuation of light impurities.

The ESFC technical equipment was designed for the separation of sea buckthorn fruits, confirming
the principle diagram shown in Fig.5.
The technology of separating the sea buckthorn fruits from the branches that can be adapted to the
national fruit plantations comprises the phases from Fig.5 Phase I - Harvesting branches / fruits, Phase IICollection and transport; Phase III - Rapid freezing; Phase IV - Fruit threshing / separation; Phase V - Primary
separation of fruits (mixed separators); Phase VI - Secondary separation (separation of stalk fruits); Phase VII
- Final separation (separation by color and size).
This technology separates the valuable components from the mixture resulting from the vinification
process (seeds, skins, stalks) in a continuous flow and at a higher capacity adapted to the requirements of the
beneficiaries. The application of new technologies will facilitate the extraction with maximum efficiency of the
fractions from the pulp containing specific active principles, which will allow their use in the development of
new food and pharmaceutical formulas.
CONCLUSIONS
Due to the fact that pre-processed sea buckthorn fruits are pre-frozen to preserve the integrity of the
fruit, ESFC equipment is designed to: shorten the technological flow and pre-processing time (to avoid thawing
the fruit), to reduce with interphase conveyor equipment and to be able to implement on request an automatic
command and control system (agriculture 4.0).
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ABSTRACT
According to statistical data, unemployment in Romania is a phenomenon that has become more
widespread in recent years, a term often used is, for example, "We have become technically
unemployed!". But this does not mean that unemployment will always be on an upward scale, it differs
from one economic bloc to another. According to EUROSTAT data from 2021, Romania, for example,
is ranked 8th (in the EU) and the country with the highest unemployment rate is Spain.
REZUMAT
După datele statistice, șomajul în România este un fenomen care a luat amploare în ultimii ani, un
termen des folosit este de exemplu: ,,Am intrat în șomaj tehnic!”. Dar asta nu înseamnă că șomajul o
să fie mereu pe o scară ascendentă, acesta diferă de la un bloc economic la altul. După datele
EUROSTAT din anul 2021, România de pildă este amplasată pe locul 8 (în UE), iar țara care a
înregistrat cea mai mare rată a șomajului este Spania.
INTRODUCTION
Before the COVID-19 pandemic, more than half a million people in Romania were unemployed,
now because of the lockdowns, the number has skyrocketed. Because of this, the number of
unemployment benefits is increasing, a solution to these causes would be the implementation of broader
economic support programs. In the following SmartArt some "natural causes" will be presented:

"Natural causes":
market imperfections
random variations in supply and
demand
costs related to obtaining
information about jobs
unemployment in the youth bloc
"hidden unemployment"
(unemployed missing from official
statistics)

Fig.1. SmartArt representative of the most common cases leading to natural unemployment
(own contribution)
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INFLATION HAS EFFECTS (positive and negative)
It discourages investment, redistributes income in favor of the powerful, disadvantages
consumers by reducing the purchasing power of money (Nita Dobrota, 1999).
UNEMPLOYMENT HAS THE FOLLOWING TYPES:
• depending on the cause, it may be voluntary or involuntary;
• in a market where competition is flourishing, various forms of unemployment are formed:
technological, seasonal, structural, frictional, intermittent.
From the stories at the beginning of the article, unemployment in general represents an imbalance
in the labour market, a good part of Romania's active population is not employed or does not have a
stable job, permanent contracts have become "endangered", which automatically affects the labour
force. A good example are unemployed people who have reached the age of 15 (a growing number in
Romania):
• do not have a job;
• are not engaged in income-generating activities;
• their residence is in Romania.
But that's not all, more than 50% of the unemployed are over 40 (for economic agents, you are
already considered "old", which is not true).
According to specialists, nowadays, for young people who have finished high school or university, the
employment process has become very laborious, with lots of interviews, certifications, etc., in the hope
that you will be called and recruited somewhere, where of course you must go through a "knowledge
check" stage, and then perhaps a fixed-term contract. United Nations statistics predict that the average
age of the population in Romania will be 49 in 2050 (Wall Street, 2016).
In the early years of education, there should be more emphasis on laws and rights, one law that many
employers do not understand is: "Romanian legislation prohibits discrimination on the basis of age in
the field of employment", the fine can reach between 1000 and 30.000 RON for individuals and for those
targeting a community or a group of people, it is between 2000 and 100.000 RON (Maria Burulean și
Sorina Priceputu, 2020).
MATERIALS AND METHODS
Unemployment occurs when an active economic agent is in a continuous job search and is unable
to find a position. The most frequent measure is the unemployment rate, which is the result of the
number of unemployed divided by the number of economic agents considered "labour force".
In economics it is an important indicator because it shows the number of economic agents who are
employable and can easily find a job, right from university and of course automatically join economic
production (Laurențiu Mihai, 2012-2022).
Also included:
• unemployed economic agents who are available for work, waiting to be recalled to a job or
who have found a job and are moving to the stage of starting work on a specific date;
• economic agents who are normally part of the inactive population (pupils and students, retired
people) but who declare in their documents that they are looking for a job;
• in the labour market we sometimes find: a balanced situation reflecting almost full
employment and an unbalanced situation reflecting a degree of under- or over-employment.
RESULTS
1). Unemployment level - in absolute terms is the number of persons in the labour force not in
employment.
Unemployment level = Unemployment rate
It is calculated as a percentage of the average number of unemployed ILO (NS) and the active
population (AP), namely:
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𝑅𝑅𝑆𝑆 =

𝑁𝑁𝑆𝑆
𝑥𝑥 100
𝑃𝑃𝐴𝐴

Or the number of BIM unemployed and the employed population, (𝑃𝑃𝑂𝑂 ), namely:

𝑅𝑅𝑆𝑆 =

𝑁𝑁𝑆𝑆
𝑥𝑥 100
𝑃𝑃𝑂𝑂

Table 1.
Unemployment rate by gender, macro-regions, development regions and counties
(http://statistici.insse.ro:8077/tempo-online/)
Year
2015

Year
2016

Year
2017

Year
2018

Year
2019

Year
2020

TOTAL

5.00

4.80

4.00

3.30

2.90

3.40

SOUTH-WEST OLTENIA
region

8.20

8.30

7.30

5.90

5.20

5.50

Dolj

9.50

9.80

8.80

7.40

6.70

7.10

Gorj

7.70

7.40

6.30

4.40

3.50

3.80

11

9.60

9.40

7.70

6.80

6.40

Olt

8.10

9.20

7.40

6.30

5.50

5.90

Vâlcea

4.70

5.00

4.20

3.10

2.80

3.60

WEST region

3.00

2.60

2.20

1.80

1.70

2.20

Arad

2.40

2.30

1.50

1.40

1.20

2.20

Caraș-Severin

4.20

2.20

3.60

3.30

3.10

3.40

Hunedoara

6.10

6.00

4.50

3.40

3

3.40

Timiș

1.30

1.10

1

0.80

0.80

1.30

Mehedinți
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Timiș
Hunedoara
Caraș-Severin
Arad
WEST region
Vâlcea
Olt
Mehedinți
Gorj
Dolj
SOUTH-WEST OLTENIA region
TOTAL
Year 2020

Year 2019

Year 2018

Year 2017

Year 2016

Year 2015

Fig.2. Representative unemployment rate chart by gender, macro-regions, development regions and
counties – total

As can be seen, the highest unemployment rate is in Mehedinți County in 2015 with 11 percent and the
county with the lowest unemployment recorded is in Timiș County in 2018 and 2019.
Next, we will analyze the unemployment rate in Olt County, then by gender (Anuarul Statistic al Romaniei,
2001).

Unemployment rate - Olt County (http://statistici.insse.ro:8077/tempo-online/)
Year
2015

Year
2016

Year
2017

Year
2018

Year
2019

Year
2020

Total

8.1

9.2

7.4

6.3

5.5

5.9

Male

9.4

10.2

8

6.8

5.7

5.9

Female

6.7

8

6.8

5.6

5.2

5.9
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Fig.3. Representative graph with unemployment rate analyzed by Olt County (total, female, and male)

From the graph above it can be seen that from 2015 to 2020 the unemployment rate decreased by 2
percent, in 2015 the percentage is 8.1 and in 2020 the percentage is 5.9.
Table 3.
Unemployment rate by gender, macro-regions, development regions and counties (female
gender) (http://statistici.insse.ro:8077/tempo-online/)
GENDER - FEMALE
Year 2015

Year 2016

Year 2017

Year 2018

Year 2019

Year 2020

TOTAL

4.60

4.40

3.80

3.30

3.00

3.60

SOUTH-WEST
OLTENIA region

7.30

7.40

6.70

5.50

5.00

5.50

Dolj

8.70

8.50

7.90

6.80

6.20

6.80

Gorj

7.20

6.50

6

4.30

3.60

3.80
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Mehedinți

9.00

8.60

8.00

7.00

6.30

6.20

Olt

6.70

8.00

6.80

5.60

5.20

5.90

Vâlcea

4.60

5.10

4.50

3.30

3.10

4.00

WEST region

3.10

2.80

2.30

2.00

1.90

2.60

Arad

2.60

2.30

1.60

1.50

1.40

2.70

Caraș-Severin

3.90

2.10

3.50

3.40

3.20

3.70

Hunedoara

6.30

6.50

4.60

3.80

3.40

4.00

Timiș

1.50

1.30

1.20

1

1

1.60

Year 2018

Year 2017

Year 2016

Timiș
Hunedoara
Caraș-Severin
Arad
WEST region
Vâlcea
Olt
Mehedinți
Gorj
Dolj
SOUTH-WEST OLTENIA region
TOTAL
Year 2020

Year 2019

Year 2015

Fig.4. Representative graph with unemployment rate analyzed by Olt County (female gender)

As can be seen in the graph, in the female gender category, the highest unemployment rate is recorded
in 2015 in Mehedinți County with a score of 9 percent, but it decreases considerably by 2020 and reaches 6.20
percent. The county with the lowest recorded unemployment is Timiș with 1 percent in 2018 and 2019 but
undergoes a massive increase between 2018 and 2020.
Table 4
Unemployment rate by gender, macro-regions, development regions and counties (male gender)
(http://statistici.insse.ro:8077/tempo-online/)
GENDER - MALE
Year 2015

Year 2016

Year 2017

Year 2018

Year 2019

Year 2020

TOTAL

5.30

5.10

4.20

3.40

2.90

3.20

SOUTH-WEST
OLTENIA
region

8.90

9.10

7.80

6.20

5.40

5.60

Dolj

10.20

10.80

9.50

7.90

7.20

7.30
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Gorj

8.10

8.20

6.60

4.40

3.40

3.90

Mehedinți

12.80

10.50

10.50

8.40

7.20

6.70

Olt

9.40

10.20

8.00

6.80

5.70

5.90

Vâlcea

4.70

4.90

3.90

2.90

2.60

3.20

WEST region

2.80

2.40

2.10

1.60

1.50

1.80

Arad

2.20

2.30

1.50

1.20

1.10

1.70

Caraș-Severin

4.40

2.30

3.80

3.30

3.10

3.20

Hunedoara

5.90

5.50

4.40

3.10

2.70

2.80

Timiș

1.10

1.00

0.90

0.60

0.60

1.00

Timiș
Hunedoara
Caraș-Severin
Arad
WEST region
Vâlcea
Olt
Mehedinți
Gorj
Dolj
SOUTH-WEST OLTENIA region
TOTAL
Year 2020

Year 2019

Year 2018

Year 2017

Year 2016

Year 2015

Fig.5. Representative graph with unemployment rate analyzed by Olt County (male gender)

As can be seen, Mehedinți County is also the leader in the case of male unemployment, but with
a much higher percentage of 12.80 percent in 2015.
The lowest unemployment rate is also in Timiș County, as for female persons, but with a much lower
percentage of 0.60 percent in 2018 and 2019 (Michel Didier).
The effects of unemployment:
Unemployment in most cases is an inherent phenomenon found in every economy. It is advisable
not to have an excess in society because it affects the economic activities of economic agents, i.e.
monetary losses. Economic agents, society and the economy bear these consequences, in the cost of
unemployment are included:
• loss of income (of the economic agent, the difference between the unemployment benefit and
the wage he would have earned if he had a job);
• loss of revenue from the state budget (social security, unemployment fund, supplementary
pension fund);
• payments from the special fund budget (for unemployment benefit, support allowances);
• loss of company revenue (production below potential/actual);
• expenditure on vocational schools (secondary and higher education).
Ways to fight:
• increasing employment opportunities (without discrimination);
• information and career counselling to be more widely applied;
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•
•

specialized consultants to teach economic agents how to develop self-employment, longterm successful business ideas;
stimulating the workforce (more accessible and better organized competitions).

CONCLUSIONS
Unemployment also has some positive effects, such as:
Incentives for employees to upgrade their skills, enabling them to get more secure and better paid
jobs.
Stimulating the mobility and adaptability of the workforce to better respond to changes in the
economy and the demands of increased economic efficiency.
The combination of the effects of unemployment on the economy led the American eco-nomist
Arthur M. Okun to formulate a law that bears his name.
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ABSTRACT
In any market economy, the prices of all goods and services can change (at any time of the day or night), they
can be on an upward or downward scale, it is advisable that market prices are in equilibrium to meet all the
requirements of economic agents. Inflation' occurs when there is a general increase in the prices of all goods
and services. For the calculation of average price increases, a greater share is allocated to more expensive
products (electricity, gas, etc.) than to cheaper products (bread, salt, etc.).
REZUMAT
În orice economie de piață, prețurile tuturor bunurilor și al serviciilor pot fi modificate (la orice oră din zi sau din
noapte), ele se pot situa pe o scară ascendentă sau pe una descendentă, recomandabil este ca prețurile pieței
să fie într-un echilibru pentru satisfacerea tuturor cerințelor agenților economici. Subiectul ,,inflație” apare
atunci când este înregistrează o creștere generalizată a prețurilor tuturor bunurilor și serviciilor. Pentru
calcularea creșterii medii a prețurilor, ponderea cea mai mare este alocată produselor mai scumpe
(electricitatea, gazele, etc) decât celor ale produselor mai ieftine (pâinea, sarea, etc).
INTRODUCTION
Inflation by definition is a material structural monetary imbalance reflecting the existence in circulation
of a money supply more than the needs of the economy, leading to a sustained and generalized increase in
prices and a depreciation of the national currency. In the following, the types of inflation will be highlighted by
a SmartArt:

Fig.1. Representative SmartArt with inflation types
(own contribution)

INFLATION HAS EFFECTS (positive and negative)
It discourages investment, redistributes income in favor of the powerful, disadvantages consumers by
reducing the purchasing power of money (Holzman, Franklyn D., 1959).
In simple terms, inflation refers to the increase in prices of most every day or commonly used goods and
services, such as housing, clothing, food, transport, consumer staples, etc. Inflation generally measures the
average change in the price of a basket of goods and services over time. Each economic agent has its own
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consumption preferences: most people eat ready-made meals (fast food, pizza, etc.) and travel by their own
vehicle, other economic agents prefer public transport (bus, metro, train, etc.) and eat a healthy and moderate
diet (vegetarian diet).
The phenomenon called inflation is a rather large problem, which can be carried out through several
economic analyses (the most important being the economic and social imbalance). "Inflation" is a term that
has been used since the beginning of time, by people in business who are in close contact with markets,
people in science, etc. only at the end of the 19th century, although the inflationary phenomenon existed long
before that. Inflation remains the most feared and controversial form of macroeconomic imbalance, in terms of
its nature and the causes and triggering mechanisms. Initially, inflation took the form of the devaluation
(counterfeiting) of precious metal money (Dornbusch R., Fischer S. 1993).
Today, when a government increases the quantity of paper money, the result is a tendency for the
purchasing power of the monetary unit to decrease and prices to rise. According to Brofenbrenner and
Holzman's 1963 definition: "Inflation is a state of generalized excess demand, in which too much money runs
after too few goods."

Fig.2. US BANK INFLATION RISING
(https://www.mediafax.ro/economic/sua-inflatia-a-crescut-la-cel-mai-inalt-nivel-din-ultimii-13-ani-cum-sepozitioneaza-romania-20187053)

At the moment, Western Europe is experiencing a significant increase in prices, following the recovery
of economies after the shutdowns of the COVID-19 crisis. In the case of Europe, inflation exceeded 2%, but
did not exceed 5% (the US case). Unfortunately, in Romania, inflation has risen to 3.94% in June 2021
compared to June 2020, and the people who analyses these situations expect inflation to be close to 5% by
the end of the year (Bogdan Cojocaru).
MATERIALS AND METHODS
The research will be done through online materials, news, documentaries (YouTube, ProfiMedia, etc.),
articles, data taken from the resources of the National Institute of Statistics - INSSE and the National Bank of
Romania.
The data will be represented by representative images, data tables (selected years 2015 - 2020) and
comparative graphs to better understand inflation increases and decreases for Romania and in general.
RESULTS
Measuring inflation
Inflation is measured using price indicators:
1). - CPI "Consumer Price Index" (this indicator measures the cost of living which depends on the level
of current expenditures made in each period of expenditures, framed in the structure: "consumer market
basket".
2). - "Output price index" PPI measures the price development of industrial products and services
manufactured and delivered by producers in each period compared to a previous period in the first stage of
marketing of products/services (it is a wholesale index). Core inflation is calculated according to the following
equation:
IB = IIB * 100 - 100
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where: IB - core inflation; IIB - core inflation index.
Surplus of money supply over real supply giving rise to a surplus of absolute nominal demand, i.e. real
price increases.
In relative terms - it is the ratio of the surplus or surplus of money to the actual supply of goods and
services in the economy, corresponding to a certain increase in prices (Bruno M., Easterley W., 1998).
Specific forms of inflation:
1). Currency inflation - caused by excessive currency issuance because of the decisions of the relevant
economic organs. This type of inflation leads to an excess demand for goods which leads to higher prices. The
increase in prices occurs not by simply increasing the amount of money, but by the increase in demand it
makes possible.
2). Credit inflation - is generated by excessive credit growth, which leads to excess demand for
consumer goods relative to existing supply. Credit and currency inflation can be considered as one and the
same form of inflation, having in common the direct or indirect increase in the nominal income of the population
and economic agents, which is the basis of the potential excess demand.
3). Demand inflation - is driven by the increase in demand for soluble demand above the level of goods,
as the economy does not have the capacity to increase the volume of production, so that part of the demand
remains unsatisfied. This type of inflation results from an increase in aggregate demand. The increase in
aggregate demand is expressed in rising household income.
4). Supply-side inflation - is caused by insufficient output relative to existing demand. Supply as
demand refers to a certain price and can be seen as the supply of a good, an industry, a company and as total
market supply. Elastic supply, for example, occurs when the percentage change in supply exceeds the
percentage change in price. For example, if price increases by 10%, supply increases by more than 10%.
5). Cost inflation - Rising costs do not stimulate production, and the supply of goods and services falls,
and prices rise. Production costs rise when the remuneration of factors of production increases more than their
productivity.

Consumer price index - annual data series
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Fig.3. Representative graph with consumer price indices between 2015-202 in Romania
(https://insse.ro/cms/ro/content/ipc-serie-de-date-anuala)

As can be seen in the graph, the lowest consumption is recorded in 2015, then rises sharply until 2018
by more than 5 percent, but then goes on a slight downward scale, decreasing by 2 percent from 2018 to 2020.
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Fig.4. Inflation rate in Romania represented by pie chart between 2015-2020
(https://insse.ro/cms/ro/content/ipc-serie-de-date-anuala)

Table 1.
Representative table with the consumption of some products in Romania from 2015 to 2020
(http://statistici.insse.ro:8077/tempo-online/#/pages/tables/insse-table)
U. M. = RON / kg

Year
2015

Year
2016

Year
2017

Year
2018

Year
2019

Year
2020

Bread and confectionery (kg)

8.38

8.24

8.20

8.04

7.93

7.60

Maize (kg)

0.85

0.80

0.80

0.77

0.73

0.73

Flour (kg)

0.86

0.80

0.80

0.78

0.77

0.79

Floury pasta (kg)

0.30

0.29

0.30

0.32

0.32

0.33

Rice (kg)

0.43

0.43

0.43

0.43

0.43

0.42

Fresh meat, total (kg)

3.39

3.39

3.54

3.60

3.63

3.65

Meat preparations (kg)

1.10

1.12

1.20

1.24

1.24

1.41

Fish, fish products and canned fish (kg)

0.71

0.70

0.73

0.74

0.74

0.73

Cheese and cream (kg)

1.27

1.34

1.46

1.52

1.52

1.57

Fruit, total (kg)

3.69

3.83

3.90

4.03

4.01

4.06

Watermelons and yellows (kg)

0.72

0.81

0.90

0.77

0.74

0.73

Potatoes (kg)

3.20

3.06

3.07

3.02

2.89

2.87
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Representative graph with average consumption / month
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Year 2017

Year 2016
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Fig.5. Representative graph with analyzed data from the consumption table.

As can be seen in the graph, some products increase and others decrease in percentages, such as
fresh meat products, with an increase of 0.26 % from 2015 to 2020, and on a downward scale are bread
and bakery products, with a decrease of 0.78 % from 2015 to 2020. The most balanced product in the
everyday Romanian's shopping basket is rice, suffering insignificant decreases and increases (Botea,
Răzvan, 2021).
CONCLUSIONS
In conclusion, inflation is defined as a final indicator that shows at the end of any fiscal year whether
government legislative, fiscal, monetary policies, together with Central Bank policies, are coordinated and
lead to stabilization of consumer prices (Cagan P., 1956).
An annual rate of 2-3% can be considered beneficial for a market economy. Moderate and controlled
price increases encourage economic activity and investment as investors expect profits to rise.
- A rate higher than 5% per year is problematic, it could signal a transition to recession.
- On the other hand, a negative rate has undesirable effects, leading to lower investment and
purchases, discouraging production, shrinking company budgets, lower wages and restructuring.
- The negative effects of inflation can be much greater than the positive effects of rising inflation. In
conclusion, at least in theory, inflation is not accepted as a factor for sustainable economic growth.
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ABSTRACT
In response to increased consumer demand for healthful food products, finding sustainable and eco-friendly
technologies became a true challenge. Based on the latest regulations of the relevant authorities, the ozone
treatment into the sector of horticultural products capitalization and food industry was unanimously recognized
as wholly safe for humans. Due to ozone property to be converted into oxygen by autolyses, it is used in the
ecological technologies as disinfectant, antimicrobial and pesticides residues remover in the contact food
applications. The study aims to demonstrate the ozone efficiency in apple juice processing line at ICDIMPH Horting and to exhibit the prototype of ozone preparation in aqueous solution.
REZUMAT
Ca răspuns la cererea crescută a consumatorilor pentru produse alimentare sănătoase, găsirea de tehnologii
durabile și ecologice a devenit o adevărată provocare. Pe baza celor mai recente reglementări ale autorităților
relevante, tratarea ozonului în sectorul valorificării produselor horticole și al industriei alimentare a fost unanim
recunoscut ca fiind complet sigur pentru oameni. Datorită proprietății ozonului de a fi transformat în oxigen prin
autoliză, este utilizat în tehnologiile ecologice ca dezinfectant, antimicrobian și pentru îndepărtarea reziduurilor
de pesticide în aplicațiile de contact cu alimentele. Studiul își propune să demonstreze eficiența ozonului în
linia de producere a sucului de mere la ICDIMPH - Horting și să prezinte prototipul de preparare a ozonului în
soluție apoasă.
INTRODUCTION
The food industry targets to develop innovative technologies to launch healthy, natural and
sanogenous products, richer in nutrients and higher in sensory characteristics, in order to fulfil consumer’s
expectation. In accordance with the standards and good agricultural practice, new technologies in the field of
horticultural crops protection & capitalization are currently being implemented, which, however, are struggling
to remove the pesticide active compounds residues. Pesticide residues are long-lasting and are slowly reduced
in plant tissues (Nowacka, 2009). Residue levels of benomyl, carbendazim, methyl thiophanate and
thiabendazole in apples stored at 0-2° C were found even after 140-150 days when the active ingredients have
reached a level of 36-60% from their initial concentration (Holland, 1994).
To reduce impurities, washing the fruits with certain detergents is commonly used. Such methods are
able to remove pesticide residues that are transferred to the washing solution.
Washing efficiency depends on several factors, such as the place of the residue on fruit surface, elapsed time
since exposure to the active ingredient and water solubility to a particular residue. The temperature and
washing type have an impact on this process, as well. The use of additional detergents or cleaning agents and
the temperature of washing solution can considerably influence the efficiency of the process (Holland,1994).
This way, the active compounds of pesticide are released into the water, air and soil (Tiwari B.K.2009),
empoisoning the environment. The side effects of such method is a weapon turned against life & wellness, in
all its dimensions.
Technologies using ozone have expanded in the recent years, due to the fact that it promotes
disinfection, virus inactivation, deodorization, bleaching (decolorization), decomposition of organic matter,
degradation of mycotoxins and others (Balawejder M., 2013). Ozone (O3) is a natural gas in the atmosphere,
one of the most powerful antimicrobial products that acts against a wide range of microorganisms. Ozone is
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an allotropic form of oxygen that is a strong oxidant (E0 = 2.07 V) which allows the oxidation of many organic
compounds.
Fruits and vegetables are usually/ commonly sprayed with aqueous ozone solution or passed through
into such solution in the processing line. The use of the ozone solution is possible due to its solubility in water,
which is about 0.105 g in 100 cm3 at 0º C. If ozone is applied in aqueous solution, contaminants oxidation is
based on direct oxidation of ozone molecules or indirect free radicals’ oxidation. Catalytic oxidation of ozone
leads to the generation of very strong oxidants (E0 = 2.8 V) and hydroxyl radicals (•OH). The hydroxyl group
produces radical reactions with organic compounds of hydrogen extraction or electrophilic dependence on
double bonds (Chiron S., 2000).
A wide range of pesticides are used in the treatments of agricultural crops. Ensuring an efficient
washing of fruits and vegetables to remove the pesticide active compounds’ residues, is done by meeting the
following requirements: (i) the generation source of ozone is the atmospheric air; (ii) the achievement of an
optimal O3 concentration in the washing water; (iii) the flow adaptation of the ozonated solution to the working
capacity of the washing equipment.
MATERIALS AND METHODS
In order to implement the ozone treatment to the horticultural products, the scientists of ICDIMPHHorting and INMA Institutes have developed a practical equipment. The engineers have shared their ideas
and they succeeded to create a new vision of technology. The concept and the prototype of ozone preparation
equipment represents a bridge of their practical knowledge and joint efforts in the field. The washing phase of
the raw material (apples) from the current technology used at Horting Institute to obtain apple juice, has been
adapted / transformed so that the washing is done with ozonated solution. The scheme of the technological
plant is shown in Figure 1.

Fig. 1 - Technological scheme of ozone plant applied at ICDIMPH - Horting
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Starting from the main scheme of ozone solution preparation, presented in figure 2, the research team
has realized the equipment’s design of ozone preparation in aqueous solution - EOP (fig.3).

Fig. 2 - Obtaining the ozone solution
(Janyawat T. Vuthijumnonk and Warawaran Shimbhanao. 2019)

Fig. 3 - General drawing of ozone preparation equipment (EPO)
1 - ozone generator; 2- drive motor + injector pump; 3 - mixing vessel; 4 - control panel;
5 - water supply connection; 6 - safety valve; 7 - ozonated water distribution connection; 8 - fitting frame

The EPO installation represents a prototype of an experimental model of a plant able to produce and
distribute the ozonated water solution required for the washing plant existing to the apple / tomato juice
production lines at ICDIMPH - Horting within the Experimental Base for the Processing of the Horticultural
Products.
The aqueous ozone solution equipment (EPO) is supplied with water through the connection no. 5,
directly from the drinking water supply network of the working point or from a buffer tank. The injector pump
driven by an electric motor (2) takes up the ozone gas supplied by the generator (1) by means of the special
connection intended for this purpose and disperses it in the volume of water circulated in the pump, from the
inlet to the discharge.
The main elements of the aqueous ozone preparation (EPO) equipment are: (i) ozone generator; (ii)
injector pump; (iii) pump drive motor; (iv) mixing vessel; (v) fitting frame.
The ozone generator (fig. 4) is a technical equipment designed to produce the gaseous ozone through
the effect of "Corona" - type electric discharge with atmospheric air supply. The generator has an ozone gas
production of up to 20 g / h and a lifespan of up to 20,000 hours of operation.
The injector pump (fig. 5) is the element that converts the mechanical power supplied by the motor
drive into hydraulic power, while aspirating and dispersing the ozone gas from the ozone generator, through
the "Venturi" type injector whose componens parts are in the water.
The pump drive motor (fig. 6) represents the source of mechanical power required to operate the
injector pump, for the purpose of dispersing gas ozone in water and transferring it to the additional mixing
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vessel, for better homogenization and supply of ozone in aqueous solution to the distribution system on the
external surfaces of /, used to clean and treat the horticultural products.

Fig. 4 – Ozone generator

Fig. 5 – Injector pump

Fig. 6 – Pump drive motor

The mixing vessel (fig. 7) is a stainless steel vessel, provided as an additional means of homogenizing
the gas-water mixture. It is made of a cylindrical ferrule and two semi-ellipsoidal bottoms. A fitting is provided
at the top to fit an automatic valve breather required for the discharge of excess ozone gas if it would
accumulate above the liquid ozone gas and water mixture.
A fitting is provided at the bottom for the inlet of the ozone gas-water mixture from the injector pump.
An additional homogenized exhaust connection to the ozone gas-water mixture distribution system is provided
on the surface of the cylindrical ferrule.
The experimental model / prototype of the Ozone Preparation Equipment (EPO) in aqueous solution
made at INMA - Bucharest is presented in fig. 8.

Fig. 7 – Pump drive motor

Fig. 8 – Pump drive motor
1- Ozone generator; 2- Injector pump; 3- Mixing vessel;
4- Control panel; 5- Water supply connection; 6- Safety valve;
7- Ozonated water distribution connection; 8- Fitting frame

The ozone preparation equipment (OPE) in aqueous solution was installed on a wheeled transport
frame, which allows it to be moved for coupling to the washing systems of the processing lines.
The fruit experiments aimed to test the equipment’s functionality in real production conditions.
Jonagored (derived from Jonagold) and Florina apple varieties provided by the Research-Development Station
for Fruit Trees Cultivation (SCDP) - Baneasa were used in the experience. The phyto-sanitary protection of
the apple species consisted in the application of four treatments during the vegetation period and one during
the rest period, as follows:
1. Vegetative rest stage (December-February): treatment with Bordeaux mixture, in concentration of 3-5%,
applied to reduce the spores’ population of the most aggressive pathogenic fungi, such as, Venturia
sp., Erwinia sp., Podosphaera sp., etc.
2. Bud break - “mouse ear” stage (March-April): treatment with Bordeaux mixture, in concentration of 0,5%;
3. End of flowering - 75% of petals are fallen (April-May): treatment with Folicur solo 250, in concentration of
0,04% and Vantex, in concentration of 0,01%;
4. Fruit growing stage (May-June): treatment with Score 25 EC, in concentration of 0,02%, Karate zeon,
in concentration of 0,02% and Fertitell, in concentration of 0,5%;
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5. Fruit ripening (July-August): treatment with Captan, in concentration of 0,2%, Karate zeon, in concentration
of 0,02% and Fertitell, in concentration of 0,5%.
The phyto-sanitary treatments carried out during the vegetation (fig. 9) rest period aimed to protect
trees against the attack of the main pathogens (Venturia sp., Erwinia sp., Podosphaera sp.) and pests
(Eriosoma sp., Aphis sp., Cydia sp., Quadraspidiotus sp.).

Fig. 9 - The state of vegetation in the apple
(https://intermag.eu/crop-farming/crop-guides/apple-fruiting-orchard-without-fertigation-croprecommendation/planning-treatments)
The way to connect the installation to the shower wash ramp is shown in figure 10.

1-

Fig. 10 – Coupling the OPE to the processing line
ozone preparation equipment; 2- supply hose for aqueous ozone solution; 3- washing ramp with showers

During the experiments, the apples were washed by showering (fig.11) and by immersion (fig.12),
within the processing installation for natural apple juice, existing in the endowment of Horting Institute.

Fig. 11 – Washing with showers
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CONCLUSIONS
Following the experiments performed, the following aspects resulted:
- when the aqueous ozone tank is fed from the tank, due to the fact that the pump discharge circuit remains under
pressure due to the pressure exerted by the weight of the volume of liquid remaining in the mixing vessel and the
drain hose, and the pump inlet circuit is blocked by the flow valve, the liquid is forced out of the pump through the
ozone inlet connection. This increases the pressure and the level of the liquid in the ozone supply hose and
increases the risk of the hose breaking or the failure of the special one-way valve for ozone-gas circuits. In this
context, it is recommended to install a one-way valve immediately after the pump discharge connection, so that
when the system is switched off, the liquid remaining on the discharge does not enter the pump;
- in the case of the evacuation of the aqueous ozone solution to the nozzle ramp of the fruit washing machine, the
problem previously identified and presented, became even more pronounced. This problem is due to the fact that
the pump discharge circuit remains under pressure due to the pressure accumulated on the section from the nozzle
ramp, and the pump inlet circuit is blocked by the direction valve, the liquid being forced out of the pump through
the connection ozone inlet increasing pressure and fluid level in the ozone supply hose. As a result, the previous
recommendation regarding the installation of a one-way valve immediately after the pump discharge connection is
all the more stringent.
The parameters and factors that influence the effectiveness of ozone treatment are: (i) water quality (pH,
organic matter, pressure and temperature); (ii) air quality (relative humidity); (iii) the treatment itself (method of
application, duration of treatment and concentration); (iv) horticultural product characteristics (cultivar, weight,
product surface characteristics); (v) microbial load (microbial strains, physical state of bacterial strains, natural
microflora, artificially inoculated microorganisms and population size).
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ABSTRACT
The research initiated and carried out within the Caracal Agricultural Development Research Station (ARDS)
aimed to identifying cultural practices that would ensure the chemical control of weeds in the culture of
Jerusalem artichoke, grown in the pedoclimatic conditions of the Caracal Plain. The experimental field was
established in the spring of 2018 using as genetic material the Rareș variety, a variety created and approved
by SCDL Bacău. The experience had 5 variants placed in 3 repetitions: V1 - untreated variant (Control); V2 Dual Gold (S-metolachlor 960 g/l) 1.5 l/ha; V3 - Agil (100 g/l Propaquizafop) 1 l/ha; V4 - Sencor liquid
(metribuzin 600 g/l) 0.6 l/ha and V5 - Pantera (40 gr/l quisalofop-p-tefuril) 1.5 l/ha. The obtained production
data showed that the most valuable variant of herbicides proved to be V4 - Sencor liquid (metribuzin 600 g/l)
0.6 l/ha, applied in pre-emergence, which led to a total biomass production of 29.8 t/ha and respectively 19.3
t/ha of tubers. Values close to those mentioned were obtained in case of variant V2 - Dual Gold (S-metolachlor
960 g/l) 1.5 l/ha with a biomass production of 26.3 t/ha and 16.9 t/ha of tubers.
REZUMAT
Cercetările inițiate și derulate în cadrul Stațiunii de Cercetarea Dezvoltare Agricolă Caracal au vizat
identificarea unor practici culturale care să asigure combaterea chimică a buruienilor la cultura topinamburului
cultivat în condițiile pedoclimatice din Câmpia Caracalului. Dispozitivul experimental a fost înființat în primăvara
anului 2018 folosind ca material genetic soiul Rareș, soi creat și omologat de SCDL Bacău. Experiența a avut
5 variante așezate în 3 repetiții: V1 – martor netratat; V2 - Dual Gold (S-metolaclor 960 g/l) 1,5 l/ha; V3 - Agil
(100 g/l Propaquizafop) 1 l/ha; V4 - Sencor liquid (metribuzin 600 g/l) 0,6 l/ha și V5 – Pantera (40 gr/l
quisalofop-p-tefuril) 1,5 l/ha. Datele de producție obținute au arătat că cea mai valoroasă variantă de erbicidate
s-a dovedit a fi V4 - Sencor liquid (metribuzin 600 g/l) 0,6 l/ha, aplicat preemergent, care a condus la obținerea
unei producții totale de biomasă epigee de 29,8 t/ha și respectiv de 19,3 t/ha tubercului. Valori apropiate de
cele menționate au fost obținute la varianta V2 - Dual Gold (S-metolaclor 960 g/l) 1,5 l/ha cu o producție de
biomasă de 26,3 t/ha și 16,9 t/ha tuberculi.
INTRODUCTION
Jerusalem artichoke (Helianthus tuberosus L.) is a fascinating species having multiple uses. It is
generally grown for its sweet tubers, which can be eaten both fresh and in a wide range of dishes. This is
mainly due to their chemical composition which demonstrates its high nutritional value, namely: approx. 80%
water, approx. 15% carbohydrates and 1-2% protein (Fineli, 2004 cited by Isticioaia S.F. et al., 2021).
Jerusalem artichoke also has a special importance for energy, because due to its high capacity to
produce biomass (above and below ground) could be an alternative for less productive lands in order to
produce high quantity of fresh biomass and tubers for energetical sector. The stalks, which can grow over 3
meters high and strongly branched can also be used for heating in thermal power devices, being transformed
into pellets (Matei et al.., 2020).
Jerusalem artichoke can be cultivated on all types of soil and requires a minimal cultivation technology.
It is considered to be a species with relatively high tolerance to water stress and very high adaptability to
adverse factors - drought resistance and extremely high temperatures (Ciuciuc et al, 2019). However, crop
productivity is significantly influenced by applied technological practices: variety characteristic features, crop
planting date, weed control, nutrients management, irrigation and harvesting time (Slimestad et al, 2010).
One of the peculiarities of the Jerusalem artichoke cultivation technology is it weed control, especially
the early weed apparition which could represent a real danger for crop due their high grown rhythm. This threat
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is maintained throughout the growing season in dwarf-bearing varieties and is removed in case of varieties
with tall stalks which can easily reach 2-3 m in height, thus suppressing weeds.
Although it can be a solution to control weeds, the mechanical work must be extra careful when
harrowing, the depth should not exceed 4 - 5 cm, to avoid damage to developing rhizomes and shallow root
system (Kosaric et al, 1984). The chemical control of weeds proves to be the most spread method for
Jerusalem artichoke crop. Some studies on this topic were published and the results presented certified the
importance of this measure.
The diversity of herbicides used in Jerusalem artichoke crop is relatively low and the literature show that
the Jerusalem artichoke shows a satisfactory tolerance to pre-planting treatments with chloramben, ethyl
dipropylthiocarbamate (EPTC), ethalfluralin, pendimethalin and trifluralin, but metribuzin has caused
considerable damage registering chlorosis and necrosis of leaf margins and decreased the high of plants and
also reducing the productivity of fresh biomass. Yield of tubers did not differ significantly between the handweeded and the weedy check plots indicating a high tolerance of Jerusalem artichoke to weed interference
(Wall D. A., et al., 1987).
Vanstone D. E. et al., 1987 shown in a study that the herbicides tested for control of volunteer Jerusalem
artichoke: Glyphosate at 1.0 and 2.0 kg a.i./ha and dicamba plus 2,4-D plus mecoprop at 0.6 and 1.2 kg a.i/ha
gave commercially acceptable control throughout the growing season; 2,4-D, MCPA, and paraquat at 0.6 and
1.2 kg a.i./ha gave unacceptable control.
Wall et al. (2017) state that weeds in the Jerusalem artichoke crop were controlled with a single postemergence application of chloropyralid acid (3,6-dichloro-2-pyridinecarboxylic acid) in an amount of 1 l/ha or
0.5 l/ha. when this herbicide was combined with 0.5 l/ha 2.4 D (dichlorophenoxic acid).
Weed management systems often seek biological solutions to minimize the environmental impacts
related to the use of herbicides in agricultural systems. The suppressive effects of allelochemicals can
sometimes be used effectively to provide biological pest and weed control (Tesio, F. et al., 2011; Cotuna Otilia,
2015; 2016). Field observations provided further evidence for the allelopathic potential of Helianthus tuberosus
residues, as significant weed growth inhibition was observed in Jerusalem artichoke-infested plots with soilincorporated residues in comparison to non-infested field sites, both in terms of weed seedling emergence and
growth. The allelopathic potential of Helianthus tuberosus may be of interest in the implementation of
integrated weed management programs by considering the suppressive ability of this plant and its residues for
weed management in the field (Tesio, F. et al., 2011).
In the pedoclimatic conditions in Romania, Jerusalem artichoke crop has a slow growth and
development in the first stages of vegetation, being necessary to eliminate the factors that consume nutrients
and water, so indispensable for young plants (Trotuș et al., 2020). Taking in account all the above mentions
related the importance and perspective of Jerusalem artichoke crop for Romania, we start in spring of 2018
year a study related the weed control in the climatic conditions of Caracal Plain.
MATERIAL AND METHOD
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).
On this soil, 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 applied herbicides in order
to ensure weed control to Jerusalem artichoke crop. As experimented genotype we use Rares variety, a variety
with tall stalks and a good capacity to capitalize the climatic conditions from the Caracal Plain.
The crop was planted on early of March with 70 cm between rows and 50 cm between plants/row. The
design of experimented was randomized blocks in three repetitions, with 5 variants:
o
o
o

V1 – untreated variant (used as Control);
V2 - Dual Gold (S-metolaclor 960 g/l) 1,5 l/ha;
V3 - Agil (100 g/l Propaquizafop) 1 l/ha;
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o
o

V4 - Sencor liquid (metribuzin 600 g/l) 0,6 l/ha;
V5 – Pantera (40 gr/l quisalofop-p-tefuril) 1,5 l/ha.

