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Milian G., Biriş S-Șt., Ipate G.
CONSIDERATIONS REGARDING THE CONSTRUCTIVE TYPES OF CYLINDER SIEVES /
CONSIDERAȚII PRIVIND TIPURILE CONSTRUCTIVE DE SITE CILINDRICE
Mircea C., Voicu Gh., Manea D., Marin E., Popa R., Ţane M.C., Grădilă M.
LEVELLING-GREDER EQUIPMENT FOR GRASSLAND, RGP-2,0 TYPE /
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INNOVATIVE TECHNOLOGICAL SOLUTIONS FOR EFFICIENT BIOLOGICAL WASTEWATER TREATMENT /
SOLUŢII TEHNOLOGICE INOVATIVE PENTRU EPURAREA BIOLOGICĂ A APELOR UZATE
Moga I.C., Moraru E., Donţu O.G., Besnea D., Doroftei B.I., Isitman A., Petrescu G.
KINETOSTATIC ANALYSIS OF THE PRECOMPACTION MECHANISM IN MUNICIPAL SOLID WASTE
COLLECTING EQUIPMENTS /
ANALIZA CINETOSTATICĂ A MECANISMULUI DE PRECOMPACTARE LA MAȘINILE DE
COLECTAT DEȘEURI MENAJERE
Moise V., Voicu Ghe., Lazea M., Popa L., Tudor P., Dugăeșescu L., Ungureanu L.
INNOVATIVE TECHNOLOGIES FOR THE PROTECTION OF VEGETABLE CROPS IN THE CONTEXT OF
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TEHNOLOGII INOVATIVE DE PROTECȚIE A CULTURILOR DE LEGUME ÎN CONTEXTUL SCHIMBĂRILOR CLIMATICE
Muscalu A., Coța C., Tudora C., Birsan M., Gyorgy Z., Dorogan A., Burnichi F., Marinova S., Kathijotes N.
INNOVATIVE TECHNOLOGIES FOR DRYING FRUITS AND VEGETABLES /
TEHNOLOGII INOVATIVE DE USCARE A FRUCTELOR ȘI LEGUMELOR
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STADIUL ACTUAL AL UTILIZĂRII PLANTELOR ACVATICE SPECIFICE SISTEMULUI POLICULTURĂ PISCICOL
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EXPERIMENTAL RESEARCH WITH FORAGE HARVESTER FOR ENSILAGE /
CERCETĂRI EXPERIMENTALE CU COMBINA DE RECOLTAT FURAJE ÎN VEDEREA ÎNSILOZĂRII
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PRIN METODA OBIECTULUI GENERALIZAT AL CREAȚIEI TEHNICE
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THE PHYSIOLOGICAL PROCESSES THAT TAKE PLACE /
SISTEMUL DE IRIGARE ȘI ADMINISTRAREA DE NP LA UNII HIBRIZI DE PORUMB CU INFLUENȚĂ ASUPRA
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THE WATERING FURROWS /
CONSIDERAȚII PRIVIND UTILIZAREA ECHIPAMENTELOR DE DESCHIS ȘI COMPARTIMENTAT BRAZDE DE UDARE
Oprescu M. R., Dumitru D. N., Voicea I. F., Biriş S. Șt.
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SEEDS CULTIVATED ON SANDY SOILS /
INTRODUCEREA ÎN CULTURILE AGRICOLE DE SOIURI ȘI HIBRIZI DE SEMINȚE REZISTENTE LA SECETĂ
CULTIVATE PE SOLURI NISIPOASE
Pandia O., Sărăcin I., Olaru L.
GRAIN PRODUCTION IS INFLUENCED BY FOLIAGE SURFACE INDEX /
PRODUCȚIA CEREALELOR ESTE INFLUENȚATĂ DE INDICELE SUPRAFEȚEI FOLIARE
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ECO-TECHNOLOGIES FOR WASTEWATER TREATMENT: CONSTRUCTED WETLANDS /
ECO-TEHNOLOGII PENTRU TRATAREA APEI UZATE: ZONE UMEDE CONSTRUITE
Popa M., Ungureanu N., Vlăduţ V., Biriş S.Şt., Grigore I., Milian G.
TECHNOLOGIES FOR WASTEWATER DISINFECTION /
TEHNOLOGII DE DEZINFECȚIE A APEI UZATE
Popa M., Ungureanu N., Vlăduţ V., Zăbavă B., Biriş S.Şt., Milian G.
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Popa V., Popa R.
BIODEGRADABLE AGAR-AGAR FOILS WITH POSSIBLE USES IN AGRICULTURE. OBTAINING AND CHARACTERIZATION
FOLII BIODEGRADABILE DIN AGAR-AGAR CU POSIBILE UTILIZĂRI ÎN AGRICULTURĂ. OBȚINERE ȘI CARACTERIZARE
Popescu G.L., Filip N., Dudescu M.C., Popescu V.
CONSIDERATIONS ON THE PRECISION MOBILE IRRIGATION /
CONSIDERAȚII PRIVIND IRIGAREA MOBILĂ DE PRECIZIE
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CONTENT OF HEAVY METALS IN PLUM AND SOUR CHERRIE FRUITS /
CONȚINUTUL DE METALE GRELE ÎN FRUCTE DE PRUN ȘI VIȘIN
Pruteanu A., Gageanu G., Neagoe M. Popescu C., Vrînceanu N.
BEHAVIOUR OF MUSTARD PLANTS GROWN IN CONTAMINATED SOIL /
COMPORTAMENTUL PLANTELOR DE MUȘTAR CRESCUTE ÎN SOL CONTAMINAT
Pruteanu A., Vanghele N., Mihalache B., Boiu-Sicuia O.A., Popescu C., Vrînceanu N.
USE OF NI LABVIEW AND DAQ SOLUTION FOR CONTROLLING THE VACUUM LEVEL IN A MECHANICAL MILKING MACHINE /
UTILIZAREA LABVIEW ŞI A ACHIZIŢIEI DE DATE PENTRU CONTROLUL VACUUMULUI LA O INSTALAŢIE MECANICĂ DE MULS
Roşca R., Cârlescu P., Ţenu I.
HIGH EFFICIENCY GAS HEATING SYSTEMS - A REVIEW /
SISTEME DE ÎNCĂLZIRE PE GAZE CU EFICIENŢĂ RIDICATĂ – RECENZIE
Safta V.-V., Zăbavă B.-Șt., Ciucă V.
DETERMINATION OF VITAMIN B12 CONTENT IN DROMEDARY SERUM IN ALGERIA /
DETARMINATION DE LA TENEUR DE LA VITAMINE B12 DANS LE SERUM DU DROMADAIRE EN ALGERIE
Sahraoui N., Bouabdallah R.H., Belhousse M.Y., Ait Issad N., Fertoul A., Boukert R., Moula N., Hornick J.L.
EFFECT OF AGE AND RACE ON MAIN MINERALS CONTENTS IN DROMEDARY MEAT IN ALGERIA /
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Sahraoui N., Moula N., Hornick N.
AUTOMATIC ADJUSTMENT OF THE NOZZLE JET POSITION OF DISEASE AND PEST CONTROL EQUIPMENT,
DEPENDING ON THE AIR FLOW SPEED IN THE WORKING ENVIRONMENT /
REGLAREA AUTOMATĂ A POZIȚIEI JETULUI DUZEI ECHIPAMENTELOR PENTRU COMBATEREA BOLILOR ȘI
DĂUNĂTORILOR, ÎN FUNCȚIE DE VITEZA CURENTULUI DE AER DIN MEDIUL DE LUCRU
Sărăcin I., Pandia O., Olaru L., Obretin I.C.
HEALTHY FOOD – OBTAINED THROUGH INNOVATIVE TECHNOLOGIES /
ALIMENTE SANOGENE – REALIZATE PRIN TEHNOLOGII INOVATIVE PERFORMANTE
Săvescu P., Bădescu G., Miluț M., Ciobanu A., Apostol L., Vlăduț V.
AERODYNAMICS FOR A TRAILER ADAPTED TO ROAD TRANSPORT OF ANIMALS /
AERODINAMICA PENTRU O REMORCĂ ADAPTATĂ TRANSPORTULUI RUTIER DE ANIMALE
Scurtu I.L., Jurco A.N.
ASPECTS REGARDING THE OBTAINING AND USE OF VOLATILE OILS FROM MEDICINAL AND AROMATIC PLANTS /
ASPECTE PRIVIND OBȚINEREA ȘI UTILIZAREA ULEIURILOR VOLATILE DIN PLANTE MEDICINALE ȘI AROMATICE
Sorica C., Voicu C., Voicea I., Muscalu A., Grigore I., Sorica E., Vlăduțoiu L., Cristea M., Grigore I.A.
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SISTEME SUBMERSIBILE DE CURĂȚARE A VIVIERELOR FLOTABILE
Ştefan V., Popa L., Alexandru I., Nedelcu A., Ciupercă R., Zaica A., Zaica Al.
ELECTRICALLY POWERED TRICYCLE AGGREGATED WITH AGRICULTURAL EQUIPMENT /
TRICICLU AUTOPROPULSAT ELECTRIC AGREGAT CU ECHIPAMENTE AGRICOLE
Suvac A. M., Ganea-Christu I., Velcea M., Savaniu I. M.
ARMORACIA RUSTICANA - PLANT-BASED PRODUCT FOR IMPROVING OR COMBATING RHEUMATIC DISEASES /
ARMORACIA RUSTICANA - PRODUS NATURIST ÎN AMELIORAREA SAU COMBATEREA AFECȚIUNILOR REUMATISMALE
Tănasie Șt.E.
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PERSPECTIVELE ALTERNATIVELOR CONSERVATIVE ÎN TEHNOLOGIA CULTURII DE TOMATE
Țane C.M., Cojanu D.N., Vasile F.I., Niţă A., Pantazi L., Muscalu A.
METHODS TO USE THE ENTOMOPATHOGENIC FUNGI AS BIOINOCULANTS OF PHYTOSANITARY INTEREST
METODE DE VALORIFICARE A FUNGILOR ENTOMOPATOGENI CA BIOINOCULANŢI MICROBIENI DE INTERES FITOSANITAR
Țane M.C., Cojanu D., Fătu A.C., Andrei A.M., Marin E., Mircea C.
RESEARCH ON THE USE OF VINE CANES RESULTING FROM FRUITING CUTTINGS, FOR PELLET MANUFACTURING /
CERCETĂRI PRIVIND UTILIZAREA COARDELOR DE VIŢĂ DE VIE REZULTATE DE LA TĂIERILE DE
FRUCTIFICARE PENTRU FABRICAREA PELETELOR
Țenu I., Dumitrachi P., Corduneanu O.R., Roșca R., Cârlescu P., Naghiu A., Roman C., Senilă L.R., Arsenoaia V.
EMERGING CONTAMINANTS IN WASTEWATER /
CONTAMINANȚI EMERGENȚI ÎN APELE UZATE
Ungureanu N., Vlăduţ V., Biriş S.Şt.., Biriş S.I.
TiO2 PHOTOCATALYST IN WASTEWATER TREATMENT – REVIEW /
FOTOCATALIZATORUL TiO2 ÎN TRATAREA APEI UZATE – REVIEW
Ungureanu N., Biriş S.Şt., Vlăduţ V., Zăbavă B., Popa M., Biriş S.I.
USING NMR SPECTROMETRY AS A FAST APPROACH FOR CHARACTERIZING ECOLOGICAL VEGETABLE
OILS WITH NUTRITIONAL BENEFITS /
UTILIZAREA SPECTROMETRIEI RMN ÎN ANALIZA ULEIURILOR VEGETALE ECOLOGICE CU BENEFICII NUTRIȚIONALE
Utoiu C., Serbancea F., Mateescu C., Popescu C., Dune A., Manolache F., Ionescu V.
CULTIVATION AND PROCESSING OF SIBERIAN BLUEBERRY FRUIT /
CULTIVAREA ŞI PROCESAREA FRUCTELOR DE AFIN SIBERIAN
Vanghele N. A., Matache A., Petre A.A., Mihalache D.B., Anghel A.M.
INSTALLATION FOR THE USE OF WASTE WATER FROM SMALL AGROZOOTECHNICAL FARMS /
INSTALAȚIE PENTRU VALORIFICAREA APEI UZATE DIN FERMELE AGROZOOTEHNICE MICI
Voicea I., Moga I.C., Marin E., Găgeanu I., Petrescu G.
TECHNOLOGICAL SYSTEM FOR FISH INTENSIVE BREEDING IN POLYCULTURE SYSTEM AND THE COMPLEX
USE OF AQUATIC BIORESOURCES (PLANTS) /
SISTEMUL TEHNOLOGIC DE CREȘTERE INTENSIVĂ A PEȘTILOR ÎN SISTEM DE POLICULTURĂ ȘI
VALORIFICAREA COMPLEXĂ A BIORESURSELOR (PLANTELOR) ACVATICE
Voicea I., Moga I.C., Dumitru D.N., Persu C., Neagoe M., Pruteanu A., Arsenoaia V.N.
KINEMATIC ANALYSIS OF MECHANISM, WITH ARTICULATED PRECOMPACTION BARS, OF MUNICIPAL SOLID
WASTE COLLECTING MACHINES /
ANALIZA CINEMATICĂ A UNUI MECANISM, CU BARE ARTICULATE DE PRECOMPACTARE, AL MAȘINILOR DE
COLECTAT DEȘEURI MENAJERE
Voicu Gh., Moise V., Popa L., Lazea M., Tudor P., Niculae L., Polena A.
THEORETICAL RESEARCH ON THE PROCESS OF HARVESTING HEMP STALKS /
CERCETĂRI TEORETICE PRIVIND PROCESUL DE RECOLTARE A TULPINILOR DE CÂNEPĂ
Zaica Al., Păun A., Găgeanu P., Olan M., Bunduchi G., Zaica A., Popa L-D., Teliban G.
TECHNICAL CONSIDERATIONS ON THE FLATTENING PROCESS OF CEREAL GRAINS WITH HIGH HUMIDITY
FOR USE AS FORAGE /
CONSIDERAȚII TEHNICE ASUPRA PROCESULUI DE APLATIZARE A CEREALELOR BOABE CU UMIDITATE
RIDICATĂ ÎN VEDEREA UTILIZĂRII CA NUTREȚ
Zaica A., Ciupercă R., Nedelcu A., Popa L-D., Zaica Al., Popa L., Ștefan V., Vișan A.-L., Teliban G.
THE USE OF PLANTS IN THE WASTEWATER TREATMENT – A REVIEW /
UTILIZAREA PLANTELOR ÎN TRATAREA APELOR UZATE – REVIEW
Zăbavă B.Șt., Voicu Gh., Ungureanu N., Dincă M., Ferdes M., Popa M., Matei D.D.
RESEARCH ON THE EFFICIENCY OF FUNGICIDE AND FOLIAR FERTILIZERS IN THE CASE OF SWEET CHERRY IN
DOBROGEA /
CERCETĂRI PRIVIND EFICACITATEA FUNGICIDELOR ȘI A FERTIZANȚILOR FOLIARI LA CIREȘ ÎN DOBROGEA
Jalobă D., Grădilă M., Jinga V., Marin E.
CONSIDERATIONS ON THE USE AND EVOLUTION OF LABELING EQUIPMENT IN THE FOOD INDUSTRY /
CONSIDERAȚII PRIVIND UTILIZAREA ȘI EVOLUȚIA ECHIPAMENTELOR PENTRU ETICHETARE ÎN INDUSTRIA ALIMENTARĂ
Grigore I., Mario C., Vlăduțoiu L.C., Grigore I. A., Dumitru I., Iuga D.D., Ungureanu N.
SAFETY ASPECTS IN THE USE OF SOIL CONTROLLED CRANES /
CONSIDERAŢII PRIVIND SECURITATEA ÎN UTIZARE A MACARALELOR CU COMANDĂ DE LA SOL
Mihai M., Cujbescu D., Persu C., Găgeanu I., Pop F.
EXPERIMENTAL RESEARCHES FOR DETERMINING THE PHYSICAL-CHEMICAL PROPERTIES OF BIOMASS PELLETS /
CERCETĂRI EXPERIMENTALE DE DETERMINARE A PROPRIETĂŢILOR FIZICO-CHIMICE ALE PELETELOR DIN BIOMASĂ
Găgeanu G., Găgeanu I., Cujbescu D., Persu C.
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ABSTRACT
The use of machinery is the most common cause of accidents at work in the agriculture sector. The
manufacturer of machinery, as well as the user, shall apply all technical and organisational measures available
in order to ensure the safety of machine operators. The manufacturer’s obligations are specified in Machinery
Directive 2006/42/EC. More detailed guidelines for the implementation of safety measures can be found in the
harmonized standards The paper presents a number of risck associated to the construction, use and
maintenance of agricultural machinery.
REZUMAT
Utilizarea maşinilor este cea mai frecventă cauză de accidente de muncă în sectorul agricol. Producătorul
maşinilor, precum și utilizatorul, trebuie să aplice toate măsurile tehnice și organizatorice disponibile pentru a
asigura siguranța operatorilor mașinilor. Obligațiile producătorului sunt specificate în Directiva Maşini
2006/42/CE. Linii directoaremai detaliate pentru punerea în aplicare a măsurilor de siguranță pot fi găsite în
standardele armonizate. Lucrarea prezintă o serie de riscuri asociate cu construcția, utilizarea și întreținerea
maşinilor agricole.
INTRODUCTION
The agricultural sector employs an estimated 1.3 billion workers worldwide, that is half of the world's
labour force. In terms of fatalities, injuries and work-related ill-health, it is one of the three most hazardous
sectors of activity, along with construction and mining. In Romania at the level of 2017 out of the total of 241
fatal work accidents 43 occurred in agriculture, which represents 17.84% [3]. Workers in this sector work with
potentially dangerous machinery and the accidents are due both to the construction of the agricultural machines
and their exploitation or maintenance. The main causes of accidents include [9]:
- Transport (being run over or vehicle overturns);
- Being struck by moving or falling objects (bales, trees etc.);
- Being trapped by something collapsing or overturning;
- Contact with machinery
- Contact with electricity
MATERIAL AND METHOD
The risk posed by machinery to humans depends on the features provided by the manufacturer and how
the user of the machine implements the manufacturer’s instructions on the correct use and maintenance of the
machine.
The rules and regulations for agricultural machinery are specified in the directive 2006/42/EC
“Machinery”.
The issue of Machine Directive represents an important improvement for Hazard Analysis: manufacturers
have to design the machine systematically assessing all risks which can occur during activities which are
performed throughout the whole machine’s life cycle and sufficiently minimizing them. [4] The introduction of the
mandatory requirement of taking into account any reasonably foreseeable misuse of the machine is very
important for agriculture machines, whose use conditions are very changeable.
Harmonized European standards are necessary to add detail to the essential requirements set out in the
Machinery Directive.
The directive contain essential safety requirements; these provisions are mandatory. Harmonized
European standards contain technical specifications laying down product-specific means and measures to
comply with the safety requirements of the directives.
The standards (EN, ISO) have contributed in a decisive manner to the falling numbers of accidents in
agriculture and to the smooth and proper implementation of the EC Machinery Directive.
In the domain of agricultural machines (except tractors) there is the techical committee ISO/TC/023 [8]
with the following sub committees: ISO/TC/023/S02 “Common tests”; ISO/TC/023/S03 “Safery and comfort”;
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ISO/TC/023/S06 “Equipment for crop protection”; ISO/TC/023/S07 “Equipment for harvesting and conservation”;
ISO/TC/023/S13 “Powered lawn and garden equipment”; ISO/TC/023/S14 “Operator controls, operator symbols
and other displays, operator manuals”; ISO/TC/023/S15 “Machinery for forestry”; ISO/TC/023/S17 “Manually
portable forest machinery”; ISO/TC/023/S18 “Irrigation and drainage equipment and systems”; ISO/TC/023/S19
“Agricultural electronics”; ISO/TC/023/S293 “Feed machinery”.
Safety standards for agricultural machinery address a wide range of different types of machinery with the
multi-part ISO 4254 series, with further information provided by other ISO standards.
RESULTS
Typical categories of hazards and hazardous situations include [1]:
- mechanical;
- electrical;
- thermal;
- noise;
- vibration;
- radiation;
- materials and substances;
- ergonomic;
- unexpected start-up, overrun and overspeed;
- inadequate stopping;
- rotating parts;
- power supply failure;
- control circuit failure;
- errors of fitting;
- break-up during operation;
- falling or ejected objects or fluids;
- loss of stability and overturning of machinery;
- slipping, tripping and falling;
- combinations of the above.
Severe and fatal incidents are caused by harvesters, mowers or round balers. The risk of injury comes
from contact with the machine’s moving parts like blades or flails or being trapped, pulled or entangled in other
parts of machines For example [6].:
Balers – Big round
The greatest risk of injury include:
- being pulled into the chamber at the pickup;
- being pulled into the powered pressure rollers or other parts of the machine when attempting to
rethread the baler – the twine often catching around an operator’s arm or wrist;
- being trapped by the various parts of transmission or moving machinery such as drive belts, pulleys,
chains or sprockets;
- being struck by the rear door/tailgate;
- being entangled by an inadequately guarded power take-off shaft;
- being struck by moving bales ejected from the machine;
- being struck or run over by the tractor and baler;
- working on sloping ground.
Combine Harvesters
The greatest risk of injury comes from contact with the machine’s moving parts including:
- being pulled into the cutting mechanism;
- contacting the knife, reel or stripper rotor;
- being injured by the drive mechanisms or trapped when automatic sensors operate;
- becoming entangled with the levelling or discharge augers in the grain tank;
- contacting the straw chopper or spreader mechanism at the rear.
- contacting overhead electricity power lines;
- being run over;
- being trapped under the header or injured by the header falling from its transport trailer;
- falling from the combine, especially during pre/post-season cleaning, maintenance or refuelling.
Forage Harvesters
The greatest risk of injury comes from:
- the exposed rotating cutter head, eg while sharpening;
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- the moving drive mechanisms;
- being trapped or injured by the header/pick up;
- clearing blockages from the spout/header while the machine is in motion;
- contact with the power take-off shaft on trailed machines.
- falling from height while adjusting the chute or mounting/dismounting self-propelled machines;
- contacting overhead electricity power lines (OHPLs);
- contact with silage additives;
- the sharpening stone being ejected or breaking up during sharpening;
- guards fouling the rotating cutter head;
- noise and vibration.
Agricultural Mowers
The greatest risk of injury comes from:
- moving blades or flails;
- moving drive mechanisms;
- rotating power take-off (PTO) shafts;
- rapidly moving blades, flails or other attachments ejected from the machine.
- contact with moving parts when clearing blockages;
- being trapped or crushed while moving the mower between the work and transport positions;
- being crushed below a raised machine while replacing blades or carrying out other maintenance
work;
- being struck or run over by the tractor and mower;