We watched and recorded the evolution of variants from emergence to the flowering stage when we
determined the fresh biomass production. The tuber yield was determinate at physiological maturity of
Jerusalem artichoke plants, at harvest time, in middle of October.
The collected data in the field were analyzed using statistical program of ANOVA.
RESULTS
Climatic conditions (figure 1) – during the experiment, the climatic conditions had an important
influence on the evolution of Jerusalem artichoke 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 remarkably 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.
Related the values recorded in the first stages of plant development in spring we can say that the growth
rhythm of Jerusalem artichoke crop was negatively influenced by temperatures from March and first decade
of April which conduct to a slow emerge of crop. In these conditions, the main weeds were presented in the
control variant. In the second part of vegetation period, the excessive precipitations recorded in June and July,
of 134.2 mm and respectively 147.8 mm, led to good results of fresh biomass and tubers.
Weed inventory. The most common weeds in the Jerusalem artichoke crop from Caracal Plain were:
Setaria glauca, Digitaria sanguinalis, Echinochloa crus-galli, Sorghum halepense, Amaranthus retroflexus,
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Convolvulus arvensis, Xanthium strumarium and Portulaca oleracea (figures 1, 2 and 3). Sporadically also
appear Cardaria draba and Ambrosia artemisiifolia.

Fig.2 – Digitaria sanguinalis and Portulaca oleracea in Jerusalem artichoke crop

Fig.3 – Amaranthus retroflexus, Digitaria sanguinalis, Solanum nigrum and
Convolvulus arvensis in Jerusalem artichoke crop

Fig.3 – Setaria glauca, Digitaria sanguinalis and Echinochloa crus-galli
in Jerusalem artichoke crop

Many data from the literature show the necessity to make a technological association between
chemical weed control and agrotechnical measures applied to culture, as: crop rotation, planting depth,
distance between rows and between plants/row, irrigation and so on (Buzdugan and Dumitru., 2013).
In order to prevent the apparition of weeds in Jerusalem artichoke crop we applied in pre-emergence of
plans 2 herbicides: Dual Gold (S-metolaclor 960 g/l) in dose of 1.5 l/ha and Sencor liquid (metribuzin 600 g/l)
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in dose of 0.6 l/ha (table 1). Variants with application in postemergence stage were Agil (100 g/l Propaquizafop)
in dose of 1l/ha and Pantera (40 gr/l quisalofop-p-tefuril) in dose of 1.5 l/ha.
In both situations (pre and post emergence) we followed and recorded both efficacy and selectivity for
Jerusalem artichoke plants. The main obtained data were presented in table 1.
Table 1

The efficacity and selectivity of some herbicides on Jerusalem artichoke crop

No.

Tested variants

Dose
l/ha

1

Untreated
variant - Control

-

2

Dual Gold

3

Agil

4

Sencor liquid

0.6

5

Pantera

1.5

1.5
1

Active
substances

Control

Application time

Efficacy ⃰
%

Selectivity for
Jerusalem
artichoke
plants ⃰ ⃰

Control

Control

Control

Pre-emergence

84

1

Post emergence

79

1

Pre-emergence

87

1

Post emergence

81

1

S-metolaclor
960 g/l
100 g/l
Propaquizafop
metribuzin 600
g/l
40 gr/l
quisalofop-ptefuril.

⃰ The herbicide efficacy was estimated using the Abott’s formula:

⃰ T
⃰ he herbicide selectivity for Jerusalem artichoke plants was appreciated using EWRS scale: 1 = unaffected; 9 = affected
in percent of 85 – 100%;

In comparison with the untreated variant – Control – the efficacy of applied herbicides, calculated
with Abott’s formula, varied between 79% at V3 - Agil (100 g/l Propaquizafop) in dose of 1 l/ha and 87% at V4
- Sencor liquid (metribuzin 600 g/l) in dose of 0.6 l/ha. A very close value to the V4 variant was recorded at V2
- Dual Gold (S-metolaclor 960 g/l) in dose of 1.5 l/ha. Looking at the results, we can conclude that in the
conditions of 2018 the best efficacity was observed at the herbicides with application in pre-emergence of
Jerusalem artichoke plants.
All herbicides, regardless of the time of application, showed a very good selectivity for Jerusalem
artichoke plants due the appreciations using EWRS scale, all the variants being notate with 1.
The elimination of weed competition on Jerusalem artichoke plants by applying herbicides led to a
better use of water and nutrients from the soil and thus to better development of plants (Popescu A., 2007;
Matei Gh. 2020). Related to this fact we determinate the average height of the plants in all tested variants.
As it can be observed, the influences of the efficacity of herbicides was recorded in height of plants which
ranged, as values, between 162 cm at V1 – untreated variant, used as Control and 245 cm in case of V4 Sencor liquid (metribuzin 600 g/l) in dose of 0.6 l/ha (figure 4). The highest plants were founded in the variants
where we made the treatment with herbicides before emerge of Jerusalem artichoke plants. In the climatic
conditions o 2018 spring, the herbicides applied in postemergence of plants conduct to an average of plants
between 186cm (V3 - Agil [100 g/l Propaquizafop] 1 l/ha) to 205 cm (V5 - Pantera [40 gr/l quisalofop-p-tefuril]
1,5 l/ha).
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Fig.4 - The influence of some herbicides to the heights of Jerusalem artichoke plants

Biomass production was positively influenced by the efficacity of herbicides on mono and
dicotyledonous weeds (table 2). The recorded yields ranged between 15.2 t/ha at V1 - untreated variant and
29.8 t/ha variant V4 - Sencor liquid (metribuzin 600 g/l) in dose of 0.6 l/ha. In comparison with the Control, all
the variants where we applied herbicide registered plus productions from 6.2 t/ha in case of V3 - Agil (100 g/l
Propaquizafop) in dose of 1 l/ha to 14.6 t/ha in variant V4 - Sencor liquid (metribuzin 600 g/l) in dose of 0.6
l/ha.

The influence of some herbicides to the fresh biomass yield at Jerusalem artichoke crop

Table 2

Fresh biomass yield
No.

Tested
variants

Dose
l/ha

Active
substances

Application
time
t/ha

%

Diff.
t/ha

Signif.

1

Untreated
variant Control

-

Control

Control

15.2

100.0

Control

Control

2

Dual Gold

1.5

S-metolaclor
960 g/l

Preemergence

26.3

173.0

11.1

***

3

Agil

1

100 g/l
Propaquizafop

Post
emergence

21.4

140.8

6.2

**

4

Sencor liquid

0.6

Preemergence

29.8

196.1

14.6

***

5

Pantera

1.5

metribuzin
600 g/l
40 gr/litru
quisalofop-ptefuril.

Post
emergence

22.5

148.0

7.3

**

DL 5% = 1.3 t/ha; DL 1%= 2.8 t/ha; DL 0.1% = 7.5 t/ha;
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From the statistical point of view, related the differences between variants, we observed significant
increases in production at variants V4 - Sencor liquid (metribuzin 600 g/l) in dose of 0.6 l/ha and V2 - Dual
Gold (S-metolaclor 960 g/l) 1,5 l/ha.
With distinct increases in production were notified variants V3 - Agil (100 g/l Propaquizafop) in dose
of 1 l/ha and V2 - Dual Gold (S-metolaclor 960 g/l) 1,5 l/ha.
A similar situation was recorded in case of the tuber yields which also had the same evolution as in
case of fresh biomass (table 3). In the experimented conditions the values of tuber productions were situated
between 11.8 t/ha at V1 – untreated variant (Control) and the highest yield, of 19.3 t/ha, was registered at
variant V4 - Sencor liquid (metribuzin 600 g/l) in dose of 0.6 l/ha, with a plus production of 63.6% related to the
Control, being the only variant with very significant increases in production from the statistically point of view.
The influence of some herbicides to the tuber yield at Jerusalem artichoke crop

Table 3

Tuber yield
No.

Tested
variants

Dose
l/ha

Active
substances

Application
time
t/ha

%

Diff.
t/ha

Signif.

1

Untreated
variant Control

-

Control

Control

11.8

100.0

Control

Control

2

Dual Gold

1.5

S-metolaclor
960 g/l

Preemergence

16.9

143.2

5.1

**

3

Agil

1

100 g/l
Propaquizafop

Post
emergence

13.8

116.9

2.0

*

4

Sencor liquid

0.6

Preemergence

19.3

163.6

7.5

***

5

Pantera

1.5

metribuzin
600 g/l
40 gr/litru
quisalofop-ptefuril.

Post
emergence

15.1

128.0

3.3

*

DL 5% = 1.9 t/ha; DL 1%= 3.7 t/ha; DL 0.1% = 7.4 t/ha;
In this case, the herbicides applied in postemergence of plants lead to small increases in productions
related the Control, but still ensured from the statistically point of view, with plus productions of 16.9% (V3 Agil (100 g/l Propaquizafop) in dose of 1 l/ha) to 28 % (V5 - Pantera (40 gr/l quisalofop-p-tefuril) 1,5 l/ha).
CONCLUSIONS
From the above presented data, we can highlight, as most important conclusions, the follows:
Climatic conditions for growth and development from the Caracal Plain were well
capitalized by the Jerusalem artichoke plants;
The assortment of tested herbicide proves to have a very good selectivity for Jerusalem
artichoke plants, all the variants being notate with 1 on EWRS scale;
The evaluation of herbicides efficacity led us to conclude that pre-emergent herbicides
had a higher influence to the weed control, the highest value, of 87%, were recorded at
V4 - Sencor liquid (metribuzin 600 g/l) in dose of 0.6 l/ha followed by the variant V2 - Dual
Gold (S-metolaclor 960 g/l) 1,5 l/ha;
Efficacy of herbicides had a powerful influence to the development of plants and indirectly
to the yields of fresh biomass and tuber productions;
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The most valuable weed control variant was V4 - Sencor liquid (metribuzin 600 g/l) in dose
of 0.6 l/ha applied in pre-emergence of Jerusalem artichoke plants with a highest value of
fresh biomass of almost 30 t/ha and almost 20 t/ha tubers;
The experiment showed clearly the necessity of weed control in the Jerusalem artichoke crop,
due the results obtained in the untreated variant taken as Control.
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ABSTRACT
At the industrial level, the fruits of Aronia melanocarpa are processed mainly in the form of juice, resulting
significant quantities of Aronia pomace, which is distinguished by the content of polyphenols, antocyanins,
dietary fibers, pectic substances, minerals and vitamins. In this paper are presented the results of the research
performed to achieve a pastry product (minicake) fortified with Aronia melanocarpa powder, in order to
increase the nutritional value and antioxidant capacity. The pastry product has superior sensory quality, high
nutritional value and antioxidant potential. Thus, the product is characterized by the content in polyphenols
(396,87 mg GAE/100g), proteins (10,35%), fibres (5,29%) and mineral elements (K: 489,74 mg/100; Ca: 98,36
mg/100g; Mg: 70,11 mg/100g; Fe: 3,25 mg/100g; Zn: 1,65 mg/100g) and high antioxidant capacity (5,02 mg
Trolox/g). Shelf-life of pastry product is quite long (7 days), possibly due to the antioxidant and
antibacterial properties of Aronia melanocarpa pomace powder.
This study has practical value, Aronia melanocarpa pomace powder can be a functional ingredient for pastry
and bakery products with beneficial effect for the final product, like increased nutritional value and antioxidant
capacity.
REZUMAT
La nivel industrial, fructele de Aronia melanocarpa sunt procesate în special sub formă de suc, rezultând
cantități semnificative de tescovină de aronia, care se remarcă prin conținutul în polifenoli, fibre alimentare,
substanțe pectice, minerale și vitamine. În această lucrare sunt prezentate rezultatele cercetărilor efectuate
pentru obținerea unui produs de patiserie (minichec) fortifiat cu pulbere din tescovină de Aronia melanocarpa,
în scopul creșterii valorii nutriționale și capacității antioxidante. Produsul de patiserie are calitate senzorială
superioară, valoare nutrițională ridicată și potențial antioxidant. Astfel, produsul este caracterizat prin conținutul
în polifenoli (396.87 mg GAE/100g), proteine (10.35%), fibre (5.29%) și elemente minerale (K: 489.74 mg/100;
Ca: 98.36 mg/100g; Mg: 70.11 mg/100g; Fe: 3.25 mg/100g; Zn: 1.65 mg/100g) și capacitate antioxidantă
ridicată (5.02 mg Trolox/g). Durabilitatea minimală a produsului de patiserie este destul de mare (7 zile), posibil
datorită proprietăților antioxidante și antibacteriene ale pulberii obținute din tescovină de Aronia melanocarpa.
Acest studiu are valoare practică, pulberea obținută din tescovină de Aronia melanocarpa poate fi un
ingredient funcțional, pentru creșterea valorii nutriționale și capacității antioxidante ale produselor de
panificație și patiserie.
INTRODUCTION
Black chokeberry (Aronia melnocarpa) is a source of many bioactive compounds with a wide spectrum
of health-promoting properties. Fresh fruits are rarely consumed due to their astringent taste, but they are used
in the food industry for the production of juices, nectars,syrups, jams, wines, tinctur es, fruit desserts, jellies,
fruit teas and dietary supplements. Polyphenols are components that determine the high bioactivity of
chokeberries, some of the richest sources of polyphenols, which include anthocyanins, proanthocyanidins,
flavonols phenolic acids (Sidor and Gramza-Michałowska, 2019). Mu et al. (2020) studied the
influence of Aronia melanocarpa berry extract on hepatic insulin resistance in type 2 diabetes mellitus rats.
The results of this study indicated that extract from the berries of Aronia melanocarpa, exert hypoglycemic
effects in animal models of diabetes. So, it reduced levels of blood glucose, improved glucose tolerance,
increased hepatic glycogen content, and regulated activity of enzymes involved in glucose metabolism.
At the industrial level, the fruits of Aronia melanocarpa are processed mainly in the form of juice, resulting
significant quantities of Aronia pomace, which is distinguished by the content of polyphenols, antocyanins,
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dietary fibers, pectic substances, minerals and vitamins. Due to the high content of polyphenols, waste Aronia
fruits fruits, they have antioxidant potential and have beneficial effects on the human body, to prevent diseases
caused
by
oxidative
stress,
neurodegenerative
diseases,
cancer,
diabetes
and osteoporosis (Dufour et al., 2018).
Lazar et al. (2019) processed Aronia melanocarpa pomace and obtained a functional ingredient with
high nutritional value and antioxidant capacity (powder). Powder achieved from Aronia pomace is
characterized by total dietary fiber content (55.42-58.67%), minerals (1.97-2.73%), total sugar (12.72-15.89%),
vitamin
C
(9.05-26.08
mg/100
g),
and
total
polyphenols
(50.26-96.92
mg
GAE/g).
At the same time, powder achieved from Aronia pomace has antioxidant capacity. Due to its complex
biochemical composition and antioxidant potential, the functional ingredient achieved from Aronia pomace can
be used to fortify bakery and pastry products.
In this paper are presented the results of the research performed to achieve a pastry product (minicake)
fortified with Aronia melanocarpa powder, in order to increase the nutritional value and antioxidant capacity.
MATERIALS AND METHODS
Natural ingredients were used in the composition of the fortified pastry (minicake) (wheat flour type 480,
Aronia melanocarpa pomace powder, cream, eggs, coconut sugar, dehydrated figs, vanilla bourbon sugar,
sea salt) which gives it high nutritional value and antioxidant capacity. Aronia melanocarpa pomace powder
was obtained by lyophilisation at -55°C and then milling of Aronia melanocarpa pomace (Lazăr et al., 2020).

Fig.1. Aronia melanocarpa pomace powder used in experiments

For the qualitative characterisation of the minicake fortified with Aronia melanocarpa pomace powder,
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*). Sensory
evaluation of the product was performed 2 hours after baking, using descriptive method and “Comparison
method with unitary score scales”. 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). Enzymatic method using the assay kits: K–
TDFR‘‘Total dietary fibre’’(AOAC Method 991.43) was used for determining the total
dietary fibre (TDF). 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.
RESULTS
Results of sensory analysis of fortified pastry product (minicake) products showed that the addition of
Aronia melanocarpa pomace powder in its composition, has not a negative effect on sensory
characteristics.
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Thus, following the sensory analysis, it was found that the minicake fortified with Aronia
melanocarpa powder it is well grown, with a parallelepiped shape, dark brown color and has a sweet, pleasant,
characteristic taste, with aromas specific to the essence of rum and figs. The product also has a slightly
crumbly, cake-like consistency. In the section, the product has a uniform core (brown-purple), characteristic of
a well-baked flour product (fig. 2).
Also, the minicake was tested by an expert panel receiving qualifying „very good", with next score:
19.84 (fig. 3).

Fig.2. "Minicake fortified with Aronia melanocarpa pomace powder"

Following the instrumental analysis of the color, it was found that the the minicake fortified with Aronia
melanocarpa powder, shows low luminance values, L* = 68.65 (fig. 4).

Fig. 3. Sensory evaluation of the "Minicake fortified with Fig. 4. Color parameters of the "Minicake fortified with
Aronia melanocarpa pomace powder"
Aronia melanocarpa pomace powder"

Following the physico-chemical analysis of the minicake fortified with Aronia melanocarpa pomace
powder, it was found that it has a low content in carbohydrates (42.13%), available carbohydrates (37.14%)
and stands out for its content in protein (10.35%), ash (2.15%), total dietary fiber (5.29%) (table 1) and minerals
(K, Ca, Mg, Fe, Zn, Cu) ( fig.5).
Table 1
Physico-chemical analysis of the "Minicake fortified with Aronia melanocarpa pomace powder"
No. Physico-chemical indicator
Minicake fortified with Aronia
melanocarpa pomace powder
1.
Nominal mass [kg]
0.273
2.
Moisture [%]
35.00
3.
Ash [%]
2.15
4.
Protein [%]
10.35
5.
Fat [%]
10.07
6.
Carbohydrates [%]
42.43
7.
Available carbohydrates [%]
37.14
8.
Total dietary fiber [%]
5.29
9.
Energy value [kcal/100g]
291

Among the minerals, the highest content was recorded in the case of potasium: 469.74 mg/100g. . High
potasium content in the minicake can be explained by the high potassium content of natural ingredients (Aronia
melanocarpa pomace powder, figs) used in experiments. Based on the study performed, Ndanuko et al. (2017)
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have shown that in order to weight loss and to improve blood pressure control, it is necessary to decrease in
the diet sources of sodium and to increase sources of potassium.

Fig.45 Mineral content of the of the "Minicake fortified with Aronia melanocarpa pomace powder"

Also, minicake fortified with Aronia melanocarpa pomace powder stands out by its content in calcium
(98.36 mg/100g), magnesium (70.11 mg/100g) and iron (3.25 mg/100g). Iron has several vital functions in the
body. It serves as a carrier of oxygen to the tissues from the lungs by red blood cell haemoglobin, as a transport
medium for electrons within cells, and as an integrated part of important enzyme systems in various tissues
(Report of a joint FAO/WHO, 2002). Iron deficiency anemia affects approximately one-third of the world’s
population, and about half the cases are due to iron deficiency (Fairweather-Tait, S., & Sharp, P., 2021).
The minicake fortified with Aronia melanocarpa pomace powder has low content in carbohydrates (42.43
%), respectively in available carbohydrates (37.14%). Also, as coconut sugar has been used as a sweetener
in the minicake, this product can be used in the diet of people with type 2 diabetes and obesity. Due to the β
(2,1) glycosidic bonds between fructose monomers, inulin cannot be digested by intestinal enzymes, so it can
be used successfully in the composition of functional foods for type 2 diabetes and obesity (Kelly, 2008; Nair
et al., 2010). After being ingested, inulin passes undigested through a large part of the digestive tract (mouth,
stomach and small intestine), and will be fermented in the large intestine by the microflora in the colon. Thus,
inulin consumption does not affect blood glucose levels and, consequently, does not stimulate insulin
secretion. Due to the fact that inulin is not digestible, it has a significantly lower energy value compared to
other specific carbohydrates (energy comes only from the metabolism of fatty acids and lactate, respectively,
resulting from the fermentation process). In addition, inulin is a soluble fiber and a prebiotic, leading to the
growth of beneficial bacteria in the colon, which improve the absorption of important minerals (calcium,
magnesium) and the synthesis of B vitamins (Niness, 1999; Coudray et al., 2003; Abrams et al. al., 2005;
Franck, 2005). At the same time, coconut sugar is notable for its zinc and iron content.
Due to the ingredients used in the composition of the minicake fortified with Aronia melanocarpa pomace
powder this product is distinguished by the content in total poliphenols (396.86 mg GAE/100g) and antioxidant
capacity (502.15 mg Trolox/100g). The poliphenol content of this minicake is higher than that reported by
Catană et al. (2019), in case of biscuits with Aronia (263.22 mg GAE/100g). Sun et al. (2020) studied the
advances and opportunities of dietary polyphenols as antidiabetic agents. So, they mentioned that dietary
polyphenols prevent and manage Type 2 diabetes mellitus via the insulin-dependent approaches, for instance,
protection of pancreatic islet β-cell, reduction of β-cell apoptosis, promotion of β-cell proliferation, attenuation
of oxidative stress, activation of insulin signaling, and stimulation of pancreas to secrete insulin, as well as the
insulin-independent approaches including inhibition of glucose absorption, inhibition of digestive enzymes,
regulation of intestinal microbiota, modification of inflammation response, and inhibition of the formation of
advanced glycation end products. Moreover, dietary polyphenols ameliorate diabetic complications, such as
vascular dysfunction, nephropathy, retinopathy, neuropathy, cardiomyopathy, coronary diseases, renal failure,
and so on.
Following microbiological analysis it was found that the minicake fortified with Aronia melanocarpa
pomace powder packed in polypropylene bags, complies with the provisions of the legislation in force and to
7 days after the date of manufacture (table 2).

851

INTERNATIONAL SYMPOSIUM

Table 2

Microbiological analysis of the „Minicake fortified with Aronia melanocarpa pomace powder”
Product
Microbiological indicators
Yeast and mold
Enterobacteriaceae
Water activity
(CFU/g)
(CFU/g)
„Minicake fortified with Aronia
24h
5
7
24h
5
7
24h
5
7
melanocarpa pomace powder”
days days
days days
days
days
< 10
< 10 < 10 < 10 < 10 < 10 0.855 0.868 0.870

Corroborating the results of the microbiological analysis with those of the sensory analysis, the minimum
durability of the minicake fortified with Aronia melanocarpa pomace powder was established at 5 days.
Shelflife relative high of this product can be explained mainly by antioxidant and antibacterial potential of
Aronia melanocarpa pomace powder used in the composition of the product. Chokeberry (Aronia
melanocarpa) extracts exhibited bacteriostatic activity in vitro against Staphylococcus aureus and Escherichia
coli (Kim and Shin, 2020). The microbial activity test against 10 different pathogens showed that
proanthocyanidins were the most potent antimicrobial agents (Sun et al.,2015).
CONCLUSIONS
The product „Minicake fortified with Aronia melanocarpa pomace powder” have an original, complex
and scientifically based composition, in which it is capitalized Aronia melanocarpa pomace (resulting from the
processing of Aronia melanocarpa fruits like juice), along with other natural ingredients that gives superior
sensory qualities, high nutritional value, antioxidant potential.
The product „Minicake fortified with Aronia melanocarpa pomace powder” has a low carbohydrates
content (42.13%), but high in protein (10.35%), total dietary fiber (5.29%) and minerals (K: 469.74 mg/100g;
Ca: 98.36 mg/100g; Mg: 70.11 mg/100g; and Iron: 3.25 mg/100g) and total polyphenols (396.86 mg
GAE/100g).
Due to high content in total poliphenols the pastry product (minicake) fortified with Aronia melanocarpa
powder shows important antioxidant capacity (502.15 mg Trolox/100g) and has a minimum durability of 5 days.
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ABSTRACT
Bread is a main food in Romanian diet (bread consumption in Romania is 108 – 110 kg/year, being on the
3rd place in Europe, after Albania and Bulgaria). Diabetic patients have restrictions on the amount of
carbohydrates allowed in the daily diet and therefore must consume an assortment of hypoglucidic bread,
in order to satisfy their nutritional need and at the same time does not change their glycemic balance.
In this paper are presented the results of the research performed to achieve an assortment of bread with
a low carbohydrate content, high nutritional value and antioxidant capacity. The product was obtained by
the two-phase process, using as fermentation agent, the natural sourdough enriched in phenolic
compounds and inulin. The decrease of the carbohydrate content of the bread and at the same time the
increase of the antioxidant capacity of the product was achieved by adding in the composition some
natural ingredients (whole wheat flour, Jerusalem artichoke flour, hemp flour, apple waste flour, oat bran,
flax seeds, hulled hemp seeds) in scientifically well-defined proportions. The physico-chemical indicators
of the hypoglucidic bread are: carbohydrates available 31.50%; ash: 1.75%; protein 9.75%; lipids 2.15%;
total fiber 8.45%; Fe 1.75 mg /100g; Zn 1.23 mg/100g; Ca 98.55 mg/100g; Mg 68.45 mg/100g; total
polyphenols: 118.45 mg GAE /100g; antioxidant capacity 128.75 mg Trolox /100g. Shelf-life of the product
was set at 4 days.
REZUMAT
Pâinea este un aliment de bază în dieta românilor (consumul de pâine în România este de 108 - 110
kg/an, fiind pe al treilea loc, în Europa, după Albania și Bulgaria). Pacienții diabetici au restricții în ceea
ce privește cantitatea de glucide admise în dieta zilnică și de aceea trebuie să consume un sortiment de
pâine hipoglucidică, care să le satisfacă cerințele nutriționale și în același timp să nu le modifice echilibrul
glicemic.
În această lucrare sunt prezentate rezultatele cercetărilor efectuate pentru obținerea unui sortiment de
pâine cu un conținut scăzut de glucide, valoare nutrițională ridicată și capacitate antioxidantă. Produsul a
fost obținut prin procedeul bifazic, utilizând ca agent de fermentare, maiaua naturală îmbogățită în
compuși fenolici și inulină. Reducerea conținutului în glucide al pâinii și totodată creșterea capacității
antioxidante s-a realizat prin introducerea în compoziția produsului a unor ingrediente naturale (făina
integrală de grâu, făina de topinambur, făina de cânepă, făina din deșeuri de mere, tărâțe de ovăz,
semințe de in, semințe decorticate de cânepă) în proporții bine definite științific. Indicatorii fizico-chimici
ai pâinii sunt: glucide disponibile 31,50 %; cenușă: 1,75%; proteine 9,75 %; lipide 2,15 %; fibre totale 8,45
%; Fier 1,75 mg/100g; Zinc 1,23 mg/100g; Ca 98,55 mg/100g; Mg 68,45 mg/100g; polifenoli totali: 118,45
mg GAE/100g; Capacitate antioxidantă 128,75 mg Trolox/100g. Durabilitatea minimală a produsului a fost
stabilită la 4 zile.
INTRODUCTION
Diabetes is one of the biggest global public health problems: the prevalence is estimated to
increase from 425 million people in 2017 to 629 million by 2045, with linked health, social, and economic
costs (International Diabetes Federation, 2017). For diabetics, diet is a major therapeutic tool and a
special nutrition form, in which food is adapted to metabolic disorders of disease. Diabetic patiens have
limitations in the amount of carbohydrates allowed in the daily diet and therefore must consume an
assorment of hypoglucidic bread, with low glycemic index, which meets their nutritional requirements and
at the same time does not alter their glycemic balance.
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There is now convincing evidence that high glycaemic foods are contributing to increased incidence
of type 2 diabetes and new strategies are required for cost-effective development of healthier
carbohydrate foods (Livesey et al., 2019).
The global rise in obesity and type 2 diabetes has generated significant interest in regulating the
glycaemic impact of staple foods. Wheat breads (white or wholemeal) are popular staples, but have a
high-glycaemic index, due to the highly digestible wheat starch. Reducing the glycaemic potency of white
bread is challenging because the bread-making conditions are mostly conducive to starch gelatinisation.
Cellular legume powders are a new source of type 1 resistant starch, where the starch is encapsulated
by dietary fibre in the form of intact plant cell walls. The starch in these cell powders is less susceptible
to gelatinisation and digestion than starch in conventional legume flours (Bajka et al., 2021). These
authors studied the impact of replacing wheat flour with cellular legume powder on starch bioaccessibility,
glycaemic response and bread roll quality. So, Bajka et al. (2021) showed that the integrity of cell wall
fibre in chickpea powder was preserved on baking and this led to a ~40% reduction in in vivo glycaemic
responses to white bread rolls (~50 g available carbohydrate and 12 g wheat protein per serving) when
30% or 60% (w/w) of the wheat flour was replaced with intact cell powder. Significant reductions in
glycaemic responses were achieved without adverse effects on bread texture, appearance or palatability.
Starch digestibility analysis and microscopy confirmed the importance of cell integrity in attenuating
glycaemic responses.
Avberšek Lužnik et al. (2019) examine glycaemic responses to two defined breakfasts. The
reference breakfast and the test breakfast differed only in the type of bread (white vs. wholemeal), and
were administered three times to volunteers (2 men, 8 women). Capillary blood glucose was monitored in
the fasting state 15, 30, 45, 60, 75, 90, 105 and 120 min after breakfast consumption. The incremental
areas under the glucose response curves were calculated for each type of breakfast and compared with
those of glucose to determine the glycaemic indices. The glycaemic index of the reference breakfast was
26.6 (±6.2), with that of the test breakfast significantly lower at 18.1 (±6.0). The mixed-food test breakfast
with wholemeal bread was rich in soluble fibre (β-glucans) for a lower glycaemic load than the white bread,
and provided a lower glycaemic response in the volunteers. The inter-volunteer variability in glycaemic
index was large, with some showing lower responses to the test breakfast (glycaemic index, 12.4–21.1)
and some showing high responses to the test breakfast (glycaemic index, 25.9–27.4).
This paper presents the results of the research performed to achieve an assortment of bread with
a low carbohydrate content, high nutritional value and antioxidant capacity, for diabetes.
MATERIALS AND METHODS
The bread with a low carbohydrate content, high nutritional value and antioxidant capacity, for
diabetes,
was obtained by the two-phase process, using as fermentation agent, the natural sourdough enriched in
phenolic compounds and inulin. The decrease of the carbohydrate content of the bread and at the same
time the increase of the antioxidant capacity of the product was achieved by adding in the composition
some natural ingredients (whole wheat flour, Jerusalem artichoke flour, hemp flour, apple waste flour, oat
bran, flax seeds, hulled hemp seeds) in scientifically well-defined proportions. In fig. 1 are presented the
used ingredients for obtaining bread with a low carbohydrate content, high nutritional value and
antioxidant capacity, for diabetes.
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Fig.1. Ingredients for obtaining the bread with a low carbohydrate content, high nutritional value and antioxidant
capacity, for diabetes

For the qualitative characterisation of the bread with a low carbohydrate content, high nutritional value
and antioxidant capacity, for diabetes, 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*). Sensory evaluation of the productwas performed 12 hours after baking, using
descriptive method and “Comparison method with unitary score scales”.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). Enzymatic method using the assay kits: K–TDFR‘‘Total dietary fibre’’(AOAC Method
991.43) was used for determining the total dietary fibre (TDF). A differential scanning calorimeter (DSC8000,
Perkin Elmer, Waltham, MA, USA) was used to evaluate the thermal properties of the bread(Culețu et al.,
2021). 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.
RESULTS
Sensory analysis showed that the bread with a low carbohydrate content, high nutritional value and
antioxidant capacity, for diabetes, it is well developed, have a pleasant taste and aroma, characteristic of a
bakery product made with natural sourdough and enriched in phenolic compounds and inulin (Burnete et al.,
2019). Also the bread made has an elastic core, dens, without lumps, with uniform pores and specific uniform
dark color (fig. 2).

Fig.2. Bread with a low carbohydrate content, high nutritional value and antioxidant capacity, for diabetes
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Also, the bread was tested by an expert panel receiving qualifying „very good", with next score: 19.76 (fig. 3).
Following the color analysis it was found that the bread with a low carbohydrate content, high nutritional
value and antioxidant capacity, for diabetes have high luminance values, L* = 68.65 (fig. 4).

Fig.3. Sensory evaluation of the bread for diabetics

Fig.4. Color parameters of the bread for diabetics

Following the physico-chemical analysis of bread for diabetics, it was fond that it has a low carbohydrate
content and stands out through its protein content, ash, total fiber (table 1) and mineral substances (K, Ca,
Mg, Fe, Zn, Cu) ( fig. 5).

No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Physico-chemical analysis of the bread for diabetics
Physico-chemical indicator
Bread for diabetics
Nominal mass [kg]
0.560
Volume [cm3/100 g]
248
Porosity [%]
71,8
Elasticity [%]
79
Acidity [degrees]
4.4
Moisture [%]
46.40
Ash [%]
1.75
Protein [%]
9.75
Fat [%]
2.15
Carbohydrates [%]
39.95
Available carbohydrates [%]
31,50
Total dietary fiber [%]
8.45
Energy value [kcal/100g]
201
Energy value [kJ/100g]
848
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Fig.5. Mineral content of the bread for diabetics
Among the mineral elements, the highest content was registred for potassium: 275.85 mg/100g. Its high
value in the bread can be explained by the high potassium content of natural ingredients (Jerusalem artichoke
flour, hemp flour, apple waste flour) used in experiments. Adequate potassium intake can reduce blood
pressure and the risk of kidney stones and osteoporosis (Freitas, 2017). The Dietary Guidelines Advisory
Committee (DGAC, 2010) recommended a potassium intake, ideally up to 4700 mg per day for adults. Also,
bread for diabetics is distingueshed by its calcium (98.55 mg/100g), magnesium (68.45 mg/100g) and iron
(1.75 mg/100g) content. Iron is an essential element for almost all living organisms as it participates in a wide
variety of metabolic processes, including oxygen transport, deoxyribonucleic acid (DNA) synthesis, and
electron transport (Abbaspour et al., 2014).
It is noteworthy that, the bread with a low carbohydrate content, high nutritional value and antioxidant
capacity, for diabetes, according with the provisions of Regulation (EC) No.1924/2006 of the European
Parlament and of the Council, is rich in fiber, as it has a higher fiber content than 6g/100g. Also, this bakery
product is a source of protein because at least 12% of its energy value is protein.
Compared with other varieties of bread, made with black wheat flour, whole wheat flour, graham flour
from the market, the bread with a low carbohydrate content, high nutritional value and antioxidant capacity,
for diabetes, has a lower content of available carbohydrates and a higher total fiber content, respectively (table
2).
Table 2

Comparative presentation of the available content of carbohydrates and total fiber in the case of the bread for
diabetics and other types of bread on the market
No.

Varieties of bread

Available
carbohydrates
(%)
Sortimente realizate în cadrul IBA București
1.
„Bread for diabetics”
31.50

Assortments existing on the market
2.
„Graham bread”, 400 g
40.07
3.

“French toast with
graham”

40.61

Total
fibres (%)

Ingredients

8.45

Whole wheat flour, preferment, still water,
Jerusalem
artichoke
tuber
flour
(Helianthus tuberosus), oat bran, apple
waste flour, hemp flour, flax seeds,
husked hemp seeds, sea salt.

4.19

White wheat flour, graham flour, water,
margarine, yeast, sugar, gluten, iodized salt,
malt flour.
White wheat flour, graham flour, water,
vegetable fats, dextrose, yeast, salt, soy flour,
acid sourdough.

6.40
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4.

“Wholemeal bread”,
300 g

38.88

3.7

White wheat flour, black wheat flour, water,
yeast, salt, palm oil.

5.

“Wholemeal bread”,
300 g

37.4

4.62

White wheat flour, whole wheat flour, water,
malt extract, yeast, iodized salt.

6.

„Toast with wholemeal
flour”, 600 g

36.67

7.08

White wheat flour type 650, black wheat flour,
whole wheat flour, wheat bran, yeast, salt,
gluten, dextrose, malt flour, soy flour.

7.

“Dark bread”,
700 g

35.96

5.8

Black wheat flour, water, yeast, vegetable
fats, salt, preservatives.

8.

“Wholemeal bread”

34.2

4.87

Whole wheat flour, water, yeast, salt.

9.

“Dark bread”, 400 g

32.91

6.39

10.

“Dark bread”

32.83

4.87

Black wheat flour, water, yeast, salt,
preservatives.
White wheat flour, whole wheat flour, wheat
bran, water, yeast, salt

11.

„Bread with bran,
sliced”,
300 g

32.55

7.1

White wheat flour, wheat bran, vegetable fat,
yeast, salt.

12.

“ Three cereals bread”,
400 g

31.72

6.74

Whole wheat flour, whole rye flour, whole oat
flour, water, yeast, soy flour, gluten.

The thermal properties of diabetic bread and control bread (made from white wheat flour, natural mayonnaise,
water, salt) were investigated using differential scanning calorimeter (DSC 8000).
Using the Pyrex Manager thermal analysis program, the following parameters were calculated: peak
temperature (T P ) and enthalpy value (ΔH). The calculated values are shown in Table 3.
Thermal properties of the core bread for diabetics and a control bread
Sample
T p , °C
ΔH, J/g
„Control Bread”
76.25
1.79
„Bread for diabetics” 69.43
0.87

Table 3

According with the results, the bread with a low carbohydrate content, high nutritional value and
antioxidant capacity, for diabetes, recorded lower enthalpy values compared to control bread.
Thus, it can be concluded that natural mayonnaise enriched in phenolic compounds and inulin, used in the
composition of bread for diabetics, delays the downgrading of starch (which is equivalent to an increase in
shelf life).
Due to the ingredients used in the composition of bread for diabetics, this product is distinguished by
its content in total polyphenols (118.45 mg GAE/100g) and by its antioxidant capacity (128,75 mg Trolox/100g).
Czajkowska–González et al. (2021) showed that the formulation of wheat breads partially substituted with food
by-products, flours, or extracts rich in phenolic compounds has shown to be a successful strategy to improve
the antioxidant and health properties of bread while satisfactory modifying certain sensory characteristics,
including texture, color, odor and flavor, without losing product acceptability. Many studies showed the role of
phenolic
compounds
in
the
reduction
of
cardiovascular
diseases
risk
factors.
Thus, phenolic compounds may be considered natural inhibitors of platelet aggregation, contributing to
reducing
the
individual
risk
of
developing
cardiovascular
diseases
which
causes
thrombosis (Lutz et al., 2019).
Following microbiological analysis of the bread with a low carbohydrate content, high nutritional value
and antioxidant capacity, for diabetes packed in polypropylene bags, it was found that they comply with the
provisions of the legislation in force even at 7 days after the date of manufacture (table 4).
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Product
„Bread
diabetics”

Microbiological analysis of the bread for diabetics
Microbiological indicators
Yeast and mold (CFU/g)
Enterobacteriaceae (CFU/g)
24h
5 days
7 days
24h
5 days
7 days
for
< 10
< 10
< 10
< 10
< 10
< 10

Table 4

Corroborating the results of the microbiological analysis with those of the sensory analysis, the
minimum durability of the bread for diabetics was established at 4 days. Shelflife relative high of this
product can be explained mainly by antioxidant and antibacterial potential of Jerusalem artichoke flour,
hemp flour, apple waste flour, used in the composition of the product, due to their total polyphenol content.
Besides their established antioxidant activity, many phenolic compounds may exhibit significant
antibacterial activity. Since
many plant extracts are rich in phenolic compounds, this is of particular interest for the development of
natural alternatives to synthetic preservatives in food (Bouarab-Chibane et al., 2019). Also, the
microbiological stability of the bread for diabetics is due to the acidity conferred by the use in the
composition of the natural sourdough and, at the same time, the lactic acid bacteria that create a yeastfriendly environment, but act as an antibiotic in the case of other microorganisms (Burnete et al., 2019).
CONCLUSIONS
Diabetic bread obtained by the biphasic process, using as a fermenting agent, natural
sourdough enriched in phenolic compounds and inulin, has an original composition, scientifically based,
made only with natural ingredients, with high nutritional value and antioxidant capacity (Jerusalem
artichoke flour, hemp flour, apple waste flour, oat bran, flax seeds, hulled hemp seeds), which gives it
superior sensory qualities and, at the same time, a low content of available carbohydrates (31.50 %) and
also an important antioxidant potential (128.75 mg Trolox/100g).
Bread for diabetics is distinguished by its mineral content (K: 275.85 mg/100g; Ca: 98.55 mg/100g;
Mg: 68.45 mg/100g; și Fe:1.75 mg/100g), fibre totale (8.45 %) and total poliphenols (118.45 mg
GAE/100g).
Due to high content in total poliphenols and the use of the natural sourdough enriched in phenolic
compounds and inulin, as fermentation agent, the bread for diabetics, has a minimum durability of 4 days.
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ABSTRACT
The present paper presents data on the influence of technological sequences at Lophantus anisatus. species.
cultivated under the conditions of A.R.D.S. Secuieni in the period 2019-2020. The average production of fresh
herb was between 15229 kg/ha in the second epoch and 14318 kg/ha in the fourth epoch of sowing. The
average seed production per hectare ranged between 144 kg/ha for the control variant and 223 kg/ha for the
variant sown at 70 cm between rows and 15 cm between plants/row.
REZUMAT
În lucrarea de faţă se prezintă date privind influența unor secvențe tehnologice la specia Lophantus anisatus
cultivată în condiţiile de la S.C.D.A. Secuieni în perioada 2019-2020. Producţia medie de herba proaspătă a
fost cuprinsă între 15229 kg/ha la epoca a II-a şi 14318 kg/ha la epoca a IV-a. Producţia medie de sămânţă
la hectar a oscilat între 144 kg/ha la varianta martor şi 223 kg/ha la varianta semănată la 70 cm între rânduri
şi 15 cm între plante/rând.
INTRODUCTION
In the world is known under several names (Agastache Foeniculum, Lophantus Agastache) or lophant
popular (Andrushchenko A.V. and Kryvytskyi K.M., 2007; Vînătoru C. et al., 2015; Popescu C., 2017).
Lophanthus anisatus Benth. is a herbaceous perennial of the Lamiaceae family, a valuable medicinal edible
and technical crop. The plant is drought-resistant, does not like waterlogging, but needs a sufficient amount of
water during the first year of cultivation. From a medicinal point of view. the plant is endowed with numerous
therapeutic properties, anti-stress and antidepressant, soothing the intestinal mucosa, stimulating blood
circulation and enhancing immunity (Cherevchenko T.M et al, 2020; Кormosh, S. et al, 2020).
This species can be grown in parks and planters as a decorative plant, highlighted by its beautifully
colored inflorescences in purple blue, covering a long period of flowering, from June until the arrival of frost
(Коrablyovа О. А., 2012; Nazarenko L. G., 2008).
In many world cuisines L. anisatus Benth. – is an irreplaceable herb. Fresh and dried young shoots
are used for baked products, as a component of spicy compositions and condiments for various dishes, as a
flavoring for vodka, added to compotes, jelly, mousses, and puddings. The spice is added to stewed, baked
dishes and fried fish, meat and salads (Derzhypilsky L.M., 2006; Sukharev A., 2007; Vintila A.I et al., 2019;
Кormosh, S. et al., 2020).
MATERIALS AND METHODS
The researches were carried between 2019 and 2020 at A.R.D.S. Secuieni on a typical cambic soil
type. Characterized as being well supplied with mobile phosphorus (39 ppm - P2O5), moderately supplied in
nitrogen with the soil nitrogen index of 2.1, well supplied in mobile potassium (161 ppm - K2O), slightly acidic,
with the pH (in aqueous suspension) of 6.29 and a humus content of 2.3%. In the conditions of A.R.D.S.
Secuieni we experimented four sowing epochs: V1 (control) - Epoch I, sowing in the first emergency (the third
decade of March); V2 - Epoch II, sowing in the second emergency (the second decade of April); V3 - Epoch
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III, sowing late (the last decade of April - the first decade of May); V4 – Epoch IV, sowing in the second decade
of May. At Lophantus anisatus species, the aim was to establish a technological link through the establishment
of the optimal nutritional space in a bifactorial experience according to the subdivided parcel method in three
repetitions.
Experienced factors are: A - the distance between rows with graduations: 25 cm, 50 cm and 70 cm
and B - the distance between plants per row with graduations: 15 cm, 25 cm and 35 cm. The soil work and the
preparation of the germination bed consisted in releasing the soil from the plant debris in the pre-planting.
stubble-turning and ploughing at a depth of 30 cm. In spring. preparation of the germination bed was made
with a harrow disc and the sowing was done manually at a depth of 1 cm.
The agricultural year 2019/2020 was characterized by an early spring as a result of the high average
temperatures recorded in March (6.2ºC), as well as the rainfall deficit of only 10.2 mm, with a deviation of 26.2
mm comparing with the multiannual average. The soil preparation and the sowing were done with difficulty,
the plants emergence being staggered and uneven. In terms of rainfall, the agricultural year 2019/2020 is
characterized as a very dry year, the amount of rainfall was 327.6 mm, with 226.7 mm less than the multiannual
average of 544.3 mm.
Table 1

Date meteo înregistrate la S.C.D.A. Secuieni în anul agricol 2019-2020

Prec.

Temp.

Specificare
Media
lunară
Media
multianuală
Abaterea
Media
lunară
Media
multianuală
Abaterea

2019

2020

Media

X

XI

XII

I

II

III

IV

V

VI

VII

VIII

IX

10.8

7.8

1.8

-0.6

3.4

6.2

10.0

13.9

20.0

20.9

22.2

18.6

11.3

9.1

3.5

-1.7

-3.9

-2.2

2.8

9.5

15.4

18.8

20.4

19.5

15.0

8.9

1.7

4.3

3.5

3.3

5.6

3.4

0.5

-1.5

1.2

0.5

2.7

3.6

2.4

33.0

14.6

6.2

2.0

16.0

10.2

1.2

69.6

72.6

39.0

51.2

12.0

327.6

38.2

28.4

25.4

20.1

19.5

26.9

46.9

65.7

85.0

82.3

60.2

45.7

544.3

-5.2

-13.8

-19.2

-18.1

-3.5

-16.7

-45.7

3.9

-12.4

-43.3

-9.0

-33.7

-216.7

RESULTS
Following the determinations performed on the Lophantus anisatus (lophantus) species, it was found
that the average production of fresh herb was between 15229 kg/ha in the second epoch and 14318 kg/ha in
the fourth epoch. Compared to the control a statistically significant positive increase in production was obtained
for the variant sown in the second epoch (291 kg/ha) (table 1).
The average production of dry herb in the second epoch was 8047 kg/ha, the difference being positive,
very significant compared to that obtained in the first epoch (control) of 7286 kg/ha (table 1).
The ratio of fresh herb production to dry herb production was between 2.06 in the fourth epoch of sowing
and 1.89 in the second epoch of sowing (table 1).
Compared to the control variant in which the production was 184 kg/ha, in the second epoch was a
production increase of 35 kg/ha interpreted as positive very significant (table 2).
Table 2

The herb production obtained from lophantus in the period 2019-2020
Average fresh herb production
(kg/ha)
Diff.
%
Sign.
Kg/ha
(Kg/ha)

Average dry herb production
(kg/ha)
Diff.
Kg/ha
%
Sign.
(Kg/ha)

Ratio
(fresh/
dry)

V1

14938

100

Mt.

7286

100

Mt

2.03:1

V2

15229

101.95

291

8047

110.44

761

V3

14706

98.44

-233

7321

100.48

35

V4

14318

95.85

-620

6911

94.85

-375

Variant

*
ooo

863

***

1.89:1
2.01:1

oo

2.06:1
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LSD5%
LSD 1%
LSD 0.1%

253.86 kg/ha
384.42 kg/ha
617.56 kg/ha

LSD 5%
LSD 1%
LSD 0.1%

229.82 kg/ha
348.01 kg/ha
559.07 kg/ha

The seed production obtained from lofantus in the period 2019-2020
Variant

Kg/ha

Average seed production
(kg/ha)
%
Diff. (kg/ha)

V1

184

100

V2

219

119.02

35

V3

173

94.20

-11

V4

153

82.88
LSD 5%
LSD 1%
LSD 0.1%

Table 3

Sign.

Mt.

-32
13.05 kg/ha
19.77 kg/ha
31.76 kg/ha

***
ooo

Fig 1. Blooming at lophantus
The interaction of the studied factors influenced the average fresh herb production at lophantus.
Compared to the control variant a1xb1 (14643 kg/ha), production increases were obtained in most
experimental variants between 170 - 602 kg/ha, being statistically assured and interpreted as positives distinct
and very significant (table 3).
Also. the average dry herb production was influenced by the interaction of the studied factors (distance
between rows and distance between plants per row). Compared to the control variant a1xb1 (7229 kg/ha),
production increases between 170 - 407 kg/ha were achieved significant, distinctly significant and very
significant (table 4).
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Fig. 2 Leaves at lophantus
The average seed production per hectare ranged between 144 kg/ha for the control variant and 223
kg/ha for the variant sown at 70 cm between rows and 15 cm between plants/row. Statistically assured and
interpreted significant and distinctly significant production increases were obtained at a distance of 50 cm and
70 cm between rows at all three distances between plants per row (fig. 1, 2, 3, 4 and table 5).
Table 4
The influence of the interaction between the distance between rows and the distance between plants
per row on the average fresh herb production at lophantus in the period 2019-2020
Distance between
rows (A)
a1-25 cm
a2-50 cm
a3-70 cm

Average
fresh herb
%
production
(kg/ha)
14673
100
14742
100.47
14843
101.16
14895
101.51
14933
101.77
15175
103.42
15275
104.10
15225
103.76
15033
102.46
LSD5% 99.44 kg/ha
LDS1% 164.35 kg/ha
LSD 0.1% 304.5 kg/ha

Distance
between plants
/ row (B)

Diff.

Sign.

b1-15 cm
b2-25 cm
b3-35 cm
b1-15 cm
b2-25 cm
b3-35 cm
b1-15 cm
b2-25 cm
b3-35 cm

Mt.
69
170
222
260
502
602
552
360

**
**
**
***
***
***
***

Fig. 3 Aspects from the experimental land
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Table 5
The influence of the interaction between the distance between rows and the distance between plants
per row on the average dry herb production at lophantus in the period 2019-2020
Distance between
rows (A)
a1-25 cm
a2-50 cm
a3-70 cm

Distance
between plants
/ row (B)
b1-15 cm
b2-25 cm
b3-35 cm
b1-15 cm
b2-25 cm
b3-35 cm
b1-15 cm
b2-25 cm
b3-35 cm

Average dry
herb
%
production
(kg/ha)
7229
100
7357
101.78
7399
102.35
7350
101.67
7489
103.60
7385
102.16
7401
102.37
7636
105.63
7006
96.91
LSD5% 163.2 kg/ha
LSD1% 234.6 kg/ha
LSD 0.1% 400.9 kg/ha

Diff.
Mt.
128
170
121
260
156
172
407
-223

Sign.

*
**
*
***
o

Table 6
The influence of the interaction between the distance between rows and the distance between plants
per row on the average seed production at lophantus in the period 2019-2020
Distance between
rows (A)
a1-25 cm
a2-50 cm
a3-70 cm

Average
seed
%
production
(kg/ha)
144
100
158
109,72
169
117,36
181
125,92
190
132,17
208
144,67
194
134,49
223
154,62
190
131,94
LSD5% 26,4 kg/ha
LSD1% 41,9 kg/ha
LSD0,1% 79,6 kg/ha

Distance between
plants / row (B)

Diff.

Sign.

b1-15 cm
b2-25 cm
b3-35 cm
b1-15 cm
b2-25 cm
b3-35 cm
b1-15 cm
b2-25 cm
b3-35 cm

Mt.
14,00
25,00
37,33
46,33
64,33
49,67
78,67
46,00

*
**
**
**
**
**

Fig. 4 Lophantus inflorescence
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CONCLUSIONS
Lophantus anisatus is an aromatic plant considered among the first four melliferous plants in the
world. From Lophanthus anisatus, is used all the aerial part with multiple uses, the plant not having especial
soil demands and presenting an increase resistance to illnesses and pests.
Lophanthus anisatus is used in natural medicine having numerous medicinal properties, such as:
prevents and treats gastritis, gall-bladder affection, hepathitis, cerebral vascular accidents, increases body
immunity, balances the metabolic processes.
The highest seed production (219 kg/ha) was obtained in the second sowing season (second
decade of April). The interaction of the studied factors influenced the production of dry herb obtaining the
highest production at the variant sown at 70 cm between rows and at 25 cm between plants per row (7636
kg/ha).
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Keywords: Ocimum basilicum L., cultivar, ecological fertilization, Leaf Area Index, Chlorophyll Content Index
ABSTRACT
The cultivation of potted herbs is becoming very popular. The aim of this study was to evaluate the production of
basil in pots influenced by density (1, 2, or 3 plants per pot), cultivar (Dark Opal, Violet de Buzau, Genovese, and
Grecesc) and fertilization (microorganisms) in order to establish the optimal cultivation conditions. All the production
parameters (plant height, fresh mass of plants, fresh mass of leaves, number of leaves, leaves area, and chlorophyll
content) were significantly influenced by the density and cultivar. Although the production parameters were higher
at the fertilized variants, the differences were not significant.
REZUMAT
Cultivarea plantelor aromatice în ghivece devine foarte populară. Scopul acestui studiu a fost de a evalua producția
de busuioc cultivat la ghivece în urma influenței factorilor densitate (1, 2 sau 3 plante per ghiveci), soi (Dark Opal,
Violet de Buzau, Genovese și Grecesc) și fertilizare (microorganisme) pentru a stabili condiţiile optime de cultivare.
Toți parametrii de producție (înălțimea plantei, masa proaspătă a plantelor, masa proaspătă a frunzelor, numărul
de frunze, suprafața frunzelor și conținutul de clorofilă) au fost influențați semnificativ de densitate și soi. Deși
parametrii de producție au fost mai mari la variantele fertilizate, diferențele nu au fost semnificative.
INTRODUCTION
Cultivation of aromatic herbs in pots for kitchen use as healthy food is becoming very popular. This trend
comes as a response to the problems that super-intensive agriculture causes both on the environment through
pesticide pollution but also on human health. Commercialization of potted aromatic herbs has become a lucrative
business; however, many people make their own cultures at home. In order to ensure the success of a potted
aromatic plant culture, it is necessary to ensure the best cultivation conditions for plant development, such as a
substrate rich in nutrients and with good drainage, and sufficient light and water (Hochmuth et al., 2003; GovedaricaLucic et al., 2014; Aldarkazali et al., 2019; Rahman et al., 2021). Cultivation density is a very important factor that
influences predominantly the production parameters. A high plant density leads to competition in the root zone for
access to nutrients and water and in the aerial part of the plant for access to light. In general, it is expected that a
density of one plant per pot causes a better grow, however, this is influenced by the size of the pot and also by the
variety used (Nurzyńska-Wierdak et al., 2012b; Majkowska-Gadomska et al., 2018). Another factor that influences
the production is the biological material (species, cultivar). Each cultivar has specific genetic characteristics
regarding the size or color of leaves and flowers (Telci et al., 2006; Švecová and Neugebauerová, 2010; Vînătoru
et al., 2019). Fertilization is an important factor in ensuring a high production of an aromatic plant crop. In general,
chemical fertilizers stimulate the production of plant biomass while organic fertilizers influence more the secondary
metabolism and therefore their quality. In the case of potted crops for kitchen purposes, organic fertilizers are
preferred (Burducea et al., 2018; Teliban et al., 2020).
The genus Ocimum of Lamiaceae (Labiatae) family contains mainly aromatic species, for example,
Ocimum basilicum (sweet basil), O. tenuiflorum (Tulsi/holy basil), O. gratissimum (African basil), O. campechianum
(Amazonian basil) (Kumar et al., 2013; Ibrahim et al., 2018; Yaldiz et al., 2018). Of these, Ocimum basilicum L., is
one of the most commercial available species, being cultivated for centuries as a medicinal and aromatic plant
(Nurzyńska-Wierdak et al., 2012a; Purushothaman et al., 2018). Various pharmacological, biomedical, therapeutic
and health applications of O. basilicum have been documented (Hochmuth et al., 2003, Gajula et al., 2009;
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Kiczorowska et al., 2015). Basil can be successfully grown both in the open field and in the greenhouse. Both the
cultivar and the growing conditions influence the synthesis of bioactive compounds such as essential oils and
phenols (Hochmuth et al., 2003; Majkowska-Gadomska et al., 2017; Teliban et al., 2021). Basil is often cultivated
as a potted plant in kitchen around the world as a source of fresh herbs throughout the year (Majkowska-Gadomska
et al., 2018). As it loves warm climates, growing it in pots in various protected areas is highly recommended outside
the summer season in Romania. The appearance and yield of basil grown in pots are strongly influenced by the pot
volume (Govedarica-Lucic et al., 2014; Majkowska-Gadomska et al., 2018), the number of plants (Caruso and
Villari, 2007; Majkowska-Gadomska et al., 2018), cultivar (Telci et al., 2006; Švecová and Neugebauerová, 2010;
Vînătoru et al., 2019), and fertilization regime (Nurzyńska-Wierdak et al., 2012b).
The aim of this study was to establish the optimal conditions (density, cultivar and fertilization) for the
cultivation of basil in pots with an emphasis on production parameters.
MATERIALS AND METHODS
Biological Material and Experimental Site
The experiment was carried out on basil (Ocimum basilicum L.) grown in greenhouse in 2020 and 2021.
The sowing was done on January 11th, and one month after germination the plantlets were transplanted in black
plastic pots with a volume of 0.8 L., in the greenhouse of the Research Institute for Agriculture and Environment of
“Ion Ionescu de la Brad” Iasi University of Life Sciences, Romania. The potting substrate was Kekkila peat with
pH=5.9 and size 0-25 mm.
The light was natural and the temperature was 20/22oC night / day. The plants were harvested on March
10 to determine the production parameters.
A split plot design with three replicates was arranged for treatment distribution in the greenhouse, and each
experimental unit had 15 pots.
In this study, the experimental protocol included three factors: 1) Number of plants/pot at three levels: a 1 –
one plant per pot (1), a 2 – two plants per pot (2) and a 3 – three plants per plot (3); 2) Cultivar at four levels: b 1 –
Dark Opal (D.O.), b 2 – Violet de Buzau (V.B.), b 3 – Genovese (Gz.) and b 4 – Grecesc (Gr.) and 3) Fertilization type:
fertilization with microorganisms (M.) and unfertilized (Unfert.).
The biological material used was represented by four basil cultivars. Dark Opal has a purple color, it can
be grown in the field during the summer or in greenhouses and solarium, all year round. It can also be grown as a
potted plant. Violet de Buzau has both light purple flowers and leaves. It can be grown both in the field and in
protected areas. Genovese has light green leaves and white flowers. Grecesc has the appearance of a globular
crown with small, green leaves. Specific to this variety is that it develops many branches.
Microorganisms (M.): Rizotech Plus powder was placed in the soil holes made for seedling transplant (1 g
· pot−1), predominantly containing the arbuscular mycorrhizal fungi (AMF) spores of Claroideoglomus etunicatum,
Funneliformis mosseae, Glomus aggregatum, Rhizophagus intraradices and, in addition, fungi and bacteria species
belonging to genera Trichoderma, Streptomyces, Bacillus, Pseudomonas (Teliban et al., 2020).
Yield and Biometrical Determination
Fresh biomass yield per pot was determined by harvesting the plants at 2 cm above the ground of the pot
(harvest date: 10th March) and taking the fresh weight with a Kern analytical balance with an error of 0.01 g. (plant
weight and leaf weight) The yields were calculated and presented as grams per pot. The height of the plants was
determined by measuring the plant from the base of the stem to the top of the stem and was expressed in cm. The
leaf area index (LAI) was determined using the Li-3100 Area Meter, produced by LICOR, inc. Lincoln, Nebraska,
USA, and was expressed in cm2·cm-2.
Total Chlorophyll Content Determination
The total chlorophyll content was measured with a non-destructive portable chlorophyll content meter
(CCM-200 plus Opti-Sciences Chlorophyll Content Meter, ADC Bio-Scientific Ltd., Global House, Geddings Road,
Hoddesdon, Herts, EN11 0NT, UK), the readings being expressed as CCI (Chlorophyll Content Index). The
measurements were done wo days before harvest. For each experimental variant, 30 readings from 15 plants were
performed.
Statistical Analysis
The results were reported as means ± standard errors of the two years’ experiment (2020–2021). The
ANOVA test was used to highlight the statistical significance of the differences. Where the differences were
significant, the Tukey (p < 0.05) multiple comparison test was used. The software used was SPSS v21 (IBM Corp,
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Armonk, NY, USA). The variables regarding the determinations in our research were not significantly affected by
the research year and, therefore, the results discussions were done by taking into account the average data of the
two years.
RESULTS
Productivity parameters of the potted basil culture
Productivity parameters were analysed depending on the three experimental factors (Table 1). Thus, in
terms of factor A - the number of plants per pot, the variant with one plant per pot recorded the maximum plant
height (19.65 cm). The variant with three plants per pot obtained the highest values in terms of plant weight (15.09
g), leaf weight (8.57 g), number of leaves (39.51), and leaf area (318.74 cm2 · cm-2), the differences being statistically
significant (p˂0.05).
Table 1
Influence of density on productivity parameters of potted basil culture
Average plant
Fresh weight of
Fresh weight of
Average leaf area
Number of
Number of
height
plants per pot
leaves per pot
per pot
plants/pot
leaves per pot
(cm)
(g)
(g)
(cm2 · cm-2)
One plant/pot
19.65 ± 0.8 a
10.60 ± 1.06 b
5.15 ± 0.54 b
23.55 ± 4.76 b
198.14 ± 16.49 b
Two plants/pot
18.03 ± 0.54 ab
13.71 ± 1.11 ab
7.40 ± 0.70 ab
32.99 ± 5.36 ab
272.75 ± 17.42 a
Three plants/pot
17.05 ± 0.33 b
15.09 ± 0.94 a
8.57 ± 0.75 a
39.51 ± 5.18 a
318.74 ± 17.84 a
Within each column, the means followed by different lowercase letters are significantly different according to the Tukey
test at P≤0.05

Regarding factor B - the cultivar (Table 2), Genovese basil had the highest values in terms of plant
height (20.98 cm), plant weight per pot (18.88 g) and leaf weight per pot (11.10 g). The highest values for the
number of leaves per pot (73.95) and leaf area (355.60 cm2 · cm-2) were obtained by the Grecesc cultivar.
Genovese cultivar also had statistically significant higher values in terms of leaf area (327.50 cm2 · cm-2)
compared with the cultivars with red leaves.
Table 2
Influence of cultivar on productivity parameters of potted basil culture
Average plant
Fresh weight of
Fresh weight of
Average leaf area
Number of
Cultivar
height
plants per pot
leaves per pot
per pot
leaves per pot
(cm)
(g)
(g)
(cm2 · cm-2)
Dark Opal
16.88 ± 0.48 b
9.39 ± 0.64 c
4.43 ± 0.29 c
19.24 ± 1.47 b
200.93 ± 11.97 b
Violet de Buzau
16.54 ± 0.33 b
7.55 ± 0.60 c
3.63 ± 0.31 c
17.40 ± 1.68 b
168.80 ± 13.09 b
Genovese
20.98 ± 0.93 a
18.88 ± 0.55 a
11.10 ± 0.62 a
17.47 ± 1.60 b
327.50 ± 16.30 a
Grecesc
18.58 ± 0.45 b
16.72 ± 0.5 b
9.01 ± 0.28 b
73.95 ± 2.34 a
355.60 ± 10.74 a
Within each column, the means followed by different lowercase letters are significantly different according to the Tukey
test at P≤0.05

In the case of factor C - fertilization type (Table 3), there were no significant differences in production
indicators, except for the height of plants, the variant fertilized with microorganisms obtaining the highest value
of 19.25 cm.
Table 3
Influence of fertilization on productivity parameters of potted basil culture
Average plant
Fresh weight of Fresh weight of
Average leaf
Number of
Fertilization type
height
plants per pot
leaves per pot
area per pot
leaves per pot
(cm)
(g)
(g)
(cm2 · cm-2)
Unfertilized
17.24 ± 0.48
12.34 ± 0.88
6.76 ± 0.60
30.37 ± 4.09
253.15 ± 15.98
Microorganisms
19.25 ± 0.48
13.93 ± 0.90
7.32 ± 0.59
33.66 ± 4.45
273.27 ± 16.47
Significance
*
ns
ns
ns
ns
Within each column, ns - no statistically significant difference, * - significant difference, according to ANOVA at p≤0.05

From the analysis of the combined influence of the three factors (Table 4), it can be seen that the
highest plant height was obtained by the variants: 1 x Gz. x M. and 1 x Gz. x Unfert. with values of 25.13 cm
and 25.07 cm. The lowest plant height was obtained by the variants: 2 x V.B. x Unfert., 3 x D.O. x Unfert., 2 x
D.O. x Unfert. with values of 15.40 cm.
The fresh mass of the plant can be correlated with the mass of the foliar apparatus, thus the variant 3
x Gz. x M. obtaining the highest values, 21.56 g (plants) and 14.02 g (leaves) and variant 1 x V.B. x Unfert.,
obtaining the lowest values: 4.07 g (plants) and 1.94 g (leaves).
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The number of leaves and the leaf area can also be correlated, thus, the variant 3 x Gr. x M. obtaining
the highest values: 88.74 and 417.27 cm2 · cm-2, while the variant 1 x V.B. x Unfert., obtained the lowest
values: 9.11 and 102.22 cm2 · cm-2.
Table 4

The influence of the interaction between no. of plants/pot, cultivar and fertilization
on productivity parameters of potted basil culture
Average plant Fresh weight of Fresh weight of
Average leaf area
Number of leaves
height
plants per pot leaves per pot
per pot
Variant
per pot
(cm)
(g)
(g)
(cm2 · cm-2)
1 x D.O. x Unfert.
16.47 ± 1.77 de
6.33 ± 0.33 hi
2.93 ± 0.07 klm
11.60 ± 0.46 jk
140.33 ± 2.03 mn
1 x D.O. x M.
18.20 ± 1.55 cde 7.00 ± 0.58 ghi 3.20 ± 0.12 klm
12.53 ± 0.33 ijk
148.83 ± 3.19 lmn
1 x V.B. x Unfert.
16.33 ± 1.14 de
4.07 ± 0.37 i
1.94 ± 0.26 m
9.11 ± 0.46 k
102.22 ± 1.84 n
1 x V.B. x M.
17.90 ± 0.38 cde
5.39 ± 0.20 hi
2.32 ± 0.15 lm
9.40 ± 0.14 k
104.26 ± 0.62 n
1 x Gz. x Unfert.
25.07 ± 0.94 a
15.74 ± 0.18 cd
7.75 ± 0.11 ef
9.37 ± 0.24 k
240.15 ± 4.29 ghij
16.67 ± 0.56
1 x Gz. x M.
25.13 ± 1.33 a
7.75 ± 0.22 ef
10.48 ± 0.20 jk
246.26 ± 2.40 ghi
bcd
1 x Gr. x Unfert.
17.07 ± 0.24 cde 14.07 ± 0.67 de
7.32 ± 0.33 fg
61.22 ± 2.46 c
294.00 ± 11.90 efg
1 x Gr. x M.
21.07 ± 1.12 abc 15.55 ± 1.40 cd 7.98 ± 0.54 def
64.64 ± 0.80 c
309.04 ± 12.76 def
2 x D.O. x Unfert.
15.43 ± 0.48 e
8.33 ± 0.33 fgh
4.06 ± 0.10 ijk 18.13 ± 1.11 efghij 187.40 ± 4.22 jklm
2 x D.O. x M.
16.80 ± 0.31 cde 10.53 ± 0.74 efg 4.91 ± 0.12 hij 22.13 ± 1.54 defgh 217.84 ± 10.29 ijk
2 x V.B. x Unfert.
15.40 ± 0.69 e
7.11 ± 0.55 ghi
3.55 ± 0.20 jkl
15.48 ± 0.21 hijk
167.96 ± 11.58 klm
2 x V.B. x M.
17.30 ± 0.13 cde 8.52 ± 0.37 fgh
4.19 ± 0.25 ijk 20.26 ± 1.15 defghi 198.00 ± 4.07 ijkl
2 x Gz. x Unfert.
19.70 ± 0.44 bcde 19.82 ± 0.74 ab 11.82 ± 0.40 b
16.04 ± 0.32 ghijk
340.22 ± 7.43 cde
2 x Gz. x M.
23.10 ± 0.56 ab 19.82 ± 1.13 ab 11.70 ± 0.45 b 17.52 ± 0.35 fghijk 334.11 ± 23.99 cdef
16.85 ± 0.49
2 x Gr. x Unfert.
16.47 ± 0.42 de
9.08 ± 0.25 cde
76.18 ± 2.63 b
355.15 ± 10.67 bcd
bcd
18.70 ± 0.98
2 x Gr. x M.
20.07 ± 0.01 bcd
9.85 ± 0.22 c
78.19 ± 2.46 b
381.30 ± 3.95 abc
abc
3 x D.O. x Unfert.
15.40 ± 0.42 e
10.83 ± 0.60 efg 5.34 ± 0.25 hi
24.67 ± 3.11 defg
233.58 ± 3.90 hij
3 x D.O. x M.
18.98 ± 0.47 bcde 13.33 ± 1.33 de 6.11 ± 0.44 gh
26.40 ± 0.42 de
277.60 ± 16.10 fgh
3 x V.B. x Unfert.
15.98 ± 0.91 de
9.07 ± 0.18 fgh
4.39 ± 0.10 ijk 23.00 ± 0.80 defgh 202.04 ± 1.13 ijkl
3 x V.B. x M.
16.33 ± 0.82 de
11.11 ± 1.16 ef
5.37 ± 0.56 hi
27.15 ± 2.60 d
238.33 ± 29.71 ghij
3 x Gz. x Unfert.
16.22 ± 0.32 de 19.71 ± 0.47 ab 13.55 ± 0.23 a
24.89 ± 1.74 def
397.85 ± 7.86 ab
3 x Gz. x M.
16.67 ± 0.57 de
21.56 ± 0.82 a
14.02 ± 0.25 a
26.51 ± 0.87 de
406.41 ± 4.45 ab
16.11 ± 0.01
3 x Gr. x Unfert.
17.40 ± 0.33 cde
9.43 ± 0.05 cd
74.70 ± 1.87 b
376.85 ± 2.14 abc
bcd
19.00 ± 0.42
3 x Gr. x M.
19.40 ± 0.37 bcde
10.37 ± 0.23 bc
88.74 ± 3.23 a
417.27 ± 3.09 a
abc
1-3 – no. of plants/pot; D.O. – Dark Opal; V.B. – Violet de Buzau; Gz. – Genovese; Gr. – Grecesc;
Unfert. – Unfertilization; M. – Microorganisms; Within each column, the means followed by
different lowercase letters are significantly different according to the Tukey test at P≤0.05;

Total Chlorophyll Content of the potted basil culture
The content of chlorophyll pigments did not vary significantly as a result of crop density (Fig. 1).
Regarding the cultivar used, the Grecesc variety had significantly higher values (9.86 CCI) compared to the
rest of the varieties. Fertilization did not significantly affect the pigment content.

Fig. 1 - Chlorophyll content basil leaves as affected by no. of plants, cultivar and fertilization
1-3 – no. of plants/pot; D.O. – Dark Opal; V.B. – Violet de Buzau; Gz. – Genovese; Gr. – Grecesc; Unfert. – Unfertilization; M. –
Microorganisms; Values associated to different letters are significantly different according to Tukey’s test at p≤0.05
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In the case of the combination of the three factors (Fig. 2), the highest chlorophyll content was recorded by
the variant: 2 plants / pot x Gr. x Unfert. (10.30 CCI). All the variants combined with the Grecesc cultivar registered
high values of the chlorophyll content; on the other hand, red basil had the lowest content of chlorophyll.

Fig. 2 - Chlorophyll content in basil leaves as affected by the interaction between no. of plants, cultivar and fertilization
1-3 – no. of plants/pot; D.O. – Dark Opal; V.B. – Violet de Buzau; Gz. – Genovese; Gr. – Grecesc;
Unfert. – Unfertilization; M. – Microorganisms

CONCLUSIONS
The number of potted plants decisively influences the productivity indicators of the basil, the highest
values being obtained in the case of cultivation with three plants / pots.
All varieties of basil can be successfully grown in pots, the highest yields being obtained in the case
of varieties with green leaves (Genovese and Grecesc).
The application of microorganisms causes a slight increase in productivity, but the differences are
insignificant.
In the case of the combination of the three factors, the Genovese variety fertilized with microorganisms
stands out when it is cultivated with three plants / pot.
The content of chlorophyll varied significantly depending on cultivar and insignificantly depending on
the density and type of fertilizer used.
In order to obtain high yields, it is recommended the density of three plants / pot, preferring one of the
two varieties with green leaves. The other two red varieties can only be recommended if there is a demand for
these varieties.
REFERENCES
Aldarkazali, M., Rihan, H. Z., Carne, D., Fuller, M. P. (2019). The growth and development of sweet basil
(Ocimum basilicum) and bush basil (Ocimum minimum) grown under three light regimes in a controlled
environment. Agronomy, 9, 743. doi:10.3390/agronomy9110743.
Burducea, M., Zheljazkovb, V.D., Dinchevac, I., Lobiuc, A., Teliban, G.C., Stoleru, V., Zamfirachea, M.M.
(2018). Fertilization modifies the essential oil and physiology of basil varieties. Industrial Crops &
Products 121 (2018) 282–293. https://doi.org/10.1016/j.indcrop.2018.05.021.
Caruso, G., Villari, G. (2007). Effects of plant density on chemical composition of basil grown within gullies by
subirrigation. Acta Horticulturae 747: 351-356. doi:10.17660/ActaHortic.2007.747.43.
Gajula, D., Verghese, M., Boateng, J., Walker, L.T., Shackelford, L., Mentreddy, S.R., Cedric. S. (2009).
Determination of total phenolics, flavonoids and antioxidant and chemopreventive potential of basil
(Ocimum basilicum L. and Ocimum tenuiflorum L.). International Journal of Cancer Research 5 (4). 130143. doi: 10.3923/ijcr.2009.130.143.
Govedarica-Lucic, A., Perkovic, G., Rahimic, A. (2014). Influence of substrate and cell volume of containers
on the quality of basil. Fifth International Scientific Agricultural Symposium „Agrosym 2014“. 75-78.
10.7251/AGSY1404075G.
Hochmuth, R.C., Davis, L.L.L., Laughlin, W.L., Simonne, E.H. (2003). Evaluation of Organic Nutrient Sources
in the Production of Greenhouse Hydroponic Basil. North Florida Research and Education Center
Suwannee Valley, Research Report 2003-08.

872

INTERNATIONAL SYMPOSIUM

Ibrahim, N.T., Ibrahim, M.S., Zaharadeen, I.M. (2018). Effects of basil leaf (Ocimum Basilicum) marination on
sensory attributes of spent layer meat. Korean J Food Health Converg, 4(3), 12–21. doi:
http://dx.doi.org/10.13106/kjfhc.2018.vol4.no3.12
Kiczorowska, B., Klebaniuk, R., Bąkowski, M., Al-Yasiry A.R.M.H. (2015). Culinary herbs – the nutritive value
and content of minerals. Journal of Elementology 20(3): 599-608. doi: 10.5601/jelem.2014.19.4.739.
Kumar, A., Rahal, A., Chakraborty, S., Tiwari, R., Latheef, S.K., Dhama, K. (2013). Ocimum Sanctum (Tulsi):
A miracle herb and boon to medical science - A Review. International Journal of Agronomy and Plant
Production, 4(7), 1580–1589. https://www.researchgate.net/publication/259865912.
Majkowska-Gadomska, J., Kulczycka, A., Dobrowolski, A., Mikulewicz, Emilia. (2017). Yield and nutritional
value of basil grown in a greenhouse. Acta Agrophysica, 24(3), 455-464.
Majkowska-Gadomska, J., Kulczycka, A., Mikulewicz, E., Jadwisieńczak, K. (2018). Effect of the size of
containers and number of plants per pot on concentrations of nitrates(v), mercury and lead in the
herbage of six botanical varieties of basil. Journal of Elementology 23 (4): 1413-1422. doi:
10.5601/jelem.2017.22.4.1546
Nurzyńska-Wierdak, R., Bogucka-Kocka, A., Kowalski, R., Borowski, B. (2012a). Changes in the chemical
composition of the essential oil of sweet basil (Ocimum basilicum L.) depending on the plant growth
stage. Chemija, 23(3), 216–222. https://www.researchgate.net/publication/285860171.
Nurzyńska-Wierdak, R., Rożek, E., Dzida, K., Borowski, B. (2012b). Growth response to nitrogen and
potassium fertilization of common basil (Ocimum basilicum l.) plants. Acta Scientiarum PolonorumHortorum Cultus, 11(2), 275-288.
Purushothaman, B., Srinivasan, R.P., Suganthi, P., Ranganathan, B., Gimbun, J., Shanmugam, K. (2018). A
Comprehensive Review on Ocimum basilicum. Journal of Natural Remedies. doi:
10.18311/jnr/2018/21324.
Rahman, M.M., Vasiliev, M., Alameh, K. (2021). LED Illumination Spectrum Manipulation for Increasing the
Yield
of
Sweet
Basil
(Ocimum
basilicum
L.).
Plants-Basel,
10(2),
344.
https://doi.org/10.3390/plants10020344.
Švecová, E., Neugebauerová, J. (2010). A study of 34 cultivars of basil (Ocimum L.) and their morphological,
economic and biochemical characteristics, using standardized descriptors. Acta Univ. Sapientiae,
Alimentaria, 3 (2010). 118-135.
Telci, I., Bayram, E., Yılmaz, G., Avcı, B. (2006). Variability in essential oil composition of Turkish basils
(Ocimum basilicum L.). Biochemical Systematics and Ecology 34 (2006), 489-497.
doi:10.1016/j.bse.2006.01.009.
Teliban, G.C., Burducea, M., Zheljazkov, V.D., Dincheva, I., Badjakov, I., Munteanu, N., Mihalache, G.,
Cojocaru, A., Popa, L. D., Stoleru, V. (2021). The Effect of Myco-Biocontrol Based Formulates on Yield,
Physiology and Secondary Products of Organically Grown Basil. Agriculture 11(2), 180.
https://doi.org/10.3390/agriculture11020180.
Teliban, G.C., Stoleru, V., Burducea, M., Lobiuc, A., Munteanu, N., Popa, L.D., Caruso, G. (2020).
Biochemical, Physiological and Yield Characteristics of Red Basil as Affected by Cultivar and
Fertilization. Agriculture 2020, 10, 48. doi:10.3390/agriculture10020048.
Vînătoru, C., Mușat (Zamfir), B., Bratu, C., Peticilă, A. (2019). Results and perspectives in Ocimum basilicum
(basil) breeding at Vegetable Research and Development Station Buzău. Scientific Papers. Series B,
Horticulture. LXIII(2), 161-168.
Yaldiz, G., Camlicaa, M., Ozenb, F. (2018). Biological value and chemical components of essential oils of
sweet basil (Ocimum basilicum L.) grown with organic fertilization sources. Journal of the Science of
Food and Agriculture. 99(4), 2005–2013. doi:10.1002/jsfa.9468.