- overturns when working on slopes or banks; and
- being struck by objects or debris ejected from the machine.
Rotary cultivators
These machines may be used on their own, or in combination with other equipment such as seed
drills. The greatest risk comes from contact with the machine’s moving parts including:
- being caught and pulled in by the rotating tines
- being entangled by an inadequately guarded power take-off shaft
- being crushed under the machine when performing maintenance tasks
Rotary Flail Hedge Cutters
The greatest risk include:
- entanglement on inadequately guarded power take-off shafts;
- contact with the cutter head parts, drive belts or pulleys;
- being struck by the cutting head or machine arm as it moves.
- being hit by material or other debris ejected by the cutters;
- being hit by component parts ejected from the machine;
- coming into contact with overhead electricity power lines;
- the tractor overbalancing when the machine arm is extended;
- injection of high-pressure oil from damaged hydraulic hoses or couplings;
- being struck by the machine overbalancing when un-hitched from the tractor;
- road traffic accidents due to collisions with other vehicles either directly or from debris on the road.
A vital part of accident prevention is the introduction and implementation of good engineering principles.
However, many hazards remain where improved design of the machinery could reduce the risk [5].
Engineering design standards should :
- Be better connected to research findings;
- Have better representation during their development by researchers and end-users;
- Be continually reviewed for the possibility of adoption of new technologies into design standards
and practices.
ISO 4254-1 specifies the safety requirements and the means of their verification for the design and
construction of self-propelled ride-on machines, mounted, semi-mounted and trailed machines used in
agriculture in order to deal with the hazards which are typical for most of the machines. In addition, it specifies
the type of information on safe working practices including information about residual risks to be provided by the
manufacturer. This document deals with significant hazards, hazardous situations and events relevant to this
agricultural machinery when used as intended and under the conditions of misuse foreseeable by the
manufacturer during normal operation and service. The following standards are intended to be used together
with ISO 4254 1 [10]:
ISO 4254-5 specifies the safety requirements and their verification for the design and construction of
mounted, semi-mounted and trailed power-driven soil-working machines used in agriculture.
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ISO 4254-6 specifies the safety requirements and their verification for the design and construction of
mounted, semi-mounted, trailed and self-propelled agricultural sprayers for use with pesticide products and
liquid fertilizer application, designed for use by one operator only.
ISO 4254-7specifies the safety requirements and their verification for the design and construction of
combine harvesters, forage harvesters, cotton harvesters and sugar cane harvesters. It describes methods for
the elimination or reduction of hazards arising from the intended use of these machines by one person (the
operator) in the course of normal operation and service
ISO 4254-8 specifies the safety requirements and their verification for the design and construction of
mounted, semi-mounted, trailed or self-propelled fertilizer distributors for solid fertilizer application in agriculture
and to be used by one operator only, e.g. full width solid fertilizer distributors, solid fertilizer broadcasters,
distributors with oscillating tube and line-distributors, as well as solid fertilizer distributors driven by an auxiliary
engine.
ISO 4254-9 specifies the safety requirements, and their verification for design and construction of
mounted, semi-mounted, trailed or self-propelled seed drills, including the seeding function of combined seed
and fertilizer drills, and seed drills with integrated and inseparable powered soil-working tools used in
agriculture.
ISO 4254-10 specifies the safety requirements and their verification for the design and construction of
rotary tedders, rotary rakes and rotary tedder rakes, including rotary drum rakes, used by one person (the
operator) only, having one or several powered rotors, mounted, semi-mounted, trailed or self-propelled.
ISO 4254-11 specifies the safety requirements and their verification for the design and construction of
self-propelled and trailed pick-up balers, including the combination of pick-up balers with wrappers, independent
of the shape or size of the bales formed.
ISO 4254-12 specifies the safety requirements and their verification for the design and construction of
rotary disc mowers, rotary drum mowers, as used for forage crop harvesting in agriculture only, and flail mowers
with a horizontal axis for use in agriculture only, that are mounted, semi-mounted, trailed or self-propelled.
ISO 4254-13 specifies the safety requirements and their verification for the design and construction of
towed, semi-mounted, or mounted large rotary mowers with single or multiple cutting elements which have a
cutting diameter of 1 000 mm or greater for any single cutting element assembly, mounted on a propelling
tractor or machine, intended for agricultural mowing equipment and designed for shredding crop residue, grass
and small brush by impact.
In addition, all this standards specifies the type of information on safe working practices (including
residual risks) to be provided by the manufacturer.
In the EU, those standards have been adapted by CEN Technical Committee CEN/TC 144 “Tractors and
machinery for agriculture and forestry”.
The ILO (International Labour Office Geneva) code of practice sets out principles concerning safety
requirements and precautions applicable to designers and manufacturers of machinery. According to this guide
the general responsibilities of designers and manufacturers are [7]:
- Machinery should be designed to be inherently safe so that hazards are eliminated. Where this is not
possible, manufacturers and designers should ensure that adequate technical protective measuresare
provided, so that safety and health risks are reduced to the lowest practical level.
- Manufacturers should provide instructions for installation and use of the machinery, including the
information needed by the employer, operator and users of the machinery for its safe operation and
maintenance.
- Manufacturers of machinery should monitor and study any reports of malfunctions, dangerous
occurrences and accidents and diseases involving the actual machinery in question or similar
machinery and any remedial measures that have been taken to control unacceptable risks that have
been identified, in order to prevent recurrences.
- When designing machinery, the manufacturer should carry out an iterative process of risk assessment
and risk reduction as part of the design process.
- Manufacturers should ensure that machinery is supplied with all the special equipment and accessories
essential to enable it to be adjusted, maintained and used safely.
In their turn the employers should implement an appropriate management system to control risks
generated by the use of machinery and arrange for competent persons to be in charge of the following tasks:
- implementation of technical measures to protect workers when using machinery;
- establishment, maintenance and review of safe working procedures;
- investigation of the causes of machinery-related accidents and disease at the workplace and evaluation
of measures to avoid recurrences;
- train the operators so that they can use machines in a safe manner.
In order to work safely with mobile and stationary agricultural machinery the operators must:
- carry out a basic check to make sure that the machine in good working order and safe to use
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- check if guards and other protective devices are correctly fitted and maintained in good condition
- carry out any pre-use checks as specified in the operator’s manual
- follow the manufacturer’s instructions set out in the operator’s manual.
Many farm accidents occur during repair and maintenance activities.
The maintenance on machinery and its implements, equipment and farm vehicles includes tasks such as [2]:
- Maintenance of electrical connections;
- Replacing or repairing safety guards;
- Sharpening or replacing machines’ cutting blades;
- Regular maintenance of engines, cooling systems;
- Lubrication, oil changes, filter changes:
- Maintenance of lifting equipment;
- Clearing blockages;
- Light metal machining, welding;
- Operations with compressed air/tyres;
- Cleaner and washing machine;
- Cleaning and lubricating power-take-off shaft guarding;
- Maintenance of hydraulic systems
Because of the wide variety of tasks, there are many different hazards involved, including:
- Mechanical hazards related to the maintenance of machinery, such as crushing, entanglement and
high-pressure fluid injection;
- Electrical hazards when working with defective equipment or during maintenance of electrical
installations and equipment;
- Thermal hazards related to the use of welding or heating equipment during maintenance, or
maintenance of equipment with hot surfaces or operating fluids;
- Chemical hazards related to the use of dangerous substances during maintenance, or maintenance
of equipment containing dangerous substances;
- Fire or explosion hazard during maintenance of facilities or equipment containing dangerous and
explosive substances such as tanks, bins and silos, or fuel tanks;
- Biological hazards during maintenance of installations contaminated by biological agents;
- Ergonomic hazards, such as awkward postures, poorly designed tool
CONCLUSIONS
Agriculture is one of the most hazardous sectors. The risk posed by machinery to humans depends on the
features provided by the manufacturer. The rules and regulations for agricultural machinery are specified in the
directive 2006/42/EC “Machinery”. The directive contain essential safety requirements. These provisions are
mandatory but Harmonized European standards are necessary to add detail to the essential requirements set
out in the Machinery Directive. Safety standards for agricultural machinery address a wide range of different
types of machinery with the multi-part ISO 4254 series, with further information provided by other ISO
standards.
The main examples for risks arising in the construction of agricultural machinery are related to: Machinery
mobility, Moving elements, High-temperature parts, Stability, Noise/Vibrations, Commands.
Manufacturers have to design the machine systematically assessing all risks which can occur during
activities and sufficiently minimizing them.
The operators must verify carefully the machine before using it and read and understand very well the
operator’s manual.
Maintenance activities in agriculture are various and include the tasks range from oil and filter changes,
battery charging and replacement, lubrication, clearing blockages and maintenance of hydraulic systems.
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ABSTRACT
Three bacterial inoculants were used in this study, Azospirillum brasilense Sp7, Bacillus
amyloliquefaciens OS17, and Paenibacillus graminis,in order to evaluate their effect on tomato seedlings. These
bacterial strainswere applied as tomato seed treatment. Plant growth stimulation wasassessedusing an in vitro
plant model. Two of these beneficial bacteria, B.amyloliquefaciens and P.graminis,were also evaluated by dual
culture technique for their biocontrol potential against various plant pathogens, such as: Alternaria sp., Botrytis
cinerea, Fusarium oxysporum, Pythium sp., Rhizoctonia solani, Sclerotium bataticola and Sclerotinia
sclerotiorum.
REZUMAT
În cadrul acestui studiu au fost analizați trei inoculanți bacterieni, Azospirillum brasilense Sp7, Bacillus
amyloliquefaciens OS17 și Paenibacillus graminis, cu scopul de a evalua efectul asupra răsadurilor de tomate.
Aceste tulpini bacteriene au fost aplicate ca tratament la sămânță pentru tomate. Pentru evaluarea efectului
stimulator asupra creșterii plantelor a fost utilizat un model de testare in vitro. Două dintre aceste tulpini
bacteriene, B.amyloliquefaciens și P.graminis, au fost studiate prin tehnica culturilor duble pentru a determina
potențialul antagonist asupra unui spectru variat de fitopatogeni, cum ar fi: Alternaria sp., Botrytis cinerea,
Fusarium oxysporum, Pythium sp., Rhizoctonia solani, Sclerotium bataticola și Sclerotinia sclerotiorum.
INTRODUCTION
Bacterial inoculants are beneficial microorganisms which applied as soil, seed or plant treatment can
reduce phytopatogenic infections and/or stimulate plant growth and productivity. These favourable effects are
generated by the biocontrol activity of the selected microorganisms, and/or microbial potential to increase
nutrient availability and uptake (Figueiredo et al., 2016).
Beneficial bacteria, such as Azospirillum, Rhizobium, Bacillus, Paenibacillus, Pseudomonas, Serratia and
many other, are highly appreciated for plant growth promotion of different crops. Some of these are also
involved in biological control, inhibiting the growth and proliferation of plant pathogens and reducing phytopathogenic infections. Bacillus, Pseudomonas, and Streptomycesare only a few examples of biocontrol agents
that can produce active metabolic compounds and enzymes with antagonistic activity against plant pathogens
(Sicuia, 2013; Köhl et al., 2019). Some beneficial microorganisms are already formulated as biopesticides or
biostimulants,as they are able to activate several defence mechanisms in the inoculated plants, inducing plant
resistance to several biotic and abiotic stresses(Cornea et al., 2019; Marrone, 2019;Yakhin et al., 2017).
The purpose of the present study was to characterise the potential of some bacterial inoculants applied
as seed treatment for tomato growth-promotion and protection against important soil-borne, foliar and postharvest phytopathoges.
MATERIAL AND METHOD
Bacterial inoculum preparation
Three beneficial bacteria were used in this study: Azospirillum brasilense Sp7, Bacillus amyloliquefaciens
OS17 and Paenibacillus graminis. Routinely, they were grown on YMA (Yeast MannitolAgar) and LB (Luria
Bertani agar), respectively. For longer preservation, the strains were stored on 20% glycerol at -20°C.In order to
prepare them as agro-inoculants, the bacteria were grown in aerated liquid media, NFB for A.brasilense, and LB
for the Gram-positive strains. The fresh cultures were then centrifuged, washed with sterile phosphate-saline
buffer (PBS), and resuspended at 108 cfu/ml of PBS. Standardised inoculum was supplemented with 2%
carboxymethyl cellulose in order to improve bacterial cells attachment on seeds tegument, during seedtreatment procedures.
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Biochemical tests
Studied bacterial strains were tested for phosphate solubilisation and nitrate’s reduction to nitrite.
Modified Pikovskaya agar medium, consisting of: 0.5g/L yeast extract, 10g/l dextrose, 5g/l calcium phosphate,
0.5g/l ammonium sulfate, 0.2g/l potassium chloride, 0.1 g/l magnesium sulfate, 0.0001 g/L manganese sulfate,
0.0001 g/l ferrous sulfate and 18 g/l agar, pH 7±0.2, was used in phosphate solubilisation assay. The clear zone
around bacterial colonies indicated phosphorus solubilisation. The nitrate reduction test, was carried on Meat
Extract Broth supplemented with 0.2% potassium nitrate. For this test, un-inoculated samples were needed as
negative control. After an incubation of one to three days, each 5 ml sample was treated with 1ml fresh mixture
of two solutions. Solution A consisted of 0.5g starch and 0.25g KI in 50ml distilled water; and solution B
consisted of 2.75 ml of 10% H2SO4 in 45 ml of distilled water. Positive reactions are revealed if samples are
changing their color to dark violet. In negative samples, the decomposition of nitrate can be verified by adding a
small amount of Zn (powder or granules). The addition of zinc reduced the nitrate to nitrite, and the nitrite in the
medium formed nitrous acid, which should turn dark violet in reaction with the developing mixture. If no color
appears even after the addition of zinc, it means complete absence of both nitrate and nitrite.
Antifungal test
Dual culture technique was performed in order to evaluate the antifungal activity against sevenimportant
plantpathogens: Alternaria sp., Botrytis cinerea, Fusarium oxysporum, Pythium sp., Rhizoctonia solani,
Sclerotium bataticola and Sclerotinia sclerotiorum. Tests were made in vitro, in Petri plates with PDA medium.
The pathogenic fungi were inoculated in the centre of the plates. The mycelium plugs were calibrated as 5 mm
in diameter. At 2 cm from the pathogen, bacterial strains were inoculated as spots. Control plates, inoculated
only with phytopatogenic fungi, were also prepared, in order to compare the pathogenic growth with the treated
cultures. All plates were incubated to 26 or 28°C, depending on the pathogen.
In vitro plant assay
Plant stimulation effect was studied in vitro on Ciquita pot tomato variety of Lycopersicon esculentum Mill.
Before use, the seeds were surface disinfected for 30 seconds with 70% ethanol and with 4% sodium
hypochlorite for 15 minutes, and rinsed five times with sterile distilled water. Bacterial treatments were applied to
the disinfected seeds by immersion, for 20 min. The model test was inspired form the in vitro assay for
Arabidopsis-Trichoderma interactions, as described by Sáenz-Mata and Jiménez-Bremont (2012). A number of
10 seeds were linearly placed in each Petri plate, on Water-Agar medium (figure 1). Four experimental variants
were used: bacterial treatment with Azospirillum brasilense Sp7, Bacillus amyloliquefaciens OS17, or
Paenibacillus graminis, and a control variant with no treatment.