873

INTERNATIONAL SYMPOSIUM

EVALUATION OF SOME BIOMETRIC CHARACTERISTICS OF DIOECIOUS HEMP,
IN THE PEDOCLIMATIC CONDITIONS OF A.R.D.S. LOVRIN
/
EVALUAREA UNOR CARACTERE BIOMETRICE LA CÂNEPA DIOICĂ,
ÎN CONDIȚIILE PEDOCLIMATICE DE LA S.C.D.A. LOVRIN
Panda A.O.*1), Agapie A.L.1), Buzna C.1), Popa L.-D.2), Bunduchi G.3)

Agricultural Research and Development Station Lovrin, 200, Lovrin, 307250, Timis, Romania
2)
Agricultural Research and Development Station Secuieni, 377, Secuieni, 617415, Neamț, Romania
3)
I.N.M.A. Bucharest, 6 Ion Ionescu de la Brad Blvd, Bucharest, Romania
Tel: 0744611422; E-mail: anpaiu@yahoo.com
1)

Keywords: dioecious hemp, variety, plant weight, diameter.
ABSTRACT
This work evaluates the formation of productivity elements of dioecious hemp, and the correlation that is made
between them, to obtain important data to help growers to obtain production results in accordance with the
genetic potential of the cultivated varieties. The varieties used are particularly important in terms of productivity
and quality. Pedoclimatic conditions during the analyzed period from A.R.D.S. Lovrin had an influence on some
studied characters - the diameter and plant weight, between which a very significant positive correlation is
established, a value given by the value of the coefficient of r = 0.80***.
REZUMAT
Această lucrare are scopul de a evalua formarea elementelor de productivitate la cânepa dioică, cât și corelația
care se realizează între acestea, în vederea obținerii de date importante care să ajute cultivatorii să obțină
rezultate de producție conforme cu potențialul genetic al soiurilor cultivate. Varietățile utilizate sunt deosebit
de importante din punct de vedere al productivității si al calității. Condițiile pedoclimatice din perioada analizată
de la S.C.D.A. Lovrin, din intervalul 2017-2019, au avut influență asupra unor caractere studiate- diametrul și
greutatea plantei, între care se stabilește o corelație pozitivă foarte semnificativă, valoare dată de valoarea
coeficientului de r = 0.80*** .
INTRODUCTION
Hemp, one of the oldest crop plants, was cultivated in almost all areas of the globe due to its special
peculiarities – rapid growth and limited need for resources, until the 1930s when its use was banned (Satruik,
2020; Tsaliki, 2021).
The phylogenetic studies undertaken, based on molecular analyses of DNA, confirmed the origin of
this plant in Central Asia, being brought to Europe in the Bronze Age as a culture plant (Mukherjee, 2008;
McPortland, 2018).
The demand for products derived from hemp is increasing lately, which has led to an increase in the
areas sown with this particular plant (Carus, 2016; Baldini, 2020). With its multiple uses hemp is used in many
sectors of activity: agriculture, paper manufacturing, textile industry, pharmaceutical industry, automotive
industry, due to the outstanding properties of fiber, oil and seeds (Salentijn, 2015). According to the European
Commission Directive 809/2014, the tetrahydrocannabinol content in plants must be below 0.2% in all approved
and marketed varieties, which reduces the danger of using it as a substance with psychotropic action (EC, 2014).
Europe's climatic conditions are satisfactory for hemp cultivation, but in-depth studies are needed on
the formation of productivity elements in new cultivation, given the long period in which this crop has been
banned (Carus, 2016). The area sown at European level is constantly increasing, reaching the threshold of
50,081 ha in 2018 (EIHA, 2020).
For a successful culture, both in terms of productivity and quality, the varieties used are especially
important (Angelini, 2016). For a long time, hemp was cultivated only for its fibrous stem, but currently both
the stem and the seeds are used, the new varieties being approved for this purpose (Faux, 2013; Tang, 2016).
The formation of productivity elements requires special conditions and adapted to the area of influence
for the growth and development of plants.
Of the varieties of hemp grown worldwide, most of them are adapted to the temperate climate
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(Callaway, 2002) and have a rainfall requirement, during the growing season, of about 250-300 mm
(Grabowska, 2009).
Hemp is a photosensitive plant, the flowering being positively influenced by short durations of the day
(Lisson, 2000) and negatively by long days (Van der Werf, 1994). The duration of the day influences male
plants more significantly than female ones (Borthwick, 1954). The sowing of the crop must be done taking into
account these elements, for a higher productivity and qualities of crop (Chabbert, 2013).
In the case of fiber crops, harvesting is done during the flowering of male plants in dioecious species.
When the crop is established for the extraction of essential oils from seeds, harvesting is done no later than
three weeks before harvesting the crops, and in the case of crops established for the extraction of cannabinoids
– harvesting is done when the seeds reach maturity (Mediavilla, 1998).
The purpose of this work is to evaluate the diameter of the stem and the weight of the plant at the
dioecious hemp, as well as the correlation that is made between them, in order to obtain important data that
will help the growers to obtain production results in accordance with the genetic potential of the cultivated
varieties.
MATERIAL AND METHODS
At A.R.D.S. Lovrin, in the experimental field, a three-year study of a polyfactorial experience was
carried out, the factors followed are: factor A – year of experimentation (2017, 2018, 2019), factor B – the
biological material studied (Lovrin 110, Silvana, Armanca and line Lv 457/08) and factor C – plant density (7
plants∙m-2, 37 plants∙m-2 and 150 plants∙m-2). In this paper are presented, among the biometric characters, the
diameter of the stem and the weight of the plant.
The soil is a typical chernozem, weakly gleized, epicalcaric, medium clay-clay, dominant within the
Galaţca Plain (Pesac- Lovrin- Teremia) and representative for a significant area of the Low Plain of Banat.
The pH values oscillating within the limits of the norms. It has a normal content in total nitrogen (0.171-0.120
mg N/100 g soil), reduced phosphorus (0.4-0.6 mg P 2 O 5 /100 g soil) and potassium medium (9.00-17.5 mg
K 2 O/100 g soil). The climate is temperate, with a multiannual average temperature of 10.7°C and an annual
average of precipitation around 520 mm.
The variant analysis model was used to analyze and interpreting the research results.
RESULTS
This study presents the evolution of the two parameters studied under the influence of the
experimental factors presented. The analysis of the variant for the weight of the plant is presented in Table 1.
The results that emerge from the table analysis show that factor C – density – has a very significant
influence on the weight of the plant while the other two factors do not influence this parameter.
Regarding the interaction between the factors, only the AC interaction has a distinctly significant
influence on the weight of the plant.

Source
Repetition
Factor A
Error (a)
Factor B
AB
Error (b)
Factor C
AC
BC
ABC
Error (c)
Total

Degrees of
freedom
2
2
4
3
6
18
2
4
6
12
48
107

Table 1

Variance analysis for plant weight
Sum of squares

Variance S²

11735.481
28485.107
16398.394
1140.995
3976.732
10380.312
120217.726
11974.224
325.359
2617.796
37302.040
244554.166

5867.741
14242.554
4099.599
380.332
662.789
576.684
60108.836
2993.556
54.227
218.150
777.126

Value
1.4313
3.4741

Test F

Meaning
Ns

0.6595
1.1493

Ns
Ns

77.3477
3.8521
0.0698
0.2807

***
**

Factor A (year) contributes to the achievement of plant weight in a proportion of 11.6%, and factor C
(density) in proportion of 49.2%, while factor B (variety), contributes only with 0.5%. All interactions of 1st and
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2nd order have a small contribution between 0.1-1.6%, except for the AxC type interaction whose contribution
is 4.9% (Fig. 1).

Fig. 1 - The contribution of the experimental factors and their interactions on the weight of the plant

The year of production generated results of the weight of the plant in the range of 72.55 g – 110.48 g
compared to the control version (72.55 g) there were recorded the differences of 29.36 g and 37.93 g
respectively, with an increase of up to 52.3%, values not statistically assured (table 2).
The varieties taken in the study give insignificant differences, compared to the control - Lovrin-110.
Regardless of the year of production, all varieties give not statistically assured differences compared to control
Lovrin-110 variety.
Compared to the control c1 (7 plants∙m-2), very significant differences were obtained at the two
densities c2 (37 plants∙m-2) and c3 (150 plants∙m-2), the weight of the plant being under the weight of the control
c1 (7 plants∙m-2).

Influence of experimental factors on the results obtained

Plant weight
g
%
a1 – 2017 first year of production
72.55
100
FACTOR
a2 – 2018 second year of production
101.91
140.5
A-year
a3 – 2019 third year of production
110.48
152.3
b1 – variety Lovrin-110
97.38
100.0
b2 – Silvana
98.70
101.4
FACTOR
B-variety
b3 – Armanca
93.32
95.8
b4 – Lv-457/08
90.52
93.0
c1 – 7 plants∙m-2
142.13
100.0
FACTOR
c2 – 37 plants∙m-2
73.01
51.4
C-density
c3 – 150 plants∙m-2
69.81
49.1
Factor A - DL 5% = 41.89; DL 1% = 69.48; DL 0.1% = 129.94
Factor B - DL 5% = 13.73; DL 1% = 18.81; DL 0.1% = 25.63
Factor C - DL 5% = 13.21; DL 1% = 17.64; DL 0.1% = 23.05
Experimental factors

Table 2

Difference g

Meaning

Ct
29.36
37.93
Ct
1.32
-4.06
-6.86
Ct
-69.12
-72.32

000
000

From the data of Table 3, it results that the factor A – the year, has a significant action in terms of the
diameter of the stem, the differences between the years being ensured statistically. As well as the C-density
factor, it has a very significant influence on the diameter of the stem, the differences between the three
densities are statistically ensured.
Factor B – variety – has an insignificant action on the diameter of the stem.
Regarding the interaction between the factors studied, only the interaction between the AxC factors
has a very significant influence on the desired character, the BxC and AxBxC interactions being statistically
insignificant.
Factor A (year) contributes to the realization of the stem diameter in a proportion of 52.7%, and the
factor C (density) in a proportion of 20.0%, while the factor B (variety), contributes only with 0.7%. All
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interactions of 1st and 2nd order have a small contribution below 1%, except for the AxC interaction whose
contribution is 3.9% (Fig. 2).
Table 3

Variance analysis for stem diameter
Source

Degrees of
freedom

Sum of squares

Variance S²

Repetition
Factor A
Error (a)
Factor B
AB
Error (b)
Factor C
AC
BC
ABC
Error (c)
Total

2
2
4
3
6
18
2
4
6
12
48
107

0.468
7.141
0.923
0.099
0.142
0.373
2.713
0.532
0.118
0.104
0.938
13.551

0.234
3.571
0.231
0.033
0.024
0.021
1.357
0.133
0.020
0.009
0.020

Test F
Value
1.0138
15.4804

Meaning
*

1.5882
1.1431
69.4193
6.8051
1.0066
0.4431

***
***

Fig. 2 - The contribution of the experimental factors and their interactions on the stem diameter

In Table 4, the values of the stem diameter were between 0.55 cm - 1.18 cm. Differences of 0.23 cm
and 0.63 cm were recorded from the control (0.55 cm). A distinctly significant increase was obtained only in
the third year (a3-2019) of production with an increase of 114.5%.
The varieties taken in the study give insignificant differences compared to the Lovrin-110 control
variety, the values obtained being not statistically insured.
At the two densities c2 (37 plants∙m-2) and c3 (150 plants∙m-2), regardless of the variety, the diameter
of the stem of the plant is below the control value c1 (7 plants∙m-2).
Between the two studied parameters is established a very significant positive correlation given by the
value of the correlation coefficient.
Regarding the correlation that is established between diameter and plant weight, Fig. 3, we can
observe a very significant positive correlation, with a value of the correlation coefficient r = 0.80 *** and
visualized graphically through the upward slope and the tight grouping of the value obtained around it.
From the analysis of Fig. 4 and 5, which represent the fallen precipitations and their influence in the
agricultural years on the diameter and weight of the plant, we can observe a distinctly significant linear
correlation in the two cases, which is given by the value of the correlation coefficients plant weight - r = 0.26 **
and the diameter of the stem - r = 0.30 **.
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Table 4

Influence of experimental factors on the results obtained
Experimental factors
a1 – 2017 first year of production
a2 – 2018 second year of production
a3 – 2019 third year of production
b1 – soiul Lovrin-110
b2 – Silvana
FACTOR
B-variety
b3 – Armanca
b4 – Lv-457/08
c1 – 7 plants∙m-2
FACTOR
c2 – 37 plants∙m-2
C-density
c3 – 150 plants∙m-2
Factor A - DL 5% = 0.31 cm; DL 1% = 0.52; DL 0.1% = 0.98
Factor B - DL 5% = 0.08 cm; DL 1% = 0.11; DL 0.1% = 0.15
Factor C - DL 5% = 0.07 cm; DL 1% = 0.09; DL 0.1% = 0.12
FACTOR
A-year

cm
0.55
0.78
1.18
0.85
0.85
0.86
0.78
1.06
0.74
0.7

Diameter

Difference cm

%
100
141.8
214.5
100.0
100.0
101.2
91.8
100.0
69.8
66.0

Meaning

Ct
0.23
0.63
Ct
0.00
0.01
-0.07
Ct
-0.32
-0.36

**

000
000

diameter = 0,2678+0,006*x; 0,95 Conf.Int.
r=0.80*** ; r2=0.64

1,6

plant diameter

1,4
1,2
1,0
0,8
0,6
0,4
0,2
0,0

0

20

40

60

80

120
160
200
240
280
100
140
180
220
260
plant weight

plant weight = 47,4575+0,1508*x; 0,95 Conf.Int.
r=0.26** ; r 2 =0.07
280
260
240
220
200
180
160
140
120
100
80
60
40
20
0
280
320
360
400
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CONCLUSIONS
Compared to control b1 (Lovrin-110), insignificant increases were obtained, for all the other 3 varieties
regardless of density and year of production.
Factor A (Year) and factor C (Density) have a significant influence on plant weight and stem diameter,
while the influence of factor B (Variety) is insignificant.
A very significant positive correlation is established, with a value of the coefficient of r = 0.80 ***,
between the studied parameters (stem diameter and plant weight).
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ABSTRACT
This paper summarizes the results obtained on the production of alfalfa seeds, under the conditions of A.R.D.S.
Secuieni. The purpose of this paper is to test 17 lines and varieties of alfalfa in the period 2020 – 2021, in order
to recommend the suitable varieties and lines in this area. During the analysed period, the climatic conditions
were different from one year to another, which also influenced the level of seed production obtained. The
average seed production varied between 416 kg/ha obtained by line F 2809 – 19 and 753 kg/ha obtained by
line F 2907 – 20.
REZUMAT
În lucrare sunt prezentate rezultatele obținute în sinteză, privind producerea de semințe la lucernă, în condițiile
de la S.C.D.A. Secuieni. Scopul acestei lucrări este de a testa 17 linii și soiuri de lucernă în perioada 20202021, în vederea recomandării celor mai pretabile, în această zonă. În perioada analizată, condițiile meteo au
fost diferite de la un an la altul, ceea ce a influențat și nivelul producției de semințe obținută. Producția medie
de sămânță a variat între 416 kg/ha obținută la linia F 2809 -19 și 753 kg/ha obținută la linia F 2907 – 20.
INTRODUCTION
Alfalfa (Medicago sativa) is a perennial forage plant, from the family Fabaceae (Leguminosae), tribe
Trifolieae, genus Medicago, with a very wide ecological plasticity, but its productive potential can be highlighted
only in certain pedo-climatic conditions. It has a large spectrum of adaptation to soil water availability and can
survive even in drought conditions (Capstaff and Miller, 2018; Steduto et al., 2012; Mostafa et al., 2018).
It can be used in the form of green fodder, silage, hay, pellets or briquettes, as an important component
in feed rations for many species and categories of animals (Iacob et al., 2000). In Romania, perennial legumes
and grasses occupy an area of 673,000 ha, out of a total arable land cultivated with forage plants of 854,800
ha (Statistical Yearbook, 2019). Among legumes, alfalfa is the main fodder plant that grows on an area of over
386,000 ha, which represents 45.3% of the area with fodder plants, or 57.5% of perennial legumes and grasses
(Schitea et al., 2020).
Alfalfa is also important as a soil improver, as it enriches it in nitrogen due to the symbiosis with the
bacterium Rhizobium meliloti, saving significant amounts for nitrogen fertilizers during the entire vegetation
period. The highest amount of nodules is formed in the soil layer of 0 – 15 cm (Oliveira et al., 2004; Tahar et
al., 2015). Forage harvesting is the factor that influences the quality of the harvest as well as the longevity.
The ratio between leaves and stems depends on the time of harvest, which is an important indicator for
determining the chemical composition of alfalfa. It is recommended to have a high percentage of leaves at
harvest because they have a high content of protein, vitamins and minerals compared to the stems (Rimi et
al., 2010; Samuil et al., 2012; Vasileva, 2013; Teleuţă et al., 2013, Stavarache, 2015). Alfalfa seeds can be
obtained from common crops for fodder, or from crops specially established for this purpose, but it is
recommended to obtain seed production from specially established crops (Moisa et al., 2018; Mureșan et al.,
2019).
This paper aims to analyze the behavior of 17 Romanian alfalfa varieties and lines for seed in terms
of productive potential, based on multiannual testing, in order to recommend for cultivation, the best adapted
varieties and lines to provide farmers these results for their extension in zonal agriculture.
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MATERIALS AND METHODS
The study includes 17 Romanian alfalfa varieties and lines for seeds production from N.A.R.D.I.
Fundulea, under the conditions of 2020 – 2021 at A.R.D.S. Secuieni. Data were obtained from the ADER 1.1.4
project "Creation of new alfalfa and red clover genotypes with increased perennity and high protein content in
different ecological conditions by obtaining protein varieties with drought and heat resistance and with higher
seed production capacity".
The experiences were placed in the experimental field of the Laboratory of Forage Plant Culture within
A.R.D.S. Secuieni on a typical cambic chernozem soil characterized as well supplied with mobile phosphorus
(39 ppm - P 2 O 5 ), moderately supplied with nitrogen with a soil nitrogen index of 2.1, well supplied with mobile
potassium (161 ppm - K 2 O), weakly acidic, with a pH (in aqueous suspension) of 6.29 and a humus content
of 2.3%. The experiments layout was done in compliance with the rules of experimental technique regarding
the shape and size of the plot, the arrangement of the plots, the number of repetitions, elements that provide
the basis for a statistical calculation of the data obtained. The arrangement of the experiments was according
to the method of randomized blocks, in four repetitions, with the harvestable surface of the plot of 10 m2, and
the seed norm was of 500 germinable grains/m2, respectively 10.5 – 12.5 kg/ha, in rows at 25 cm apart. The
sowing was carried out with the Haldrup seed drill, in the third decade of March (20.03.2020), being a stationary
experience. The seed harvest was carried out in both years, with the Wintersteiger combine (Fig. 1).

Fig. 1 – The experimental field of the A.R.D.S. Secuieni - the vegetation period and mechanized harvesting

RESULTS
The climatic conditions recorded in the analysed period (agricultural years 2019 – 2021) had high
variability even in the same year.
The agricultural year 2019/2020 was characterized by an early spring as a result of the high average
temperatures recorded in March (6.2°C) as well as the rainfall deficit of 10.2 mm, with a deviation from the
multiannual average of 26.2 mm. In terms of rainfall, the agricultural year 2019/2020 is characterized as a very
dry year, the amount of rainfall being 327.6 mm, with 226.7 mm less than the multiannual average of 544.3
mm (Fig. 2 and Fig. 3).
The agricultural year 2020/2021 was characterized as a hot and dry year, being an atypical one, with
cold months (April and May), large alternations of temperatures from day to night and from one day to another.
In terms of temperatures, the monthly averages were higher than the multiannual monthly averages, except
for April and May, which were characterized as cold. The deviations from the multiannual average had values
between -0.20C in April 2021 and +3.60C in October 2020. In terms of rainfall, the year is characterized as dry,
the amount of rainfall for the period October 2020 – September 2021 being 399.0 mm, with 145.3 mm lower
than the multiannual amount (544.3 mm).
The data presented in this paper refer to the behaviour of some varieties and lines of alfalfa for seed
production in comparative crop. The biometric determinations performed during the vegetation period were:
average plant height, average number of racemes per shoot, average number of seeds per raceme, disease
resistance and regeneration after mowing.
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Fig. 2 – The variation of the average monthly temperatures, in the agricultural years 2019 – 2021,
at the weather station of A.R.D.S. Secuieni

Fig. 3 – The variation of the average monthly rainfall, in the agricultural years 2019 – 2021,
at the weather station of A.R.D.S. Secuieni

A series of morphophysiological determinations were made in order to be able to characterize the
varieties studied during the vegetation period. On average over the two years studied, they varied as follows:
the average height of the plants was between 76.3 cm for the Catinca variety and 88.5 cm for the line F 2909
- 1 - 20. The average number of racemes / shoots was between 6.7 at the line F 2814 - 19 and 16.4 at the line
F 2020 - 20, but the highest number of racemes per shoot was achieved on lines F 2910 - 20 (15.4) and F
2020 - 20 (16.4). Regarding the average number of seeds / raceme, it was between 14.52 at the line F 2811 19 and 27.06 at the Ileana variety (Table 1).
Because alfalfa is a perennial plant, it can be attacked by a complex foliar disease. Thus, during the
vegetation period, diseases like alfalfa rust (Uromyces striatus) and alfalfa powdery mildew (Erysiphe pisi)
were identified and noted with values between 1 and 3. From these data, the resistance of the analysed
varieties and lines results, in the conditions from ARDS Secuieni. The data from the table show that at the
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regeneration after mowing, values were recorded that ranged between 1.53 at the Ileana variety and 3.52 at
the line F 2909 - 1 - 20 and the Catinca variety too (Table 1).
Table 1
Biometric determinations of Medicago sativa during the period 2020 – 2021
No.

Varieties

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Catinca
Liliana
Pompilia
Ileana
F 2809 -19
F 2810 – 19
F 2811 – 19
F 2812 – 19
F 2814 – 19
F 2905 – 20
F 2906 – 20
F 2907 – 20
F 2908 – 20
F 2909 – 1 - 20
F 2909 – 2 - 20
F 2910 - 20
F 2020 - 20

Average plant
height (cm)
76.3
73.5
80.5
81.0
81.8
86.8
85.5
81.3
78.8
83.5
79.3
81.0
79.3
88.5
78.3
86.8
88.3

Average number of Average number of
racemes/shoots
seeds/raceme
9.6
18.64
8.5
19.22
8.5
21.6
10.6
27.06
13.7
26.8
7.9
18.84
10.7
14.52
7.0
20.2
6.7
21.85
11.3
19.8
11.8
16.7
13.5
17.52
7.8
19.2
13.6
18.86
10.7
19
15.4
17.12
16.4
18.56

Disease
resistance*
1.5
2
2
1.5
1
2.5
1
1
2.5
2
1
1.5
1
1.5
1.5
3
2

Regeneration
after mowing*
3.5
2.5
2.9
1.5
2.3
3.2
2.5
2.0
2.6
3.1
2.6
3.2
2.5
3.5
2.6
3.3
3.5

During the analysed period, the experimental results obtained show a significant difference in production
for the genotypes studied. Thus, several synthetic varieties were noted, and the average production varied
between 416 kg / ha (F 2809 -19) and 753 kg / ha (F 2907 - 20). Compared to the production recorded in the
control variant (average experience - 619 kg / ha) there were very significant increases at the Catinca variety
and the lines F 2905 - 20, F 2906 - 20, F 2908 - 20. With lower adaptability to the conditions of the area, the
Liliana variety and the lines F 2809 -19, F 2811 - 19, F 2909 - 1 - 20 and F 2020 - 20 were identified, which
achieved very significant negative differences regarding the seed production (Table 2).
The seed production of new varieties and lines in the conditions of A.R.D.S. Secuieni,
at Medicago sativa species
No.

Varieties

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Catinca
Liliana
Pompilia
Ileana
F 2809 -19
F 2810 – 19
F 2811 – 19
F 2812 – 19
F 2814 – 19
F 2905 – 20
F 2906 – 20
F 2907 – 20
F 2908 – 20
F 2909 – 1 - 20
F 2909 – 2 - 20
F 2910 - 20
F 2020 - 20

Year I (2020)
820
610
730
780
520
680
670
650
830
840
810
820
780
630
720
800
600
Average

Production
(kg/ha)
Year II (2021)
615
430
501
518
312
439
395
487
532
646
639
686
531
418
509
677
429

Average
718
520
616
649
416
560
533
569
681
743
725
753
656
524
615
739
515
619MT
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Table 2

Relative
The difference
production
from the control Semnif.
%
Kg/ha
116
99
***
000
84
-99
99
-3
105
30
000
67
-203
00
90
-59
000
86
-86
0
92
-50
110
62
**
120
124
***
117
106
***
122
134
***
106
37
*
000
85
-95
99
-4
***
119
120
000
83
-104
100
Control
LSD (kg/ha) 5% = 31; 1% = 58; 0.1% = 63
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The values of the weight of one thousand grains varied in very wide limits depending on the genotype
from 1.61 g (Catinca) to 1.96 g (F 2907 - 20). With WTG values between 1.91 g and 1.96 g, the lines F 2909 2 - 20, F 2907 - 20 and F 2809 -19 are noticeable (Fig. 4).

Fig. 4 - Weight of one thousand grains in the studied alfalfa genotypes, average 2020-2021

CONCLUSIONS
At the A.R.D.S. Secuieni, in the three years of experimentation, the average production of the 17
varieties and lines of alfalfa varied within very wide limits, being between 416 kg / ha (F 2809 -19) and
753 kg / ha (F 2907 - 20). Compared to the control (the average experience), very significant production
increases were registered for the Catinca variety and the lines F 2905 - 20, F 2906 - 20, F 2908 - 20.
In order to identify the most adapted varieties and lines, the genetic variability was noted for:
plant height at F 2909 - 1 - 20 (88.5 cm), number of racemes / plant at F 2020 - 20 (16.4) and number of
seeds / raceme at the Ileana variety (27.06).
With the lowest adaptability to A.R.D.S. Secuieni conditions, out of the 17 varieties and lines
experienced, five of them were registered with smaller productions (negatively very significant),
respectively the Liliana variety and the lines F 2809 -19, F 2811 - 19, F 2909 - 1 - 20, F 2020 - 20.
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ABSTRACT
According to studies conducted worldwide, the global market for smart greenhouses was estimated at about
$ 1.3 billion in 2019 and is expected to grow at a growth rate of over 9.20% in the forecast period 2020-2026.
Growing demand for food as the world's population grows, as well as the growing number of government
initiatives to encourage the adoption of smart farming practices, are considered to be the main drivers of market
growth. Europe is the leading / significant market share in the world due to the large number of smart
greenhouse projects taking place in the region. The paper presents considerations on the trends of the global
smart greenhouse market.
ABSTRACT
Conform studiilor efectuate la nivel mondial, piaţa globala a serelor inteligente a fost evaluată la aproximativ
1,3 miliarde USD în 2019 și se anticipează că va crește cu o rată de creștere de peste 9,20% în perioada
prognozată 2020-2026. Cererea în creștere de alimente cu creșterea populației mondiale, precum și numărul
tot mai mare de inițiative guvernamentale pentru a încuraja adoptarea practicilor agricole inteligente sunt
considerate a fi principalele forțe motrice ale creșterii pieței. Europa este regiunea principală / semnificativă
din întreaga lume în ceea ce privește cota de piață datorită numărului mare de proiecte de sere inteligente
care se desfășoară în regiune. Lucrarea prezintă considerații privind tendințele pieţei globale a serelor
inteligente.
INTRODUCTION
The growing population leads to a significant increase in the level of food consumption per capita, thus
increasing the demand for food production. According to the FAO, per capita food consumption is expected to
increase from 2700 in 2005 to 3100 kilograms of calories by 2050. Moreover, the emerging trend of rooftop
agriculture in urban areas is likely to create significant growth opportunities in the global marketӑ in the forecast
period. However, the integration of technologies and the requirement for a high initial investment prevent the
accelerated growth of the market. (FAO, 2012).
Based on the type segment, the global smart greenhouse market has been segmented into hydroponics
and non-hydroponics. The hydroponic greenhouse deals with the method of growing plants without soil. Today,
non-hydroponic smart greenhouses have dominated the global smart greenhouses market. Moreover, the type
of smart hydroponic greenhouse has the highest growth prospect in the forecast period (Ponce et al., 2015).
HVAC, LED grow light, communication technology, irrigation system, material handling, valves and
pumps, control system and more are the key technologies covered by the smart greenhouse market. The
growing LED light segment dominated the smart greenhouse market in 2016, as it can be used as a source of
artificial light to stimulate plant growth (Albright et al., 2001).
Europe is expected to remain the market leader in the forecast period and account for a significant share
of global market revenue due to the rapid adoption of smart greenhouse technology. This has led to an increase
in the adoption of advanced technologies, such as smart greenhouses, to enable the supply of fresh fruits and
vegetables throughout the year. (Drăghici et al., 2017).
Manufacturers around the world have also introduced advanced growth techniques, such as controlled
agriculture and hydroponics to increase yields. Moreover, high pressure to improve agricultural yields with
limited available resources and increased requirements to protect crops from unexpected climate change will
also increase the adoption of smart greenhouses in the forecast period. The major constraints on market
growth are the high investment costs due to the deployment of expensive systems in smart greenhouses. The
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lack of industry standards for agricultural data management and the difficulty of integrating the various
components and technologies used in smart greenhouses act as major challenges for market growth. (Marin
et al., 2014).
Commercial greenhouses are high-tech structures that provide stable, highly controlled environments
for growing plants such as flowers, vegetables and fruits. Environmental factors such as temperature, light
exposure, irrigation, fertilization, humidity and ventilation can be precisely controlled by growers in smart
greenhouses for optimal crop growth (Nelson, 2014).
Commercial smart greenhouses allow large-scale plant cultivation for commercial growers. These
greenhouses maintain a medium-high temperature (8 ... 30 ° C, depending on the plants grown or the season)
using glass or plastics to allow the transmission of visible and near-visible ultraviolet (UV) and infrared radiation
(IR) (Tiwari, 2003).
Europe's agricultural sector is technologically advanced. This region has the strongest economies in the
world and widespread industries, which leads to an increase in its capital investment capacity. Countries such
as the Netherlands, Spain and Italy have large areas grown in greenhouses. However, in Spain, growers
mainly grow their plants in simple greenhouses, like tunnels, without using climate control technologies.
Farmers in Europe have already adopted the concept of smart greenhouses. A large number of smart
greenhouse projects are underway in the region.
The smart greenhouse is a concept of a greenhouse in which plants are grown without human
intervention. Crops grow without adjustment of climate or any human interference by any means for a certain
period in a smart greenhouse. The smart greenhouse uses various microprocessors and sensors to perform
functions such as temperature control and irrigation system. The key goal of the smart series is to increase
farmers' productivity and produce better agricultural results (Zhang et al., 2017).
Farmers are becoming increasingly dependent on technology for their daily activities. Connected
technologies such as Wi-Fi, Zigbee, additional wireless sensor and low-area network technology are some of
the various technologies that help farmers efficiently carry out various agricultural operations, such as
harvesting, purchasing, planting and inventory control. In addition, the increasing adoption of IoT and AI
artificial intelligence by farmers helps them to monitor the crop field and automate the irrigation process (Lijun
et al., 2018).
The adoption of advanced technologies has raised organic farming, which includes greenhouse and
vertical farming and increased productivity. In addition, the use of IoT and AI artificial intelligence in the
greenhouse eliminates the need for constant crop monitoring and provides cost-effective and optimal solutions
for farmers with minimal manual intervention, which stimulates market growth (Alsheikh, M.A. et al., 2014).
Vertical farming is a revolutionary approach used to produce food in vertically stacked layers. Facilitates
a huge amount of nutritious and quality fresh food without relying on favorable weather, high water
consumption, skilled labor and high soil fertility. In addition, there is an increase in demand for vertical farming
due to various factors, such as the optimal use of vertical space and the balanced use of energy and the growth
of the urban population that needs organic food. Increasing the adoption of technology-based vertical
agriculture in developing countries is expected to provide profitable opportunities for market growth. Moreover,
population growth leads to an increase in the supply and demand gap for food (Praveen Kumar, D. et al, 2019).
The paper presents considerations on the trends of the global smart greenhouse market.
MATERIALS AND METHODS
Protected areas for the cultivation of plants located on the ground are complex constructions, the design
and practical implementation of which must take into account many factors depending on the requirements
and characteristics of the plants, local climatic conditions, available building materials, sources and equipment.
the most economical heating, irrigation, ventilation etc. However, it is found that the practice has mainly
validated several shapes and sizes of greenhouses located on the ground, which meet both the requirements
of cultivated plants in terms of vegetation factors, but are also economically competitive. The greenhouse is a
special construction in which 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 optimal life processes, but also to protect them against frost or overheating.
Protected areas can be classified follows:
• type and material of the cover (nurseries, solariums, greenhouses);
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construction materials used [28] (with wooden frame, concrete, galvanized steel, etc.);
the activity that takes place in the protected areas (production, multiplier, special);
heat regime (heated, semi-heated, unheated);
degree of mobility (fixed, removable, mobile);
type of construction (block greenhouses, individual cold greenhouses, also called solar greenhouses);
the characteristics of the material in which the roots of the plants are located (classic greenhouses, in
which the roots of the plants grow in the soil, special greenhouses, where the soil is replaced by other
materials, which retain water and nutrients continuously brought to the roots).
The greenhouse is a special construction in which 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 optimal life processes, but also to protect
them against frost or overheating.
The main requirements for the construction of greenhouses are:
• to ensure optimal access of solar radiation to plants;
• to ensure uniform temperature conditions inside the space;
• to be watertight, heat losses to be minimal;
• to allow the mechanization and automation of works;
• to be cheap, to be easy to build, to use prefabricated components in their construction;
• be durable, corrosion resistant;
• require low metal consumption;
• withstand the demands of the wind and the weight of the snow.
For their growth and development, the plants need the simultaneous presence of vegetation factors, so
that none of them can be replaced by another. All vegetation factors are of equal importance, equality that
refers to their physiological, qualitative role, in the sense that if one of the factors is missing, plant life is not
possible, even if the other factors are in sufficient quantities.
Different plant species and genera have different quantitative needs than environmental factors. On the
other hand, in different phases of vegetation each plant has different needs from environmental factors. These
aspects must be known in detail by those involved in the establishment and operation of a greenhouse located
on the roof, if you want to achieve the desired performance. The most important vegetable plants commonly
grown in greenhouses are: tomatoes, peppers, eggplant, salad, cabbage, green onions, zucchini, etc.
The choice of monitoring equipment to ensure the control of temperature, soil and air humidity, air
ventilation, carbon dioxide and light intensity must be done simultaneously with the design of the greenhouse,
but also with consideration of the reliability / cost factor.
•
•
•
•
•
•

RESULTS
Block greenhouses are by far the most important constructions for the cultivation of protected plants.
They are built for a longer period, they must ensure high resistance to wind, snow and offer the possibility of
using mechanical means. A block greenhouse is formed by the assembly of sections made in the form of a
skeleton, of standardized metal profiles, galvanized and covered with glass. The section is the greenhouse
module, which by repeated assembly makes the block greenhouse and represents the surface pillars. The
section consists of several spans. The span is the area between four pillars. The beams are arranged in a line
along the length of a section. The assembly of the sections is done through gutters.
The solar greenhouse or cold greenhouse is a combination of greenhouse and solar, which arose as a
result of the energy crisis. It is made on a single section of 60 ... 75 m, with a width of 6 m and a height of 3.59
m. It is not provided with a heating installation, capturing only solar energy. The 2.4 m sliding door allows the
entry of aggregates for mechanized execution of soil works. They are built in blocks, with access roads and
watering systems for irrigation, usually with irrigation hose.
Whether the plants are on the ground, on the roofs of buildings or in protected areas arranged on these
roofs, in order to exist they need a series of conditions, known as vegetation or environmental factors.
Vegetation factors are those elements that directly participate in the phenomena that take place in plants
(respiration, photosynthesis, transpiration, absorption of nutrients and their transport) and that are
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indispensable to their life. These are: light, heat, water, air and nutrients. Among other factors that positively
influence plant growth and development are electricity and radioactivity.
CONCLUSIONS
The use of intelligent software solutions in agriculture helps to increase the yield of the farm by making
the best use of the resources that farmers have at hand and by increasing the level of quality and health of
crops.
Growing demand for food as the world’s population grows, as well as the growing number of government
initiatives to encourage the adoption of smart farming practices are considered to be the main drivers of the
growth of the global smart greenhouse market.
The choice of monitoring equipment to ensure the control of temperature, soil and air humidity, air
ventilation, CO 2 and light intensity must be done simultaneously with the design of the greenhouse, but also
with the consideration of the reliability / cost factor.
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ABSTRACT
In recent years, WSN sensor networks have become increasingly important in almost every field of activity,
from domestic to industrial or strategic. Regarding the structure of the sensor networks, a number of
technological developments can be observed, as they are more and more robust, cheaper, with adaptations
regarding the changes of the network topology and to the environmental conditions. Sensor networks are
based on technologies that allow the operator to collect information from remote equipment and send a limited
set of instructions to them, in order to monitor and control technological processes in a centralized version.
The paper presents considerations on wireless technologies and monitoring tools in greenhouses.
REZUMAT
În prezent reţelele de senzori WSN au devenit tot mai importante în mai toate domeniile de activitate de la cele
casnice pană la cele industriale sau strategice. În ceea ce priveşte structura reţelelor de senzori, se poate
observa o serie de dezvoltări tehnologice, deoarece acestea sunt tot mai robuste, mai ieftine, cu adaptări
privind modificările topologiei reţelei şi la condiţiile de mediu. Rețelele de senzori au la bază tehnologii ce oferă
operatorului posibilitatea de a colecta informații de la echipamentele aflate la distanță și de a transmite un set
de instrucțiuni limitat către acestea, în scopul monitorizării și comenzii proceselor tehnologice într-o variantă
centralizată. Lucrarea prezintă considerații asupra tehnologiilor wireles și a instrumentelor de monitorizare in
sere.
INTRODUCTION
Protected areas for the cultivation of plants located on the ground are complex constructions, the
design and practical implementation of which must take into account many factors depending on the
requirements and characteristics of the plants, local climatic conditions, available building materials, sources
and equipment. the most economical heating, irrigation, ventilation etc (Albright et al., 2001).
However, it is found that the practice has mainly validated several shapes and sizes of greenhouses
located on the ground, which meet both the requirements of cultivated plants in terms of vegetation factors,
but are also economically competitive (Cepeda et al., 2013).
Protected areas for horticultural crops are constructions in which the vegetation factors of the plants
are directed or made artificially. The main task of protected areas is to facilitate the creation and maintenance
of optimal conditions for the cultivation of plants, independently or with a controlled dependence on external
climatic conditions (Perdigones et al., 2004). These "optimal conditions" are characterized by a set of factors
and physical parameters related to the nature and requirements of indoor plants. By optimal is meant the most
favorable combination of microclimate in terms of the amount of natural energy, infrared radiation, air
temperature and relative humidity, soil temperature and water content, CO 2 concentration, air movement, etc
(Ponce et al., 2015).
Intensive cultivation of horticultural plants inside protected areas is possible because the construction
is covered with a coating transparent to solar radiation. Short-wave solar radiation penetrates the interior of
the spaces through the coating, reaching the surface of the plants or the ground, from where it is reflected in
the form of long waves (Tiwari, 2003).
Long waves, infrared, fail to penetrate the shell and are reflected inside the protected space, heating
the air inside. This phenomenon is the greenhouse effect.

890

INTERNATIONAL SYMPOSIUM

The concept of a greenhouse that grows crops without human intervention is known as a smart
greenhouse. Crops in a smart greenhouse grow without climate change or any human interference by any
means for a certain period of time.
The smart greenhouse uses various sensors and microprocessors to operate functions such as
irrigation and temperature control. In the smart greenhouse, any type of fruit, plant and vegetable can be grown
at any time of the year. (Quan V. et al., 2011).
Accepting data from limited sources gives growers only a small picture of what is happening in their
greenhouse. In order for farmer farmers to go beyond control as a simple risk management strategy and use
control as a profit factor, control devices need to become connected so that all horticultural inputs can interact.
This is the purpose of the data platform. (Cline, 2007).
Data-based horticulture is becoming increasingly important. Real-time monitoring of a crop can
optimize crop strategy.
The integration of a climate computer with the data platform together with a range of wireless climate
sensors provides a better perspective on the cultivation processes and provides a platform that visualizes all
the cultivation data in easy-to-read dashboards.
The various measurements are easy to monitor and provide a clear picture of the climate throughout
the greenhouse. (Clements, R. et al, 2011).
Quality data is crucial when developing an integrated pest management (IPM) program. Manufacturers
must recognize that their environment is likely to be uneven. Hotspots, high humidity areas and wetlands will
be key areas for pest and disease determination. It should inform monitoring and prevention programs, which
will have side effects on other elements of an IPM program. (Alsheikh, M.A. et al., 2014; Praveen Kumar, D.
et al, 2019).
In the horticultural sector, most growers cultivate their crops based on feeling and intuition. But now
that data tools and sensor technologies are getting better and better, they can start relying more on data and
taking a more data-driven approach.
In the future, combining growers' intuition with the right data tools, such as crop level sensors,
monitoring tools, analysis tools, and systems integration, will become increasingly important. (Săcăleanu, D.
I. et al., 2018).
In order to serve the horticultural sector well, a data platform should make it easier to compare
locations - whether those locations are on the road, nationwide, or worldwide. (Săcăleanu, D. I. et al., 2016).
It is estimated that by 2050, IoT horticulture will increase cereal yield by 70%. Benefits such as reduced
operating costs and increased utilization of arable land, etc. make IoT horticulture promising and the beginning
is often the construction of an interconnected smart greenhouse. IoT (Internet of Things) is a powerful technical
support for agriculture, smart greenhouses being one of the typical examples of IoT agriculture. (Yurish, S. Y.,
2010).
WSN networks began in the United States in 1980 with the Defense Advanced Research Projects
Agency (DARPA), which developed a demonstration application of a helicopter tracking system (Holger, A.,
2012) using a distributed range of acoustic microphones through abstractions. but the sensors were quite large
like a shoe box and the number of applications was limited so that recent advances in computing,
communication and microelectromechanical technology have led to a significant change in research and
contributed to the microminiaturization of sensors. Moreover, the sensor nodes have become much smaller
(like a card or dust particles) and much cheaper in price, so that new applications of sensor networks have
appeared in the civilian field, such as environmental monitoring, sensor network. for vehicles and the network
of sensors attached to the human body. (Li, H. et Savkin, A. V., 2018),
In Europe, sensor networks first appeared in March 2006 by the European Agency for Monitoring,
Structural Assessment and Control, with the aim of creating a European monitoring network and integrated
infrastructure by the end of 2020. But WSN developments have challenged smart smart applications for cities,
water, transportation, energy, etc. and triggered the emergence of an Internet variant called "of things, objects".
IoT devices originate from wireless sensor networks (WSNs) extending this concept by proposing
applications where embedded devices with an Internet connection help automate user tasks.
The paper presents considerations on wireless technologies and monitoring tools in greenhouses.
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MATERIALS AND METHODS
Wireless sensor networks (WSNs) are widely used in industrial control [1-3], urban management,
environmental monitoring and other fields [4-6].
In a wireless sensor network (WSN), a large number of sensor nodes perceive collaboratively, collect
and process the information of the sensory object and transmit the acquired information to the user's terminal
via wireless communication.
Figure 1 shows a typical wireless sensor network. Field-operated sensor systems are usually batterypowered. Limited battery power limits the working hours of wireless sensor networks. Moreover, the power
consumption of the nodes in the WSN is different, and some nodes discharge the energy in advance.

Fig. 1 – Typical wireless sensor network

The operating systems and programming languages used by WSN are a broad category of computer
products called Middleware that provide work with environmental sensors and provide an infrastructure for
interoperable applications. Of these we mention: SensorWare, DSWare, TOS, MAC etc.
In general, the programming languages used by the WSN are restrictions on classical languages: C,
C++, BASIC, JAVA etc.
Strategic WSN applications:
• realization of the intelligent electrical network;
• online monitoring system for intelligent transport;
• WSN applications in monitoring smart water networks;
• city logistics;
• WSN smart home applications.
Common (classic) WSN applications:
• disaster detection;
• environmental quality control;
• ecological control for the so-called geomapping of biodiversity in certain habitats;
• monitoring of mechanical stress on buildings in areas with seismic activity.
Sensor networks are reliable, accurate, flexible, low cost, easy to develop and therefore are used in
many fields. For example, with the help of sensor networks we can detect and collect data on: possible
equipment defects, meteorological phenomena, earthquakes and even on a possible terrorist attack.
The architecture of a node of a sensor network consists of 5 basic components (Fig.2):
• -detector hardware device;
• -processor;
• -memory;
•-power source;
• -a transmitting-receiving device.
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Fig. 2 – The architecture of a node of a sensor network

These devices are easy to organize because no human control is needed, they detect, evaluate and act
in natural environments. They can organize themselves, ad-hoc and can adapt to cope with various
applications.
Each sensor node has wireless communication capabilities and can perform signal processing and
information distribution. Due to the limited power, high computing power of a sensor node, more sensors are
needed depending on how large the region the network is to serve. Thus, a larger number of sensors allows
the sensor network, for example, to accurately report the exact speed, direction, size and other characteristics
of a moving object compared to a single sensor.
Sensor network challenges occur in hardware design, communication protocols, and application design.
Increasing the uptime of a sensor network and building an intelligent data collection system are two
important challenges for sensor networks.
Other challenges are:
• the topology of the sensor networks changes very quickly;
• the sensors use a broadcast communication model while most networks are based on point-to-point
communications;
• the sensors are limited in terms of energy, computing power and memory;
• the sensors are prone to failure;
• the sensors are compactly arranged in large numbers. The problem can occur in terms of collisions
and congestion. To avoid collisions the sensors that are in the emission area of other sensors must
not emit at the same time;
• ad-hoc deployment requires the system to identify and deal with the consequences of distribution and
connections between network nodes;
• the dynamic environment in which the sensors operate requires the network to adapt over time to
changes in the connections between nodes and to various stimuli external to the network.
Sensor network requirements include the following:
• large number of sensors: to efficiently use the small size and low cost of the sensors, the sensor
networks can contain thousands of nodes. Managing these huge networks is a major issue. Clustering
is a solution to this problem. Thus, neighboring sensors combine to form a cluster and choose a group
leader to manage the group;
• low power consumption: in many applications the sensor nodes will be in a remote location where it
will not be possible to maintain it. Thus the operation time of a node can be determined by the life of
its battery, as a result the sensor must consume as little energy as possible. Recharging the batteries
of a number of sensors is expensive and time consuming;
• efficient use of reduced memory: when building a network of sensors, we must take into account issues
such as the construction of routing tables, responses to data flows and security issues to fit into the
limited memory of network nodes;
• accumulation of information: - the huge number of sensors can lead to network congestion due to the
large amount of information. To solve this problem, some sensors such as group leaders can
accumulate information and make various calculations (averages, sums, maximum and minimum
calculations), to make a summary that they can then disseminate (make a broadcast) on the network;
• • self-organization of the network: considering the large number of nodes and the possibility that they
are in hard to reach locations, it is essential that the network has the ability to self-organize. Moreover,
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some nodes may stop working due to various reasons (either out of power or breakdown) and some
nodes may join the network. Thus, the network must be periodically reorganized in order to function at
optimal parameters. The individual nodes can be disconnected from the rest of the network but overall
a high degree of network connectivity must be maintained.
RESULTS
Fig. 3 shows the general architecture of a sensor network. As you can see we have 3 levels: servicelayer, data-layer and physical-layer.

Fig. 3 – Nivele ale arhitecturii retelelor de date

Services at the service level include, but are not limited to, routing protocols, data distribution, and
storage. Physical level refers to the physical nodes of the network, which can be child nodes, group nodes,
parent nodes (nodes connected to 2 or more group nodes). Network messages are virtually modeled at the
data level.
Process query system is a system based on process detection and shows the following framework (Fig.
4).

Fig. 4 – PQS Framework
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In general, in a network of sensors, addressing is data-centric and the use of traditional protocols is not
always appropriate and efficient. Using the appropriate IP protocol and routing protocols is unsuitable for
sensor networks because sensors cannot maintain routing tables and on top of that, these routing tables are
not always required in a sensor network. Due to the fact that the only task is to send data to the user, the
maintenance of a routing table in each sensor node from the source to the sink node is an additional problem.
Rather, the sensor nodes can cooperate interactively to find a path to the user. Thus, a routing protocol in a
sensor network must be robust, energy efficient, use as little time as possible to find routes and create as little
network traffic as possible.
Flooding is an old technique that can also be used for routing in sensor networks. This technique
involves each node receiving data packets or administrative packets broadcasting them until a maximum
number of hops is reached for that packet or until the destination of the packet is the node itself. Flooding is a
reactive technique and does not require expensive topology maintenance or complex route discovery
algorithms.
Gossiping is a derivation of flooding in which the nodes do not broadcast but send the message to one
of the randomly chosen neighbors. So once the sensor node receives a message it randomly selects one of
its neighbors and sends it the message. Although this protocol eliminates the problem of implosion, in each
node being only a copy of the message it takes more time to propagate the message through the network.
A family of adaptive protocols called SPIN are designed to address the shortcomings of the classic
flooding, by negotiating and adjusting resources. This family of protocols is based on 2 ideas:
• sensor nodes work more efficiently and conserve energy by sending data that describes sensor node
data instead of sending all the information;
• sensors must monitor changes in energy resources.
SAR is a set of algorithms with which organization and administration operations are performed in
sensor networks.
SMACS is a self-organizing protocol that allows a group of sensors to detect their neighbors and to
establish regular transmission / reception sessions without the need for a central management unit.
LEACH is a node cluster-based protocol that minimizes energy dissipated in sensor networks. The role
of this algorithm is to randomly select the group leaders so that the energy dissipated during communication
with the base is spread to all sensor nodes in the network.
Rumor routing. The basic idea in rumor-based routing is to use agents to create paths to each event
that occurs. Agents are actually messages with a long life span across the network. Later queries can follow
these agent-generated paths. In order to join the horses, the queries are sent at the beginning through the
network as in the figure below.

Fig. 5 – Rumor routing

AFS (Adaptive Forwarding Scheme) is a method that introduces a service differentiation scheme. For
this purpose, a model of service differentiation for sensor networks will be presented. The source knows the
importance of each packet it sends, which can be translated into predefined priority levels. This sets the PHB
(priority level) for each packet. The other sensors will take over the package and decide the type of services
they will offer to a package according to its level or priority.
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GAF (Geographic Adaptive Fidelity) is based on the idea of creating a virtual grid based on location
information. It has similar performance to a routing protocol from regular ad-hoc networks but with a plus in
terms of energy conservation, is an application-dependent protocol and needs improvements in terms of
estimating node uptime and is applicable to both mobile networks. as well as stationary ones, but the
performances are better in stationary ones (Fig. 6).

Fig. 6 – GAF routing

The radio power consumption model is shown in Figure 7.

Fig. 7 – Radio energy consumption model

The power consumption E T (d,m) for sending m bit data to the node with a distance of d meters consists
of two parts: the loss of the sent circuit E elec-t and the loss of the amplifier circuit E amp .

(1)

In formula 1, E elec denotes the power consumption of the data for the transmission of a unit bit, ε fs
denotes the power consumption of the data of a unit bit in free space mode, ε amp denotes the power
consumption of the data of a unit bit in the attenuation mode with more many ways.
The power consumption of the receiver of the m bit data receiver node is E R (m).
(2)
The power consumption of the data transfer node that merges the m bit data is E DA (m).
(3)
In wireless sensor networks, the goal of minimizing total power consumption and balancing the power
of all nodes cannot be achieved at the same time, so system life cannot be maximized.
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CONCLUSIONS
Numerous applications are being developed every day, which are based on sensor networks. Now
and in the near future, sensor networks will play an increasingly important role in our daily lives.
Sensor networks will be an essential element in industry, agriculture, medicine and home
applications. That is why sensor networks must be more and more robust, more economical, with a longer
lifespan, resistant to environmental conditions and permanent topology changes. The cost must be minimized
as much as possible.
The above statements are based on the fact that at the moment there is an intense involvement in
the research of sensor networks, which bring huge benefits and also challenges.
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ABSTRACT
As more and more farmers want a more accurate assessment of the plant protection machine they work with
on their farms, it is imperative to introduce as soon as possible the mandatory inspection in Romania of the
machines used for plant protection. In the countries of the European Community, the implementation of the
legislation on verification for plant protection both in agriculture and in fruit and viticulture has been introduced
for many years. The difference between countries refers to the time interval when they must be performed (1
year, 2 years or 5 years) and the method used (verification on a fixed stand or verification at the client – mobile
laboratory). For this reason, we chose for the study several farms that wanted to check the plant protection
machines they work with, to perform in the work they do every year and of course to protect the environment
(water – air – soil) of infection with chemical solutions. I did my studies in the diploma projects for which I was
the scientific coordinator. Romania has benefited from a paper legislation from 2012, but even until 2021 it
was not concretely implemented for Romania farmers.
REZUMAT
Deoarece tot mai multi fermieri doresc o evaluare cat mai corecta a masinilor de stropit cu care lucreaza in
fermele lor, este imperios necesar introducerea cat mai repede a verificarii obligatorii si in Romania a masinilor
folosite pentru protectia plantelor. In tarile din Comunitatea European implementarea legislatiei privind
verificarea pentru protectia plantelor atat in agricultura cat si in pomicultura si viticultura s-a introdus de multi
ani. Diferenta intre tari se refera la intervalul de timp cand trebuie efectuate acestea (1 an, 2 ani sau 5 ani) si
a metodei folosite (verificare pe stand fix sau verificare la client – laborator mobil). Din aceasta cauza am ales
pentru studiu cateva ferme care si-au dorit verificarea masinilor de stropit cu care lucreaza, pentru a performa
in lucrarile pe care le face la stropit in fiecare an si desigur pentru a proteja si mediul inconjurator (apa – aerul
– solul) de infectarea cu solutii chimice. Studiile le-am efectuat in cadrul proiectelor de diploma la care am fost
coordonator stiintific. Romania beneficieza de o legislatie pe hartie din 2012, dar nici pana in 2021 nu a fost
implementata concret la fermierii romani.
INTRODUCTION
First of all, we must keep in mind that, worldwide, the control of diseases and pests in agricultural crops,
especially in Europe and the USA, is achieved in a proportion of 89%, by spraying and spraying with
phytosanitary substances in the form liquidate (Ganzelmeier, H., 2002). The works performed with the help of
plant protection machines that distribute the solutions in liquid form lead to a very high risk of contamination of
the operator and especially of the environment (air - water - soil). The fact that, over time, many crop pests
have become immune to the various types of insecticides on the market, manufacturers of chemical solutions
for agriculture, viticulture, vegetable growing and forestry have developed much stronger and more harmful
insecticides than existing ones. Another problem in our country and not only is that some farmers over-disperse
these solutions mainly due to the poor condition of the sprayers they own, this being possible mainly due to
poor legislation and not yet implemented. of mandatory verification. of spraying machines. In view of this, the
issue of reducing these risks has been addressed worldwide by increasing the professional competence of the
operator performing the work, using pesticides with low toxicity and in moderate doses, as well as the use of
sprayers of appropriate quality, with parameters appropriate to the intended purpose.
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"Testing" involves a series of checks performed in the laboratory and in the field by a specialized official
institution. The test result is published in a test report or test certificate on the basis of which the machine is
"declared suitable" for use. This "certificate" is granted for a limited period (usually 5 years). Upon expiration,
the machine is tested again according to the rules existing on the date of verification (Stahli W., Bungescu
S.T., 2006).
MATERIAL AND METHOD
During the experimental researches carried out on certain machines for the protection of plants that are
found in the endowment of some farms from the West Zone of Romania, the following were used: graduated
cylinders for determining the flow / nozzle, from the German company VWR; glycerin manometer used especially
for spraying machines; "PocketWind" device for determining the wind speed before starting work - Lechler company;
Teejeet special sheets for determining the number of drops and their diameter per cm2; electronic subler; brushes
for cleaning nozzles from Tejeet and Lechler; microturbine equipped with a flow sensor (flow meter) for determining
the flow per installation - ARAG company; different types of nozzles, gaskets and nozzle filters; nozzles for high
working speeds from Lechler; special rulers from Hoechst, Frankfurt - Germany and Syngenta for determining the
number of drops per cm2 and the diameter of the drops; calculation ruler, for the choice of nozzles depending on
the amount of solution per hectare and the Lechler working speed; Quartz stopwatch; RAU electronic monitor for
visualizing the values of flow, pressure and speed at the sprayer; worn, towed and self-propelled sprayers existing
in different farms in Western Romania, namely: CAMPO 22 towed sprayer, older generation MET 2500 towed
machine, TECNOMA GALAXY towed machine, KUHN Lexis 3000 towed machine, Tehnofavorit cleaned machine
Bontida EEP 600, self-propelled car AMAZONE PANTERA latest generation and towed car TECNOMA TECNIS
6000; tractors for driving and spraying machines, namely: CLAAS AXION 850 - 264 hp, John Deere 5100M, U650
M, John Deere 6150 M, U650, SAME LASER 110; cardan transmission for the transmission of the movement from
the shaft of the power take-off of the tractor to the shaft of the pump; a computer and Excel program for tables and
graphs were used for data processing. Echipamentele pentru studiu se gasesc in dotarea Laboratorului de „”Masini
pentru protectia plantelor” din cadrul Pavilionului de Mecanizare „George Bungescu” – USAMVB „Regele Mihai I al
Romaniei” din Timisoara si ne-au fost puse la dispozitie de catre specialistii de la firmele din Germania.
The studies were carried out in the following agricultural farms: Ramicom Agricol, Periam locality, Timiș
County, Societatea Agricolă “17 Decembrie 1989”, from Peciu Nou locality, Jud. Timis, BIO SAB from Mosnita
Noua, Jud. Timis and the didactic resort of USAMVB Timisoara.
To determine the flow rate on each nozzle, the classic method was used, of the type with graduated
cylinders. Verification was performed at 30 sec. for each nozzle separately, then multiply by 2 to obtain the amount
of solution per 1 minute. Determinarea numarului de picaturi per cm2 a fost realizata folosind metoda cu foite
sensibile si rigla gradata special penru determinarea picaturilor per cm2.
The verification of the manometers was done by replacing them with others that we had in the endowment
of the laboratory of Protection Machines within the Mechanization Pavilion. In EU Member States these manometers
are checked on special stands accredited by the Plant Protection Institutes.
On some spraying machines that were equipped with a flow meter on the circuit, I also checked its proper
functioning by replacing it with another one and comparing the values of the flow rates obtained between them. In
this case, we used the existing equipment in the Plant Protection Laboratory in Timisoara, including a RAU
manufacturing monitor. The values given by the car computer mounted in the tractor cab and the mobile RAU
computer mounted directly on the circuit were read, in the place where the flow meter is located.

a)

b)

c)
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e)

f)
g)
Figure 1. Equipment used for the study:
a) - manometer with glycerin b) - calculation ruler for determining the number of drops; c) - electronic device
for determining the wind speed; d) - graduated cylinder; e) brush for cleaning the nozzles; f) calculation
ruler for choosing the type of nozzle; g) - sensitive sheets for determining the number of drops (Melneciuc
Casian, 2019)

RESULTS
In order to perform a quality spray and to protect the environment, the wind speed must be within
acceptable limits. With this in mind, before the checks we determined the wind speed, a parameter that can
greatly affect the spraying of the solution over the crop, leading to a marked drift and overlaps.

Figure 2. Determining wind speed (Melneciuc Casian, 2019)

The first research conducted on the farms that were chosen for the study was done to determine the
nozzle flow and uniformity of distribution. For example, at the Ramicom Agricol Farm in Periam, samples were
taken from the 72 nozzles on the 2 ramps, both from the Amazone self-propelled machine and from the
Tecnoma towed machine. For the Amazone car, the samples were taken for the red, brown, gray and blue
nozzles, because it is equipped with a body on which 4 nozzles can be mounted, each for a culture. To
determine the number of drops per cm2 and the diameter of a drop, the samples were made both for the red
nozzle Lechler ID-120-04C from the Tecnoma machine, and for the 4 nozzles of red, blue, gray and brown
from Amazon machine, these being of different calibers. The sheets were mounted every 3 m along the width
of the ramp, these being placed on the surface of the field. The spraying was done both before sunrise and
after that, both pre-emergent and post-emergent. The number of drops per cm2 was determined using the
calculation rulers, and depending on this and the diameter of the drops, the form of dispersion of the sprayed
liquid was determined.
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Figure 3. Sampling at: a) - Amazone Pantera machine; b) - Tecnoma Tecnis 6000 machine (Melneciuc Casian,
2019)

Tables 1 and 2 show the flow values on the nozzle, determined on the Amazone Pantera 4502 H
machine, for the brown nozzle, Agrotop - TD-06-150 and the Tecnoma Tecnis 6000 machine, for the red nozzle,
type ID-120- 04C, existing in the Ramicom Agricol farm in Periam.
Nozzle flow at Amazone Pantera 4502 H machine - BROWN nozzle - Agrotop - TD-06– 150
(Melneciuc Casian, 2019)

Table 1

Număr duză
Debit determinat
[l/min]

1

2

3

4

5

6

7

8

9

10

1

1

1

1

1,02

1,02

1,02

1,04

1

1

Număr duză
Debit determinat
[l/min]

11

12

13

14

15

16

17

18

19

20

1,02

1

1

1,02

1

1,04

1,04

1,02

1

1

Număr duză
Debit determinat
[l/min]

21

22

23

24

25

26

27

28

29

30

1

1,02

1

1,02

1

1

1

1,04

1

1

Număr duză
Debit determinat
[l/min]

31

32

33

34

35

36

37

38

39

40

1,02

1

1

1,02

1,02

1,02

1,02

1

1

0,98

Număr duză
Debit determinat
[l/min]

41

42

43

44

45

46

47

48

49

50

1

1

0,98

1,02

1,02

1

1

1

1

1,02

Număr duză
Debit determinat
[l/min]

51

52

53

54

55

56

57

58

59

60

1

1

1,02

1,02

1

1

1

1

1,02

1,04

Număr duză
Debit determinat
[l/min]

61

62

63

64

65

66

67

68

69

70

1,04

1,02

1

1,02

1

1

1

1

0,98

1

71

72

1,02

1

Număr duză
Debit determinat
[l/min]

Table 2

Nozzle flow at Tecnoma Tecnis 6000 machine - RED nozzle - Type ID-120-04C (Melneciuc Casian, 2019)
Număr duză
Debit determinat
[l/min]
Număr duză
Debit determinat
[l/min]

1

2

3

4

5

6

7

8

9

10

1,1

1,1

1,14

1,1

1,18

1,20

1,16

1,20

1,18

1,18

11

12

13

14

15

16

17

18

19

20

1,16

1,20

1,18

1,16

1,18

1,18

1,16

1,18

1,14

1,18
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Număr duză
Debit determinat
[l/min]
Număr duză
Debit determinat
[l/min]
Număr duză
Debit determinat
[l/min]
Număr duză
Debit determinat
[l/min]
Număr duză
Debit determinat
[l/min]
Număr duză
Debit determinat
[l/min]

21

22

23

24

25

26

27

28

29

30

1,26

1,22

1,18

1,22

1,20

1,22

1,20

1,20

1,24

1,24

31

32

33

34

35

36

37

38

39

40

1,22

1,22

1,20

1,20

1,18

1,20

1,22

1,24

1,18

1,18

41

42

43

44

45

46

47

48

49

50

1,24

1,20

1,20

1,20

1,20

1,20

1,16

1,20

1,20

1,18

51

52

53

54

55

56

57

58

59

60

1,18

1,20

1,20

1,20

1,16

1,18

1,16

1,18

1,16

1,16

61

62

63

64

65

66

67

68

69

70

1,16

1,16

1,14

1,12

1,14

1,12

1,16

1,16

1,14

1,14

71

72

1,12

1,14

a)
b)
Figure 3. The flow values obtained for: a) - brown nozzle for the Amazone Pantera machine; b) - red nozzle for
the Tecnoma trailed machine (Melneciuc Casian, 2019)

Sensitive sheets from the Teejet company were used to determine the number of drops per cm2 in
the field, which we placed in front of the tractor unit - sprayer, along the entire working length of the ramp, at a
distance of 3 [m] one from the other. For example, the study carried out on the Bio Sab farm in Mosnita Noua
locality showed that the spraying was performed with the same degree of coverage, but with spectra of different
droplet sizes. On 1 [cm2] were obtained: 35 drops with a diameter of 1000 [µm], 45 drops with a diameter of
500 [µm] and 40 drops with a diameter of 300 [µm]. A total of 120 [drops/cm2 ] were obtained. The spraying
was coarse to very coarse, being carried out with a "BIO" type solution.
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For this case encountered in the field, all nozzles achieve the same degree of coverage, but the
effectiveness of the applied treatments can be very different, as a result of the different size structure of the
drops and the way they are arranged on the treated surface.

Figure 4. Gathering the leaves from the field after passing the CAMPO-22 spraying machine - Bio Sab farm Mosnita Noua (Giurgiu Ciprian, 2021)

a)

b)
Figure 5. Sheets with drops obtained from: a) - left of the ramp .; b) - right of the spraying ramp with the help of
the Gaspardo CAMPO-22 spraying machine - Bio Sab farm - Mosnita Noua (Giurgiu Ciprian, 2021)

Figura 6. Ruler for determining the number of drops per cm2 from the Hoechst firm (Giurgiu Ciprian, 2021)

CONCLUSIONS
From the studies performed on the uniform distribution of the solution, the determination of the flow on
each nozzle, the verification of the manometer, the determination of the number of drops per cm2, the diameter
of the drop, etc. the following relevant conclusions have been reached:
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•
After checking the nozzles, their filters and the gaskets, it was found that they were suitable, not
clogged or worn. So they didn't need to be cleaned or changed. Some were very clogged, which I immediately
fixed with a special Tejeet toothbrush;
•
Studies on the Amazone Pantera have shown that the pressure in the system is between 0.9 - 6 [bar],
depending on the variable working speed;
•
In the case of the Amazone sprayer, you can start the nozzles, manually or by car. If you go by car,
the brown nozzle, for example, changes the gray nozzle automatically;
•
The nozzles on the Tecnoma towed sprayer were dirty with dirt on the outside, which led us to conclude
that it had not been washed after the last spray;
•
The two existing spraying machines at the Ramicom Agricol farm in Periam were very well maintained
and operated, which eventually led to the conclusion that they can obtain the certificate of use at any time,
thus obtaining the sticker of good operation of the machine.
Following the studies, the experiments performed on the existing towed spraying machines within the
Agricultural Society “December 17, 1989”, from Peciu Nou locality, resulted the following conclusions:
• On the TECNOMA and MET-2500 machines, some of the nozzles were found clogged with dirt
or used, and the filters were also full of impurities. I requested the replacement of used nozzles
and the cleaning of filters and nozzles clogged with impurities. On the MET-2500 car I also found
the support of a broken nozzle, the car working with a missing nozzle. Here I requested the
purchase of a new support and the mounting of this nozzle on the ramp;
• Some connecting hoses in the installation were not properly clamped, which led to the loss of
the solution and damage to the environment;
• Determinations were made on the appearance of the spray-covered object in hydraulic
spraying, sunflower and wheat cultivation. When spraying the sunflower crop, the
measurements made showed a number of 166 drops / cm2 and the wheat crop of 9 drops /
cm2. The diameter of the drops was 1350 μm - 1950 μm in the case of spraying the wheat
crop and 10 - 30 μm in the case of spraying the sunflower crop. For drops over 1000 μm the
drop rate is between 400 - 545 cm/s and for drops between 10 μm and 30 μm, the drop speed
is also between 0.303 and 2.68 cm/s;
• The pressure regulators were adequate and the manometers were working properly. The
original manometers were replaced with others existing in the "Plant Protection Machines"
Laboratory and we checked if the given values are the same. The value given by the original
manometer on the car with that given by the newly installed manometer was the same;
• From the point of view of the operator's protection, some deficiencies were noticed. They were
not equipped with adequate protective equipment, which can lead to their illness over time;
• Taking into account the classification of the spray forms of the liquid spray according to the
size of the drops, made by Gallwitz from Luders, it results that the spray in the case of
sunflower culture is a "very fine" the form of rain ”;
• The solution tank contained impurities and other objects that had nothing to look for there. I
requested the immediate resolution of this issue, which materialized even on the day of the
checks.
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ABSTRACT
Good nutrition in animal production systems is essential to economical production of a healthy, high- quality
product. In fish farming (aquaculture), nutrition is critical because feed typically represents approximately 50
percent of the variable production cost. The production on fishes is an important part for fish farming because
it provides the balanced nutrition that the farmed fishes need. Fish feeds can be various forms, and the granule
or pellet fish feed supplies fishes with nutrition in a stable and concentrated mode, which benefits feeding
efficiency and fish production. In this paper will be presented various studies on the feeding of extruded
cultured fish and their effect on their development.
REZUMAT
O nutriție bună în sistemele de producție animală este esențială pentru producerea economică a unui produs
sănătos, de înaltă calitate. În piscicultură (acvacultură), nutriția este critică, deoarece furajele reprezintă de
obicei aproximativ 50 la sută din costul variabil de producție. Producția peștilor este o parte importantă pentru
piscicultură, deoarece oferă nutriția echilibrată de care au nevoie peștii de crescătorie. Furajele pentru pești
pot avea diferite forme, iar furajele granulate sau pelete furnizează peștilor hrană într-un mod stabil și
concentrat, ceea ce aduce beneficii eficienței hrănirii și producției de pește. În această lucrare vor fi prezentate
diferite studii referitoare la hranirea pestilor de cultura cu extrudat si efectul lor asupra dezvoltarii acestora.
INTRODUCTION
Aquaculture is the technology of growing organisms in the aquatic environment, useful to humans, in
which the predominant role belongs to fish, algae, molluscs and crustaceans. Aquaculture is currently
considered as the science that deals with the study of biological bases and the development of biotechnical
methods based on which aquatic organisms multiply, grow, develop in natural or anthropogenic aquatic basins
(Sørensen, M., 2012). Aquaculture is increasingly contributing to the world's production of aquatic food, given
that, for most wild fish stocks, sustainable exploitable limits are now almost reached or even exceeded. Semiintensive growth of fish or other aquatic organisms is based on natural productivity and / or enriched by
fertilization of anthropogenic ecosystems, respectively on the administration of additional food. In fact, semiintensive cultivation involves obtaining a fish biomass with low production costs due to the use of inexpensive
inputs (Voicea I. et al, 2020).
The fisheries sector contributes significantly to the nutrition of millions of people around the world. Fish
require a high quality and nutritionally balanced diet for adequate growth within the shortest time (Adéyèmia
A. D. et al., 2020; Sattang, S. et al., 2021; Tao, L. et al., 2021).
Fish farming, as a fish farming activity, carried out consciously and planned, is different from fishing
by forming conditions that meet people's food demands, conditions in which certain species of fish feel good,
grow, multiply, so that in last resort to obtain edible products (fish meat, caviar, etc.). In this regard, fish farmers
must have adequate knowledge in order to obtain an efficient and quality fish production (Cocan D. I., 2012).
The growth and development of fish and other aquatic organisms means for every one of these, certain limits
of comfort and living factors, between a minimum and a maximum value. Between these limits, the optimal
comfort conditions are highlighted, when the intensity of the physiological processes expressed through growth
and development registers the highest level. For each species of fish there are upper or lower tolerance limits,
which actually delimit the amplitude for a particular factor (Cocan D. I., 2012; Delgado E. et al., 2021).
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Following the studies performed, were largely determined the limiteds to the physico-chemical characteristics
and the optimal environmental conditions, necessary for the growth of fish populations. However, fish farming
is not an exact science, so the specialist in fish farming is constantly obliged to study, observe, measure and
make the decision regarding the environmental conditions of the culture Voicea I. et al, 2020).
The quality of water as a living environment depends on the physical properties (temperature,
pressure, transparency, light, specific gravity) and chemical properties (dissolved oxygen in water, salinity,
hardness, chemical reaction of water (pH), carbon dioxide, turbidity, chemical load, content in various
chemicals) (Cocan D. I., 2012; Molnar F. (2011).
These properties are influenced by the quality of fish food. There are differences in growth and feed
effciency between fish species with respect to the most suitable feeding rate, so that some species grow better
feeding at a low rate and others at a high feeding rate. However, an inappropriate feed supply rate may lead
to feed wastage if it is too high or favour dominance and size dispersion if it is too low (Aguado-Giménez F.
2020; Okolie P. C et al., 2019).
The food that is provided to fish is assimilated and used as energy needed for vital activities, including
energy needed for growth. The definition is simple, but what should 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 (Barbu, A. C., 2011; Huiying, Cai et
al., 2021).
The diet must provide the fish with the nutrients necessary for growth (proteins with a plastic role) and
provide the energy necessary for physiological processes (through the intake of carbohydrates and lipids with
an energy role). Quality food is what ensures good development, ease of reproduction, prevention and
treatment of diseases (Adéyèmia, A. D. et al., 2020; Pandey G., 2013).
In this regard, nutrition studies must 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 the transfer of knowledge from the natural environment, in conditions of captivity
(Royes Juli-Anne B., Chapman, F. 2013).
MATERIALS AND METHODS
In the paper (Lee, S. et al., 2016), a feeding trial was conducted to evaluate the effects of two different
sizes of extruded pellets (EP) (EP1 - 3 mm or EP2 - 5 mm) and a moist pellet (MP) in olive flounder,
Paralichthys olivaceous, reared in semi- recirculation system.
In this study, the MP diet was prepared from frozen sardine and commercial wheat flour at the ratio of 3:1 (wet
weight basis) and the EP1 (3 mm) and EP2 (5 mm) feeds were provided by EWOS Canada Ltd. EP was
designed to maintain the same level of protein (56 %) and lipid (10 %). Diets were stored at −20 °C (wet pellets)
until use.
The objective (Jovanovic, R. et al. 2011) of researches was to examine efficiency of installed extruder
and vacuum coater, and benefits of applied technology in trout and carp feed, and to determine physicochemical composition and nutritional value of this feed in comparison to fish feed made by renowned world
producers.
For the production purposes raw material of domestic origin was predominantly used, i.e.: cereals, oil and
starch industry products, fish meal, vitamin-mineral premix. Control groups 2, 3 and 4 were fed commercial
feed the same chemical composition.
Research trial with carp was carried out in the cage rearing system (test), and was confirmed in field
tests conducted in the fishpond in Sanicani in Prijedor (BiH). Each group consisted of 1000 two-year juvenile
carp fish with average weight of 340 grams. Fish young was given newly-produced floating aquatic feed twice
a day in trial 1. Experiment lasted for 50 days throughout July and August 2005. Feed was given in the quantity
of 2,5% in relation to total body mass. Amount of used feed was weighed during the trial. At the end of trial,
total quantity of fish was weighed. Control groups 2, 3, 4 received feed of other manufacturers. Control group
2 was given floating feed, too, whereas groups 3 and 4 received sinking feed. Data for weight gain, growth
rate, feed conversion ratio (FCR) were statistically processed by analysis of variance and the differences
between groups were tested for significance.
In the paper (Kousoulaki K. et al., 2021), was investigated how diets identical in composition but
differing in their technical characteristics, by being prepared using different feed production technologies, affect
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fish performance, mineralization, bone development and gut health of the ballan wrasse larvae and juveniles.
In this regard, two trials with ballan wrasse were performed, firstly a larva weaning trial, and secondly a juvenile
feeding trial. In both experiments, test diets were produced using similar raw material formulations but different
processing technologies; extrusion (common ‘high temperature’ and cold) and agglomeration.
Also, an extruded weaning diet was produced exchanging major feed ingredients to test the hypotheses that
raw materials and production technology can affect the physical quality of the diets which in turn is important
for nutrient release, feed uptake, mineralization and general performance in ballan wrasse.
For the juvenile fish feeding experiment they produced three diets from the same raw material mix using
different production technologies: 1) extrusion 2) cold extrusion and 3) agglomeration. The extruded feeds
were produced using a Wenger TX-52 co-rotating twin-screw extruder with 150 kg/h capacity.
As abbreviations were used: (1) WEx: fish have been fed on weaning and diets for extruded seedlings. (2)
CEx: the juveniles of the fish were fed a diet produced by cold extrusion and formulations identical to the
respective CEx juvenile diet; (3) Add: the fish were fed weaning diets and hens produced by agglomeration
and formulations identical to the respective CEx diets; and (4) WExPB: The fish were fed an extruded weaning
diet that contained bird by-product flour instead of cod muscle flour.
In the paper (Voicea I. et al., 2021) presents a series of experimental recipes for pelletized feed made
using an experimental model of small capacity. Nutrient pellets made for feeding fish from the Cyprinid family
were analyzed in terms of gross energy value, ash content, moisture, mechanical durability over time, bulk
density. Pelleting was performed using an experimental model installation model for obtaining granulated /
pelleted feed for aquaculture. Four types of recipes were used: the composition of recipe 1 included: 50 %
sunflower, 25 % corn, 10 % wheat, 5 % soybean, 10 % additives (fish flour, vitaminized calcium, black gum
arabic colouring, roasted hemp, yeast extract, starch); recipe 2 included: 65 % corn, 15 % sunflower, 5 %
wheat, 15 % additives (fish flour, vitaminized calcium, yellow gum arabic colouring, vitamin C, sweet corn
starch with integrated starch, yeast extract, starch). In the composition of recipe 3, we have the following
ingredients: 20 % sunflower 50 % corn, 10 % wheat, 10 % soybean, 10 % additives (fish flour, vitaminized
calcium, red gum arabic colouring, krill flour, yeast extract, starch); and recipe 4 included the following: 10 %
corn, 10 % wheat, 10 % soybean and 60 % additives (20 % was represented by fish flour + vitaminized calcium
+ green gum arabic colouring + vitamin C + roasted hemp + yeast extract, and 40 % starch + algae extract +
spirulina + floatability extract).
RESULTS
In the paper (Lee, S. et al., 2016), water quality has been acknowledged to have profound effects on
the growth performance and health of aquaculture fish species. In experiment, water quality parameters were
affected by the experimental diets (Fig. 1).

Fig. 1. Water quality parameters after 2 h of feeding of juvenile olive flounder fed with the different experimental
diets for 6 weeks

(Value are means from groups (n = 3) of samples where the values in each row with different superscripts are significantly different (P <
0.05) TAN total ammonia nitrogen, TP total phosphorus, Pooled SEM
pooled standard error of mean (SD/√n))

The observed water quality parameters especially turbidity was significantly lower among the group of
fish fed extruded pellet diets. Turbidity caused by suspended solids has been reported to have great effects
on fish metabolism in terms of fish growth and survival. After 2 h of feeding, turbidity, TAN, and TP were
recorded to be significantly higher in the group of fish fed MP diet than those of fish fed EP diets. These results
may indicate that MP diet was easily soluble in water before consumption by fish, whereas extruded pellets
were more stable in water and their leaching rate in water was comparatively prolonged.
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Also, in the study, significantly higher growth performance was observed for the group of fish fed EP2
than those of fish fed MP diet (Fig. 2).

Fig. 2. Growth performances of juvenile olive flounder fed with the different experimental diets for 6 weeks

(Values are means from groups (n = 3) of fish where the values in each row with different superscripts are significantly different (P <
0.05) Pooled SEM pooled standard error of mean (SD/√n) §Weight gain (%): (final wt. − initial wt.) × 100/initial wt. ¶Specific growth rate
(%/day): (ln final wt. − ln initial wt.) × 100/days ¤Feed efficiency (%): (wet weight gain/dry feed intake) × 100 *Survival rate = (total fish −
dead fish) × 100/total fish)

The experiment (Lee, S. et al., 2016) clearly demonstrated the beneficial effects of pellet size of extruded
pellets on the performance of olive flounder. At the end of experiment, WG, SGR, and FE of fish fed EP2 diet
were significantly higher than those of fish fed EP1 and MP diet. However, there were no significant differences
in these parameters among the fish fed EP1 and MP diets. Survival rate ranged from 94 to 97 % without any
statistical differences among different treatments.
A total of 450 fish with an average initial weight of 5.0 ± 0.2 g (mean ± SD) were fed one of the three
experimental diets in triplicate groups. At the end of a 6-week feeding trial, weight gain, specific growth rate,
and feed efficiency of fish fed EP diets were significantly higher than those of fish fed MP (P < 0.05). Water
quality parameters like turbidity, total ammonia nitrogen, and total phosphorous from tanks of fish fed EP1 and
EP2 were significantly lower than those from tanks of fish fed MP. Blood plasma glutamic oxaloacetic
transaminase and glucose concentration were significantly higher in fish fed MP diet compared to fish fed EP
diets (P < 0.05). Whole body crude protein contents in fish fed EP diets were higher than those from the fish
fed MP diet. Whole body amino acid content like threonine, aspartic acid, serine, tyrosine, and cystine were
found to be significantly higher in fish fed EP diets than those in fish fed MP diet (Lee, S. et al., 2016).
In the paper (Jovanovic, R. et al. 2011), results regarding chemical composition of trial diets for carp
and trout fish are shown in Fig. 3.

Fig. 3. Chemical composition of tested feeds for trout and carp

Chemical composition analyses indicate that all types of tested trout and carp feed had satisfactory
levels of protein and energy.
Also, results of analyzed physical properties in carp and trout feed are shown in fig 4.
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Fig. 4. Physical characteristics of tested feeds for trout and carp

In the production of sinking aquatic feeds, the operating conditions of the extruder are modified to yield
a products with a bulk density of 450 to 550g/l. Free flow properties and bulk density of trout feed were
somewhat higher than recommended. Less steam is added to the conditioning cylinder, and water is added
instead. The final moisture content of the mixture leaving the conditioning cylinder is usually 20 to 24%.
Moisture content throughout the experiment was 24.7%. The steam and water flow rates are balanced to yield
a mixture temperature of 70 to 900C at the conditioning cylinder discharge. Conditioning temperature
throughout the experiment was 830C. Water was injected into the extruder barrel at rates that result in an
extrudate with a moisture level of 28 to 30%.
In the paper (Kousoulaki K. et al., 2021), as representatives of the digestive functions in the intestine,
LAP and maltase capacity of the different sections were investigated (Fig. 5). A diet effect was seen for specific
activity of LAP (U/mg protein) and maltase, being higher in fish fed the CEx diet.