Figure 1. In vitro model of plant growth promotion assay: overview (left) and detail (right)

In order to evaluate bacterial treatment effects on tomato sprouts, biometric analysis were made after 12
days of incubation. Roots’ length was measured and plant fresh and dry weight was weighed.

RESULTS AND DISCUSSIONS
All three bacterial strains selected as potential agro-inoculants for seed treatment were evaluated as
positive for phosphate solubilisation (figure 2) and nitrate reductase activity (figure 3).
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Figure 2. Clear hallos around bacterial colonies, revealing phosphate solubilisation activity

Phosphate solubilisation activity is a highly appreciated trait in plant beneficial bacteria, as it can favour
phosphorus up-take from low accessible forms. The in vitro screening revealed that tested bacterial strains were
able to solubilize phosphorus for tricalcium phosphate.
Among plant growth promoting bacteria, phosphate solubilisation activity is a common attribute.
Rodriguez et al (2014), mentioned phosphate solubilisation in A. brasilense (Cd and 8-I strains) and A. lipoferum
(JA4 strain).Matos et al. (2017) mentioned endophytic bacteria with phosphate solubilizing activity such as B.
amyloliquefaciens, B.pumilus and B.subtilis. In Paenibacillus spp., phosphorus solubilisation was confirmed at
various species, such as: P.cineris, P.elgii, P. kribbensis, P. macerans, P. mucilaginosus, P. polymyxa, P.
xylanilyticus, and other several unclassified strains (Akinrinlola et al. 2018; Grady et al., 2016).Molecular
analysis conducted by Xie et al. (2016), on35 strains of Paenibacillusspp, revealed that all studyed strains
arehaving the genes for phosphonates degradation and uptake. However, Akinrinlola et al. (2018) revealed no
phosphate solubilization activity in P. graminis R200 strain.
Nitrate reduction has important agricultural, environmental, and public health implications. Three distinct
classes of nitrate-reducing systems are mentioned in bacteria, which can be differentiated at cellular location
level, as structure, biochemical properties, regulation, and gene organization (Moreno-Vivián et al., 1999). There
is evidence that some nitrogen fixing bacteria can alleviate this stress by supplying nitrogen and improving its
metabolism in plants (Aliasgharzad et al., 2014).

Figure 3. Nitrate reductase activity in B.amyloliquefacien OS17 strain

The biocontrol potential was analyzed only in B.amyloliquefaciens and P. graminis strains, as
Azospirillumbrasilense Sp7 is known not to have antifungal properties.
In this study antagonistic activity was visually appreciated as „–“ = when no antifungal activity was
observed, „+“ = for low inhibitory activity, „+ +“ = moderate inhibitory activity; „+ + +“ = strong inhibitory activity;
„+ + + +“ = very strong inhibitory activity (table 1). Clear zones, with no microbial colonization, were also
measured within antagonistic interaction.
Table 1
Antifungal activity of the beneficial bacteria
Bacterial strain
Bacillus
amyloliquefaciens
OS17
Paenibacillus
graminis

Plant pathogens
Pythium
Rhizoctonia
sp.
solani

Alternaria
sp.

Botrytis
cinerea

Fusarium
oxysporum

+++
7mm

+++

++
4mm

+

+

-

++
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Sclerotium
bataticola

Sclerotinia
sclerotiorum

++
1mm

++
3mm

++++
8 mm

-

+

++++
9mm
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B.amyloliquefaciens OS17 strain revealed a broad antifungal spectrum, as it was already mentioned in a
previous study (Sicuia, 2013). Wide antifungal spectrum was proven in many other B.amyloliquefaciens strains.
Zhao et al. (2013) isolated BH072 strain with antifungal activity against various molds, such as Aspergillus niger,
Pythium, and Botrytis cinerea. Li et al (2016) describedSYBC H47 strainhavingsignificant antifungal activity
against Aspergillus niger, Botryosphaeria dothidea, Mucor racemosus, Fusarium oxysporum, Penicillium
citrinum, and Candida albicans.More recently, Chen et al. (2018) mentioned B.amyloliquefaciens DH-4 having
inhibitory effect against 17 fungi.
In order to evaluate thebacterial effect on plant growth, the microbial inoculum was applied as seed
treatments on tomato Ciquita pot variety. Biometric determination of roots length, 12 days after in vitro sowing,
revealed no significant differenceamong A.brassilense, P.graminis and the untreated control. However,
B.amyloliquefaciens strain increased tomato root length with 33.5%. More noticeable differences were seen on
shoots, were P.graminis treatment increased shoots length with 36.1%, A.brassilense with 42.4%, and
B.amyloliquefaciens with 57.6%, compared to the untreated control (figure 4).

Figure 4. Biometric parameter of tomato plantlets, 12 days after in vitro sowing

Regarding plantlets fresh weight, bacterial inoculated tomatoes revealed noticeable differences compared
to the untreated control. Best results were obtained with B.amyloliquefaciens treatment, which increased
plantlets fresh weight with 67.5%, followed by A.brasilense with a 57.4%, and P.graminis with 37.8% (figure 5).

Figure 5. Tomato fresh weight, 12 days after in vitro sowing
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Improved growth was also noticed at plantlets dry weight. B.amyloliquefaciens and P.graminis seed
treatments increased biomass dry weight of the plantlets with 35%, and A.brasilense with 21% compared to the
untreated control (fig. 6).

Figure 6. Tomato dry weight, 12 days after in vitro sowing

Several authors mentioned A.brasilense as a good seed inoculant for tomato growth promotion. Ribaudo
et al. (2006) revealed that A.brasilense FT326 strain promotes root hair development in tomato plants, colonize
the xylem tissue and changes the parameters associated with plant growth, within 15 days after inoculation.
Their study revealed that A.brassilense treatments increase shoot and root fresh weight of tomato plantlets, as
well as root’s surface, through amechanism that involves ethylene.
Bacterial treatments with B.amyloliquefaciens, although are able to stimulate plant growth, are more
popular for biological control of plant diseases (Beris et al., 2018; Ramirez and Kloepper, 2010). Biopesticides
based on MBI 600 and FZB 45 strains are already on the European Union market (www.ec.europa.eu).
Paenibacillus spp. bacterial treatments studied on tomato plants revealed not only plant growth promotion, but
also biocontrol traits against Ralstonia witl (Xie et al., 2010). Considering these, plant growth promotion bacteria
are valuable products that can sustain plant health and productivity.
CONCLUSIONS
The bacterial strains formulated as concentrated aqueous suspension for seed treatments improved
tomato plant growth in the first 12 days after inoculation. Good results were obtained regarding shoot and root
length as well as biomass’s fresh and dry weight.
Bacillus amyloliquefaciens OS17 strain also revealed good biocontrol potential, having a broad spectrum
of antagonistic activity against soil-borne, foliar and post-harvest fungi, and oomycete.
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ABSTRACT
The disk harrows are intended for discussing the plows at the field preparation works in order to carry out
the sowing work of medium and heavy soils, which can be used in certain working conditions and for performing
the stubble work. The harrow works on lands located on the slopes or on the slopes, the maximum slope being
determined by the working possibilities of the tractor with which he works in the aggregate. The paper presents
the methodology for determining the qualitative indices of work for a disc harrow with a working width between
3.08-3.19 m.
REZUMAT
Grapele cu discuri sunt destinate pentru discuirea arăturilor la lucrările de pregătire a terenului în vederea
efectuării lucrării de semănat solurile mijlocii și grele, putând fi utilizată în anumite condiții de lucru și pentru
executarea lucrărilor de discuit miriște. Grapa lucrează pe terenuri situate la șes sau pe pante, panta maximă
fiind determinată de posibilitățile de lucru ale tractorului cu care lucrează în agregat. În lucrare este prezentată
metodologia de determinare a indicilor calitativi de lucru pentru o grapă cu discuri cu lățimea de lucru cuprinsă
între 3.08-3.19 m.
INTRODUCTION
Minimal soil tillage is mainly done with main disc-type working organs, which are often combined with
other types of working organs (Vasilenko et al., 2017).
Within the modern, sustainable and ecological agriculture of sustainable and ecological production,
modern disc harrows are widely used, especially those in the group of so-called compact harrows (Kogut and
Ptaszynski, 2006; Talarczyk, 2004). The inability to increase the working depth is determined by the type of soil
cutting by means of disc batteries, because the vertical working resistance of the harrows is directed upwards
and pushes the disc from the ground (Bernacki, 1981; Kuczewski, 1978).
The arrangement of the disk on the support is essential for the cultivation performance (Zeng et al.,
2019).
Experimental researches have been carried out to determine the mathematical dependence of the quality
indicators on the preliminary processing of the soil regarding the design and the technological parameters of the
harrows. Thus the optimum values were obtained for the radius of the disc (0.25 m), the distance between the
discs (0.165 m), the angle between the discs (10.8°C), the deflection angle of the bending of the axis (53°C)
and the working speed (3.25 m/s) (Valiev et al., 2017).
Also, a comparative evaluation of the traction forces required to drive the disk batteries, at different
speeds, was performed in order to determine the optimum working speed of the harrows (Nkakini and Douglas,
2013).
Soil processing works in conventional agricultural systems involving the use of the tractor are operations
that require high energy consumption (Serrano et al., 2007).
The horizontal, longitudinal and vertical components of the working resistance of a compact disc harrow
were determined by field experiments, using three values of the angle of attack (12°, 16°, 21°) and two of the
angle of inclination (7°, 15°) of the plane of the front discs, the third parameter being the working depth (Kogut
et al., 2016).
MATERIAL AND METHOD
The harrow used for conducting experimental research consists of the following component parts: frame,
traction rail, disc batteries, horizontalization mechanism, transport train, hydraulic system, road signaling
system.
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The frame of the machine is a welded construction, consisting of four longitudinal bars and two cross-bars
with a square section of 100x100x8 mm, as well as a welded cross-bar between the central longitudinal bars of
the frame, using as a support for the hydraulic harrow lifting cylinder.
The traction rail is a triangular welded construction, consisting of two U-profile sidebars and a central tube
bar ϕ 89x8 mm.
The disc batteries (3-6) constitute the working organs of the harrow, each battery being composed of an
axis on which the end flanges, the discs, the bearings with protected bearings and the system of screw
protection are mounted.
The horizontal mechanism consists of an adjusting screw, the actuating levers, connecting bar (60x40x4
pipe) with the transport train and the connecting bolts. The mechanism is fixed with one end on the transport rail
and the other end on the transport train.
The transport train consists of a frame on which two wheels are fitted with tires, with the role of lifting and
lowering the harrow on the ground, as well as for moving the harrow on the roads.
The hydraulic system consists of a hydraulic cylinder ϕ 100x200 mm and two flexible tubes with the role
of ensuring the lifting and lowering of the transport train, respectively the lowering of the harrow on the soil or its
lifting from the soil.
The road signaling installation consists of two white and two red reflectors fixed on the two supports that
are welded in the back of the harrow frame at the extreme left and right sides.
The operating mode consists of adjusting the working angle of the batteries to the required value then the
system of securing the transport harrow is removed and the hydraulic system is activated to lift the transport
wheels, lowering the disks to the soil. For the return to the head of the plot, the hydraulic installation for lowering
the wheels of the transport train is activated, rooting the batteries of the ground harrow, after which the return of
the aggregate is executed.
To move the harrow to the transport position, the hydraulic system is operated to remove the batteries
from the ground, then it is provided with the stiffening device to protect the hydraulic installation during transport.
Main characteristics of the harrow used for experimental research are presented in table 1.
Table 1
Main characteristics of the harrow used for experimental research
Characteristics
type of machine