Fig. 5. Effects of diet

(Agg = agglomerated, CEx = cold extruded, WEx = warm extruded) on activity of leucine amino peptidase (LAP, figure A-D) and maltase
(MALT, figure E-H) in tissue sampled along the intestinal tract (IN, Sections 1–4). The activity is expressed per mg protein (prot, figure
A, C, E, G)) and capacity in the fish (kg, figure B, D, F, H).

The results revealed that prolonged feeding periods with extruded pellets during ballan wrasse larvae
weaning result in low body mineralization and the development of severe skeletal deformities. In juvenile ballan
wrasse, the extruded pellet treatment resulted in higher mortality rates, fish with larger livers, indication for
increased serum TAG and cholesterol in a similar manner, and increased activity of the digestive enzymes
LAP and maltase, most probably as compensatory mechanism to the assumed reduced availability of protein
and carbohydrates of extruded pellets for this fish species. Inflammatory morphological changes were the most
notable observations in the histological assessment of the ballan wrasse.
In the paper (Voicea I. et al., 2021) the moisture of the feed pellets, the gross energy value, the bulk
density and the mechanical durability of the 4 types of pellet recipes were determined (fig. 6).
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Fig. 6. Results obtained for the four types of pelleted feed

Following the analysis of the experimental data presented in (Voicea I. et al., 2021), it can be concluded
that the 4 types of pellets can be used in feeding cyprinids ensuring a digestibility and optimal nutritional
assimilation.
CONCLUSIONS
- Extrusion, commonly used in aquaculture feed production technology involving high
temperature processing of the feed raw materials, has a negative effect on the uptake rate of minerals in
stomach less ballan wrasse larvae. The reduced uptake of minerals when fed extruded feeds had in turn
negative effect on the skeletal development of the fish. Introduction of whole vertebrate meal, such as
poultry by-product meal, alleviates this effect, resulting in lower incidences of skeletal deformities in
weaned ballan wrasse larvae. Agglomeration and cold extrusion, i.e. feed production technologies using
lower processing temperatures, resulted in feed particles that apparently allow higher uptake rate of
minerals (e.g. P and Zn) in ballan wrasse larvae.
Diets prepared for farming ballan wrasse in all stages should be processed in relatively low temperatures,
as for instance cold extrusion, using the same equipment as the one used for the commonly produced
extruded diets. Moreover, pellet endurance of cold extruded feeds may be inferior to commonly extruded
diets and should thus be handled with more care.
- The beneficial effects of EP and their diameter over commonly used MP diets in promoting growth
of olive flounder, suggesting the need to revise the feed and feeding technology for flounder aquaculture. The
results evidenced that fish fed EP2 (5 mm) had the better growth and water quality parameters than did fish
fed MP diet in juvenile olive flounder.
In considering overall performance of olive flounder, EP2 diet could be recommended for the successful
aquaculture of this important fish species.
- The results that floating pellets for carp, have somewhat increased performance benefits (growth
rate and FCR) as compared to sinking pellets.
Production of high-quality fish feed is a complex technological procedure that requires great knowledge but
also an adequate equipment.
- Good palatability avoiding feed materials separating to ensure an even nutrients distribution in
pellets to guarantee a good fish performance of feed intake
- extruding process requires fine particle size of raw materials, and at the same time, extrusion
gelatinizes the starch and denatures the protein, which contributes to high feed cconversion and utilization rate
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- Some fishes need high-fat feed, the fat in extruded fish feed pellet has a high stability and an
uniform permeation pallets, making feed more attractive to increase feed intake of fishes.
- Through the high-temperature and high-pressure process, many pathogens in materials are
removed, so to digestives tract disease is reduced effectively by extruded pellet fish feed.
- Extruded fish feed can be made in different forms, such as floating feed, sinking feed, and slowsinking feed etc. to meet different fish farming methods, reduce feed water pollution.
- The extruded feed can be sensed as attractant by fishes via varying its shape based on fishes
preference.
- The young fishes are free to digest and absorb extruded feed pellets to get an excellent growing.
- To improve fish feed quality, extrusion process can be used to develop extra feed materials, such
as full-fat soybean powder, feather powder, blood powder etc.
- It is easy to inspect and control fish feeding condition to keep an optimal fish production.
Este ușor de inspectat și controlat starea de hrănire a peștilor pentru a menține o producție optimă de pește.
- There is low moisture content in extruded fish feed pellet, which facilities long-term storage.
Există un conținut scăzut de umiditate în pelete extrudate pentru hrana peștilor, ceea ce facilitează depozitarea
pe termen lung.
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METHOD OF DETERMINING THE VEGETATION STATUS OF A WEED CROP
USING AN AGRICULTURAL DRONE
/
METODĂ DE DETERMINAREA STĂRII DE VEGETAȚIE A UNEI CULTURI DE PLANTE
PRĂȘITOARE UTILIZÂND O DRONĂ AGRICOLĂ
Persu C. 1), Găgeanu I. 1), Cujbescu D. 1), Gheorghe G. 1), Anghelache D. 1), Stroescu G. 1), Dumitru D. 1),
Boiu-Sicuia O.A. 2)
2)

1)
INMA Bucharest / Romania
Research - Development Institute for Plant Protection, Bucharest / Romania;

Keywords: Drone, infrared spectrum, multispectral camera, flight mission
ABSTRACT
The paper presents a method of experimentation regarding the multispectral mapping of a weed-corn crop,
and the accomplishment of a mission to monitor a corn crop by means of a drone-type aerial mapping system
in order to establish maps with vegetation indices of NDVI type (Normalized Vegetation Differentiation Index),
GNDVI (Normalized Vegetation Differentiation Index based on green radiation), NDWI (Normalized Water
Difference Index), SAVI (Soil Influenced Vegetation Index).
REZUMAT
Lucrarea prezintă o metodă de experimentări privind cartarea multispectrala a unei culturi de plante prăşitoare
- porumb, prin realizarea unei misiuni de monitorizare a unei culturi de porumb prin intermediul unui sistem de
cartare aerian tip dronă în vederea stabilirii hartilor cu indici de vegetatie de tipul NDVI (Indicele normalizat de
diferențiere al vegetației), GNDVI (Indicele normalizat de diferențiere al vegetației pe baza radiatiei verde),
NDWI (Indicele normalizat al diferentei de apa), SAVI (Indicele de vegetatie influentat de sol).
INTRODUCTION
With world commodity prices at an all-time low and supply at an all-time high due to increasing food
consumption and production demands, the modern farming industry is at a turning point. There is a more
noticeable need than ever before for agronomists and farmers across the globe to improve resource
management in response to tight and fragile budgets and increasing pressure for enhanced product quality.
Drone applications in agriculture are already widespread around the world. Their usages are limited and
specific for commercial operations in horticulture, agriculture, and forestry. It engages in spraying for weed,
insect-pest, and disease management, spreading pesticides and fertilizers as well as planting new forests are
among the diverse uses now being found for drones.( Manvendra K. et. all 2021).
Remote sensing is used extensively by governments and the private sector to map soil properties, the
classification of crop types, the detection of crop water stress, the monitoring of crop diseases, and the
mapping of crop yield(C. Kwan et all 2020). Such technology, which involves using sensors coupled with
geospatial analysis tools, brings data from multiple sources to support decisions associated with crops. Data
can be captured through Unmanned Aerial Systems (UAS), known as drones, with a more flexible spatial and
spectral resolution compared with other remote sensing platforms. Furthermore, land cover classification
based on remote sensing imagery has been used in change detection monitoring, agricultural management,
green vegetation classification, biodiversity conservation, land use, and urban planning(Lala El H. 2021).
Furthermore, land cover classification based on remote sensing imagery has been used in change detection
monitoring, agricultural management, green vegetation classification, biodiversity conservation, land use, and
urban planning.(Zare A. 2007)
MATERIALS AND METHODS
The proposed method is applied for the assessment of vegetation in the infrared spectrum in order to
estimate early changes in the health of a crop plant - corn, before they become apparent in the visible
spectrum. In fig. 1 shows some aspects during the experiments.
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Fig. 1 - Aspects during the experimentation regarding the multispectral mapping of a culture
of weeds - corn.

The Mission Planner programming software was used to prepare the flight mission, where a series of
steps were taken in order to achieve the proposed objectives.
The first step was to create the flight path by accessing the polygon menu of the Mission Planner
program, followed by establishing the intermediate points of the flight path. Fig. 2 shows an image of the flight
path configured to accomplish the flight mission.

Fig. 2. Flight mission preparation

After generating the flight path, the next step was to configure the working parameters of the
multispectral camera. The main configurable feature of the multispectral camera is the number of frames
purchased per second. Also, as can be seen in Fig. 3, in the subdomain Survay (Grid) were parameterized a
series of characteristics of the flight to be performed, the most representative being the speed of movement of
the drone during the experiments, the maximum time of the planned flight or the altitude at which the drone
will fly during the experiments.
Prior to the flight mission, the drone take-off point was set, which is automatically geospatially referenced
via the drone's GPS. This operation is necessary from two very important points of view. The first refers to the
automatic mode of operation of the drone, so after the end of the mission the drone will return to the previously
established takeoff point. The second one also refers to the automatic mode of accomplishing the mission, but
for the cases of damage, mainly in case the drone loses the connection with the radio control unit. in this case
the previously written information regarding the geospatial positioning of the take-off point will be used by the
drone controller to land at the point from which it took off. Similar to the same principle, if during the flight there
are various problems related to the power supply system (for example if the battery does not have enough
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energy to complete the flight mission), also the previously written information regarding the geospatial
positioning of the takeoff point will be used by the drone controller to land at the point from which it took off.

Fig. 3 Survey (Grid) subdomain for flight mission parameterization

Fig 4 shows exactly the commands that were executed by the drone during the experiments. These were
automatically generated by the Mission Planner software, based on the flight parameters entered in the steps
presented above.

Fig. 4 Drone commands performed during experiments.
As can be seen, for the experiments, for one of the surfaces on which the experiments proposed in the
stage were performed, the drone made a number of over 57 commands.
RESULTS
Figure 5 shows raw images from the RGB photo collection obtained after the flight. Each photograph is
georeferenced, this being correlated with information on its geographical location (latitude, longitude, altitude),
in order to later make the orthophotogram associated with a vegetation index.
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Fig. 5. RGB image selection

CONCLUSIONS
The most common techniques for obtaining quantitative information on biophysical surface
parameters by remote sensing are based on vegetation indices. The interpretation of vegetation indices is
affected by the accuracy of mapping the condition of plants and other factors such as: orientation of the sun's
height, inclination of the visual axis, atmospheric conditions, soil reflection and structural parameters (row
orientation, surface geometry).
The vegetation index is a parameter obtained by remote sensing being a value obtained from a
combination of several specific spectral bands. In the near-infrared spectrum, healthy green leaves tend to
reflect and transmit electromagnetic energy.
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METHOD OF USING AN AGRICULTURAL DRONE FOR MULTISPECTRAL MAPPING
OF A CROP IN ROWS – CORN
/
METODĂ DE UTILIZAREA A UNEI DRONE AGRICOLE PENTRU CARTAREA
MULTISPECTRALA A UNEI CULTURI PE RÂNADURI – PORUMB
Persu C., Găgeanu I., Cujbescu D., Gheorghe G., Anghelache D., Stroescu G., Dumitru D.
INMA Bucharest

Keywords: mapping flight path, multispectral camera, drone
ABSTRACT
The paper presents a method of multispectral mapping of a weed crop - corn, by using an agricultural drone
equipped with a multispectral camera necessary for experiments. Given the fact that the production rate of
agricultural crops is closely correlated with a number of parameters such as temperature, humidity, etc.
Defining an aerial mapping method using a drone equipped with a multispectral camera is a necessary step in
optimizing the agricultural management process.
REZUMAT
Lucrarea prezintă o metodă de cartare multispectrală a unei culturi de plante prăşitoare - porumb, prin
utilizarea unei drone agricole echipată cu o cameră multispectrală necesară realizării experimentărilor. Având
în vedere faptul că rata de producție a culturilor agricole este într-o strânsă corelare cu o serie de parametrii
cum ar fi temperetatura, umiditatea, etc. definirea unei metode de carteare aeriană utilizand o dronă echipată
cu o cameră multispectrală reprezintă o etapă necesară pentru optimizarea procesului de management agricol.
INTRODUCTION
The world population has increases day by day and projected to reach 9 billion people by 2050, so the
expert expect that the agricultural consumption will also increase in the same time period (Ahirwar S., 2019).
Given the fact that the production rate of agricultural crops is closely correlated with a number of parameters
such as temperature, humidity, etc. Defining an aerial mapping method using a drone equipped with a
multispectral camera is a necessary step in optimizing the agricultural management process. Drones are
utilized to gather actual in-season canopy information with imaging sensors that are sensitive to reflected
electro-magnetic radiation in the visual and near-infrared (NIR) spectrum (Ipate G., 2015). They are generally
used to infer the crops’ biophysical and biochemical parameters to support farm management decisions

(Geipel J., 2016).

Drones are used to help optimize agriculture operations, increase crop production, and monitor crop
growth. Sensors and digital imaging capabilities scan give farmers a richer picture of their fields. Using an
agriculture drone and gathering information from it may prove useful in improving crop yields and farm
efficiency (Kedzierski M. 2017, Burdziakowski P. 2017). The aerial view provided by a drone can reveal many
issues such as irrigation problems, soil variation, and pest and fungal infestations. Multispectral images show
a near-infrared view as well as a visual spectrum view. The combination shows the farmer the differences
between healthy and unhealthy plants, a difference not always clearly visible to the human eye. Thus, these
views can assist in assessing crop growth and production. Crops can be surveyed at any time using agricultural
drones, allowing for rapid identification of problems. (Ahirwar S. 2019, Future Farming – 2018, Paweł B., 2017).
MATERIALS AND METHODS
The proposed method is applied for the assessment of vegetation in the infrared spectrum in order to
estimate early changes in the health of a crop plant - corn, before they become apparent in the visible
spectrum. In fig. 1 shows some aspects during the experiments.
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Fig. 1. Aspects during the experimentation regarding the multispectral mapping of a culture
of weeds - corn

The first stage of the experiment was to prepare the flight mission using the Mission Planner
programming program with the following mission features:
The flight path was made by clicking on the polygon icon of the Mission Planner program,
followed by the establishment of the intermediate flight points, of the multispectral camera type
Survey
After generating the route, the program displayed the number of pictures taken by the multispectral
camera and estimated the time in which the drone performed the monitoring flight);
Fig. 2 shows a screenshot with the preparation of the flight surface on which the mission was
performed.

Fig. 2. Preparation of the flight surface on which the mission was conducted

Fig 3 shows the main features of the flight plan during the experiments, from which the routes on which
the drone is to move can be easily distinguished, which are marked in yellow.

Fig. 3 General aspects of the flight path during the experiments
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In the Survay (Grid) subdomain, a series of flight characteristics can be parameterized, the most
representative being the speed of the drone's movement during the experiments, the maximum time of the
planned flight or the altitude at which the drone will fly during the experiments.
Fig 4 shows the commands that were executed by the drone during the experiments. These were
automatically generated by the Mission Planner software, based on the flight parameters entered in the steps
presented above.

Fig. 4. Drone commands performed during experiments

In order to carry out the experiments, on one of the surfaces on which the experiments proposed
during the stage were carried out, from the Survey (Grid) subdomain, the main parameters of the flight mission
were configured. Thus, as can be seen in Fig 4, the selected altitude was 40m. Depending on the selected
flight altitude and the surface on which the experiments were performed, the mission characteristics were
generated by the Mission Planner software and are shown in Fig 5.

Fig. 5. The main features of the flight mission generated by the Mission Planner software

As can be seen in Fig 5, the main features of the flight mission generated by the Mission Planner
software refer to the area covered during the experiments, the number of images acquired during the flight and
the actual flight time required to perform the mission.
RESULTS
After conducting field experiments, the acquired images were processed with the special software for
this activity - Agisoft Photoscan. To interpret the vegetation index, Agsoft Photoscan software performs a
complex analysis of images purchased in several specific spectral bands. Fig. 6 show a series of images
acquired during the experiments an1d subsequently processed in different spectra.
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Fig. 6. show a series of images acquired during the experiments and subsequently processed in different
spectra

CONCLUSIONS
The interpretation of vegetation indices is affected by mapping accuracy, plant condition and other
factors such as: orientation of the sun's height, inclination of the viewing axis, atmospheric conditions, soil
reflection and structural parameters (row orientation, surface geometry).
The vegetation index is a parameter obtained by remote sensing being a value obtained from a
combination of several specific spectral bands.
In the near-infrared spectrum, healthy green leaves tend to reflect and transmit electromagnetic energy, but
they only easily absorb electromagnetic energy.
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ABSTRACT
Traditional land preparation activities involve the sequential operations of primary and secondary tillage
implements followed by seed-bed preparation. As a result, traditional cultivation practices consume huge
amount of energy in terms of fuel and labour. Moreover, conventional mechanized tillage operations involving
regressive field operations, which adversely impacts agro-ecology resulting more top soil erosion and subsoil
compaction in-turn reduce crop yields. Consequently, various researchers have identified conservational
tillage systems as an effective solution. Vast majority of the farmers have adopted conservational practices
such as minimum tillage, strip tillage, zero tillage etc. These conservational practices retain large amount of
on-field crop residues, provide better erosion control, better soil moisture conservation, improved soil structure
but impose heavy use of herbicides for weed management. Also, poorly drained soils warm slowly, which may
affect seed germination. In other aspect, handling of heavy post-harvest crop residues is laborious and time
consuming, which delays sowing of next crop. Under such circumstances, most of the farmers are found to be
following on-field residue burning practice, which is very disadvantageous. Although tillage trend has been
changed from traditional to conservational tillage systems, there is need of more versatile implements for
supporting conservational tillage systems. The study of a powered implement with standard disc for
understanding its various benefits revealed about 56% reduction in the draft per unit tillage-depth and about
two times more inversion especially in low operating gear. Overall results revealed importance and versatility
of powered disc operation in terms of its ability to penetrate more tillage-depth, reduced draft, reduced slip and
better inversion. Also powered disc can be integrated with other implements for combined multiple operations
in one pass. Consequently, powered disc can play an important role in adoption of conservation tillage
practices leading towards sustainable agriculture development.
सारांश

पारं प�रक भूिम तैयार करने की गितिविधयों म� प्राथिमक और ि�तीयक जुताई उपकरणों के अनु क्रिमक संचालन शािमल होते ह� ,
िजसके बाद बीज-िब�र की तैयारी होती है । नतीजतन, पारं प�रक खेती के तरीके ईंधन और श्रम के मामले म� भारी मात्रा म� ऊजा� की
खपत करते ह� । इसके अलावा, पारं प�रक मशीनीकृत जुताई के सं चालन म� प्रितगामी �ेत्र संचालन शािमल है , जो कृिष-पा�र�स्थितकी
पर प्रितकूल प्रभाव डालता है , िजसके प�रणाम��प अिधक िम�ी का �रण होता है और उप-संघनन फसल की पैदावार को कम
करता है । नतीजतन, िविभ� शोधकता� ओं ने एक प्रभावी समाधान के �प म� संर�णा�क जुताई प्रणािलयों की पहचान की है । िकसानों
के िवशाल ब�मत ने �ू नतम जुताई, प�ी जुताई, शू� जुताई आिद जैसे संर�ण प्रथाओं को अपनाया है । ये संर�ण प्रथाएं बड़ी मात्रा
म� ऑन-फी� फसल अवशेषों को बरकरार रखती ह� , बेहतर �रण िनयंत्रण, बेहतर िम�ी नमी सं र�ण, बेहतर िम�ी संरचना प्रदान
करती ह� लेिकन भारी लगाती ह� खरपतवार प्रबंधन के िलए शाकनाशी का उपयोग। इसके अलावा, खराब जल िनकासी वाली िम�ी
धीरे -धीरे गम� होती है , जो बीज के अंकुरण को प्रभािवत कर सकती है । दू सरे पहलू म�, फसल के बाद के भारी अवशेषों को संभालना
श्रमसा� और समय लेने वाला है , िजससे अगली फसल की बुवाई म� दे री होती है । ऐसी प�र�स्थितयों म�, अिधकां श िकसान खेतों म�
पराली जलाने की प्रथा का पालन करते पाए जाते ह� , जो ब�त ही नु कसानदे ह है । हालाँ िक जुताई की प्रवृि� को पारं प�रक से बदलकर
संर�णा�क जुताई प्रणाली म� बदल िदया गया है , लेिकन संर�णा�क जुताई प्रणािलयों का समथ�न करने के िलए अिधक ब�मु खी
उपकरणों की आव�कता है । इसके िविभ� लाभों को समझने के िलए मानक िड� के साथ एक संचािलत काया� �यन के अ�यन
से पता चला है िक प्रित यूिनट जु ताई-गहराई के मसौदे म� लगभग 56% की कमी और िवशे ष �प से कम ऑपरे िटं ग िगयर म� लगभग
दो गुना अिधक उलटा �आ है । कुल िमलाकर प�रणामों ने अिधक जुताई-गहराई, कम ड� ा�, कम पच� और बेहतर उलटा प्रवे श
करने की �मता के संदभ� म� संचािलत िड� सं चालन के मह� और ब�मुखी प्रितभा को प्रकट िकया। इसके अलावा संचािलत िड�
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को एक पास म� संयु� कई काय� के िलए अ� उपकरणों के साथ एकीकृत िकया जा सकता है । नतीजतन, संचािलत िड� सतत
कृिष िवकास की िदशा म� अग्रणी संर�ण जुताई प्रथाओं को अपनाने म� मह�पूण� भूिमका िनभा सकती है
INTRODUCTION
Traditional agriculture involves multiple tillage operations especially for land preparation for sowing of
the crop. These operations typically include multiples passes of primary and secondary tillage operations
followed by seed bed preparation activities. Typical diesel fuel consumption of common tillage implements is
indicated in Table 1 (Jasa, 2021).
Table 1: Typical diesel consumption of different tillage implement (Jasa, 2021)
Tillage implement
Diesel fuel consumption
Gallon per acre
Gallon per ha
Liter per acre
Liter per ha
Moldboard plow
2.25
5.56
8.52
21.05
Chisel plow
1.05
2.60
3.98
9.82
Disk
0.74
1.83
2.80
6.92
Cultivator
0.43
1.06
1.63
15.25
In-general conventional tillage system includes multiple passes of tillage implements mentioned in Table
1, in-turn accounts for higher amount of fuel consumption, hence direct input energy.
Conventional / intensive tillage system reduces soil aggregate stability and increases raindrop impact
and soil erosion, soil compaction and hard pan formation, oxidation of labile organic carbon and fertilizer
mobilization. Moreover, it breaks fungal hyphal networks, destroys life cycle of beneficial organisms and
reduces macro-pores, bio-channels, drying cycles, water use efficiency, storage of organic carbon and other
nutrients. More importantly, it increases fuel and input energy requirement. On the other hand, conservational
tillage system increases soil aggregation and stability, reduces soil erosion and surface and subsurface
compaction. Also it increases micro flora and earthworms, bio-pores and channels, water infiltration and
moisture conservation for prolonged period. Also it allows for timely sowing or planting. In-turn, due to reduced
tillage operations it results in reduction of labour, time and energy (Somasundaram, 2020).
Therefore, disadvantages of conventional tillage systems addressed by following conservation tillage
systems. The global extent of conservation agriculture (CA) is increased from 106 Mha in 2008/09 to 180 Mha
in 2015/16 (Kassam et al., 2018). Overall global adoption of conservation agriculture is summarized in Table
2. Adoption of conservation agriculture is highest in South America followed by North America.
Table 2: Region wise area under conservation agriculture (Kassam et al., 2018)
Area (Mha)
Percent of total CA Percent of cropland area
area (Mha)
in that region
South America
69.90
38.7
63.2
North America
63.18
35.0
28.1
Australia & New Zealand
22.67
12.6
45.5
Asia
13.93
7.7
4.1
Russia & Ukraine
5.70
3.2
3.6
Europe
3.56
2.0
5.0
Africa
1.51
0.8
1.1
World total
180.44
100.0
12.5
Continent

As tillage trend has been changed to conservational tillage systems, there is need of more versatile
implements for supporting conservational tillage systems. In India, vast majority of the farmers adopted zero
tillage and started direct seeding of wheat in rice-wheat system. In no-tillage systems large amount of crop
residues are left after harvesting of first crop, which makes seeding operation of next crop cumbersome. Also,
handling of these crop residues is laborious and time consuming. At present few machines are available for
direct seeding, but those are not effective in heavy residue conditions. Under such circumstances, most of the
farmers are found to be following on-field residue burning practice. Hence, this review study was carried out
for understanding various benefits of powered disc for managing crop residue problems especially in
conservational tillage systems in-turn promoting sustainable agricultural development.
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No-Till Direct Seeding
Various researchers identified no-tillage systems as an effective solution for various problems in multiple
cropping systems. In zero-till system, the following crop is planted into the previous crop stubble with minimum
disturbance. The benefits of performing crop production with a no-tillage farming system are improved
production and soil and water resource protection, savings in time and money, improved timing of planting and
harvesting, increased potential for double cropping, improved soil water conservation through decreased
evaporation and increased infiltration, reduced fuel, labour and machinery requirements, and enhanced global
environment. Also, it provides solution to overcome late planting and poor plant stands. As a result, farmers
started adopting no-tillage systems to achieve sustainable farming. Worldwide adaptation of the no-till systems
increased from 45 million ha in 1999 (Derpsch, 2001) to 110 million ha in 2010 (Derpsch et al., 2010), which
indicates the growing awareness of the no-till system. An estimate of zero/reduced tillage wheat area in 2008
was about 1.76 million hectares by 620,000 farmers, which allowed drastic reduction in tillage intensity, with
significant costs savings and potential wheat yield gains through planting of the wheat crop at appropriate time
(Erenstein, 2009). Moreover, in South Asia the area of wheat grown under no-till is more that 5 MHa
(Somasundaram, 2020).
Crop Residues: Problems and Present Management
In traditional rice-wheat system, rice fields prepared by puddling need to be handled properly to suit the
requirements of wheat. This involves regressive field operations, which delays wheat sowing and results low
yields. On the other hand, in no-tillage systems large amount of crop residues are left after harvesting of first
crop. Present estimated potential of the rice straws is about 141 million tonnes (Table 3).

Crop

Rice (Kharif)
Rice (Rabi)

Table 3: Present potential of rice residues
(*Anonyms, 2011; **adapted from Singh and Gu, 2010)
Annual
Residues type
Crop production to
Production
residue ratio**
(Million
Tonnes) *
80.38
Husks
0.2
Stalks
1.5
Straw
1.5
13.64
Husks
0.2
Stalks
1.5
Straw
1.5

Total

residues
available
(Million
Tonnes)

16.08
120.57
120.57
2.73
20.46
20.46

These post-harvest crop residues make seeding operation of subsequent crop cumbersome. Moreover,
if residues of the previous crop are in lodged state then it create serious problem in the planting operations of
the drill fitted with inverted T openers. Consequently it requires specialized operations to overcome residue
raking problems especially where previous crop has lodged as well as where crop has harvested using
combines. Normal zero-till drill can be used for planting into loose residues, but it requires chopper to facilitate
an easier planting. In short, few machines are available for direct seeding, but those are not effective in heavy
residue conditions. In short, under both traditional and no-till circumstances, most of the farmers are following
on-field residue burning practice (Fig. 1).
In India, about 23% of surplus rice straw residues are either left uncontrolled or burned on the field. The
open field burning contributes about 0.05% of GHG emissions (Gadde et al., 2009a). Only from North Indian
states in 2012, more than 20 million tonnes of straw found to be set afire within a fortnight to prepare fields for
the wheat crop, whose estimated emissions include about 12 megatonnes of CO 2 , toxic soot and smoke
(Anonyms, 2012).
In-situ burning of crop residues results in loss of precious organic carbon, loss of nitrogen content and
micronutrients, in-turn soil fertility, destroys farmer-friendly insects as well as creates environmental health
concern.
On the contrary, Pathak et al. (2006) indicated improved soil fertility, reduced air pollutant emissions
and increased yield of wheat crop cultivated after mulching of rice straws. Moreover, Hemwong et al. (2008)
studied comparative effects of burning and mulching of sugarcane residues on residue decomposition, N
mineralization, N dynamics, N 2 fixation and in terms of the yields of groundnut and soybean cultivated in
between two sugarcane crops as an alternative to legumes. They revealed improved organic carbon, N content
and increased yields of groundnut and soybean.
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Tillage Disc in Free Rolling Mode
With no-till system, farmers are seeking specified machinery for direct seeding especially in heavy crop
residues. Major challenges before existing machineries are residue management capability, implement
stability and power requirement.

Fig. 1: On-field burning of rice straws (Anonyms, 2013; Gadde et al., 2009b)
Disc implements are mostly used and becoming more and more popular because of their various
advantages. Jasa (2000) has been explained the advantage and disadvantages of disc tillage implements
compared to moldboard plow and chisel plow in context of their applicability to conservation tillage under
variety of soil conditions (Table 4).
System
Moldboard
plow

Chisel plow

Table 4: Advantages and disadvantages of typical tillage implements (Jasa, 2000)
Major advantages
Major disadvantages
- Suited for poorly drained soils
- Major soil erosion
- Excellent incorporation
- High soil moisture loss
- Well-tilled seedbed
- Timeliness considerations
- Highest fuel and labor costs
-

Disk

-

Less erosion than from cleanly tilled
systems
Less wind erosion than fall plow or fall disk
because of rough surface
Well adapted to poorly drained soils
Good to excellent incorporation
Less erosion than from cleanly tilled
systems
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-

Little erosion control
High soil moisture loss
Medium to high labor and
fuel requirements

-

Little erosion control
High soil moisture loss
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-

Well adapted for lighter to medium textured,
well-drained soils
Good to excellent incorporation
Powered disk suitable for wet and soft field

Disc implements can cut through crop residues, roll over the roots and other obstructions, and can be
operated in nonscouring soils by using scrapers. However free rolling disc implements do not provide complete
coverage of trash, which may be either an advantageous or a disadvantage depending upon the tillage
objectives.
Traditional disc implements are mostly free rolling type i. e. discs are operated due to their rolling
moment on soil surface and penetration force is produced by the weight of disc and frame. Penetration depth
varies depending on the overall weight of the implement and penetration resistance of soil. Also, the draft force
required for free rolling disc is high.
Tillage Disc in Powered Mode
The draft required for free rolling disc is mainly transmitted through soil-tire interface resulting in
inefficient power transmission, poor penetration behaviour and poor work quality. These performance
characteristics can be improved by driving the disc either in forward or backward direction using an external
power source usually P.T.O.
Power utilization
There is significant difference in power transmission efficiencies of a tractor through drawbar and
through P.T.O. (Fig. 2). Transmitting power through a drawbar is affected due to wheel slip, rolling resistance
and many other operating conditions on soil surface in actual field. In short, tractive efficiencies of the tractor
can be improved by driving implements through P.T.O.
Performance
As powered disc is operated through an external power source mostly P.T.O., it provide many
advantages over unpowered disk implement. Variety of researches carried in past revealed many advantages
of providing power to the disc from P.T.O.
Young (1976) revealed many advantages of powered disk implement over unpowered disk implement
such as improved cutting and mixing of mulch, improved soil pulverization, applicability in heavy mulch
residues with high gang angles, excellent penetration capabilities, reduced tire slippage, reduced power
requirements and better energy utilization. Moreover many other researchers (Hoki et al., 1988; Salokhe et al.,
1994; Salokhe and Quang, 1995; Hann and Giessible, 1998; Nalavade et al., 2010) have reported significant
reduction in draft requirement and sometimes in penetration resistance as well, when disc implement was
changed from free rotating to the driven (powered) type. Powered disc found to be providing smoother soil
displacement, easier handling of soil, and better inversion of the furrow slice, reduced soil reactions, and better
energy utilization (Nalavade et al., 2010).

Net Engine Power
90–92%
Overall
Average 82 %

Overall
Average 49 %

Transmission Input
90–92%

85–89 %
P.T.O.

AXLE

90–96%

50-65%

Powered Disc

Drawbar

Fig. 2: Power transmission efficiencies of drawbar and P.T.O. driven implements on soil surface (Zoz and
Grisso, 2003).
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Moreover a field evaluation of powered disc harrow has indicated lower draft requirement, reduced
wheel slip and consequently improved tractive efficiencies (Fig. 3). Also it improved cutting and inversion of
crop residues (Fig. 4).

Fig. 3: Specific draft and slip of powered and unpowered harrow (Nalavade et al., 2013).

Fig. 4: Field performance of powered (a-c) and unpowered (d-f) disc harrow (Nalavade et al., 2013)
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With these versatile benefits, powered disc rotary harrow can offer the best potential for the many tillage
tasks to be carried out on the farm all year round (Perdock and Kouwenhoven, 1994).
CONCLUSIONS
Various studies reported in this paper revealed that powered disc implements have proven advantages
over conventional free rolling disc implements. Driving tillage disc by P.T.O. found to be reducing soil forces,
improving cutting and mixing of crop residues and improving input energy efficiencies of the tractor. The
powered disc implements can be operated over wide range of soil conditions with efficient management of
crop residues.
In short, based on the this study, importance and versatility of powered disc can be justified in terms of
the ability to handle crop residues and power utilization. Consequently, powered disc can be adapted for crop
residue cutting and mixing, which could preclude residue burning and motivate farmers to conservation
practices. Therefore, principal of powered disc can be combined with other attachments such as the direct
seeding attachments for developing suitable implements especially for no-till or minimum tillage systems.
Consequently, powered disc can play a pivotal role in adoption of conservation tillage practices leading towards
sustainable agriculture development.
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ABSTRACT
Obtaining richer and richer crops, production increases for all agricultural products can no longer be conceived
without the use of fertilizers. Due to the massive demands from agricultural producers, the chemical industry
is making great strides in its development, today it is able to meet the requirements. Unfortunately, decades
of use of chemical fertilizers have led to various unavoidable shortcomings due to their excessive and
uncontrolled use. Thus, groundwater and groundwater are infested with nitrites and nitrates slowly but surely
poisoning humanity. To avoid these shortcomings, many farmers have sought to use natural fertilizers that are
not harmful to health. This is how the manufacture of compost and vermicompost began to develop.
By using the residual raw materials obtained from vegetable and animal production, many farmers will be able
to make their own fertilizers necessary for their own use. Thus saving considerable sums, farms can become
more profitable and with healthier plant production, while also protecting the surrounding nature.
REZUMAT
Obtinerea unor recolte din ce in ce mai bogate, a sporurilor de productii la toate produsele agricole nu se mai
poate concepe fara utilizarea ingrasamintelor. Datorita cerintelor masive din partea producatorilor agricoli
industria chimica facand pasi mari in dezvoltarea ei, azi este in stare de a satisfaca cerintele. Din pacate
deceniile de utilizare a ingrasamintelor chimice au dus la diferite neajunsuri inevitabile datorita utilizarii lor in
exces si fara control. Astfel, apele subterana si cele terestre curgatoare sunt infestate cu nitriti si nitrati otravind
incet dar sigur omenirea. Pentru evitarea acestor neajunsuri, multi fermieri au cautat sa foloseasca
ingrasaminte naturale care nu dauneaza sanatatii. Astfel a inceput sa se dezvolte fabricarea compostului si a
vermicompostului. Prin utilizarea materiilor prime reziduale obtinute in urma productiilor vegetale si animaliere
multi fermier vor fi capabili sa-si fabrice singuri ingrasamintele necesare uzului propriu. Astfel economisind
sume considerabile, fermele pot deveni mai rentabile si cu productii vegetale mai sanatoase, totodata ocrotesc
natura inconjuratoare.
INTRODUCERE
The population growth of the globe has been achieved with the contribution of the development of
modern agriculture. At this time we realize that this spectacular development of plant products also has a cost,
the chemicals used are harmful to life, they poison us slowly but surely. To counteract this phenomenon,
farmers are looking for viable, natural solutions. One of the alternatives available to farmers is the widespread
use of compost, natural fertilizer. Made on our own farm from raw materials of organic vegetable origin resulting
as waste from the activity of basic production and related (basic activity of cereal production and that related
to animal husbandry). To these basic raw materials can be added household waste or those resulting from the
activities carried out around the farm (mowing the lawn, gathering leaves and branches from the orchard, etc.).
All these raw materials must be finely chopped and mixed and left to ferment. / maturation. This fertilizer
contributes to the development of plants but this time without affecting human health. In order to have a quality
compost (Bogdanov, P. 2004, Clive, A.E.1999) and the fermentation process to be carried out in the shortest
possible time, we need high-performance equipment and machinery, with which we can act efficiently on the
mixture.
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MATERIALE SI METODE
In order to make a good quality natural fertilizer from compost, we must have a compostable mixture
of good quality raw materials and in such a proportion as to be able to support the development of plants
(Glenn,M., 2009). It must contain the following components: mineral elements; enzymes that ensure the
transformation of organic residues into nutrients; substances that prevent the spread of pathogens; elements
that increase the resistance of plants to stress and growth called phytohormones.
This natural (organic) fertilizer has a 2 - 4 times higher humus content compared to manure, high
humidity, high friability, low cost of the manufacturing process, raw materials available to farmers to obtain a
certain income (Glenn, M. 2009; Rink, R., 2005; PN 19.10.02 Contract no.5N / 7.02.2019). Due to these real
advantages they are very sought after and the production surplus can be sold, thus obtaining an income
(Gaddie, R.E., 1975) that can be reinvested in the modernization of natural fertilizer producer or in the
modernization of obsolete equipment and machinery. For quality composite, we will need high-performance
equipment and machinery that we want to present to you in this paper (Cristescu, C., 2008).
RESULTS AND DISCUSSION
The yield of traditional composting can be calculated as follows: using 1 t of compost from which 0.75
m3 of fertilizer will be obtained, which depending on the humidity is approximately 0.5 t. Internationally,
composting technologies are very diverse and widespread. The best known forms of compost production are:
• products in covered halls, horizontal silos;
Compact coated horizontal silos are used for fermentation and composting of organic waste in order to produce
organic fertilizers. The vertical mixer has two spiral arms that move in the trough filled with compost. The
materials can be mixed during fermentation in horizontal trough concrete silage for 7-10 days.The temperature
should be between 60-70 ℃; humidity should be between 40-50%. The compost mixer is intended for operation
when composting organic materials with aerobic fermentation, the mixer snails are driven by electric motors
with the possibility of power supply or solar energy. High efficiency in mixing-aeration of compost, smooth
operation, durability and uniform rotation of the compost material are what this type of machine recommends.
• introduced in bags with controlled environment;

Fig.1. Controlled composting in plastic bags CT-5 -Ag – Bag Wisconsin, SUA

The machine uses a hydraulic ram, which pushes the compost material through the feed tunnel and
implicitly into the storage bag. It is powered by a 13 hp Honda engine (10 hp Yanmar diesel engine).
The machine has a remote control unit to operate the ram, which makes this system efficient and easy to
control. The feed hopper has a capacity of approximately 3.5 m3 of material in a single filling. The hydraulic

931

INTERNATIONAL SYMPOSIUM

ramp pushes the material forward towards the storage bag, so that the compost material remains in permanent
contact until the storage bag is completely filled, without forming air gaps.
By removing the ram, another load of compost material can be prepared from the machine's feed hopper.
Optionally, an aeration system may be placed in the bag to ensure a flow of air through the perforated
pipe. The insertion of the perforated tube in the bag is done once it is filled with the compost material. This
allows the bag to be aerated and odors to be controlled at any stage of filling and fermentation.
Following the analysis of the construction variants made worldwide, it was concluded that the constructive type
of composting equipment, which was developed in our country, is the type of equipment towed by a tractor
which, as a rule, enters the minimum endowment of customers. which have composting platforms (Doula,M.K.,
2016; G.E.O.R.G., 2004). The composting equipment, designed and made in our country, is a preparation
equipment that is addressed to small and medium producers of organic plant compost, in order to fertilize
arable and forest lands and greening agricultural and forestry production, for a healthy diet. population, as well
as to ensure the protection and rehabilitation of degraded lands, in accordance with the principles of developing
sustainable agriculture.
The composting equipment has the role of mixing / turning / overturning the furrows / dumps of
compost, in order to aerate, moisten and biologically treat the compostable organic matter.
• the variant of strings left on the ground with different lengths and widths (the most common variant)

Fig.2. Placement of the mixture of organic materials in the field for composting

Made with raw materials obtained by cultivating technical plants, cereals, etc. to which organic matter
is added as manure from farm animals, mixing with different types of organic waste also produced in their own
households or collected from neighboring localities. The recipe can be enriched and expanded by adding
chopped wood scraps, mowed grass from gardens. The raw materials are finely chopped, mixed and left on
the ground in the form of a string. To make a good quality natural fertilizer obtained from compost we need
some essential elements: small and uniform shredding of the raw material; optimum humidity; permanent
aeration of the compost pile; maintaining the temperature of the compost. All these essential requirements are
achieved with the help of high-performance equipment. Some may wonder why these high-performance
machines are needed, and the answer to this question stems from the total cost of making natural fertilizer. To
obtain a ton of natural fertilizer we have the following expenses: 33% with mechanical works for handling and
maintenance of biological processes during fermentation, 31% costs of gathering / choosing / selecting the
raw material for making compost, 29% expenses for obtaining natural fertilizer and 7% represents the costs of
storage, handling and packaging.
The machinery and equipment needed to obtain compost should not be purchased in most cases
already existing in the endowment of agricultural farms. However, when purchasing them, it is necessary to
take into account the technical capabilities offered by the manufacturers. The most common composting
machines are:
1. Chopping, shredding, mixing intended for crushing / chopping the ingredients that make up the
compost: vegetable waste, wood, cardboard, animal manure, vegetable waste from household and municipal
waste, etc.
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Fig.3. Chopping machines, shredding and mixing vegetable waste

The process of creating compost mixtures should not be a burden, it can be done with a bucket tractor
(larger operations), a technological trailer for mixing the feed or, if necessary, the shredders of large plant
waste. The latter equipment would be suitable only for large commercial composting operations where a high
level of product efficiency and quality is required. Considering that we want to obtain a compost of superior
quality, for this it is necessary to use binetocated and mixed raw materials. To make a quality shredder we
must have a shredder / shredder that is capable of these requirements.
When chopping the compost materials, the chopping capacity/h, the specific energy consumption and the
power of the shredder are generally taken into account. Another important feature for chopping is the length
of the chopping. For a fast and good quality fermentation, the mince must be as small as possible.

Fig.4. Shredder of branches and plant debris GF-2205

Fig.5. Bale shredder Caravaggi model TPF 8

Fig.6. Bale shredders LucasG Castor+ R 30

Fig.7. Shredding / mixing / distributing trailer
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Fig.8. Electric shredder, Alpin Profi WBS

Fig. 9. Willibald SHARK EP 5500 shredder

2. lifting / loading equipment, equipped with forks or buckets for handling-loading bulk materials,
these machines are very widespread in agricultural and zootechnical farms, with these machines you can
handle cereals, fodder, manure, etc.

Fig.10 Lifting / loading equipment with forks or buckets

In order to obtain a designed production of compost, a major importance is the choice of the
appropriate equipment. Investments in modern machinery are expensive, and the maintenance of such
machinery is burdensome for farmers. That is why it is recommended a rigorous selection of the equipment
we need for composting, taking into account the level of compost production, the requirements imposed by the
technological production process and last but not least the revenues planned after the production. If we analyze
the technical characteristics of the very usual equipment on a farmer's farm, we see that they are intended for
handling grain, transporting grain, conditioning grain, etc. By making a technical comparison of the most
common brands of telescopic wheel loaders used in agricultural and livestock farms in the country, we must
especially consider the lifting capacity, lifting height, etc., so we can make the right choice.

Manitou MLT 630-115

Lifting diagram MLT 630-115
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JCB 532-70

Lifting diagram JCB 532-70

Dieci 30.7

Lifting diagram Dieci 30.7

Kramer KT 307

Lifting diagram Kramer KT 307

Bobcat TL30.70

Lifting diagram Bobcat TL 30.70
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Main technical characteristics of telescopic wheel loaders

Table no.1

Nr.
Crt.

Technical
characteristics

Manitou
MLT 630115

JCB 53270

Dieci 30.7

Kramer KT
307

Bobcat TL
30.70

1

Lifting capacity maximum (kg)

3000

3200

3000

3000

3000

2

Lifting capacity at
maximum height (kg)

2700

2750

2000

2000

2000

3

Lifting capacity at
maximum range (kg)

1300

1400

700

1000

1050

4

Lifting height (m)

6,1

7

6,35

7

6,5

Analyzing the values of the main technical characteristics of telescopic wheel loaders, we concluded
that for a farm with medium biocompost production can use existing telescopic wheel loaders, used for
handling grain, without making a special purchase for handling compost. . In table no. 1 we compared the most
important technical values. There are other essential aspects that must be observed when purchasing these
machines, such as: high maneuverability, operational safety, reliability and last but not least their purchase
price to be as affordable as possible. We must mention the fact that in the farms where the basic activity
becomes the production, the production of compost, the lifting-loading equipment are of increased / large
capacities, some similar or identical to those used in constructions. The purchase of these articulated or nonarticulated front loaders, telescopic or simple represents a relatively high financial effort and is justified by
obtaining a constant and high income from compost production.
3. composting machines left in line,these machines are specialized and can only be used on farms
intended for the production of compost

Fig.11. Compost turn ower machine

4. fans of different capacities (large capacity with suitable piping for drying agricultural products, or
ventilation of the roof) they have multiple destinations: drying grain, drying fodder or ventilating
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5. water transport trailers equipped with hoses,they are generally towed but there are also self-propelled
ones, they can carry from a few hundred liters of water up to tens of tons

6.rotating drum sifter,
In agricultural farms they are used for sifting bulk material, generally cereals, but depending on the
diameter and profile of the sieve meshes can be used in the process of obtaining compost,

7. rubber belt conveyors
They are of different capacity and lengths, they are very widespread in agricultural farms for handling
grain and not only,they havedifferent transport capacity and lengths.
Scientific assessment of the quality level of the equipment is the most recommended method.The assessment
of the quality and competitiveness of equipment and machinery by their technical characteristics and
performance performed by comparative analysis, for different variants, by simply examining their
heterogeneous set and by interpreting them based on personal experience and intuition of decision makers is
no longer the subject of scientific explanation (Falnita, E. 1993).The study, both overall through aggregate
indicators and in detail through complex complex formalized analytical indicators, is the subject of many
scientific analyzes. We have the possibility to present the indicators of the quality level of the industrial products
in the form of an aggregate system, in which the technical level is in the second stage as a synthetic indicator,
between the analytical indicators and the complex one, integral of the quality level. We can establish functionquality correlations for technical systems and differentiate the quality level by calculating a score with a
weighted arithmetic mean from a weighted geometric mean, where the differences between characteristics
and the weighting method are more or less objective. The technical level (N ai ) can be calculated based on the
weighted arithmetic mean, when the yic / yoc ratio shows minor variations:

where:

𝑁𝑁𝑎𝑎𝑎𝑎 = �∑𝑚𝑚
𝑐𝑐=1 𝑔𝑔𝑔𝑔

𝑦𝑦𝑦𝑦𝑦𝑦

𝑦𝑦𝑦𝑦𝑐𝑐

+ ∑𝑧𝑧𝑐𝑐=𝑚𝑚+1 𝑔𝑔𝑔𝑔

yic - the characteristics of the reference product
yoc - the characteristics of the analyzed product
gc - the share of influencing the ethnic level
m - the totality of the increasing characteristics
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z - the total
The relative technical level can also be calculated with the geometric mean when yic / yoc shows large
variations or pronounced asymmetries:

if gc = 1,

and:𝑁𝑁𝑔𝑔𝑔𝑔 = 1000 ×

∑ 𝑔𝑔𝑔𝑔

�∏𝑚𝑚
𝑐𝑐=1 �

𝑁𝑁𝑔𝑔𝑔𝑔 = 1000 × ∏𝑚𝑚
𝑐𝑐=1 �

𝑦𝑦𝑦𝑦𝑦𝑦 𝑔𝑔𝑔𝑔

𝑦𝑦𝑦𝑦𝑦𝑦

𝑦𝑦𝑦𝑦𝑦𝑦 𝑔𝑔𝑔𝑔

𝑦𝑦𝑦𝑦𝑦𝑦

�

�

× ∏𝑧𝑧𝑐𝑐=𝑚𝑚+1 �

× ∏𝑧𝑧𝑐𝑐=𝑚𝑚+1 �

𝑦𝑦𝑦𝑦𝑦𝑦 𝑔𝑔𝑔𝑔
𝑦𝑦𝑦𝑦𝑦𝑦

𝑦𝑦𝑦𝑦𝑦𝑦 𝑔𝑔𝑔𝑔
𝑦𝑦𝑦𝑦𝑦𝑦

�

�

(2)

(3)

Different methodologies for determining the ethnic level can be deduced. Thus, the method of
determination in which the weighted geometric mean is used can be analyzed and applied. We can define the
absolute ethnic level N taj of the expression similar to the ethnic level relative N gi
𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡 =

Actual technical level (N treal ) at a given time:

𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡

𝑚𝑚𝑚𝑚𝑚𝑚�𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡 �

× 100%

𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡

(5)

𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ≤ 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡

(6)

(4)

If improvements are made to the characteristics, obviously mainly to those that have a greater
influence in the operation of the equipment, the real one may be greater.

If improvements are made to the features, which obviously have a greater influence, the real one may
be larger.
The share of influence gc is determined on the principle of utility. A function of operating expenses is
established depending on the technical characteristics:

where: CE - operating expenditure

𝐶𝐶𝐶𝐶 = 𝑓𝑓 (𝐶𝐶𝐶𝐶)

(7)

CT - technical characteristic
or,
𝐶𝐶𝑗𝑗 = 𝐶𝐶(𝑘𝑘𝑘𝑘𝑘𝑘) (8)

and evaluates how much the CE decreases with improvements.
CONCLUSIONS
Considering that the replacement of excessive consumption of chemical fertilizers with natural ones
in itself is a great advantage for achieving and maintaining a healthy environment.
Composting is a beneficial process for the environment, which has great potential as a component of
organic and sustainable agriculture.
The fertilizer thus obtained is one of the best fertilizers because it contains concentrations of beneficial
bacteria and other microorganisms, biologically active stimulants for plants. The product contains the
necessary set of macro and micronutrients, enzymes, soil antibiotics, vitamins, growth hormones and humic
substances. Compost contains nitrogen, phosphorus, potassium, calcium and a lot of beneficial
microorganisms and bacteria than we usually find in the upper layers of the soil. It is used as a natural fertilizer
for soil that is mixed with soil. Unlike chemical fertilizers that feed the plant directly but harm the soil, mature
compost enriches the soil's fertility as a whole.
The use of compost generates multiple benefits for farmers: most of the waste and plant residues and
animal manure present on a farm are used without costly investment in raw materials, significant increases in
plant production are obtained due to the easy assimilation of nutrients by plants , soils affected by long-term
use of chemicals can be rebuilt.
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A significant advantage is the possibility to use many existing equipment in agricultural farms without
making additional investments: shredders / crushers, conveyor belts, rotary sieves, telescopic lifting /
transporting equipment with bucket, etc. Likewise, when managing the compost, we do not have investments
in new equipment, being possible to use the existing ones in the agricultural farms: machines for administering
fertilizers, solid chemicals and amendments, feed mixers, etc.
And in the case of the acquired purchase, the mathematical model presented for the optimization of
the productive capacities and the minimization of the acquisition costs can be taken into account.
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ABSTRACT
The objective of this study was to test the effect of sowing density on crop agro-productivity indicators and
yield of dwarf runner bean. The results showed that the highest number of pods per plant (8.43) was obtained
at a density of 11.43 plants·m-2 (70.0 x 12.5 cm – distance between rows x distance between plants), while
the highest yield (3597.3 kg·ha-1) was recorded at 28.57 plants·m-2 (70.0 x 5.0 cm). This study highlighted that
dwarf runner bean grows better to a longer cultivation distance between rows, and the results can be used to
improve the species' cultivation technology.
REZUMAT
Obiectivul acestui studiu a fost de a testa influența densității de semănat asupra indicatorilor de agroproductivitate și a producției la cultura de fasole mare cu creștere determinată. Rezultatele obținute
demonstrează că cel mai mare număr de păstăi/plantă (8,43) a fost obținut la o densitate de 11,43 plante·m-2
(70.0 x 12.5 cm – distanța între rânduri x distanța între plante pe rând), iar producția cea mai ridicată (3597,3
kg·ha-1) a fost înregistrată la 28,57 plante·m-2 (70.0 x 5.0 cm). Acest studiu evidențiază că fasolea mare cu
creștere determinată necesită o distanță mai mare între rânduri, rezultatele putând fi folosite pentru
îmbunătățirea tehnologiei de cultivare a speciei.
INTRODUCTION
Runner bean (Phaseolus coccineus L.) is a species belonging to the genus Phaseolus, fam. Fabaceae
(Papilionaceae). The runner bean crop is the second most important species in the genus Phaseolus, after the
common bean (Phaseolus vulgaris L.) (Piecyk et al., 2013). However, it is not as popular worldwide (Łabuda,
2010; Mihalache et al., 2018) although it is a species of real interest to growers everywhere. In Romania, the
species is widespread, but is cultivated on small areas, especially in family farms, being appreciated for its
nutritional and ornamental value (Munteanu, 1985; Munteanu et al., 2007a; Popa et al., 2008; Hamburdă et
al., 2014; Galea et al., 2018). It can be grown as an annual plant for its mature or immature seeds (Munteanu,
2005; Munteanu et al., 2007b; Popa and Munteanu, 2009; Schwember et al., 2017), used in the preparation
of various dishes, being an important source of fiber, minerals and some vitamins, being very rich in protein
and having a high energy value (Labuda, 2010; Wołosiak et al., 2018). In Romania, the varieties for pods are
less known (Teliban et al., 2014, 2015; Avasilcăi et al., 2017) as well as the varieties with determined growth
(dwarf), suitable for mechanized harvesting.
Although, lately, the species has enjoyed increased attention from researchers at ”Ion Ionescu de la
Brad” Iasi University of Life Sciences (I.U.L.S. Iasi), by developing two doctoral theses (Popa, 2010;
Hamburdă, 2015), three specialized books (Hamburdă and Munteanu, 2016; Hromei and Munteanu, 2019;
Popa et al., 2020) and numerous scientific papers highlighting the agrobiology of the species and the cultivation
technology (Munteanu et al., 2007a, b; Popa et al., 2008; Popa and Munteanu, 2009; Munteanu et al., 2013;
Hamburdă et al., 2016), these studies targeted the plant forms with indeterminate growth that cannot be fully
mechanized.
Identifying those technological factors that influence the most the growth of runner bean is an important
stage in the development of mechanized cultivation technology for this crop. Furthermore, ensuring the plant
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specific requirements regarding the environmental factors (temperature, water, air, light, soil, nutrients) has an
essential role in the success of dwarf runner bean crop (Immer et al., 1977; Tay et al., 2008). These factors
can be regulated by sowing distances, both between rows and between plants per row (Kouam and TsagueZanfak, 2020; Musana et al., 2020).
In view of the above-mentioned, the objective of this study was to evaluate the effect of crop density
on the main agro-productivity indicators and yield of dwarf runner bean.
MATERIALS AND METHODS
Experimental design and Biological Material
The field experimental crop was organized at the Experimental Station V. Adamachi of I.U.L.S. Iasi,
located in the North-East area of Romania, during two cropping seasons, in 2019 and 2020. The soil was
anthropic cambic chernozem soil, with the following characteristics: 32% clay, 4.5% sand; pH 7.2; 2.86%
organic matter. The weather conditions during the experimental period are presented in Table 1.
Table 1
Monthly average value of the main meteorological factors of the experimental period (2019-2020)
Average temperature
Rainfall
Atmospheric humidity
Sunlight duration
(oC)
(mm)
(%)
(hours)
Month
2019
2020
2019
2020
2019
2020
2019
2020
May
16.6
14.4
74.9
130.5
77
67
198.4
178.2
June
22.7
21.3
8.4
99.0
29
71
276.0
235.7
July
22.0
22.1
3.8
7.9
67
61
282.8
187.4
August
22.1
23.6
35.1
8.8
67
54
285.5
289.6
September
16.9
19.5
51.0
24.2
66
60
239.2
264.1
October
11.4
14.1
24.7
75.4
74
83
146.3
129.5

The biological material consisted of runner bean seeds Phaseolus coccineus with determined growth
(dwarf) from a local population in the Suceava area.
The experiment was organized in subdivided plots, with three repetitions, the area of each repetition
being 2.4 m2. The experimental factors studied were the distance between rows with two graduates (70.0 and
35.0 cm between rows) and the distance between plants per row with six graduates (5.0, 6.5, 8.0, 9.5, 11.0
and 12.5 cm).
The crop was established by direct sowing of seeds in the field on May 15. The experimental crop was
conducted according to the technological norms described in the literature for runner beans and associated
plants (Stan et al. 2003; Axinte et al. 2006; Popa, 2010; Hamburdă and Munteanu, 2016).
The agro-productivity indicators are: (1) the number of pods per plant, (2) the number of seeds per pod,
(3) the thousand kernel weight, and (4) seed sizes. The yield of the crop was expressed as kg of seeds per ha.
Statistical analyses
For the agro-productivity indicators of dwarf runner bean, the data were statistically processed by
ANOVA and the mean separation was performed through Tukey’s test at 0.05 probability level. The results
regarding the yield were processed by the method of limit differences. The results were reported as means ±
standard error (Săulescu and Săulescu, 1967; Gomez and Gomez, 1984; Jităreanu, 1999). The results are
presented as the average data of the two years due to the fact that the differences between the research years
were not significant.
RESULTS
The objective of this study was to test the effect of sowing density on agro-productivity indicators and
yield of dwarf runner bean in order to improve the cultivation technology of this species. Agro-productivity
indicators of dwarf runner beans are presented in Table 2.
The seed rate used to establish the crop is directly proportional to the density used, ranging from 13.72
kg·ha-1 for a density of 11.43 plants·m-2 to 68.57 kg·ha-1 for a density of 57.14 plants·m-2.
The number of pods per plant varies from 0.95 pods per plant at a density of 57.14 plants·m-2 (35.0 x 5
cm), to 8.43 pods per plant at a density of 11.43 plants·m-2 (70.0 x 12.5 cm), the differences being significant
according to ANOVA. The number of pods per plant is lower in the case of variants sown at 35.0 cm between
rows compared to variants sown at 70.0 cm and there is a negative correlation (-0.91) between the number of
pods and plant density.
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The number of seeds per pod was not influenced by crop density. This indicator has values ranging from
1.89 to 2.25 seeds per pod with insignificant differences between the studied variants. The results indicated
that the number of seeds per pod is a genetically determined character and is not influenced by the cultivation
density.
The Thousand Kernel Weight varies between 1047.67 to 1448.67 g and the highest value was obtained
at a density of 28.57 plants·m-2 (1448.67 g), however, there is no correlation (0.11) between density and this
indicator of agro-productivity.
Plant growth and development are influenced by crop density through competition created for access to
environmental factors such as light, nutrients, water (Chung and Goulden, 1971). In this study, a greater
distance between rows but also between plants led to an increase in the number of pods per plant.
Table 2

Influence of sowing distances on agro-productivity indicators of dwarf runner bean
Experimental variant
Seed rates
Pods per plant
Seeds per pod
Thousand Kernel
(kg·ha-1)
Weight
Distance
Plants density
(g)
Inter x intra row (cm) (plants·m-2)
35.0 x 5.0
57.14
68.57
0.95 ± 0.04 e
1.89 ± 0.18 ns
1187.33 ± 15.34 ab
35.0 x 6.5
43.96
52.75
1.29 ± 0.05 e
2.07 ± 0.19 ns
1221.67 ± 108.06 ab
35.0 x 8.0
35.71
42.85
1.70 ± 0.09 e
2.01 ± 0.14 ns
1278.67 ± 8.19 ab
35.0 x 9.5
30.08
36.10
2.16 ± 0.01 de
1.97 ± 0.12 ns
1367.00 ± 10.69 a
35.0 x 11.0
25.97
31.16
4.04 ± 0.22 cd
2.08 ± 0.09 ns
1059.33 ± 25.54 b
35.0 x 12.5
22.86
27.43
3.94 ± 0.22 cd
2.13 ± 0.06 ns
1353.33 ± 113.98 a
70.0 x 5.0
28.57
34.28
4.07 ± 0.24 cd
2.15 ± 0.09 ns
1448.67 ± 52.95 a
70.0 x 6.5
21.98
26.38
5.27 ± 0.14 bc
2.25 ± 0.11 ns
1282.00 ± 35.79 ab
70.0 x 8.0
17.86
21.43
6.78 ± 0.32 ab
2.01 ± 0.04 ns
1274.00 ± 53.53 ab
70.0 x 9.5
15.04
18.05
7.23 ± 0.83 ab
2.22 ± 0.14 ns
1209.33 ± 63.06 ab
70.0 x 11.0
12.99
15.59
6.89 ± 0.52 ab
2.00 ± 0.09 ns
1222.67 ± 39.79 ab
70.0 x 12.5
11.43
13.72
8.43 ± 0.84 a
1.93 ± 0.09 ns
1047.67 ± 35.83 b
Within each column, n.s. no statistically significant difference at p ≤ 0.05, values associated to different letters are
significantly different according to Tukey’s test at p<0.05

The indicators of seeds morphology expressed by length, width and thickness are shown in Table 3.
These indicators are important characteristics of agro-productivity and are different in the studied variants,
even with certain statistical differences. The length, width and thickness of the seeds are positively correlated
(0.68, 0.25, and 0.54, respectively) with Thousand Kernel Weight, but not with the plants density. The length
of the seeds varies between 19.52 and 20.82 mm, the width varies between 12.67 and 13.40 mm, and the
thickness between 8.41 and 8.95 mm, while the average values are 20.16, 12.91 and 8.69 mm, respectively,
the values being in agreement with those in the literature (Sinkovič et al., 2019).
Table 3
Influence of sowing distances on seed sizes of dwarf runner bean
Experimental variant
Seed length
Seed width
Seed thickness
(mm)
(mm)
(mm)
Distance
Plants density
Inter x intra row (cm)
(plants·m-2)
35.0 x 5.0
57.14
19.52 ± 0.13 c
12.70 ± 0.05 d
8.73 ± 0.12 ab
35.0 x 6.5
43.96
20.01 ± 0.12 abc
12.94 ± 0.08 bcd
8.66 ± 0.12 ab
35.0 x 8.0
35.71
20.44 ± 0.15 ab
12.87 ± 0.06 bcd
8.84 ± 0.08 ab
35.0 x 9.5
30.08
20.82 ± 0.09 a
13.40 ± 0.08 a
8.47 ± 0.03 ab
35.0 x 11.0
25.97
19.78 ± 0.11 bc
12.85 ± 0.12 bcd
8.50 ± 0.06 ab
35.0 x 12.5
22.86
20.25 ± 0.12 abc
13.20 ± 0.11 ab
8.75 ± 0.02 ab
70.0 x 5.0
28.57
20.79 ± 0.19 a
13.12 ± 0.05 abc
8.78 ± 0.07 ab
70.0 x 6.5
21.98
20.33 ± 0.37 abc
12.81 ± 0.07 cd
8.95 ± 0.07 a
70.0 x 8.0
17.86
20.34 ± 0.20 abc
12.97 ± 0.10 bcd
8.78 ± 0.08 ab
70.0 x 9.5
15.04
19.92 ± 0.17 abc
12.67 ± 0.03 d
8.60 ± 0.13 ab
70.0 x 11.0
12.99
20.09 ± 0.18 abc
12.73 ± 0.05 d
8.77 ± 0.13 ab
70.0 x 12.5
11.43
19.70 ± 0.13 bc
12.68 ± 0.04 d
8.41 ± 0.14 b
Within each column, values associated to different letters are significantly different according to Tukey’s test at p<0.05

The yield of dwarf runner bean is presented in Table 4. The distance between rows had a pronounced effect
on yield. Thus, the average yield of the variants cultivated at a distance between rows of 70.0 cm was higher by
1027.4 kg·ha-1 compared to the average of the variants cultivated at a distance between rows of 35.0 cm.
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The 70.0 x 5.0 cm and 70.0 x 6.5 cm variants determined yield increases with positive very significant
differences compared to control (the average of the experience) of 1275.6 kg·ha-1 (54.94%) and 1025.3 kg·ha1 (44.16%), respectively, the 70.0 x 8.0 cm variant determined positive distinct significant difference of 777.0
kg·ha-1 (33.47%), and the 70.0 x 9.5 cm variant determined positive significant difference with production
increases of 553.3 kg·ha-1 (23.83%).
An increase in yield was also recorded at the variant of 35.0 x 12.5 cm (264.3 kg·ha-1), but this was
insignificant compared to the average of the experience.
The variant sown at distances of 35.0 x 5.0 cm determined a yield with negative very significant
difference of -1099.4 kg·ha-1 (-47.35%), the variants 35.0 x 6.5 cm and 35.0 x 8.0 cm obtained negative distinct
significant differences of -906.4 kg·ha-1 (-39,04%) and -763.4 kg·ha-1 (-23.88%), respectively, and the 35.0 x
9.5 cm variant obtained negative significant difference of -571.7 kg·ha-1 (-24.62%).
Negative differences compared to the average of the experience (2321.7 kg·ha-1) recorded the variants
70.0 x 12.5 cm (-393.7 kg·ha-1), 70.0 x 11.0 cm (-155.0 kg·ha-1) and 35.0 x 11.0 cm (-5.4 kg·ha-1), however
these differences were not significant.
Table 4

The influence of sowing distances on yield of dwarf runner bean crop
Experimental variant
Yield
Significance of
Distance
Plants density
Difference
differences
(kg·ha-1)
% compared to C
-2
Inter x intra row (cm)
(plants·m )
compared to C
35.0 x 5.0
57.14
1222.3
52.65
-1099.4
000
35.0 x 6.5
43.96
1415.3
60.96
-906.4
00
35.0 x 8.0
35.71
1558.3
76.12
-763.4
00
35.0 x 9.5
30.08
1750.0
75.38
-571.7
0
35.0 x 11.0
25.97
2316.3
99.77
-5.4
35.0 x 12.5
22.86
2586.0
111.38
264.3
70.0 x 5.0
28.57
3597.3
154.94
1275.6
***
70.0 x 6.5
21.98
3347.0
144.16
1025.3
***
70.0 x 8.0
17.86
3098.7
133.47
777.0
**
70.0 x 9.5
15.04
2875.0
123.83
553.3
*
70.0 x 11.0
12.99
2166.7
93.32
-155.0
70.0 x 12.5
11.43
1928.0
83.04
-393.7
Average of the experience
2321.7
100.00
0
C
DL 5% = 500.2 kg/ha; DL 1% = 679.7 kg/ha; DL 0.1% = 921.5 kg/ha
LSD: Least Significant Difference; C: Control; n.s.: no statistically significant difference; *: positive significant difference; **:
positive distinct significant difference; ***: positive very significant difference; 0: negative significant difference; 00: negative
distinct significant difference; 000: negative very significant difference.

Increasing the cultivation density of plants is a strategy used by growers to ensure the highest possible
production. In general, higher yields can be obtained with increasing sowing density but this varies depending
on the species, variety, environmental conditions (Asemanrafat and Honar, 2017; Baez-Gonzalez et al., 2020).
For example, Baez-Gonzalez et al. (2020) showed that increasing crop density may contribute to increased
bean (Phaseolus vulgaris) production in semi-arid conditions. In this study, yield increased with increasing
sowing density when the distance between the rows was 70.0 cm and decreased when the distance between
the rows was 35.0 cm. These results show that in the case of dwarf runner bean the high sowing density can
lead to higher yields only if the distance between the rows is high enough.
CONCLUSIONS
In this study, the effects of several crop densities and distances between rows and distances
between plants on some agro-productivity parameters (number of pods per plant, number of seeds per
pod, and thousand kernel weight) and yield of dwarf runner bean crop were tested. Regarding the agroproductivity parameters, the highest number of pods per plant (8.43) was obtained at a density of 11.43
plants·m-2 (70.0 cm distance between rows and 12.5 cm distance between plants), the highest number of
seeds per pod (2.25) was obtained at a density of 21.98 plants·m-2 (70.0 cm distance between rows and 6.5
cm distance between plants), the highest value of thousand kernel weight (1448.67 g) was obtained at a
density of 28.57 plants·m-2 (70.0 cm distance between rows and 5.0 cm distance between plants). The
differences between the variants were statistically significant for the number of pods per plant and thousand
kernel weight parameters and insignificant for the number of seeds per pod parameter. In terms of yield, the
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best values were obtained at a distance between rows of 70.0 cm and a distance between plants of 5.0 cm,
followed by 6.5 cm, 8.0 cm and 9.5 cm and a sowing density of 28.57 plants·m-2, followed by 21.98, 17.86,
and 15.04 plants·m-2. The highest yield (3597.3 kg·ha-1) was recorded at 28.57·plants·m-2 (70.0 cm distance
between rows and 5.0 cm distance between plants). This study highlighted that dwarf runner bean reacts better
to a longer cultivation distance between rows and high density, and the results can be used to improve the
species' cultivation technology.
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ABSTRACT
Water pollution with heavy metals has negative effects on both human health and the environment. One of the
most important and major sources of pollution is water from non-ferrous metallurgical industry, the production
of batteries, steel, materials for electrodes or catalysts mines which contain besides other heavy metals,
manganese ions. In this study a cost-effective and promising process is presented for the manganese ions
removal from wastewater using Typha angustifolia. The results revealed that Typha angustifolia has a great
potential of utilization in wastewater treatment, the highest yield obtained being 98.28% in 40 hours of contact
time.
REZUMAT
Poluarea apei cu metale grele are efecte negative atât asupra sănătății umane, cât și asupra mediului. Una
dintre cele mai importante și majore surse de poluare este apa provenită din industria metalurgică neferoasă,
producția de baterii, oțel, materiale pentru electrozi sau catalizatori mine care contine pe langa alte metale
grele si ioni de mangan. In acest studiu a fost prezentat un proces eficient și promițător aplicat pentru
eliminarea ionilor de mangan din apele uzate utilizand Typha angustifolia. Rezultatele au arătat că Typha
angustifolia are un mare potențial de utilizare in epurarea apelor, cel mai mare randament obtinut fiind de
98,28% în 40 de ore de contact.
INTRODUCTION
The discharge of industrial effluents as well as improperly treated water into rivers is a serious
environmental problem and a threat to human health. Removal of heavy metals from wastewater through
processes such as coagulation-flocculation, chemical precipitation, membrane filtration, ion exchange,
adsorption and other advanced oxidation processes involves high operating and management costs (Kumari
M. and Tripathi B. D., 2015). Therefore, we present an ecological and economical method of removing heavy
metals from wastewater.
Aquatic plants perform the process of absorbing heavy metals and other nutrients from wastewater
naturally (Mukhopadhyay S. and Maiti S. K., 2010). The use of aquatic plants in the process of removing
pollutants from wastewater has been reported as a low-cost and efficient method (Rai P. K., 2008). In order to
remove heavy metals from wastewater, plants have a very important role. The absorption of heavy metals by
plants is achieved through roots or, if the plants have floating or sunken leaves, the absorption is achieved
both by roots and by leaves. Plants with submersible roots, such as Typha angustifolia, extract heavy metals
from both sediment and water, while rootless plants absorb heavy metals only from water (Sheoran A. S. and
Sheoran V., 2006). Typha spp., divided into three species, namely Typha latifolia L., Typha angustifolia L. and
Typha x glauca, is an perennial, rhizomatous aquatic plant that has a tall stem, 1 to 3 meters, and thin and
which it bears tiny flowers grouped in tips. These flowers form a cylindrical inflorescence with staminate flowers
(male) located above the pistil flowers (female). The flowers can reach 13 cm in length if they are staminate
reddish to blackish brown and 20 cm long if they are pistil dark brown. The leaves can exceed the flowering
tips of the plant (Baldwin B. and Cannon A., 2007).
The concentration of manganese ions in water must not exceed 1.00 mg/L according to the pollutant
loading limits of industrial and domestic wastewater discharged into the natural environment (NTPA 001/2002
standard). Sources of manganese can be represented by the non-ferrous metallurgical industry, the production
of batteries, steel, materials for electrodes or catalysts (Sihaib Z. et al, 2017; Lu J., 2016). The largest source
of manganese pollution is the mining industry that present high concentrations of manganese dissolved in
drainage water (Silva A. M. et al, 2012; Outram J. G. et al, 2018), but also waste that can release manganese
in the aquatic environment (Biswas R. K. et al, 2016; Li Y. et al, 2019).
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In this study we demonstrated the bioabsorption capacity of Typha angustifolia - narrowleaf cattail,
green plant for manganese ions from wastewater.
MATERIALS AND METHODS
MATERIALS
Typha angustifolia was harvested with the help of a spade from water ditches, located on plots of
arable land of Oarja Commune, Argeș County, Romania. The 1.74 mg/L and 2 mg/L Mn (II) wastewater
samples were used for the study. The manganese ions concentrations from the wastewater samples were
determined using the PhotoLab S12 photometer.
MANGANESE ADSORPTION EXPERIMENTS
For these experiments, one, three and five specimens of Typha angustifolia, the narrowleaf cattail to
remove manganese ions from synthetic wastewater, were used. The tested concentrations of manganese ions
were 1.74 and 2.00 mg/L, respectively. The solutions were stirred for 40 hours and samples were taken every
8 hours. The experiments were performed at room temperature.
In order to determine the wastewater treatment efficiency using the manganese ions concentrations
determined using the photometer, the following calculation formula was used:

ƞ=

𝐶𝐶𝑖𝑖 −𝐶𝐶𝑓𝑓
𝐶𝐶𝑖𝑖

∗ 100

[1]

where ƞ represent the treatment efficiency,
c i represent the initial concentration of manganese ions from wastewater,
c f represent the final concentration of manganese ions from wastewater.
RESULTS AND DISCUSSIONS
The results obtained from the experiments for removing manganese ions from wastewater are
presented in Tables 1 and 2.
Table 1

Removal of manganese ions having 1.74 mg/L initial concentration using Typha angustifolia plants
Treatment time
Mn (II) concentration C f
Treatment efficiency
Number of Typha angustifolia plants
[h]
[mg/L]
[%]

1 plant

3 plants

5 plants

0

1.74

0.00

8

1.71

1.75

16

1.70

2.30

24

1.69

2.87

32

1.65

5.17

40

1.01

41.95

0

1.74

0.00

8

0.34

80.46

16

0.21

87.93

24

0.13

92.53

32

0.11

93.68

40

0.10

94.25

0

1.74

0.00

8

0.30

82.76

16

0.19

89.08

24

0.10

94.25

32

0.07

95.98

40

0.03

98.28
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Table 2
Removal of manganese ions having 2.00 mg/L initial concentration using Typha angustifolia plants
Treatment time
Final concentration C f
Treatment efficiency
Number of Typha angustifolia plants
[h]
[mg/L]
[%]

1 plant

3 plants

0

2.00

0.00

8

2.00

0.00

16

1.81

9.50

24

1.80

10.00

32

1.75

12.50

40

1.62

19.00

0

2.00

0.00

8

1.40

30.00

16

1.04

48.00

24

1.01

49.50

32

0.51

74.50

40

0.45

77.50

Tables 1 and 2 summarize the results of experimental research. In all the experiments the treatment
efficiency of specimens of Typha angustifolia, the narrowleaf cattail, to retain Mn (II) ions, gradually increasing
over time. In the case of the initial concentration of 1.74 mg/L the final concentration reached 0.03 mg/L when
5 plants were used. The use of 3 plants of Typha angustifolia at the initial concentration of 1.74 mg/L
manganese ions demonstrated a treatment efficiency of 94.25%, while at the initial concentration of 2.00 mg/L
was demonstrated a treatment efficiency of 77.50%. This means that the results of the experiments depend
on the number of plants used. We draw the same conclusion from the results obtained when we used a single
plant. For the initial concentrations of 1.74 and 2.00 mg/L manganese ions, treatment efficiencies of 41.95 and
19.00%, respectively, were obtained after 40 hours of contact. The results were graphically framed and can
be found in the figures 1-4.

Fig. 1. Variation of manganese ions concentration
over time using 1, 3 and 5 plants of Typha
angustifolia (initial concentration: 1.74 mg/L).

Fig. 2. Variation of treatment efficiencies over time
using 1, 3 and 5 plants of Typha angustifolia (initial
concentration: 1.74 mg/L).
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Fig. 3. Variation of manganese ions concentration
over time using 1 and 3 plants of Typha angustifolia
(initial concentration: 2.00 mg/L).

Fig. 4. Variation of treatment efficiencies over time
using 1 and 3 plants of Typha angustifolia (initial
concentration: 2.00 mg/L).

From the presented graphics it is observed that in the case of using 3 or 5 plants of Typha angustifolia,
the treatment process was fast in the first 16 hours of contact, and up to 40 hours of contact the concentrations
of manganese ions in wastewater decreased slightly (Figures 2 and 4). The highest treatment efficiency in the
case of initial concentrations of 1.74 and 2.00 mg/L recorded were 98.28% using 5 plants (Figure 3) and
77.50% using 3 plants (Figure 5). In the case of using a single Typha angustifolia plant, the treatment process
was slow, and the yields did not increase more than 41.95% (Figure 3).
CONCLUSIONS
Typha angustifolia plants, the narrowleaf cattail, can be used to remove Mn (II) ions from wastewater,
leading to high treatment efficiencies. The results showed a gradual decrease in the concentration of
manganese ions over the entire 40-hour period, suggesting that Typha angustifolia can be used successfully
in the water treatment process, the yields being 41.95% using one plant, 94.25% using 3 plants and 98.28%
using 5 plants, in the case of the first set of experiments where the initial concentration of Mn (II) ions was 1.74
mg/L. Concentrations of Mn (II) ions from wastewater decreased rapidly in the second set of experiments
(where the initial concentration was 2.00 mg/L), when 1 plant and 3 plants of Typha angustifolia were used to
remove manganese ions from wastewater, the yield being of 19.00 and 77.50%, respectively.
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ABSTRACT
In the operations carried out on a dairy farm, the hygiene of the animals, the working time and the expenses
made with the staff working in it at different times of the year are elements that the farmer can improve over
time. During the milking operation with the help of the machine or the milking installation, the researchers
established over time that, if you lose about 3, 4 or even 5 hours a day of milking, the hygiene is not always
adequate because the cow's nipples come into constant contact with human hands. and the costs of staffing
these machines and installations are in some cases quite high. Because of this, milking robots were made to
milk the cows robotically, without the manual intervention of man, which led to the revolution of this operation
in a zootechnical farm. In this paper we present some of the studies carried out over time in a zootechnical
farm in the West of the country, of a former student of ours, carried out in a diploma project whose coordinator
I was and after its completion, on the implementation a LELY milking robot in it and its in-depth study over
time. Detailed analyzes were also made on the welfare of the cows that were milked with the milking robot for
several years in a row.
REZUMAT
In cadrul operatiilor efectuate intr-o ferma de cresterea vacilor pentru lapte, igena animalelor, timpul de lucru
si cheltuielile efectuate cu personalul care lucreaza in cadrul acesteia in diferite perioade ale anului sunt
elemete pe care fermierul le poate inbunatatii in timp. In cadrul operatiei de muls cu ajutorul masinii sau
instslatiei de muls cercetatorii au stabilit in timp ca, se pierde pe zi cam 3, 4 sau chiar 5 ore la muls, igena nu
este intotdeauna corespunzatoare deoarece sfarcurile vacii intra in permaneneta in contact cu mana omului si
cheltuielile cu personalul care deservesc aceste masini si instalatii sunt in unele cazuri destul de mari. Din
aceasta cauza s-a trecut la realizarea unor roboti de muls care sa realizeze mulsul vacilor robotizat, fara
interventia manuala a omului, lucru care a adus la revolutionarea acestei operatii intr-o ferma zootehnica. In
cadrul acestei lucrarii prezentam o parte din studiile efectuate in timp intr-o ferma zootehnica din Vestul tarii,
a unui fost student de-al nostru, efectuate in cadrul unui proiect de diploma a carui coordonator am fost cat si
ulterior finalizarii acestuia, privind implementarea unui robot de muls LELY in cadrul acesteia si studiul
aprofundat al acestuia in timp. S-au facut analize amanuntite si asupra bunastarii vacilor care au fost mulse
cu robotul de muls mai multi ani la rand.
INTRODUCTION
The first milking robot in the world appeared in 1981 (Dr. Larry Tranel - IOWA STATE UNIVERSITY)
[8]. It was produced and implemented on farms in Europe in 1992. The first autonomous robot was installed
on the experimental farm of the Cattle, Horse and Sheep Research Station in the Netherlands. In 1997 this
system was replaced by another type of milking robot. Both milking robot systems have been successfully
introduced into the practice of dairy farms in Western Europe. Both systems combine milking and feeding in
separate milking parlors. The reserve of concentrates makes the cows go to the milking parlor much easier to
be milked. The individual identification of the cows is the starting point for a good functioning of the automatic
system. The milking process is monitored by a milk meter. To this end, the daily record of individual milk of
cows becomes known, which is essential for the daily management of herd. The conductivity of the milk and
the amount of milk is regulated in each quarter, in both systems. Each time the cow enters the milking parlor,
the automatic system controls whether it needs to be milked or not.
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MATERIAL AND METHOD
The studies were carried out starting with 2016 within the SA Padureni Farm from Chisineu Cris, Jud.
Arad, which has been equipped since 2015 with a Lely ASTRONAUT milking robot, which has a maximum
capacity for 70 cattle. Prior to this acquisition, the farm owned 3 milking machines and 3 milking machines,
milking twice a day, in the morning and in the evening. After milking, the milk is automatically transported
through a pipe directly into the cooling tank, and cooled to a temperature of 2 – 4o C, until it is taken over by
the milk tank that takes it to the factory. So, the milk does not come in contact with the air even for 1 second,
which leads to a very good hygiene. One day there are cattle that are milked with the milking robot 2, 3, 4 or
even 5 times. Very rarely when there are cows that milk only once or in one day.
Pădureni Farm has a total herd of 120 Bălțată Românească cattle, of which 65 are dairy cows (51
lactating) and the rest are young females. The base is given by Baltata Romaneasca but the administrator of
the farm started mixing with Red Holstein and even introduced a few specimens of black Holstein. The
company (established under Law 36/1991) leases over 1000 ha of land. Until the modernization of the stable
and the purchase of the milking robot, in winter, the cows were kept in a stable, and the milking was done in
cans with mobile devices, on the line of the stable. In 2015, the 30-35 lactating cows produced 500-600 liters
of milk / day. Now the farm is growing, and the zootechnical engineer Zoltan Szabo, the president of the
company, a former graduate of the Faculty of Zootechnics from Timisoara, has decided not to close it.
The Padureni farm had a daily production of 22-23 liters of milk per milking cow's head until the
purchase of the milking robot. In one year it reached 29-30 liters per cow per day due to the implementation
of the new technology and the change of the feed recipe. As prices are falling, the amount of milk per cow /
day should increase in the next few years on this farm.
In recent years, the number of cows in this farm has increased slightly and the capacity of the robot,
which cannot milk more than 70 cows a day, must be taken into account. In addition, the animals must be in
the stable, with access at all times to the milking robot, which determined the administrator from Padureni to
make some changes in the shelter. He kept thinking about how to do it. Mr. Szabo had a choice between the
milking parlor and the robot, but after seeing the robot at work, he decided without difficulty.
"It simply came to our notice then. The only downside to the milking parlor is the limitation of the
number of cows it can milk to 70. But a farm with 70 milking cows, with good production, is already a
commercial farm with a high chance of being profitable. A plus comes from the quality of the milk, which milked
with the robot does not come into contact with the air at all, leaves the animal's udder through the filtration
systems and reaches directly into the cooling tank, and that's a big thing, "said the farm administrator. , Mr.
Szabo.
The operation of the milking robot was studied over time and an economic efficiency calculation was
performed. A comparative study was also made between the milking machines used on the farm in the past
and the milking robot. The software used for the milking robot was also studied and to obtain certain important
data for the farmer such as: the amount of milk / cow, milk fat, conductivity, milk color, duration of milking per
quarter of udder, etc.

a)
b)
Figure 1 - Milking equipment used in Ferma SA Padureni from Chisineu Cris: a) - Lely ASTRONAUT
milking robot; b) - mobile milking machine equipped with two drums.