trailed

number of batteries

4

total number of discs

29

diameter discs

660 mm

the angle of attack of the batteries

6°, 10°, 14°, 18°

gauge of transport wheels

1670 mm

weight of the harrow

1770 Kg

length

4640 mm

width

3320 mm

height

1250 mm

working speed

6-10 km/h

For the proper operation of the disc harrow a number of adjustments are required:

adjusting the angle of attack of the disc batteries;

adjustment of the scrapers made from the surface of the discs;

adjusting the horizontalization device of the harrow frame.
The qualitative indices of work determined by the experimental research were:

working depth;

working width;

degree of thinning of the soil;

degree of incorporation of vegetal debris;
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RESULTS
Working depth was determined by measurements at the edge of the worked fence, in 10 points at
distances of 10 m between them along the length of the sample plot. Determinations were made in 3 repetitions;
Working width was determined at the same points in which the working depth was determined.
Determinations were made in 3 repetitions;
The degree of thinning of the soil was determined for different angles of attack of the disc batteries,
respectively for different working depths and represents the percentage of lumps with dimensions below 10 cm,
compared to the total mass of the lumps resulted by processing the soil on the surface of 1 m2, at the working
depth;
The degree of incorporation of vegetal debris represents the percentage in mass of vegetal residues
remaining on the surface of the soil per 1 m2, after passing the harrow to the total mass of existing vegetal
debris before passing the harrow on the respective surface. The determinations were made according to the
relation:
n

∑

=
Ai

Ai − A f
Ai
n

i =1

⋅ 100

(%)

(1)

unde:

Ai represents the amount of vegetal debris on the surface of the soil per 1 m2 before the passage of the
harrow;

Af

represents the amount of vegetal debris on the surface of the soil per 1 m2 after the passage of the
harrow;

n represents the number of measurements.
The results of the determinations of the qualitative work indices are presented in table 2.
Table 2
Qualitative work indices

Index
average working depth
average working width
degree of thinning of the soil
lumps under 5 cm
lumps 5-10 cm
lumps 0-10 cm
lumps over 10 cm
degree of incorporation of
vegetal debris

U.M.
cm
cm
%
%
%
%
%
%

harrowing stubble
harrowing plowing
harrowing autumn wheat
the angle of attack of the disc batteries
18°
14°
18°
14°
18°
14°
10°
6°
15.2
8.1
17.5
11.3
21.1
18.3
14.8
11
308
310
311
314
313
315
319
319
90.3
2.2
92.5
7.5

77.8
3.5
81.3
18.7

81.5
9.2
90.7
9.3

78.6
5
83.6
16.4

78.6
14.2
92.8
7.2

74.3
15.7
90
10

70.1
10.4
80.5
19.5

56.8
15.5
71.3
28.7

53.1

35.6

-

-

94.4

92.6

84.8

56.8

CONCLUSIONS
Analyzing the results obtained shows the following:

the average working depth varies with the angle of attack of the disc batteries and with the
executed work, being greater at the maximum angle and smaller at the minimum angle. The
average values are between 15.2 cm and 8.1 cm for the angles of 18 ° respectively 14 ° for the
work of myristic drill and it is 17.5-21.5 cm for the angle of 18 ° respectively 13.3-18.3 cm for the
angle of 14 ° for the harrowing plowing;

the working width varies with the attack angle of the disks, being between 308 cm and 319 cm, the
smaller values being obtained at the maximum attack angle and the large ones at the minimum
angle;
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the degree of thinning of the soil also varies with the angle of attack of the disks, increasing with its
increase the average values being between 80.5% and 92.8% the values corresponding to the
requirements for disc harrows;
the degree of incorporation of vegetal debris also varies with the angle of attack of the disk
batteries increasing with the increase of the angle of attack, the average values being 35.6% at the
angle of 14°, respectively 53.1% at the angle of 18°.
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ABSTRACT
The risk is inherent in all aspects of a quality management system. The 2015 version of the ISO 9001
standard is based on the processual approach, an approach that will have to establish the control tools
necessary to ensure that the risks are maintained at an acceptable level, which will lead to the achievement of
the general objectives of the management system. There are risks in all systems, processes and functions of an
enterprise. Risk-based thinking requires that these risks be identified, taken into account during the design and
use of the quality management system. The paper presents some theoretical aspects of reference regarding
risk management and which are the categories of risks that must be considered. At the end of the paper, the
advantages of implementing the risk management process are presented.
REZUMAT
Riscul este inerent în toate aspectele unui sistem de management al calității. Versiunea din 2015 a
standardului ISO 9001 are la bază abordarea procesuală, abordare care va trebui să instituie instrumentele de
control necesare pentru a se asigura că riscurile sunt menținute la un nivel acceptabil, ceea ce va conduce la
îndeplinirea obiectivelor generale ale sistemului de management. In toate sistemele, procesele și funcțiile unei
întreprinderi există riscuri. Gândirea bazată pe risc presupune ca aceste riscuri să fie identificate, luate în
considerare pe parcursul proiectării și utilizării sistemului de management al calității. Lucrarea prezintă câteva
aspecte teoretice de referință privind gestionarea riscurilor și care sunt categoriile de riscuri care trebuie luate în
considerare. La finalul lucrării sunt prezentate avantajele implementării procesului de management al riscului.
INTRODUCTION
The main objectives of ISO 9001 have been and remain to provide greater confidence in the organization’s
abilities to constantly provide products and services that increase customer satisfaction. Uncertainty about
achieving these objectives has led to the explicit introduction of the notion of “risk” and the phrase “risk-based
thinking” in the 2015 version of ISO 9001.
The concept of risk-based thinking has always been in ISO 9001, but the new edition of 2015 makes it more
explicit and develops it throughout the management system [9].
Risk-based thinking, according to ISO 9001:2015, is a type of thinking that any individual does
automatically, most often unconsciously. The risk is inherent in all aspects of a quality management system.
There are risks in all the systems, processes and functions of an enterprise. Risk-based thinking requires that
these risks be identified, taken into account during the design and application of the quality management system
(Slovic P., 2000; Tseros H., 2015; Kymal Chad, 2015). At the same time, the purpose of risk determination is to
prevent non-compliances, including non-compliant exit elements, and to determine opportunities that may
increase customer satisfaction or meet the quality objectives of the organization.
The business standards company BSI (BSIGroup, 2015) considers that ISO 9001:2015 not only regards risk
management but also obliges organizations to identify opportunities, namely positive risks. The implementer of
the standard must perform an analysis to enable it to ascertain whether a problem can be turned into an
opportunity. This is another advantage of ISO 9001:2015 that helps organizations grow and develop by
identifying opportunities and adopting a risk-based approach.
Also, given the current economic context characterized by an increase in economic uncertainty, risk
management at the organization level has become an important activity, and the risk management process
should be an integral part of the management and decision-making processes and be integrated in the
structure, operations and processes of the organization (Borek A., 2014; Deysher B., 2015). Over time, it has
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been proven that the measures taken have not always been effective, with no risk management models being
unanimously accepted and effective in most cases where they have been used.
Risk management, as an important component of strategic management, aims to deal with the appropriate
risk response, using various analytical and operational methods and means to identify, prioritize and adopt
appropriate measures to avoid loss and achieve the organization’s objectives (Biasi G., 2011; Deysher B.,
2015; Jodkowski L., 2015).Throughout the entire risk management process, the dynamic and variable nature
of human behaviour and organizational culture should be taken into account.
Because it is important for organizations to be aware of the categories of risks they may face, the paper
presents some theoretical aspects of reference regarding risk management and which are the categories of
risks that must be considered.
MATERIALS AND METHODS
Risk management is an integral part of all the activities of the organization.
By establishing the context (external and internal) the organization formulates its objectives, defines the
external and internal parameters to be taken into account in risk management and establishes the scope and
risk criteria for the rest of the process.
Examining the external context of the organization may include, but is not limited to [10]:
- social, cultural, political, legal, regulatory, financial, technological, economic and environmental factors,
whether international, national, regional or local;
- key driving factors and key trends that affect the organization’s objectives;
- relations, perceptions, values, needs and expectations of external stakeholders;
- contractual relations and commitments;
- complexity of networks and dependencies.
Examining the internal context of the organization may include, but is not limited to [10]:
- vision, mission and values;
- governance, organizational structure, roles and responsibilities;
- strategy, objectives and policies;
- the culture of the organization;
- the standards, guidelines and models adopted by the organization;
- capabilities, understood in terms of resources and knowledge (for example, capital, time, people,
intellectual property, processes, systems and technologies);
- data, information systems and information flows;
- relations with internal stakeholders, taking into account their perceptions and values;
- contractual relations and commitments;
- interdependencies and interconnections.
When selecting the techniques used to address risks and opportunities, the organization must keep in mind that
this process should be for the benefit of the business and not to its detriment, therefore, this process, itself,
should not be extremely costly, as the whole quality management system should bring benefits, by reducing
non-quality costs and not cost extra. The following is a model for implementing risk management in an
organization (see.fig.1).

Fig. 1 - The process of risk management
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Stage 1 - Risk identification
The organization must identify the sources of risk, the impact areas, the events as well as the causes of the
risks and their potential consequences.
The purpose of the stage: to generate an exhaustive list of risks based on those events that could create,
intensify, prevent, degrade, accelerate or delay the achievement of the objectives.
The exhaustive identification is decisive, because an unidentified risk at this stage will not be included in a
subsequent analysis.
Stage 2 - Risk analysis
Risk analysis provides input data for risk estimation, for making decisions about whether or not to treat risks,
and for the most appropriate risk management strategies and methods .It involves evaluating the probability of
materializing the risks and their impact on the objectives if they materialize. The risk exposure assessment is
done using a two-dimensional, matrix-type scale. The rows of the matrix describe the probability variation and
the columns the impact variation.
The risk exposure appears at the intersection of the rows with the columns as in the graphical representation in
table 1.
Table 1
Risk exposure assessment matrix
High
Medium
Low

IMPA
CT

Y
L-H
L-M
L-L
PROBABILITY
Low

M-H
M-M
M-L

H-H
H-M
H-L

Medium

High

X

Stage 3 - Risk assessment
The risk exposure results from the combination of the two estimations (probability and impact) and is of the P-I
form, where P represents the estimated value of the probability and I represents the estimated value of the
impact. The risk exposure assessment scale has 9 levels and allows for a hierarchy of risks (see table 2).
Table 2
Explaining the level of risk exposure
Probability
Impact
Level of risk
exposure
Low
Low
L-L
Low
Medium
L-M
Low
High
L-H
Medium
Low
M-L
Medium
Medium
M-M
Medium
High
M-H
High
Low
H-L
High
Medium
H-M
High
High
H-H

Establishing the risk strategy and tolerance limits determines the attitude of the management towards the
risk.Table 3 gives some examples of strategies adopted according to the different levels of risk exposure.
Table 3
Strategies adopted according to the level of risk exposure and the level of risk tolerance
Level of risk
Level of risk tolerance
Strategy adopted for risk
exposure
L-L
Tolerable as Inherent Risk
Does not require any control measures; is accepted
Possible to be tolerated as Inherent Risk with Requires minor measures and is accepted
L-M
treatment;
Residual Risk up to L-L level
Tolerated as Inherent Risk with permanent Requires sometimes important treatment measures,
L-H
monitoring with treatment;
with monitoring at compartment level
Residual risk up to L-M level
Tolerable as Inherent Risk with treatment;
Requires sometimes important treatment measures,
M-L
Residual risk up to L-L min. level
with monitoring at compartment level
M-M
Tolerable as Inherent Risk with treatment;
Requires important treatment measures and
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M-H

Residual risk up to L-L min. level
Tolerable as Inherent Risk with treatment;
Residual risk up to L-M min. level
Tolerable as Inherent Risk with treatment;
Residual risk up to M-L min. level

H-L
H-M
H-H

Hard to tolerate
Intolerable

periodic monitoring at management level
Requires significant treatment measures and
periodic monitoring at management level
Requires important treatment measures and
periodic
monitoring
as
appropriate
at
compartment or management level
Outsourcing is being pursued
Requires permanent and urgent control
measures by being assumed by management

Stage 4 - Risk treatment
It involves selecting one or more options for modifying risks and implementing them.
Options for treating risks may include the following:
- avoiding the risk by making the decision not to start or to continue the activity that gives rise to the risk;
- taking or increasing the risk to capitalize on an opportunity;
- removing the risk source;
- changing plausibility;
- modifying consequences;
- sharing the risk with other parties;
- maintaining the risk through a fundamental decision.
Choosing the most appropriate risk treatment option involves balancing the costs and efforts of implementation
in relation to the benefits that can be obtained, in compliance with legal, regulatory and other requirements such
as social responsibility and protection of the natural environment.
The elaboration and implementation of risk treatment plans aim at documenting how the options chosen for
treatment will be implemented.The decision-makers within the organization should be aware of the nature and
extent of the residual risk resulting from the risk treatment, being recommended for the residual risk to be
documented and subject to monitoring, review and treatment, if applicable.
Stage 5 – Risk monitoring and review
Both monitoring and review involve regular verification or supervision and is recommended to be a planned part
of the risk management process.
Responsibilities for monitoring and review should be clearly defined.
Stage 6 - Recording the risk management process
Risk management activities must be traceable.
In the risk management process, records provide the basis for improving the methods and tools, as well as the
entire process.
Risk assessment
ISO 9001:2015 [9] does not require formalized risk management, but mentions that “Actions to address risks
and opportunities must be in proportion to the potential impact on product and service conformity”.