951

INTERNATIONAL SYMPOSIUM

RESULTS
From the studies performed at SA Padureni Chisineu Cris in 2016, we obtained the following data:
• cattle milking 62;
• none of the 62 cows was sick with mastitis;
• cows are milked with a Lely milking robot, which has a maximum capacity of 70 heads;
• the quantity of milk in that day for the 62 cows was 1762 l / 24 h, viewed on the computer at 24 o'clock
at night;
• the average amount of milk per day, taking into account 7 days (so 1 week) is 1802 l / 24h;
• the number of pulses in milking was adjusted to the pulsator at 55 pulses / min .;
• the amount of lipids in milk is 3.70%;
• the amount of protein in milk is 3.25%;
• the number of sawdust on that day was 445;
• the number of sawdust, the average for 7 days, is 430;
• the amount of feed, kg concentrated / 100 kg milk, is 17.3 / 24 h
• the average amount of feed for 7 days, kg concentrated / 100 kg milk, is 17.2 / 24 h;
• feeding / day is 4.87 kg / day / head of cow, so about 5 kg / day / head of cow;
• feeding / cow head, at 7 days, is 301.94 kg / cow head;
• the average foraging, cow head, at 7 days (one week), is 302.8 kg / cow head;
• the total amount of feed per day for the 62 cow heads is about 310 kg / day.
• nr. milking per day was 2.5 that day;
• the average milking for 7 days was 2.6;
• the milk after being milked is automatically transported in the cooling tank without coming into contact
with the air;
• -the milk is cooled to a temperature of 2 – 4o C until it is taken over by the cistern to take it to the
factory.
Our question is: Is it profitable or not to invest in a milking robot? See:
The robot cost 120,000 Euros. In 2015, when milking cattle with milking machines, the average daily
amount of milk per head of cow was 21-22 liters / day for 65 dairy cattle. In 2018, the average amount of milk
per head of cattle reached 29-30 liters / day for 65 dairy cows. So the amount of milk per day / cow's head
increased by 8 liters. That means an additional 520 liters of milk / day / 65 cattle per 65 cows milked. Out of
520 liters that are obtained in addition to 2018 compared to 2015, 160 liters go daily to the bank. This means
that we also have a gain of 360 liters of milk per day / 65 dairy cows. Mr. Szabo receives 1.5 lei per liter of milk
from the factory, regardless of the month of the year. This means that he has to give the bank 160 liters of milk
a day × 1.5 lei = 240 lei. 365 days a year: 87,600 lei. In 7 years: 613,200 lei. In 2018, 1 Euro = 4.66 lei. So in
7 years he has to pay: 131587.98 Euro. In conclusion, the purchase of the milking robot at the SA Padureni
Farm, Chisineu Cris was profitable, because Mr. Szabo can pay without problems every day at the bank the
money equivalent to 160 liters of milk and still remains in profit compared to 2015 with 360 liters of milk /day.
The program (software) of the milking robot can provide us with a large number of data with which we
can make different statistics and present the results in tables and time variations on the graph. With the help
of this software we can obtain for example: milk production per day for each cow, the probability threshold of
the mating period, the warning probability of the mating period, the total minutes of ruminating, etc.

a)
b)
Figure 2 – The milking robot from Ferma SA Padureni, Chisineu Cris: a) - Mr. Szabo analyzing the
data obtained in one day; b) the cows enter the milking robot's box.
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Figure 3 – Moving the cows to the milking robot and entering the robot's box.
The LELY ASTRONAUT robot obtained the values presented in table 1 after milking 20 cows.
Table 1

MEDIE

TOTAL

Number
of cows

Robot

61
38
49
19
78
81
35
80
77
79
55
70
1
50
54
72
51
29

101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101

65
21
20

101
101

Lactation
days

Milkings

Average
refusals

Medium
failures

Production
/ day

128
63
148
150
123
94
62
84
24
135
91
152
173
146
129
115
208
116
143

2,9
2,7
3,9
3,3
3,3
2,7
2,0
2,9
4,0
2,4
3,3
3,3
2,7
2,1
3,1
2,1
2,6
2,1
2,6

0,2
0,0
0,0
0,3
0,0
0,0
0,1
0,1
0,3
0,0
0,4
0,1
0,9
0,0
0,3
0,1
0,4
0,1
0,0

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

37,2
48,0
44,5
44,3
43,2
42,2
40,1
39,8
37,6
36,7
35,3
34,4
34,1
33,8
33,5
33,3
32,9
32,8
32,7

Average Milk
Production /
Milking
13,1
15,9
11,6
13,3
12,7
15,7
19,5
13,5
8,6
15,0
10,3
10,9
12,3
15,5
10,9
16,2
12,1
15,3
13,2

227
187
2,570

3,1
3,0
58,2

1,4
0,3
4,8

0,00
0,00
0,00

32,5
32,4
744,1

9,7
10,6
262,8

Following milking by the ASTRONAUT Robot, a health report was obtained for cows numbered 05
and 37, respectively, which is shown in Table 2.
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Table 2
Cow
number

05

Lactatio
n days

Productio
n
Day
(24h)

46

37

21,2

225

15,3

Warning
Sensors

Value

Decreased milk production

-5,4

Milk temperature

39,9

Proportion of lipid proteins
Decreased milk production
RF mastitis

0,99
-15,2
0,0

RF conductivity

0,6

Evaluation

Probabil
ity
of
illness

28

40

a)
b)
Figure 4 – The milking robot arm: a) - in the assembly phase of the milking glasses; b) in the washing
phase of the milking glasses.
The table below lists the cows with the highest probability of mating obtained by the Lely Milking Robot.

Table 3
Lactation
days

Reproduction

Probability of
the maximum
mating period

Production /
day

101

Group
numbe
r
3

102

Ready

96

28,1

10

101

2

63

Ready

92

28,0

42

101

3

24

Ready

29

37,6

Cow
number

Robot

60

Optimal
time
for
sowing

Figure 5 shows the computer display built into the housing of the Lely milking robot. You can see the
milking time on each quarter of the udder and the total milking time on the udder.
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At the robot's computer you can get the milking time for each nipple and the total amount of milk. For
example in the cow with no. 71, at one time the amount of milk collected was 9 liters, and the time on each
nipple was: 1'47 "- LF dial, 1'53" - RF dial, 2'14 "- LR dial and 2 ' 12 ”- RR dial. During this time, the cow
received 1.04 kg of feed from the feeding robot inside the milking robot.

Figure 5 – Computer display from the Lely milking robot.
Conductivity is shown in Table 4, and the analysis of sick udder health is shown in Table 5.
Table 4

Number
of cows

Group
number

Conductivity
LF

Color
code

RF

Color code

LR

Color
code

RR

Color
code

80

3

70

(M)

69

(M)

71

(M)

72

(M)

40

3

68

68

94

82

17

3

70

69

88

69

37

3

77

Date and time

07/06/2019
09:49
07/06/2019
07:44
07/06/2019
11:01
07/06/2019
05:05

(M)

Cow
number

86

(M)
Mastitis

Table 5
Day
production
deviation
(24)

75

(M)

76

(M)

Day production
(24)

Lactation
days

Uger
health
counter

80

2,4

37,6

24

49

40

0,3

18,1

242

17

17

2,6

31,2

285

1

37

15,2

15,2

225

6

In the milking robot, the nipple nipples are detected using an "infrared" type system. It detects the
nipples by their color, which is different from the color of the udder and the area around it. The robotic arm is
made so that it takes each glass of milk separately and puts it on a nipple. After all 4 glasses are attached, the
proper milking begins, which can last up to max. 7 min./vaca.
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Figure 6 – Infrared system from the milking robot. - Padureni - Chisineu Cris.
The milk, after being collected by the milking robot through a pipe, reaches directly into the cooling
tank mounted in a room specially designed for this purpose. The respective room is permanently hygienic and
impeccable cleanliness is maintained. The milk is kept at a temperature of 4o C until it is taken over by the milk
trailer to take it to the factory.

Figure 7 – Transport and storage of milk in the cooling tank: a) - the room where the cooling tank is
mounted; b) - the cooling tank equipped with electronic control and adjustment device; c) - the
connections made between the cooling tank and the additional tank; d) - milk transport circuit.
CONCLUSIONS
1. The main advantage of milking robots is that the farmer is no longer tied to milking. When purchasing
a milking robot, the presence of the farmer / milker is no longer required daily, two or three times a day. The
robot is active and works 24 hours a day, 7 days a week. Cows can be milked up to 5 times / day, with an
average of 2.5-2.7 milkings/cow “, explained Mr. Irimescu from AfiBanat, Lely Romania dealer. On the Pădureni
farm, with the milking robot, an average of 2.6 snouts / cow / day are now made.
2. The cows quickly become friends with the robot. I come alone to milk. "It's very interesting how
quickly they accepted the animals. For us, three days was difficult, because each animal was forced to milk.
For two months now, since the robot has been working, it has surprised me that the vast majority of animals
have learned and come to milk on their own. It is a spectacular thing and very well assimilated by animals. If
it didn't suit them, they wouldn't go there. It is true that once they enter the milking parlor, they receive as bait
a supplement of concentrated granular feed that they really like. At the same time, milking must be a pleasant
animal process. I didn't have a milking parlor before. I was milking with mobile milking machines and in these
conditions I had animals that I could only milk prevented. Well, the same animal doesn't even move to the
milking robot now.”, said farm manager Szabo Zoltan.
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3. Milk analysis can be done on each cow separately, monitoring the protein and fat content. The farm
management program is integrated and allows the management of the lactation curve for each cow. It is also
possible to measure and record the number of somatic cells. The steam disinfection system of the milking
sleeves prevents the transmission of any diseases or germs from one cow to another.
4. One of the great advantages of the milking robot is that it no longer requires a separate construction
of the stable. The robot really needs to be installed in the stable. Then the maintenance costs are comparable
to those of a milking parlor and maintenance operations must be carried out periodically. The cost differences
between a milking robot and a milking parlor are very small, especially since the milking parlor requires a
special construction.
5. By installing the robot at the Padureni farm, the average milk production also increased. The
financial calculation was relatively simple: for the purchase of the milking robot, the farm administrator made
a loan for 7 years with a monthly rate in the bank of 8000 lei. With this money, the administrator would have
paid three milkers, as he has done so far. This was a leap in the life of the Padureni farm. Now, the man does
not participate directly in milking. People only work on fodder, surveillance. "We do not yet have all the
mechanized work as we would like," said Zoltan Szabo.
6. Any technical problem is reported to the farmer via a text message sent to his mobile phone. By
contract, the company that sold the robot undertook to resolve any failure within a maximum of three hours.
The most common problems that can occur are related to software, but they can be solved by phone or internet.
7. Animal welfare and excellent milk quality are essential for the success of robotic milking. The more
information we can learn from changes in milk quality, the easier it is for dairy farmers to identify cows with
problems. For these reasons, Lely has been working on measuring milk quality since its inception. The
acquisition by Fermur Padureni of the Lely milking robot makes it possible through an automated system to
measure essential parameters such as: fat and proteins, conductivity, milk color, duration of milking per quarter
of the udder and downtime during milking. This system also measures the number of somatic cells and the
time of each milking.
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ABSTRACT
Hemp cultivation is gaining momentum in the context of increasing the area under cultivation worldwide and
increasing consumer interest in the various, useful and sustainable products obtained from it. The present
review is intended to be a concise analysis of the importance of this species, its botanical, biological and
genetic characteristics, including the breeding work on the creation of new specific genotypes, in conjunction
with the breeding programs carried out in Romania for the two forms of hemp, dioecious and monoecious.
Access to information on these aspects can be a starting point for knowing the multifunctional properties of
this amazing species, but also for obtaining new specific genotypes, oriented to the current requirements of
the world market, with high adaptability to various areas of culture, by applying a mix of modern and classic
methods of breeding.
REZUMAT
Cultura cânepei cunoaște un nou avânt, în contextul măririi suprafețelor cultivate la nivel mondial și a creșterii
interesului consumatorilor pentru produsele diverse, utile și sustenabile obținute din aceasta. Review-ul de
față se dorește a fi o analiză sintetică a importanței acestei specii, a particularităților sale botanice, biologice
și genetice, inclusiv în ceea ce privește lucrările de ameliorare privind crearea de noi genotipuri cu destinație
specifică, coroborate cu programele de ameliorare derulate în România la cele două forme de cânepă, dioică
și monoică. Accesul informațional la aceste aspecte poate constitui un punct de plecare în vederea cunoașterii
proprietăților multifuncționale ale acestei uimitoare specii, dar și în vederea obținerii de noi genotipuri specifice,
orientate spre actualele cerințe ale pieței mondiale, cu adaptabilitate ridicată la zone de cultură variate, prin
aplicarea unui mixt de metode moderne și clasice de ameliorare.
INTRODUCTION
Hemp (Canabis sativa L.) is a multifunctional crop, with a scientific confirmation of its pharmacological
properties and with numerous applications in the food or feed industry, in the electricity, construction and
cosmetics industries, etc., with a positive impact on the environment (EIHA Conference 2016-2020; Mestinsek
Mubi et al. 2020; Popa et al., 2021).
Hemp-grown areas have seen an upward trend in recent years, with hemp becoming a multi-billion euro
business. In fact, since the end of the twentieth century, hemp cultivation has revived and is emerging as one
of the fastest growing agricultural and industrial markets in recent decades. Given the growing consumer
interest in natural and sustainable fibers and products, demand and major growth is expected in the coming
years in the hemp segment for stem and fiber (processing after EIHA Conference 2016-2020). And if in the
cannabinoid segment, with a market that has exploded since 2012, in recent years there has been stagnation
and even a slight regression, caused by certain EU directives combined with an extremely abundant and
diverse supply, instead, the market dedicated to hemp seeds and the oil obtained from them is experiencing a
new boom, which determines requirements for genotypes with specificity for the seed.
In the above context, with a focus on the accelerated trend of market expansion and development, while
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reshaping the global economic and agricultural system, this review aims to be an overview of the importance
of hemp cultivation, its botanical, biological and genetic characteristics, with an emphasis on breeding
methods, on the achievements regarding the hemp breeding in Romania, aspects that can be the basis of
future breeding works, in order to obtain new genotypes with specificity for the current orientations of the world
market.
HEMP IMPORTANCE
Hemp seeds contain important biological active ingredients, as a result they are a balanced source of
food for human nutrition. The chemical composition includes an oil content of 30 - 35%, of which 80% is
composed of polyunsaturated essential fatty acids, with an ideal ratio of omega 6: omega 3 of 3: 1, 31% easily
digestible protein, with all essential amino acids present in significant quantities, as well as 32-36%
carbohydrates, along with other vitamins and minerals needed by the human body (Deferne and Pate, 1996;
Oomah et al., 2002; Callaway, 2004; Siriţanu and Siriţanu, 2007; Kolodziejczyk et al., 2012; Rezapour-Firouzi
et al., 2013; Popa et al., 2021).
Whole seeds have a special fodder value, and can be used to feed fish or poultry (Constantinescu,
2011).
Both hemp seed and female inflorescences can be used to obtain preparations with diuretic,
expectorant, sedative and vomiting action (Ceapoiu, 1958), while hemp oil is used in various industries, in the
manufacture of paints, lubricants, varnishes or typographic inks, but also in human nutrition or personal care
products (Șandru et al., 1996; Gherasim, 2017; Popa et al., 2021).
Hemp fibers are used in the machine building industry, to obtain various textile products, from the
coarsest to the finest (Bâlteanu, 2001), in insulating materials (Gherasim, 2017), in all types of biocomposites
and for the manufacture of thin paper, while hemp flowers are suitable for aromatherapy, food or cosmetics,
essential oils etc. (Popa et al., 2021).
Shives are suitable for animal bedding, as a building material or sound insulation between gypsum
boards, as well as in the furniture, automotive and aviation industries (Del Gatto et al., 1999; Șandru et al.,
1996; Popa et al. al., 2021). Compared to wood, hemp-based composites used in construction (Kymäläinen
et al., 2005; Kymäläinen and Sjöberg, 2008) are more resistant to fire, fungi, rodents, other pests. The woody
material left over from primary processing can be used in the manufacture of paper (Riddlestone, 1994;
Mackie, 1998; Small and Marcus, 2002), prefabricated boards, or solid fuels (Popa et al., 2021).
Hemp is highlighted by a group of over 100 cannabinoids, the main chemically active compounds (Van
Bakel et al., 2011; Andre et al., 2016; Aizpurua-Olaizola et al., 2016), with unique pharmacological properties,
which are predominantly active in female flowers (Elsohly and Slade, 2005; Mehmedic et al., 2010, cited by
Van Bakel et al., 2011).
BOTANICAL AND BIOLOGICAL PARTICULARITIES
In culture, two forms of hemp are known, which differ from each other in terms of sex. Basically, hemp
is a unisexual dioecious plant, characterized by an obvious sexual dimorphism, with female and male flowers
arranged on different individuals, in an approximately equal ratio (Șandru et al., 1996; Dan, 2015).
In hemp, the root represents 8 - 10% of the weight of the plant, the root system developing mainly
horizontally and less vertically. The stem is pubescent, angular, sometimes hollow (Ross, 2005) and
represents 60-65% of the plant's weight, its diameter and height varying depending on the destination of the
crop, the genotype used, the applied agrotechnique, the pedoclimatic conditions etc. Hemp leaf, palmatesectate or compound (Sârbu and Paraschiv, 2005), generally consists of 3 - 13 leaflets, their number varying
depending on the position of the leaves on the stem (Șandru et al., 1996; Popa et al., 2021).
In dioecious hemp, the female flowers are very small and arranged at the base of the bracts, while the
male flowers are located at the top of the stem and at the base of the upper leaves (Șandru et al., 1996; Popa
et al., 2021). In monoecious hemp, the female flowers have a composition similar to that of dioecious hemp,
being located in the upper part of the stem, while the male flowers form at the base of the axes with female
flowers, being grouped in inflorescences (Șandru et al., 1996; Muntean et al., 2008, cited by Dan, 2015; Popa
et al., 2021).
In terms of duration, the flowering period differs depending on the ecological group, being 10-15 days
for northern hemp and 25-30 days for southern hemp (Sandru et al., 1996; Dan, 2015).
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The male flowers open 5-7 days later than the female. Pollination is allogamous, anemophilous or
entomophilous (Salontai, 1976, cited by Dan, 2015; Șandru et al., 1996). Pollen is carried by the wind over
distances of up to 10-12 km, at a height of 30-40 m, maintaining its viability for up to 14 days (Ceapoiu, 1958).
The fruit is a spherical-ovoid nut, matte or sometimes glossy (Ceapoiu, 1958), with a TKW that varies
depending on the ecological group or genotype (Popa et al., 2021). The seeds (fruits) represent 10-12% of the
weight of the plant, their maturation starting from the base of the inflorescence and continuing to its top, in a
period of 25-30 days (Șandru et al., 1996).
Hemp is a short-day plant, which means that reproductive development and flowering are conditioned
by photoperiod and temperature. Flowering occurs when the period of darkness is at least 10-12 hours or
when the days become shorter, being inhibited in a long photoperiod regime (Salentijn et al., 2019; Williams
2019, cited by Tancig et al., 2021).
Șandru et al., 1996 mention that the research carried out on the influence of light on hemp has shown
that the varieties belonging to the northern group are long-day plants, while those in the southern and
medioruthenica groups are short-day plants.
SYSTEMATICS AND PHYLOGENY
Hemp is currently considered to belong to the Cannabaceae Endl. family, along with other genera such
as Humulus (hops) and Celtis (bear's honey) (Sîrbu and Paraschiv, 2005; Popa et al., 2021).
The taxonomic organization of the genus Cannabis is still a matter of debate among various authors,
one of the causes being the morphological variability of wild and cultivated forms of hemp (Van Bakel et al.,
2011; Salentijn et al., 2015). Some authors go for the monotypic genus, considering that all plants of this genus
belong to the species Cannabis sativa L., with different subspecies, others insist that the morphological
features and profile of cannabinoids indicate the presence of two species - Cannabis sativa L. for fiber and
Cannabis indica L. for narcotic resins/substances, while other research has classified hemp into three species
- Cannabis sativa, Cannabis indica and Cannabis ruderalis, a typology sustained by systematic
chemotaxonomy (synthesis according to the following: Green, 2005; Hillig, 2005; Muntean et al., 2014;
Salentijn et al., 2015; Popa et al., 2021).
It seems that, from a historical point of view, the different species would have originated from the same
line, but as a result of evolution and diversity, a separate development of them has taken place around the
globe (Popa et al., 2021).
Cannabis sativa ssp. culta falls into the following ecological groups: proles borealis (northern hemp) with
praecox and sibirica varieties, proles medioruthenica (medioruthenica hemp) with vulgaris and austro ucrainica varieties, proles australis (southern hemp) with italica, japonica, orientalis and americana varieties,
southern hemp being grown only in Europe, in countries such as France, Romania, Italy etc. (Șandru et al.,
1996; Dan, 2015; Popa et al., 2021) and proles asiatica with narcotica and subnarcotica varieties (Șandru et
al., 1996).
GENETICS AND HEREDITY
Genetic features
In their paper, Mestinsek Mubi et al., 2020 refer to the fact that hemp genetics is broad, citing various
authors and the results identified so far in terms of molecular markers, including those for sex determination,
genomes and transcriptomes, the genetic structure of cannabis, as well as the genes involved in the synthesis
of cannabinoids.
Hemp has, in its natural phase, a diploid genome (2n = 20), with chromosomes much smaller than those
of other agricultural species (Ceapoiu, 1958; Van Bakel et al., 2011). The karyotype consists of nine pairs of
autosomes and one pair of sex chromosomes (X and Y) (Van Bakel et al., 2011; Salentijn et al., 2019;
Barcaccia et al., 2020). The female sex is homogametic (XX), and the male is considered to be heterogametic
(XY), with sex determination controlled by an autosomal X-dose (Van Bakel et al., 2011; Westergaard, 1958;
Torjek et al., 2002; Moliterni et al., 2004, cited by Luca, 2014; Razumova et al., 2016). In monoecious hemp,
which has male and female flowers arranged on the same plant, we generally find out the female karyotype
XX (Faux et al., 2014, cited by Salentijn et al., 2019). The female genome has an estimated size of 818 Mb,
while the male genome is 843 Mb, due to the larger size of the Y chromosome (Van Bakel et al., 2011), which
is subtelocentric (Sakamoto et al., 1998; Peil et al., 2003, cited by Luca, 2014), while the X chromosome is
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submetacentric (Moliterni et al., 2004) and up to twice as small (Luca, 2014). The factors that control sexual
dimorphism in hemp are not yet known (Ainsworth, 2000; Matsunaga and Kawano, 2001; Ming et al., 2011, all
cited by Salentijn et al., 2019).
According to Van Bakel et al., 2011, hemp genome sequencing is a starting point for understanding the
biological properties and phenotypic variation of the genus Cannabis, with the deciphered genomic ensemble
appearing to comprise the vast majority of the non-repetitive genome and individual genes. A combination of
genetic and physical mapping appears to have been used for genome assembly (Laverty et al., 2018).
Despite numerous studies on sex chromosomes, there is very little knowledge about their origin,
structure and role in sex determination (Sakamoto et al., 2000). Thus, in the species Cannabis sativa L., the
sexual phenotype reveals a certain flexibility that determines the differentiation of hermaphrodite flowers or
bisexual inflorescences, namely the appearance of the monoecious phenotype (Moliterni et al., 2004, cited by
Luca, 2014).
Grisko (1937) and Şandru et al. (1996), cited by Luca, 2014 take into account the bipotency of each
hemp plant, reason for the appearance of different types of monoicity and diversity of intersex.
According to Faux et al., 2016, although sex determination seems more accurate and stable in the male
XY karyotype, the ability of monoecious plants with karyotype XX to form male flowers reveals that the male
determination is not necessarily localized on the Y chromosome.
Quantitative traits such as flowering-time, sex determination and fiber quality are controlled by many
genetic loci, the expression in the phenotype depending on the specificity of the environment, the stage of
culture development or others factors. The function and expression of genes in Cannabis sativa L. are not yet
well known, with current knowledge focusing mainly on the genes responsible for cannabinoid biosynthesis
(Salentijn et al., 2019). Thus, in order to achieve the objectives of cannabinoid synthesis and regulation,
Schluttenhofer, 2017, cited by Luca, 2014, recommends conducting more research on sex-related traits and
QTL mapping.
Since the sexual inheritance of hemp is polygenically controlled, the selection will be made only on
phenotypes, because the constitution of the polygenic complexes changes constantly following the
recombination (Găucă and Moisă, 1990).
Unlike soybean and rice crops, where molecular markers for flowering and maturity are already used
(Langewisch et al., 2017; Shabir et al., 2017), in hemp, molecular markers have been developed mainly to
make the difference between cannabis and industrial hemp or for the early detection of male plants (Mandolino
et al., 2002, cited by Salentijn et al., 2019).
The phenomenon of polyploidy is frequently encountered in hemp, and is being studied by numerous
researchers (Ceapoiu, 1958). Hoffman, cited by Ceapoiu, 1958 conducted research, which found that both
triploid and tetraploid forms are fertile and can therefore be used as initial breeding material.
Heredity of characters and traits
Hemp genotypes have a high ecological plasticity, this being conditioned by the plasticity of the heredity
of some characters, the existence of biotypes with special physiological properties, different types of
resistance, but also by the hybrid nature of the variety. Of these factors, the most important is the plasticity of
the inheritance of characters and traits (Ceapoiu, 1958). Some morpho-anatomical features or physicalmechanical and biochemical properties are influenced by agrotechnical factors, but without affecting their
heredity (Șandru et al., 1996; Popa et al., 2021).
The way in which the different characters and traits are transmitted is an essential aspect in the works
related to the breeding process.
The length of the stem is influenced by the pedoclimatic conditions, genotype, sex or type of fertilizer
used; this hereditary character can be passed on to descendants. The diameter of the stem is influenced by
the length of the day, the pedoclimatic conditions, the type of fertilizer, sex and genotype. Following the
research carried out, it was established that the diameter has values higher or intermediate than the parental
shapes, in the first hybrid generation. The weight of the strains in F1 registers an intermediate value for the
two parental forms. Fiber content varies depending on soil conditions, genotype, sex and cultivation
technology. Research conducted by Stepanov, 1971 and Șandru et al., 1996 showed that the percentage of
fiber is transmitted with intermediate values and, sometimes, close to the parent who recorded the highest
value. The weight of the fiber/plant is influenced by the weight of the plant and the percentage fiber content.
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The thousand kernel weight (TKW) varies depending on the genotype, the applied agrotechnique, the type of
soil and the weather conditions of the crop year. The weight of the seed/plant depends on the type of
inflorescence and the number of seeds/plant. The ability to produce seed is a variety character and has a very
complex genetic determinism (Ceapoiu, 1958; Șandru et al., 1996; Popa et al., 2021).
HEMP BREEDING
Considerations regarding breeding works
The classification of hemp can be made according to different attributes, such as: the genotype used
(wild and acclimatized populations, local populations, varieties); culture specificity (for stems and fiber, for
seed, for medical purposes - cannabinoids, for ornamental purposes etc.) (De Meijer, 1995; De Meijer and
Keizer, 1996, cited by Salentijn et al., 2015); flowering-time (early, semi-late or late varieties); gender/form
(dioecious or monoecious varieties) and geographical origin (northern, southern varieties etc.) (Salentijn et al.,
2015).
Depending on the destination (stem and fiber/seed/cannabinoids), needs or market requirements,
creation/improvement of hemp genotypes aims at stem/seed production, fiber production and quality, oil or
major cannabinoids content, resistance to extreme environment (drought, frost), resistance to pathogens and
pests attack, precocity or uniformity of seed maturation etc.
Each group of genotypes, depending on the specificity, is morphologically and physiologically different
from the others (Ranalli, 1999).
Research conducted by Sikora et al., 2011 revealed significant variability in biometric and agroproductivity characteristics, such as plant size, stem production, fiber production and content, which are useful
in hemp breeding programs regarding the fiber content or the increased production.
European breeders are currently focusing on creating advanced and specialized varieties for new and
diversified uses, adapted to current climate change, high in fiber and low in THC, with high agricultural
production capacity for seed and oil production, with a high fiber quality, with a specific profile of cannabinoids,
resistant to diseases and pests, tolerant to salinity etc. While breeders in France, Romania, Germany, Poland
and Ukraine have focused on the creation of early monoecious genotypes with a low THC content, those in
Spain, Hungary or Italy have sought to obtain dioecious varieties with a content of THC as lower as possible
(Ranalli, 1999).
Hemp has a high adaptability to specific areas of cultivation, an aspect that influences the choice of
genotype depending on the type of production pursued (stems and fiber, seed, mixed). In general, early
genotypes of dioecious hemp are suitable for seed production, while late genotypes are intended for fiber
production. On the other hand, monoecious hemp genotypes, especially early or semi-early hemp, were
created with a dual purpose, both for seed and fiber (Faux et al., 2013; Amaducci et al., 2015; Tang et al.,
2016, all cited by Salentijn et al., 2019; Tang et al., 2017, cited by Campbell et al., 2019).
Although there is a diverse supply of hemp genotypes on the market, the breeding works could be aimed
at achieving combinations between quality fiber genotypes, high production of stems or seed, with
characteristics such as a moment of specific flowering (early, middle or late) and/or sex determination
(dioecious or monoecious) (Hall et al., 2012; Salentijn et al., 2015).
In order to benefit from the maximum therapeutic potential of cannabinoids, it is recommended to create
new genotypes with a customized cannabinoid content for different types of diseases (Mestinsek Mubi et al.,
2020).
An important objective of breeding programs is the creation of stable monoecious genotypes, as they
are more uniform in plant size, but also the production of stems and seed, compared to dioecious genotypes
(Borthwick and Scully, 1954; Lisson et al., 2000a,b; Amaducci et al., 2008a,b, 2012; Salentijn et al., 2015;
Small, 2015, all cited by Salentijn et al., 2019), which are considered superior in terms of fiber production
(Berenji et al., 2013; Amaducci et al., 2015, cited by Salentijn et al., 2019).
Unlike other crops, maintaining monoecious hemp genotypes is a real challenge, as they suffer from a
progressive genetic and biological degeneration in the process of seed multiplication. Cultivated plants go
through a process of strong masculinization, to the detriment of female inflorescences, which leads to a
decrease in seed production, an aspect with negative implications on economic efficiency (Găucă, 1995;
Meijer, 1995; Trotuș et al., 2015). The cause is represented by physiological and chemical factors, such as
temperature, light quality and intensity, soil type and content in nutrients etc. (Popa et al., 2019). The
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phenomenon can be stopped either by removing intermediate links from the seed production process, or by
resuming the lines selections from the genotype component (Trotuș et al., 2015).
Due to the ecological plasticity, it is recommended to test the new genotypes obtained in different
cultivation environments, in order to evaluate the variability degree of the traits in the phenotype. These tests
are used both to differentiate genotypes with broad or specific adaptability, and to establish environmental
factors with a strong impact on traits of interest (Makahiya et al., 2017, cited by Campbell et al., 2019).
Genotypes less sensitive to environmental changes will be suitable for cultivation in various geographical areas
(Campbell et al., 2019).
Hemp breeding works are difficult due to the risk of cross-pollination between crops from different fields,
as pollen can be transported over long distances and can be viable for a long time. As such, it is necessary to
apply rigorous measures in order to isolate the breeding material (processing after Ceapoiu, 1958).
Breeding methods
The breeding methods applied aim at studying and increasing the variability, as well as the processing
of the freshly obtained biological material, in order to obtain a distinct, homogeneous and stable population.
The choice of the appropriate methods considers the biological material used, the type of genotype followed,
depending, at the same time, on the available logistics, the applied work technique etc. (Munteanu, 2000).
At dioecious hemp, the works from breeding fields include selection, which may be in mass, simple
individual or repeated individual, simple hybridization, multiple or regressive hybridization, to a lesser extent
inbreeding, mutagenesis and so on (Șandru et al., 1996; Munteanu, 2000).
Breeding methods used to obtain new monoecious hemp genotypes include, among others, the creation
of the initial material, hybridization, predominantly regressive (backcross) and selection (Șandru et al., 1996).
The experiments carried out both in our country and abroad revealed the opportunity to use hybrids in
production, due to the manifestation of the heterosis effect. Following the cross (backcross) breeding between
dioecious and monoecious hemp, female unisexual hybrids can be obtained, in which the appearance of the
heterosis phenomenon also influences the seed production, among others (Șandru et al., 1996).
The micropropagation technique is a basic technique used both in modern biotechnological breeding
and for fast vegetative propagation, with a high multiplication rate (Mestinsek Mubi et al., 2020). Mestinsek
Mubi et al., 2020 list in the paper only a few authors who presented in their works the experiences related to
hemp tissue cultures, referring to micropropagation, adventitious regeneration and transformations following
the inoculation of Agrobacterium.
As a method of amelioration, mutagenesis is distinguished by creativity and consists in inducing
mutations, choosing mutants and using them (Munteanu, 2000). Selection of individuals with mutations in
specific genes (Salentijn et al., 2019) can be achieved by targeted mutagenesis or TILLING (McCallum et al.,
2000).
In the case of many cultures, the work of obtaining genotypes with high adaptability to extreme
environmental conditions has been accelerated by the use of selection markers, developed by using genetic
variation in specific genes (Salentijn et al., 2019), aspect to be considered in the hemp culture.
Hemp breeding in Romania
In Romania, before 1980, the research field, depending on the evolution of knowledge and market
requirements, focused on conducting experiments on the production of seed, stems and fiber, increasing their
quality and the study of technological links of dioecious hemp.
Due to the unequal vegetation period of both sexes, hemp cannot simultaneously produce high quality
fiber and seed, nor can mechanized crop harvesting be achieved. Obtaining productive, good quality and
genetically stable monoecious hemp varieties was one of the answers to the problems mentioned above, thus
removing the difficulties resulting from the sexual dimorphism of hemp (processing after Ceapoiu, 1958).
After 1980, at A.R.D.S. Secuieni, the development of a breeding program regarding the creation and
introduction in culture of monoecious hemp varieties was considered, at the same time with the elaboration of
optimal cultivation technologies (Găucă, 2012). To date, depending on the relevant periods and the
requirements of the market and consumers, monoecious hemp breeding works have aimed at creating
varieties with a low THC content (initially below 0.3%, later, with the amendment of European legislation, under
0.2%), with a high specificity for the production of seed, stems and fiber, cannabinoids (CBD) or for hemp
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products, diversification of cultivation technologies, in order to increase the possibility of mechanization,
including mechanized harvesting with cereal combine directly from the field etc.
In 1950, at A.R.D.S. Lovrin began research on hemp cultivation, which has continued to this day. At that
time, comparative crops were first established, in order to study local populations and hemp varieties, aiming
at both the potential to produce seed and the production of stems and fiber. Subsequently, through intense
breeding works, through the enrichment and permanent diversification of the hemp variety collection, with
better and better qualities and productivity traits, new varieties were obtained (Paraschivoiu, 1987). Of the four
varieties created and homologated over time, the dioecious hemp variety Lovrin 110 is the standard variety
and has been noted for its greatest expansion in culture.
Following research conducted at the A.R.D.S. Secuieni, ten varieties of monoecious hemp have been
created and homologated: Secuieni 1, Irene, Denise, Zenit, Diana, Dacia - Secuieni, Secuieni - Jubileu, Ratza,
Succesiv and Olivia, six of which are currently in the EU Plant variety database. At the same time, as mentioned
above, four varieties of dioecious hemp were created and homologated at A.R.D.S. Lovrin: Lovrin 110,
Armanca, Silvana and Teodora (fig. 1).

Olivia

Lovrin 110

Silvana

Fig. 1 – Monoecious and dioecious hemp genotypes created at ARDS Secuieni and ARDS Lovrin

According to the EU Plant variety database, out of the total hemp genotypes in the European catalog,
11 are Romanian (seven monoecious and four dioecious), 10 of them being creations of A.R.D.S. Secuieni
and A.R.D.S. Lovrin. The table below shows the Romanian hemp, monoecious and dioecious genotypes, as
they appear in the Official Catalog of ISTIS 2021.
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No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

The name of the variety
Armanca
Dacia - Secuieni
Lovrin 110
Mara 21
Olivia
Ratza
Secuieni - Jubileu
Silvana
Succesiv
Teodora
Zenit

Official Catalog ISTIS 2021
Year of registration
2010
2012
2007
2021
2020
2016
2012
2007
2017
2019
2000

Table 1
Year of re-registration (deletion)
2020
2018
2018
2016

CONCLUSIONS
Knowledge of the species importance, its botanical, biological and genetic particularities, as well as
classical and modern methods of breeding, together with the current status of breeding works and existing
varieties represent the key to obtaining new genotypes that meet characteristics and traits in terms of quality,
quantity, agro-productivity and adaptability oriented towards solving the problems/needs of the breeder/
processor/producer, but also towards satisfying the current requirements existing on the world market.
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