Table 4
Determination of risk exposure (risk factor): probability x impact
Impact
Critical

Significative

Marginal

Negligible

Very high

High

High

Serious

Medium

High

High

High

Serious

Medium

Significative

High

Serious

Medium

Medium

Low

Serious

Medium

Medium

Low

Very low

Medium

Medium

Low

Low

Almost impossible

Medium

Medium

Low

Low

Probability
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RESULTS
Actions to address risks and opportunities must be in proportion to the potential impact on product
conformity and will depend on the nature of the risk, for example:
- risk avoidance by abandoning the process in which the risk can be met;
- risk elimination - by using documented procedures to help people in the organization with less experience;
- taking the risk - to take advantage of an opportunity, such as investing in a new key/capital equipment to
launch a product line when the investment recovery is unknown;
- risk sharing - by collaborating with the customer to facilitate the anticipated acquisition of raw materials when
the production levels are not known;
- no action - when the organization itself accepts the risk, based on the potential effect or cost of the required
action.
CONCLUSIONS
A risk management model is a structure within which the strategy of the organization must be built, the
achievement of performance objectives pursued and the activities and processes continuously monitored. The
new version of ISO 9001:2015 represents a major opportunity to build an integrated performance management
system, by creating significant connections between quality management and continuous improvement, on the
one hand, and organizational risk management, on the other.
In determining risks and opportunities, the organization should focus on:
1. Conferring confidence that the quality management system can achieve the intended result(s);
2. Increasing the desired effects and creating new possibilities (by improving the efficiency of its activities,
developing or applying new technologies);
3. Preventing or reducing unwanted effects (by reducing risks or preventive actions);
4. Making improvements to ensure the conformity of the product or service and to increase customer
satisfaction.
By taking the risk into account within the entire organizational system and throughout all the processes, the
probability of achieving the proposed objectives is improved and the customers will receive the expected
product or service without problems. Risk-based thinking establishes a proactive culture of improvement,
improves customer confidence and satisfaction, is continuous, increases the probability of achieving the
proposed objectives, and reduces the probability of negative results. To this end, the risk management process
should be an integral part of the management and decision-making processes and be integrated into the
organization’s structure, operations and processes.
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ABSTRACT
The technical equipment, is part of the strategy of ensuring a material technical base, is intended for
medium and high capacity mills and has the role of serving to crush the seeds of cereals, to crush them, to
make products rich in endosperm and to transform them into flour. Also, the roller processes the semolina to
remove the coating particles by performing the final processing of the rejects, which are coating particles with
adherent endosperm residues, for the purpose of separating them.
The realization of this machine is part of the strategy of European integration, having great importance
by ensuring the protection of the environment and life, according to the Romanian and European standards.
Based on this strategy, it is necessary to make machines based on modern technologies to increase the
economic efficiency, to counterbalance the offers of the imported machines, intended for the milling industry.
REZUMAT
Echipamentul tehnic, se înscrie în strategia de asigurare a unei baze tehnico materiale, este destinat
morilor de medie şi mare capacitate şi are rolul de a servi la zdrobirea seminţelor de cereale, la mărunţirea
acestora, pentru realizarea produselor bogate în endosperm la transformarea acestora în făină, de asemenea valţul
prelucrează grişurile cu scopul eliminării particulelor de înveliş realizând prelucrarea finală a refuzurilor, care sunt
particule de înveliş cu resturi de endosperm aderente, în scopul separării acestora.
Realizarea acestui utilaj se înscrie în strategia de integrare europeană, având o mare importanţă prin
faptul că asigură protecţia mediului şi a vieţii, conform standardelor româneşti şi europene. Având la bază
această strategie, este necesară realizarea utilajelor bazate pe tehnologii moderne de creştere a eficienţei
economice, care să contrabalanseze ofertele utilajelor din import, destinate industriei morăritului.

INTRODUCTION
The main tendency in the design and execution of the machines for the food industry in general and the
milling and bakery in particular, is finding ways and means to improve the operation of grinding cereal seeds.
The equipment is part of an action to promote the most modern technologies and technical equipment in
the milling industry. It is a machine intended for medium and high capacity mills and by a judicious choice of
working parameters and a proper reflecting of the rollers, the machine can also be used for grinding other
cereals outside wheat: rye and corn, in commercial mills where it is performs the degermination.
By making this equipment, destined for the grinding of cereal seeds, with a high technological level,
which has lower specific energy consumption, compared to the existing equipments, and the low maintenance
and operating expenses, it comes to the help of the economic agents.
The realization of this technical equipment, is part of the national strategy of equipping all the units of
profile, with high performance machines, eliminating the imports by introducing them in manufacturing to the
economic agents from the country specialized in this field, reducing the material and energy consumption,
presentation on the external market with a machine similar to those of established companies.
The universal double roller is a complex machine, used in the technological flows of milling installations.
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MATERIAL AND METHOD
The universal double roller with high specific load is made in a modern design. The machine consists of
two identical parts from a constructive point of view, placed symmetrically with respect to a vertical plane.
Each part is fed and operated independently, so that it is possible to fulfil different technological roles,
depending on the position of the machine in the flow of the milling installation
The arrangement of the rollers in a horizontal plane leads to the increase of the specific loading of the roller,
both due to the optimization of the filling coefficient of the space between the rollers, and due to the achievement
of a system of absorption of the fine dust in the area of shear-compression of the rollers, which allows speeds to
reduce at smooth rollers.
The universal double roller consists of the following main components:
1. frame
10. gear housing
2. feed hopper
11. roller cleaning device
3. supply system I
12. fine tuning mechanism for rollers
4. supply system II
13. pneumatic control system
5. roller
14. power and control electrical installation
6. left mobile bearing
15. upper mudguard
7. right mobile bearing
16. lower mudguard
8. left fixed bearing
17. upper door
9. right fixed bearing
18. lower door
The frame, is a welded construction of sheet of different thicknesses and laminated profiles. The upper
part has a ring for mounting the feed funnel. On the sides it has openings where the access and access doors
are mounted. Between the upper door and the bath there is a free space necessary for the natural circulation of
the air. At the bottom, the bath has on each side of it a funnel to evacuate the milled product. On the front walls
there are made bossages and counterbore for mounting the other subassemblies.
The feed hopper, it consists of a polymethacrylate cylinder fixed between two rings; the cylinder has a
partition wall that allows the independent supply, with different products, of the two pairs of rollers. The feed
hopper is provided with devices for signalling the product level.
Supply system, it is represented by two feed cylinders and their drive group. The drive feed cylinder
receives the movement from a cylindrical-geared gear motor and transmits it to the driven cylinder through a
chain drive. The ratio of their speeds varies depending on the position of the roller in the technological flow.
Rollers, are the active organs of the roller. They are made of a cylindrical body of cast-alloy cast iron
and two steel spindles. Depending on the position of the machine in the technological flow, the surface of the
cylindrical body is reflected in different shapes and inclinations. The rollers are arranged horizontally, two on
each side of the roll, one of them being fixed and the other movable.
Left and right mobile bearings, have the role of supporting the rollers using the same type of bearing
as the fixed bearings. The bearing body has a hinged point fixed to the rod and an arm which is actuated by a
pneumatic cylinder, by moving it realizing the approach and separation of the rollers.
Left and right fixed bearings, they are fixed on the roll bar and have the role of supporting fixed rollers
through radial ball bearings. Inside the fixed bearings is also incorporated the coarse adjustment mechanism of
the distance between the rollers.
Gear housing, it is made of a body enclosed by a screw cap; Inside, there are mounted pairs of gears
for rolling the rollers. The equipment with sprockets and sprockets is made according to the ratio of the speeds
between the rollers, according to the technological requirements of the mill flow.
Roller cleaning device, serves to clean the reflective rollers, removing the glued material on their
surface, using brushes made of PVC or goose feathers.
Fine tuning mechanism for rollers, is a fine-step screw mechanism by which the precision of the
distance between the rollers is made.
Pneumatic control system, consists of a pair of pneumatic cylinders, solenoid valves and a series of
auxiliary elements, all connected to a compressor assembly.
The pneumatic installation ensures the approximation and separation of the mobile trays from the
fixed ones, depending on the product level in the feed hopper.
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Power and control electrical installation, includes the control and signalling equipment of the roller,
the apparatus that is included in a dashboard located on the roller and an electric switchboard for operating the
electric motors, located near the machine. The electrical installation has adequate protection for the working
environment with in suspension organic dust.
Upper and lower mudguard, are metal structures, which can be dismantled, which have the role of
protecting the moving organs, also ensuring the complete casing of the roller.
Upper and lower doors, allow access to the mechanism adjustment the supply, respectively to the
devices for cleaning the rollers.

Fig.1 - Universal double roller - Front and side view

Fig.2 - VDU – Operation

Fig.3 - VDU - Cross section

RESULTS
When establishing the technical-constructive solutions, it was considered the creation of a highperformance machine characterized by: capacity of processing at the level of the current requirements, specific
consumption of energy and reduced materials, access to the active organs, maintenance and easy operation.
Initially, the process of working the roller, is carried out as follows: the product to be processed enters
by a free fall in the feed funnel where, after accumulating up to 2/3 of its volume, the product is directed to the
feed cylinders whose load can be adjusted by a metering mechanism. Providing a constant and uniform
distribution throughout their active working length, from the feed cylinders, the product is directed directly to the
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intersection created between the fixed and mobile milling cylinders. Due to the differential speed between the
two rollers, the product is processed by crushing, cutting or fine grinding.
The coupling and uncoupling of the rollers are done automatically, by means of two solenoid valves, 1
and 2, from the pneumatic control system, which are closed or opened at the order received from the photocells
mounted on the feed funnel indicating the existence of the product in it. If in the feed funnel the level is 2/3 of the
capacity, the photocells give an electrical signal through which, the solenoid valve 1 is closed and the solenoid
valve 2 is opened and the pneumatic cylinders that engage the mill roller are actuated.
If the product level in the funnel drops below 2/3 of the capacity, the electrical signal received from the
photocells opens solenoid valve 1, closes solenoid valve 2 and the pneumatic cylinders are activated which will
disengage the mill roller.
The working surface of the rollers is permanently cleaned by a set of specially made brushes.
The processed product is then gravitationally or pneumatically transported to the next phases of the
technological flow.
The work process is carried out simultaneously in each half of the roll. The operation of the fixed (fast)
rollers is done from an electric motor through a transmission with trapezoidal belts, and the gear of the mobile
(slow) rollers is realized by means of the gear housing.
The machine has a high degree of technicality, operating safely and efficiently. Due to the automation
and interlock at the product supply of the roller, the approach commands, respectively the removal of the rollers,
as well as the equipping of the supply system with gear motor for actuating the supply cylinders, the monitoring
of the operation is easy. This, as well as the expected stability of the adjustments made on the fine and coarse
adjustment mechanisms of the rollers and cleaning devices will lead to an ergonomically increased degree.
The system for adjusting the distance between the mill rollers is the main system for adjusting the
universal double rollers. The adjustment of the distance between the rollers is made in two phases: coarse
adjustment and fine adjustment.
By using the proposed adjustment system, the conditions that are required to establish and maintain an
optimal working distance between the axes of the mill bearings of the two bearings: fixed and mobile are
fulfilled. The system consists of a succession of general purpose and specific assembly bodies which, through
proper assembly and voluntary operation of the two coarse or fine adjustment screws, the desired condition of
approaching or removing the milling rollers is achieved.
For the performing of cereal seeds milling operation, a competitive machine with high specific load index
was developed, which by its characteristics satisfies all the technological requirements imposed by the material
to be processed.

CONSTRUCTIVE AND DIMENSIONAL CHARACTERISTICS
- The type of roller
- The dimensions of the rollers
- type
- diameter
- length
- The dimensions of the feed cylinders
- the driving cylinder
- type
- diameter
mm
- length
- the driven cylinder
- for grinding
- type
- diameter
- length
- for the first grit
- diameter
- Overall dimensions:
- maximum length
39

double horizontal
grooved or smooth
mm
mm

250
800

grooved (as required technological)
75
mm
808

grooved (as required technological)
mm
75
mm
808
screw with adjustable blades
mm
75
mm

1800
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- width
- maximum height

mm
mm

FUNCTIONAL FEATURES
- Type of the coupling-decoupling rollers command
- Speed of fixed roller speed
- for crushing
- for grinding
- for fine grinding
- The rotation frequency ratio between the rollers
- for crushing
- for grinding
- for fine grinding
- Rotation frequency at the drive cylinder
from the power supply system

1530
2000

pneumatic
rot/min
rot/min
rot/min

606 … 609
477 … 485
382 … 384
1: 2,5789
1 : 1; 1 : 1,5185
1 : 1,1935

rot/min

OPERATING CHARACTERISTICS
- Specific loading at mill level
- Power required to drive (half roll):
- For a pair of rollers:
- for crushing
- for grinding
- for fine grinding
- For a pair of feed cylinders
- Peripheral speed of fixed roller:
- for crushing
- for grinding
- for fine grinding

120 … 175

kg/cm/24h

70 … 90

kW
kW
kW
kW

15 … 18,5
11 … 15
7,5 … 11
0,37

m/s
m/s
m/s

7,93; 7,97
6,24; 6,34
5; 5,02

kg

SPB
5 x 2800
4 x 3150
4 x 3550
2700

- Trapezoidal belts:
- type
- for crushing
- for grinding
- for fine grinding
- Approximate weight

TECHNOLOGICAL EQUIPMENT OF THE ROLLER
Table 1
Type of rollers

Passage I

Passage II

C - screw

G-G

- grooved

45

-

- grooved inclination

8

-

- number of grooves / cm

7

12

- grooved inclination (%)

8

12

- grooved profile

25/65

35/70

- rollers position

T/S

S/S

- type
Feed rollers

Mill rollers
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APPRECIATIONS ON THE TECHNOLOGICAL EFFECT
The technological effect of the roll, respectively the optimal degree of shredding, is expressed by the
percentage of intermediate products, such as: semolinas, fine semolinas and flour obtained from each passage,
that is, by the extraction of intermediate products, expressed as a percentage.
Samples were collected from each passage, and analyzes were performed by screening on the
laboratory site.
The percentage of sifting of the product through the respective sieve was first determined, before
passing through the annealing ring passage, and then the percentage of sifting through the same sieve was
determined after processing on the roll.
The percentage of extraction of intermediate products for each passage was calculated according to the
formula:
Et = (RI - RE) + (CE - CI) [%], where:
RI = plus material at equipment inlet;
RE = plus material at equipment outlet;
CI = sieved material at equipment inlet;
CE = sieved material at equipment outlet;
ET = technological efficiency (shredding degree).
During the tests, samples were collected, determinations were made regarding the technological effect
of the double-sided roller.

REAL PARAMETERS OBTAINED IN OPERATION
Table 2
No.

1

2

3

4

5
6

7

8
9

Requirement
The dimensions of the rollers
- diameter
- length
The dimensions of the feed cylinders
- diameter
- length
Rollers hardness:
- roller I
- roller II
- roller III
- roller IV
Overall dimensions
- length
- width
- maximum height
The rotation frequency of the fixed
roller
Frequency of rotation of the feed
cylinder.
Mass
- for flour
- for bran
Power required for 1/2 roll
- passage I
- passage II
Specific load index

U.M.

Expected project
execution

Accomplished

mm
mm

250
800

250
800

mm
mm

75
808

75
808

HB
HB
HB
HB

358-430
470-520
358-430
470-520

418
500
418
460

mm
mm
mm
min-1

1800
1530
1955
606-609

1800
1530
1955
608

min-1

120-175

164

kg
kg
kW
kW

510
530
15
11

509
529
15
11

70-90

74

9
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Fig. 4 - Universal double roller

CONCLUSION
The results of the tests with the UNIVERSAL DOUBLE ROLLER are presented in table 2.
The machine has a high degree of technicality, having a safe and efficient operation, due to the automation
and product interlock of the roller, of the approach commands, respectively of the removal of the rollers, the
monitoring of the roller operation is easy, presenting a high degree of ergonomics..
Also, during the product operation of the machine it was observed that:
- the adjustments made on the control valves, the deflectors, the mechanisms of fine and coarse approach of the
rollers, the cleaning devices, have been maintained throughout the operating life;
- the machine works quietly, without vibration and abnormal noise;
- the elements of the pneumatic control system were well chosen, ensuring the approximation, respectively the
distance of the rollers.
During the tests and the general check on the condition of the machine, it was found that it kept its
specific settings and working parameters.
The results of the tests performed, to which he was subjected, confirmed the opportunity of the chosen
construction solutions, conditions that allowed the execution of a particularly efficient machine with performances
at the level of the most recent achievements worldwide, ensuring, reducing the specific energy consumption,
maintenance and operation per ton. of processed product.
Following the results obtained in tests with the UNIVERSAL DOUBLE ROLLER, the following were found:
- modern constructive conception;
- modern construction solutions leading to technical and functional performances;
- the machine is provided with technological connections for integration into the technological flow served.
- the correctness of the electrical connections necessary to operate the machine;
- technological and qualitative indices according to the requirements of the execution documentation;
- simplicity of technological adjustments, stability over time;
- reducing the specific consumption of energy, maintenance and easy operation;
- increasing the availability of export offers;
- improving working conditions, by:
- easy adjustments, quick service in the case of daily and periodic maintenance.
- the protection of the environment, being prevented the dust emanations at work and in the atmosphere;
- reduced costs in comparison with the prices from the foreign manufacturers of milling equipment.
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ABSTRACT
The experiments presented in the paper consisted in the development and monitoring of a green lettuce
culture for a period of time equal to 139% of the ripening or vegetation period of the crop. The culture was done
in separate pots, on three categories of soil: infested with heavy metal (zinc), 1.5%, 3.0% and 4.5%
respectively. For each of the three soil categories, 11 harvests were carried out at approximately equal time
periods (around seven days). The whole culture was developed in the greenhouse, so the conditions of
temperature and humidity were common for all plants and had small variations. The study followed the variation
of some environmental conditions during the time period of the lettuce culture life as well as the variation of the
heavy metal (Zn) content in time in the plant and in the soil.
REZUMAT
Experimentele prezentate în lucrare au constat în dezvoltarea și monitorizarea unei culturi de salată
verde pe o perioadă de timp egală cu 139% din perioada de coacere sau de vegetație a culturii. Cultura s-a
făcut în ghivece separate, pe trei categorii de sol: infestat cu metal greu (zinc), 1,5%, 3,0% și respectiv 4,5%.
Pentru fiecare dintre cele trei categorii de sol s-au efectuat câte 11 recoltări la perioade de timp aproximativ
egale (în jur de șapte zile). Întreaga cultură a fost dezvoltată în seră, astfel încât condițiile de temperatură și
umiditate au fost comune pentru toate plantele și au avut variații mici. În cadrul studiului s-a urmărit variația unor
condiții de mediu pe perioada de timp a vieții culturii de salată cât și variația conținutului de metal greu (Zn) în
timp, în plantă și în sol.
INTRODUCTION
Plants as essential components of natural ecosystems and agrosystems represent the first compartment
of the terrestrial food chain. Due to their capacity of toxic metals accumulating, when they grow on soils polluted
with such metals, they represent a threat to the living beings which consume them. Also, their development and
growth may be affected at high levels of metal concentration implying reduced cultures and economic loss [10].
In the paper [10], was present the connection between the heavy metals (Cu, Pb, Zn, Cd) concentration
in soil and their bioaccumulation in lettuce. Lettuce is a very good bioaccumulator of heavy metals and nutrients.
In general, plants manifest a certain reaction to increasing the toxic metal concentrations in soil which they are
cultivated on. The differences depend on plants sensitivity, and time exposure intensity (concentration of heavy
metals, cultivation length, etc.), presence or absence of nutrients and other chemical species in soil. According
to the achieved results the zinc from reference soil was under the alert threshold for sensitive usage and the
one from polluted soil exceeded 1.77 times for sensitive usage. Zinc accumulation was higher in the lettuce from
the pots with unfertilized soil than in the lettuce with fertilized soil.
Industrial activities, mining and smelting operations, are recognized as the main sources of metal
pollution of soils. Heavy metals contamination of agricultural soils and crops in the vicinity of mining and
industrial areas has been regarded as a great environmental concern [3-5,11]. Soils near Pb-Zn smelter plant
“Zletovo” situated in the town of Veles, Republic of Macedonia [9], are exposed to high environmental
contamination related to heavy metal pollution (Cd, Pb and Zn) from waste disposal sites. It was found that the
content of Cd, Pb and Zn in vegetables exceeded the maxi mum permissible concentration. The content of Zn in
washed lettuce samples was in the range from 21.8 to 37.5 mg kg. Extraction order of heavy metals from the
analyzed garden soils in buffered DTPA solution as follows: Cd>Pb>Zn, for Cd <27%, for Pb <10% and for Zn
<7.9%. The obtained high extractability of these elements allows its high content in the vegetables produced on
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this land. Thus, the content of Cd, Pb and Zn were several times higher in lettuce produced in the investigated
area compared with the permissible values [9].
Zinc is not considered to be highly phytotoxic and the toxicity limit for Zn (300-400 mg/kg) depends on the
plant species and its growth stage [8]. High concentrations of zinc in plants may cause loss of leaf production,
where low concentrations may cause deformation of leaves. A plant foliar concentration of 100 mg/kg of Zn has
been quoted by various authors [8] as a critical indicator of whether the environment is polluted with Zn.
According to [7] the soil-to-plant Transfer Factor (TF) for various metals and for most common vegetable crops
showed that the TF values differed significantly between locations and between plant species. TF decreased
when the plants were grown in the higher soil heavy metal contamination. TF decreased in the following order:
Zn>Cd>Cu>Pb. TF for different species decreases in the following order: grains < root vegetables < leaf
vegetables < wild plants [7].
Zinc obtains its toxicity from essential macronutrients for plants, animals and humans. It is also found
naturally in water, most frequently in areas where it is mined, it enters the environment from industrial waste
metal plating and plumbing, and is a major component of sludge. Zinc causes no ill health effects excepts in
very high dose, it imparts undesirable taste to water and is toxic to plants at high levels [1].
The purpose of the present study was to develop a culture of green lettuce, grown controlled (in individual
pots) in soil contaminated with zinc in three concentrations (1.5, 3.0 and 4.5%) and monitored weekly from
planting to seedling up to 80 days of vegetation. Weekly monitoring consisted of soil pH and moisture analysis,
moisture analysis of the mass, height and diameter of the plant and determinations of zinc content in soil and in
the plant.
MATERIAL AND METHOD
Salad seedling, fig. 1, was planted in soil infested with the following three zinc concentrations: 1.5%,
3.0%, 4.5%. The salads were planted in controlled environment using pots in which contaminated soil was
added to each of the three solutions with concentrations of 1.5%, 3.0%, 4.5% zinc, prepared individually and
using as a Zn sulphate reagent and distilled water. The pots in which the seedlings were planted were loaded
with fertile soil (1 kg / pot) which was mixed and homogenized in turn with each of the three solutions of different
concentrations (250 ml solution). The heavy metal loading was done by initially loading the soil with each of the
three Zn concentrations, without further supplementation until harvesting. In parallel as reference samples,
seedlings were planted in pots with uncontaminated fertile soil.

Fig. 1 - Planting seedlings of lettuce

The physical-chemical properties of the fertile soil (control soil) were: pH 5.0-7.0; total nitrogen 1.68 %,
total phosphorus 0.5%, total potassium 0.9 %, electrical conductibility 1.2, particle elements of over 20 mm
maximum 5%, moisture 14.7 %.
The sampling of the vegetal samples was done in time up to 68 days after planting (fig. 2) and each
time the salad was harvested, the soil sample was taken from the pot, after it was homogenized.
The measurement, height and diameter of each salad was made with a ruler, the height was measured
from the tip of the root to the end of the last leaf, and the diameter consisted of stretching left-right of all the
salad leaves on both sides of the stem and measuring the size from the widest leaf on the right side of the stem
to the widest leaf on the left.
The mass of the samples was determined by weighing the KERN precision electronic balance 0,001 g.
The humidity of the soil and the plant was made using the oven in which it dries at 105° C soil / plant to
evaporate the water related to the soil / plant.
Soil pH was determined using the pH determination kit. The soil sample was taken about 20 g, dried in
the oven and then it was passed through a 1 mm sieve and placed in a bowl with 100 ml of water. It was mixed
for several times, for 30 minutes, then filtered. The pH paper was used, which was immersed in the filtered
liquid, waited 30-60 seconds and compared the resulting color with the color sample on the lid.
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The determination of zinc from the contaminated soil and from the whole lettuce plant (root and leaves)
was performed by the spectrophotometric method (atomic absorption in the flame) [6].

Harvesting 1

Harvesting 3

Harvesting 5

Harvesting 7

Harvesting 9

Harvesting 10

Fig. 2 - Pots with plants from the three types of crops harvested at several stages of vegetation.

RESULTS
Variation in time of pH and of the humidity of the plant and the soil, are shown in fig. 3, 4, 5. It can be
observed the relatively small interval in which these conditions were controlled.

Fig. 3 - Variation in time of pH

Fig. 4- Variation in time of plant
humidity

Fig. 5 - Variation in time of soil
humidity

Maintaining the three monitored environmental parameters, at very narrow intervals, it can also be
observed from their Box-plot diagrams, which shown in fig. 6. It is observed that the pH, and the humidity were
maintained with a slight variation around an average value.

Fig. 6 - Box-plot representations of pH distribution and moisture in the plant and soil, during the
experiments

The graphical representation of the raw data recorded at each lettuce harvest is shown by categories of
measured parameters, for the three crops in soil infested with zinc in the three concentrations. The variation of
the mass of the plant harvested over time was represented in fig. 7. In fig. 8 are shown the variations of the
heights of the collected samples over time. The variation of the diameter of the samples collected over time, in
graphical form is shown in fig. 9.
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Fig. 7 - Variation of the mass of the plant harvested
over time

Fig. 8 - Variation of the height of the plant harvested
over time

Fig. 9 - Variation of the diameter of the plant harvested over time

Maintaining the three measured parameters (mass, height and diameter of the plant), at very narrow
intervals, can be seen from their Box-plot diagrams, which appear in fig. 10.

Fig. 10 - Diagramele Box-plot Fig. 10 - Box-plot diagrams for distributions of masses, heights and diameters,
for the last 10 harvests

The correlation between the variation of the mass of the samples harvested from the soil infested with
Zn in the concentration 1.5% and the variation of the mass of the samples harvested from the soil infested
with Zn in the concentration 3.0%, has the value 0.879, the correlation between the variation of the mass of
the samples harvested from the soil infected with Zn in the concentration 3.0% and the variation of the mass
of the samples harvested from the soil infused with Zn in the concentration 4.5%, has the value 0.907, and
the correlation between the variation of the mass of the samples harvested from the soil infested with Zn in
the concentration 4.5% and the variation of the mass of the samples harvested from the soil infested with Zn
in the concentration 1.5%, has value 0.919.
The order between the three curves is visible, which is clearly observed after approximately 14 days
(28.57% of the vegetation period). The order relationship is as follows:

m4.5 (t ) ≤ m3.0 (t ) ≤ m1.5 (t )

(1)

where: m1.5 (t ), m3.0 (t ), m4.5 (t ) are the mass functions of the green salad grown in the soil with initial
concentration 1.5, 3.0, respectively 4.5% Zn, time dependent functions. This means that the increase of the
heavy metal content in the soil leads to the decrease of the biological mass of the plant.
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The variation in time of plant mass, for the three groups of plants (after the initial concentration of Zn in
soil), are very well correlated with each other. This means that the variation of masses over time is similar
(the monotony intervals coincide or are very close).
The variation of the heavy metal content in plants is given in graphical form in fig. 11. The variation of
the heavy metal content in the soil is given in graphical form in fig. 12.

Fig. 11 - Variation of the concentration of zinc in plants
for the three cases of infestation, over time

Fig. 12 - Variation of the concentration of zinc in soil
for the three cases of infestation, over time

In 7 of the 11 harvests (63.64%) the highest concentration of heavy metal was recorded in the sample
grown in soil infested with 4.5% solution, followed by the sample grown in soil infested with solution of 3.0%
concentration and then by the sample grown in soil infested with 1.5% concentration solution. This behavior can
also be seen on the graphs in fig. 11. Furthermore, this observation is supported by the average of the last 10
harvests, which has the value 228.993 mg / kg, for the culture with the soil infested with 1.5% concentration
solution, 315.334 mg / kg, for the culture with the soil infested with the concentration solution 3.0%, 357.909 mg
/ kg, for soil culture infested with 4.5% concentration solution.
According to the experimental data (the temporal variations shown in fig. 12), the variation of the
heavy metal concentration in the soil oscillates, showing a slight tendency to increase over time. The problem
arises if the phenomenon is real or is due to errors of measurement or interpretation.
If the concentration of the heavy metal in the plant is naturally increasing, local or continuous
decreases may be accepted at the end of the study time period, putting this phenomenon of decrease on
account of a decrease of the rate of absorption of the metal and of the increase of the mass. For the metal
concentration in the soil, such an explanation is more difficult to accept, even if some of the substances in the
soil pass into the plant (the mass is considered very small compared to that of the soil).
CONCLUSIONS
Some general conclusions about the variation in time of the heavy metal concentration in the lettuce
cultivated in the three categories of soils are obvious:
- globally, without changing the concentration of heavy metal in the soil, the accumulation of heavy metal in
plants increases;
- at the local level (on certain subintervals of time) the concentration of heavy metal may decrease in plants
(obviously abstraction causing some measurement or cultivation errors) - this phenomenon is interesting
because, if it is real, it may indicate that the removal of heavy metal from the plant can be done naturally,
remaining for future experiences determining the influential factors in this process;
- accumulation of heavy metal in plants increase from plants grown in soil least infested with heavy metal to
the plants grown in the soil with the highest initial concentration of heavy metal;
- for soil infested with a higher concentration of heavy metal (4.5%), the accumulation is more intense, at
least for the range of values covered by these experiments;
- the masses of the plants that grow in the three types of soils, increase until near the optimum age of
vegetation (45-50 days) [2], approximately monotonous, after which they increase up to about 130.6% of the
standard vegetation period, then, without exception, decrease;
- regarding the geometrical characteristics of the plants, behavior of both (height and generalized diameter),
varies rapidly to an average height (in about 25% of the vegetation period), after which it varies in a narrow
range around this value;
- influence of growth parameters (environment) on mass evolution (recorded parameters: pH, plant humidity and
soil moisture), at least in their (relatively small) ranges of variation, it is not obvious as it results from the
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correlation calculation. Specifically, pH, and humidity were maintained with as little variation around an average
value (see fig. 6).
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ABSTRACT
In the first part of the research there was shown that the main factors that are responsible for the quality
of the granular food products frozen using the fluidization method are the size and the shape of the product that
is exposed to the freezing by fluidization process; the heat transfer coefficients, the temperature and the speed
of the fluidization agent.
All these factors are responsible for the size and the distribution of the ice crystals that are formed during
the freezing process. The qualitative characteristic that is modified after the freezing by fluidization process is
the structural-textural stiffness.
REZUMAT
În prima parte a cercetării s-a arătat că principalii factori care sunt responsabili de calitatea produselor
granulare congelate prin fluidizare sunt mărimea şi forma produsului supus procesului de congelare prin
fluidizare; coeficienţii de transfer termic, temperatura şi viteza de circulaţie a agentului de fluidizare.
Toţi aceşti factori sunt responsabili de mărimea şi distribuţia cristalelor de gheaţă care se formează în
timpul procesului de congelare. Caracteristica calitativă care se modifică în urma congelării prin fluidizare este
fermitatea structo-texturală [5,7].
INTRODUCTION
The frozen food products industry is in a great measure based on the modern science and technology.
Starting with the first historical development concerning the frozen preservation of food products, nowadays, a
combination of factors influences the commercialization and the utilization of the frozen technology process. The
future growth of the frozen food products spreading is going to be mostly affected by economic and scientific
factors. The population growth, the personal incomes, the relative cost of other forms of food products, the
changes in tastes and preferences as well as the technological development of the frozen methods are some of
the factors that are connected to the future of the frozen technology [2].
Nowadays, the fluidized layer freezing is the only method at a large scale that unifies the seasons as
well as the supply variations and the demands of raw materials such as: meat, fish, fruits and vegetables. In
addition, it is very much possible the move of some big amounts of food products on big geographic distances.
It is very important that the freezing process to be controlled, by including the preparation before the freezing
process and the storage after the freezing of the product, in order to obtain the best quality in products.
Therefore, the theory of the freezing process and the parameters implied should be understood very well [3].
In other words, the problems from the field of freezing technology through fluidization are not at all
completely resolved, but only limited by our imagination.
The freezing process in fluidized layer consists mainly of thermo- dynamical and kinetic factors that can
dominate each other in a certain stage of the freezing process. The major thermo- dynamical events are
accompanied by the reduction of the heat content of the material during the freezing process. The product that
must be frozen is firstly refrigerated/ cooled until the temperature at which the nucleation begins. Before the ice
is able to form itself, a nucleus is necessary on which the ice can develop; the process of the nucleus production
is called and defined nucleation. Once the first ice nucleus appears in the solution, it takes place a
transformation phase from the liquid state to the solid one with the further development of the crystals.
Therefore, the nucleation serves as initial freezing process and can be considered as the critical step that has
as a result a complete change of phase [2,3].
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The freezing through fluidization is applied to the food products of small dimensions (granular ones),
especially to the fruits and vegetables, and is accomplished by the insufflations of the cold air currents under the
product layer and the obtaining of the fluidization state (pseudo-liquefying or boiling). In this way each particle
comes into contact with the cold air on the whole exterior surface, thus resulting a very quick freezing individual
process. Taking this into account, the freezing through fluidization is also called individual or isolated freezing
[2,3,10].

MATERIAL AND METHOD
In order to begin the research, the preliminary studies were made using the laboratory installation
presented in Figure 1 [10].

Fig. 1 – Laboratory installation for the study of the fluidization state [10]

For the first step it is established the working regime of the installation.
There are determined the dynamic and the static pressures for the different positions of the hinged
valve with the help of the inclined arm manometer and the Pitot tube. The obtained results are graphically
presented in the figures 2, 3 and 4[2].

pv, ps

140
120
100
80

pv[N/m^2]

60
40

ps[N/m^2]

C9

C10

C8

C7

C6

C5

C4

C3

C2

C1

20
0

pozitia clapetei

Fig. 2 – The variation of the pressure according to the position of the hinged valve

In figure 2 it can be noticed that the variation of the static and dynamic pressure depends upon the
position of the hinged valve.
Fluidization depends upon the speed of the fluidization agent, w0[m/s], the difference in pressure Δp
[N/m2] when the ascending air flow passes through the layer of products and the size of the product.
RESULTS
It is known from the speciality literature that the fluidised layer freezing process is a complex heat and
mass transfer process in a non-stationary regime [3].
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The optimisation is made up from finding a correlation between the speed of the fluidization agent and
the temperature regime in a manner in which the final quality of the frozen granular products must meet an
optimal quality [2].
In order to accomplish this objective at the industrial level, it is admitted the hypothesis that the fluidized
layer freezing installation is operating according to the technical conditions. In this case the values of the Froude
criteria are within the limits prescribed by the speciality literature ( Fr

= µ = 100 − 120 ).

For the accomplishing of this research it is taken into consideration a risk factor α = 0.05, and for the
testing of the hypothesis the following steps will be followed [1,4]:

H 0 : µ = 110
1. The following hypothesis is formulated:

H 1 : µ ≠ 110
2. It is chosen the testing statistics: z – test
For the checking of the hypothesis there are used data collected during the operation of the fluidised
layer freezing installation FlowFreezer manufactured by S.C. Frigorifer S.A. Tulcea presented in figure 3 .

Fig. 3 – The layout of the FlowFreezer freezing installation, S.C. Frigorifer S.A. Tulcea[10]

The necessary temperature for ensuring the temperature regime in the FlowFreezer is obtained using
the installation presented in figure 4[10].

Fig. 4 – The - 400C circuit used for the cooling of the fluidization agent, S.C. Frigorifer S.A. Tulcea [10]

The operation parameters of the freezing installation and FlowFreezer freezer are presented in chart no.
5 [10].
Knowing the parameters of the freezing agent it can easily be deducted the temperature of the cold air
used for accomplishing the fluidization state in FlowFreezer.
For the determination of the humidity of the air there is used the hygro-thermo-anemometer.
With the help of these data there are determined using the h-x diagram, the other parameters of the
fluidization agent, which are presented in chart no. 6.
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In order to visualize the eventual incongruities in the fluidization freezing process for the three product
groups the histograms for the Froude criteria are drawn.

Fig. 5 – The distribution frequency of the Froude criteria values for peas [9]

Fig. 6 – The distribution frequency of the Froude criteria values for the carrot pieces [9]

Fig.7 – The distribution frequency of the Froude criteria values for strawberries[9]

From the presentation of the histograms it can be noticed the fact that in the case of the peas the
Froude criteria has a uniform distribution, while in the case of the carrots the operation regime does not have
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any variation in the distribution. Therefore there is the possibility that this regime is not the optimum one for the
carrots. In the case of the strawberries the distribution seems to be very close to the one of the Gauss bell.
The results obtained for the Froude criteria are introduced in the Statistica software and the z test for
the validation of the hypothesis is applied.
The result of the test is presented in figure 8.

Figure 8 - The result of the test [9]

After the testing of the hypothesis it is established that the alternative is true and in this case it is
assumed the α risk to make a type I error, which means to reject unjustified the zero hypothesis, H0, according
to which the values of the Froude criteria correspond to the ones in the speciality literature. Thus, according to
the results of the sampling, it can be stated that, with a risk factor of 5%, the values of the Froude criteria does
not correspond with the data from the speciality literature.
In this case the values of the Froude criteria are calculated again starting from the factors that influence
the fluidization freezing process.
For the beginning the checking of the distribution normality is made using the numerical procedure “the

χ 2 test”.
The procedure consists in making the frequencies curve for the observed distribution and the pattern
comparison of this with the theoretical model “the Gauss – Laplace curve or bell”.
The variables taken into account by the analysis are referring to:
1. The fluidization speed, that influences the quality of the fluidization;
2. The thermal regime (t = - 200C ... – 300C) applied to the granular products that are frozen by means
of fluidization, that influences the heat and mass transfer; respectively the formation and the
distribution of the ice crystals, with effect upon the structural-textural quality of the frozen products.
CONCLUSIONS
The experimental part presented in this thesis was made in the company S.C. Frigorifer S.A. from
Tulcea, The laboratory for cold technique and climatisation in the food industry, the Physics laboratory „Dunărea de Jos” University from Galaţi and USAMV – TPA Timişoara.
In the first part of the research we studied the fluidization process and we compared the results
obtained experimentally with the ones from the speciality literature. On the basis of this study we established the
mathematical model for the individual freezing and we made up computer software for monitoring the evolution
of the movement of the ice front.
With this information I went to S.C. Frigorifer S.A. where I worked on the FlowFreezer freezing
installation. We traced the evolution of the freezing agent with the help of the York software from the York and
Johnson Controls Company during the process of freezing by fluidization.
In order to optimize the process we used the statistical analysis SPSS 6.1 Guide to data analysis.
In the first stage we established the scientific hypothesis and we chose the statistical hypothesis in
order to validate this one. In the next stage we established the variables that influence the process of freezing
by fluidization.
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ABSTRACT
Agricultural machinery brought huge leaps in terms of efficiency and productivity, but constant use can
bring negative effects on the operators. Noise emissions from the agricultural machinery can have negative
effects on the operator’s hearing and one of the key aspects in lowering noise emissions by the equipment is to
clearly identify the equipment’s main and secondary sources of noise. Noise levels express a temporal change
in pressure that can cause hearing damage, or even cardiovascular disease in some cases. This is a review
paper outlining the problem of noise pollution in agriculture, and presenting researches on the topic.
REZUMAT
Echipamentele agricole au adus uriașe îmbunătățiri în eficiență și productivitate, însă utilizarea constantă
a acestora poate provoca efecte negative asupra operatorilor. Emisiile de zgomot provenite de la echipamentele
agricole pot afecta auzul operatorilor, iar unul dintre principalele aspecte în reducerea emisiilor de zgomot ale
echipamentului este să se identifice clar care sunt sursele principale și secundare de zgomot. Nivelurile de
zgomot exprimă o schimbare temporară de presiune care poate afecta negativ auzul, iar in unele cazuri poate
provoca boli cardiovasculare. Aceasta este o lucrare review asupra problemei poluării fonice din agricultură,
prezentând diverse cercetări în acest domeniu.
INTRODUCTION
Sound is a common part of daily life, but distinguishing all the negative effects it has on human health is a
complex issue because they usually appear gradually over long periods of time (Celen and Arin, 2003).
Sound can be thought of as invisible air waves that spread or ripple across space. Sound waves are often
referred to as vibrations. Sound waves enter through the ear canal and vibrate the eardrum, both in the outer
ear. Three small bones of the middle ear (the hammer, anvil & stirrup) amplify and transmit the vibrations to the
cochlea in the inner ear. The cochlea is filled with fluid and tiny hair-like structures, cilia, that wave like grass.
The waving of the cilia translates the sound waves into nerve impulses for the brain.
Noise as an unwanted factor to human welfare has been receiving more attention over the past years.
Increasing emphasis on air pollution, water pollution and environmental quality in general, created the need to
examine the acoustic environment that surrounds humans, especially in the work place (MINETTE et al., 2007).
Sound has two properties that are important in preventing noise induced hearing loss: frequency and
intensity. Sound frequency refers to how many vibrations occur in one second and is measured in Hertz units,
abbreviated Hz. Intensity is the power or size of the sound pressure and the perceived loudness of a sound is
dependent upon both frequency and intensity along with other factors such as how close one is to the sound
source and the health of one's ears.
According to the Regulatory Standard NR-15 (1990), in Annex No.01 (Limits of tolerance for continuous or
intermittent noise), the levels of continuous or intermittent noise should be measured in decibels (dB) with an
instrument of sound pressure level operating in the compensation circuit "A" and slow response circuit, and the
readings should be taken close to the ear of the worker. The maximum intensity of exposure to salubrious
conditions for people working daily is 8 hours with a level of 85 dB (A) and 7 minutes to noise level of 115 dB
(A), and it is not allowed the exposure to noise levels above this limit for individuals who are not adequately
protected, it may provide serious or imminent risk to them.
The effects of noise are hidden between 30-65 dB(A), but sounds between 65-85 dB(A) might cause some
physical effects besides physiological effects, indicating to autonomous nervous system, increase of blood
pressure, decrease in heart pulses, weakening of the muscles and withdrawal of blood from skin (Sabanci and
Uz, 1984). Above 85 dB, effects might cause permanent hearing disabilities, and according to the International
Labour Organization, this is accepted as the warning level.
56

INTERNATIONAL SYMPOSIUM

Long term exposure to noise often causes permanent consequences to human health, and researchers
tend to conclude that measuring noise during work related operations is the main issue for estimating adequate
working conditions. Mechanized equipment and environment interactions are related with a growth of health
problems for operators, due to long term exposure to noise pollutants like engine, chassis, threshing systems,
tyres, etc.
Technological progress, aiming for increased production and decreased human work burden, came at a
cost with negative effects on human health. Table 1 shows the average sound levels produced by the most
common agricultural machine types.
Table 1
Typical sound levels (dbA) for agricultural machinery
Sound Levels (dbA)
Agricultural machinery
74-112
Tractor
77-120
Chainsaw
80-105
Combine
81-102
Grain dryer
83-116
Crop dusting aircraft
85-106
Orchard sprayer
88-94
Garden tractor
93-97
Grain grinder

Occupational safety and health standards are used to set "safe" levels of noise in the workplace,
acknowledge that some people may suffer from noise induced hearing loss at levels below the standard. The
accepted levels in the United States come from OSHA and are contained in Table 2. While 90 dB(A) is the level
of noise permissible for a 8 hour work day, 85 dB(A) is the level at which action for hearing protection is
recommended for everyone.
Table 2
Permissible Noise Exposures
Exposure to noise
Sound level dB(A)
pollution per day (hours)
8
90
6
92
4
95
3
97
2
100
1½
102
1
105
½
110
¼
115

Concerns over the welfare of operators is directly based on factors that allow safety and a greater degree
of comfort during working hours. The agro-industry workers are exposed to risks to their physical and
psychological integrity, which in turn may result in down-time from the company for considerable periods of time,
causing losses to businesses as well (SAMPAIO et al., 2007).

MATERIAL AND METHOD
(Dorgut. M and Celen I., 2004) analysed the noise levels of various agricultural machines taking the
operator’s position into consideration, using a New Holland L95 tractor (95 HP-70kW) with 2500 RPM maximum
power, and having 12 forward and 12 backward gear degrees. The test was realized in open fields and the
measurements were made in different points and different working conditions: at driver’s ear level, at idle tractor
position and with or without load for tractor running. Measurements in the specified conditions were gathered
using microphone systems: Digital sound level meter SL 4001, and also a digital anemometer AM 4201 Lutron.
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Fig.1 - Prepared system for determining noise levels of the tractor

In order to properly analyse noise levels of working agricultural machinery, (Zewdie R. and Kic P., 2017)
performed experiments on five agricultural machines: two combine harvesters Claas 450 AC and three tractors
Case IH, Zetor Z7045 and Zetor Z7711, collecting sound data in hot climate conditions during 2015 and 2016
narvest time, using a sound level meter and a real-time frequency analyser, converting the audio signal into an
electrical signal. All data was measured continuously and stored at 1 minute intervals to an ALMENO 2590-9
measuring instrument, depending on the needed time for measurements (from 94 to 115 min.), storing the data
for the entire measuring period.
(Yanagi T. et al., 2012) characterized the spatial variability of noise levels generated by four agricultural
machines using geostatistics, in order to help evaluate the safe levels of environments occupied by agricultural
workers. For this objective, they conducted the experiment in Lavras, Minas Gerais, collecting data in an area
free of obstacles in areas of 45 x 90 m, with soil covered with Bahia grass. The evaluated machines were an
agricultural tractor AGCO 62 kW at 2200 RPM, an agricultural chainsaw 2.6 kW at 13500 RPM, a portable
harvester 1.3 kW at 12300 RPM. The noise levels were determined using a sound pressure meter, expressed in
dB(A). Readings were taken at the height of the operator’s ears equidistant to the edge of the sample area,
according to figure 2:

Fig.2 - Experimental area layout for measuring sound levels

RESULTS
(Dorgut. M and Celen I., 2004), after analysing sound levels of a New Holland tractor, showed in
figure 2 the maximum noise levels emitted by the tractor in open air recorded at 1000 RPM for farm machinery.
The maximum noise levels recorded by them came from using the mechanic seed drill with 91.3 dB(A), while in
figure 3, the maximum noise levels recorded at 2000 RPM came from the pneumatic precision drill, at 96.6
dB(A).
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Fig.3 - Maximum noise level measured at 1000 RMP, in open air
a. Fertilizer broadcaster; b. Combicurum; c. Mechanic seed drill; d. Baler; e. Pneumatic precision drill; f. Subsoiler

Fig.4 - Maximum noise level measured at 2000 RMP, in open air for a 95HP New Holland tractor
a. Fertilizer broadcaster; b. Combicurum; c. Mechanic seed drill; d. Baler; e. Pneumatic precision drill; f. Subsoiler

After measuring sound levels of five working agricultural machines during harvest time, (Zewdie R. and
Kic P., 2017) presented their recorded data in table 3:
Table 3
Model
Mean Value
St. Dev.
Minimum
Maximum
Average

Measurement results on noise level dB(A) in driving cabins of farm machineries
E517
Class 450
Zetor 7711
Case IH
Zetor 7045
82.5
81.6
84.3
72.8
83.2
1.6
3.0
5.9
3.2
5.4
76.9
60.6
50.5
64.6
61.1
87.6
86.3
91.7
79.5
90.9
82.7
82.1
85.4
71.8
84.5

Based on the results of the measurement and statistical evaluation, the lowest noise level was measured
in the Case IH tractor 72.8 dB(A). For the comparison, the noise level in the cabin of the combine harvester
E517 was 82.5 dB(A), Claas 450 was 81.6 dB(A) and the tractors of older models Zetor Z7045 83.2 dB(A). The
highest noise level was measured in the driver’s cabin of Zetor Z 7711 at 83.4 dB (A). The noise level difference
between the two types of tractors Zetor Z7045 and Z7711 was not statistically significant.
(Yanagi T. et al., 2012), following their experiments, obtained the minimum, maximum, average, and
standard deviation and error of the noise data evaluated for the machines, presented in table 4:
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Table 4
Minimum, maximum, average, standard deviation and standard error for noise levels in evaluated equipment types
Equipment
Minimum
Average
Maximum
Average
Standard error
type
dB(A)
dB(A)
dB(A)
dB(A)
dB(A)
Harvester
53.49
65.94
81.85
64.29
0.41
Chainsaw
73.85
85.18
102.28
84.13
0.39
Brushcutter
71.64
84.45
99.31
83.40
0.38
Tractor
70.93
83.43
93.75
82.71
0.57

Analysing the data of maximum and minimum values, presented in table 4, the high variation from the
collected data outlines the problems that can occur when using the average to establish safety standards for
operators, generating scenarios in which one operator is working in safe conditions, while others are subjected
to high levels of sound emissions.
Visually analysing the maps of the four types of equipment, presented in figure 4, shows how the noise
varies in space, each possessing a distinct distribution pattern:

Fig.5 - Spatial distribution of noise levels (dbA) for equipment types:
a. harvester; b; chainsaw, c; brush-cutter; d. tractor

Analysing these maps, high levels of noise on all machines can be seen, outlining the necessity of using
protective gear on operators and other workers from around the equipment.

CONCLUSIONS
Noise levels emitted by agricultural machinery are influenced by engine speeds and motor revolutions,
and generally sound levels increase at 2000 RPM, higher than in the case of 1000 RPM engine speed
(Dorgut. M and Celen I., 2004). These different levels are also felt by the operator but in the described
conditions, noise levels measured in the operator’s cabin were below the safe limit.
Following their experiments and data processing on sound emissions of five types of agricultural
machinery (Zewdie R. and Kic P., 2017) concluded that the agricultural machinery driving cabin should have
added protection from outside sound emissions like extra rubber seals, recording higher sound emissions when
uphill driving, emptying, dumping and driving kick-offs. Also outdated farm machinery seems to emit higher
sound emissions, but with a lower performance, and in this scenario, ear protection for the operator is
recommended.
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(Tadayuki J. et al., 2012) concluded that characterizing spatial variability of noise magnitude through data
gathering is essential for determining the need and type of protective gear for operators, but also for workers
that work in the vicinity of these equipment types.
(Cunha J. and Teodoro R., 2006) evaluated the noise caused by agricultural machines and concluded that the
transactions were extremely uncomfortable for the operator. Even with the use of hearing protection may still be
noticeable health risks. (Rodrigues et al. 2006) evaluated the effectiveness of small, medium and large
protectors and concluded that to fulfil their role; they need to be specific in size for each worker.
(Junoh et. al, 2011), came to the conclusion that the amount of discomfort an operator experiences depends on
the magnitude, direction, frequency and the duration of the exposed noise in a tractor’s cabin. The increases
and decreases of the engine rotations, which will affect the driver’s performance, at the same time giving stress
to the driver due to generated noise, are specifying the correlation between the noise annoyance level and
engine rotation.
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ABSTRACT
Making biodegradable plastics is a concern of recent years, research in this field from universities,
research institutes and enterprises are continuously developing. New biodegradable plastics materials, with
applications in loose fill packaging, can be obtained by reactive extrusion of starch plasticized with glycerin and
water. The physical properties of new materials are different from those of the initial components and some
properties of the initial components are subject to modifications during the synthesis process. Such
modifications were investigated by NMR measurements indicate a progressive degradation of the ordered
phase of the starch in function of glycerin and water content of samples.
REZUMAT
Fabricarea materialelor plastice biodegradabile este o preocupare a ultimilor ani, cercetările în acest
domeniu din universități, institute de cercetare și întreprinderi având o dezvoltare continuă. Noile materiale
plastice biodegradabile, cu aplicații în industria ambalajelor de umplere, pot fi obținute prin extrudarea
amidonului plasticizat cu glicerină și apă. Proprietățile fizice ale materialelor noi sunt diferite de cele ale
componentelor inițiale iar unele proprietăți ale componentelor inițiale pot fi modificate în timpul procesului de
sinteză. Astfel de modificări au fost cercetate prin măsurători RMN care indică o degradare progresivă a fazei
ordonate a amidonului în funcție de conținutul de glicerină şi de apă al probelor.
INTRODUCTION
Plastic products have become important components of daily life in the last half century. Synthetic
plastics have good mechanical strength, can be easily processed and transformed into products of different
shapes and are also lighter and cheaper than other materials. That is why they are widely used in industrial and
commercial applications. In addition to these advantages, synthetic plastics create big problems worldwide, on
one hand due to the high consumption of crude oil, an increasingly scarce and expensive resource, necessary
for their production and, on the other hand, due to the negative impact they have on the environment (Paul M et
al., 2011; Avérous L., 2013).
The viable solution to solve these problems and which leads to the reduction of hydrocarbons consumption and
the reduction of environmental pollution is represented by biodegradable plastics obtained from renewable raw
materials from agricultural resources such as biodegradable polymers. Being biodegradable or compostable,
they return in a short time, under certain conditions of humidity, heat and light, decomposing into simple
elements, in the nature circuit (Avérous L., 2013; Luckachan G. E., Pillai C. K. S., 2011).
The development of biodegradable plastics is a concern of the last years, researches from this field of
universities, research institutes and companies, being in continuous development. Biodegradable loose fill
packaging is also part of the large category of biodegradable plastics and it is necessary that they ensure,
besides biodegradability, a series of technical requirements arising from their purpose of use: protection of
brittle products during handling and transport. The properties of the packaging depend both on the type and
proportion of the materials that are part of the formula and on the technological process used in its manufacture,
a process characterized by certain technological parameters (Liu H. et al., 2009).
The most common raw material used in the production of biodegradable plastics is starch. It is found in
abundance in corn, potatoes, wheat and tapioca (Lu D. R., et al., 2009; Nabar Y. et al., 2006).
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Starch is one of the most studied biopolymers and many structural aspects involving the arrangement of
the two component molecules, amylose and amylopectin, inside native starch granules and starchy materials
are intensely investigated (Horovitz O., et al., 2011; Tomoaia-Cotisel M., et al., 2010).
In natural, dry state, the starch is not thermoplastic and cannot be used for the manufacture of bioplastics. But,
in the presence of a plasticiser (water, glycerin, sorbitol etc.), high temperatures (90 °-180 °C) and subjected to
a mixing-shearing process, the starch melts and becomes fluidized, allowing it to be processed in extrusion,
injection and blowing equipment same as those used for synthetic plastics (Brümmer T. et al., 2002; Formela K.
et al., 2018; Liu H. et al., 2009).
The effect of some plasticisers contents on various corn starch types and proveniences was investigated
by vibrational and NMR spectroscopies and other complementary methods (XRD, ESM, DCS) (Cioica N., et al.,
2013; Kulagina T.P. et al., 2011, Larsen F. H. ey al., 2008; Todica M., 2005; Warren F.J., et al., 2016). A strong
quality required for the native starch materials used in the packaging process is the increase of their amorphous
degree and also their biodegrability at natural agents (Cârdei P. et al., 2010).
Besides the plasticisers used, the thermoplastic extrusion, thermo-mechanical process, which disrupts
and transforms the semi-crystalline structure of starch granules in a homogeneous and amorphous material is
also used (Mitrus M., Moscicki L., 2014; Nabar Y., et al., 2006).
In this paper the 1H NMR investigation are used for evidencing structural crystalline/amorphous changes
in native corn starch with plasticisers (water, glycerol) before and post extrusion process.
MATERIAL AND METHOD
The normal corn starch used in this study was obtained from SC Amylon Sibiu, Romania, having a
water content on wet basis (wt.b.) of 10.76 %, a density of 0.561 g/cm3 and an amylose content of 21%. The
glycerol used in formulas was purchased from SC Nordic Invest SRL Cluj Napoca and had a concentration of
99.5% and a density of 1.262 g/cm3. The water used was from the water supply system.
In order to study the influence of nature and proportion of the components on the characteristics of the
formula, 1H NMR measurements were performed for different starch/glycerol/water ratio. Table1 shows the ratio
of the components in the used formulas.
Table 1
The composition of the studied mixtures
Sample
symbol
a
b
c

Starch [%]

Glycerin [%]

Water [%]

78
72
68

19,5
18
17

2,5
10
15

For homogenization, the components were thoroughly mixed and stored in sealed containers for 24
hours before performing the tests.
Loos fill packaging sample were obtained by reactive extrusion of the same components, dosed in the
proportions presented in table 1. A corotating intermeshing twin-screw extruder ZK 25 (Collin, Germany) with six
independent heating and cooling areas was used to conduct the extrusions. The screw has a diameter of 25
mm and a length to diameter ratio of 30:1. A die plate with one orifice of 3 mm was used. The starch was fed
into the extruder hopper with a twin-screw volumetric feeder (Model DSV 020D, Definitive Inovation, Italy). The
plasticisers were added into the working area through a pipe connection located at 170 mm from axis of the
supply hopper with a peristaltic pump (Model SP 311/12, VELP, Italy). The screw speed was 150 rpm and the
barrel temperatures (from the feeding port to the die section) 30, 50, 80, 100 and 120 0C, respectively. Finally,
the extruding product was collected and cooled to room temperature
The 1H NMR data were recorded using the Bruker Minispec spectrometer with the 10 mm probe-head
working at 19.688 MHz Larmor frequency. For spin-spin relaxation times T2 measurements the pulse length was
8.5 µs and 1000 CPMG echoes were recorded with 64 scans and a recycle delay of 0.5 sec. For spin-lattice
relaxation times T1 measurements 10 pulses were used for the magnetization saturation with a decremented
inter-pulse time. The re-magnetization time was increases in 72 unequal steps with a 1.1 multiplication factor up
to 956 ms. In all measurements the temperature was set to 35 oC. Finally, in order to find the T2 and T1 times
distributions, the CPMG decays and saturation recovery curves were analyzed using the UPIN algorithm, which
perform a Laplace inversion of the measured data (Borgia G. C., Brown R. J. S., Fantazzinit P., 1998). In this
way the T1 and T2 distributions as function of samples composition before and post reactive extrusion process
were analyzed.
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RESULTS
In fig. 1, fig. 2, fig. 3 and fig. 4, the results of the nuclear magnetic relaxation 1H NMR measurements on
the viscoelastic behavior of the three mixtures before and after extrusion are presented.
The distributions of the spin-lattice relation time T1 give the information about the morphology and the
crystallization degree.
The T1 distributions of the pre-extrusion mixtures obtained are shown in fig. 1.

Fig. 1 - The spin-lattice relaxation time T1 distributions of a) to c) mixture samples

There is an increase in the intensity of the peaks as the content of plasticisers increases. Also if for
sample a) the peak is located in the less mobile area, T1 ~ 65 ms, for the sample b) it is located at T1 ~ 90 ms
and for the sample c) at T1 ~ 105 ms, areas that indicate a much higher mobility and a more pronounced
amorphization of the mixture with the increase of the content of plasticisers.
Regarding the loos fill packaging samples made by reactive extrusion, keeping the proportions of the
components presented in the tab. 1, the T1 distributions are shown in fig. 2.

Fig. 2 - The spin-lattice relaxation time T1 distributions of a) to c) extruded samples
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The main and small peaks for sample (c) having (68/17/15) composition are located at T1 ≅ 90 ms, and
at T1 = 15 ms, respectively. For the samples (a) and (b) these are situated at lower T1 values, i.e. at T1 ∼ 65 ms
and T1 ∼ 5 ms, respectively. These data suggest an increased amorphous content for sample (c).
Fig. 3 show the normalized distributions of the spin-spin relaxation time, T2.of mixture samples.

Fig. 3 - The spin-spin relaxation time T2 distributions of a) to c) mixture samples

These distributions have for all three mixes four peaks, located starting from 0.2 ms to 105 ms. As the
content of plasticisers increases, a shift of the peaks towards higher T2 times takes place, thus towards the
area with a soft -solid and liquid-like behavior, due to the increased mobility of the polymer chains.
For extruded samles (loos fill packaging) the normalized distributions of the spin-spin relaxation time,
T2. are presented in fig.4.

Fig. 4 - The spin-spin relaxation time T2 distributions of a) to c) extruded samples

The peaks characteristic (T2 ~ 0.1 s) of mobile region (amorphous), are very small for samples (a) and
(b). These peaks are more pronounced for sample (c) having T2 ~ 4.7 ms and T2 ~ 26.6 ms which satisfies the
required conditions for loos fill packages. The samples (a) and (b) are more rigid, features observed also from
the smaller values of T2 relaxation time (two major peaks in the range of T2, max ~ 4.7 – 5.7 μs and T2 max ~
1.1 – 1.5 ms). There is also a rigid core at sample (c), characterized by a peak at T2 ≅ 27 μs.
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CONCLUSIONS
The NMR relaxometry measurements correlated with inverse Laplace analysis was proved to be a
suitable tool for the investigation of corn starch structure in the presence of water and glycerol plasticisers.
The 1H NMR T1 and T2 relaxometry measurements show that the ratio of starch / glycerol / water is the
main factor determining morphology and polymer dynamics of the studied mixtures and of the corresponding
extruded samples (loose fill packaging).
From the distribution of the longitudinal relaxation times T1 of the studied mixtures we observe an
increase of mobility of the polymeric chains signaled by the increase of the intensity of the peaks and a
displacement of them towards higher relaxation times as the content of plasticisers in the formula increases.
Compared to this, in the corresponding extruded samples, there is a marked increase of peaks for all three
formulas, with the mention that only in the case of the formula with the highest plasticiser content, sample c), a
peak shift occurs toward higher times.
From distribution of the transverse relaxation time T2, it is observed, especially in the case of sample c),
the presence of important peaks in the area with soft solid and liquid-like behavior. With this formula an
extruded product was obtained, corresponding to the requirements of a loos fill packaging.
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ABSTRACT: The current trend manifested globally is to find new solutions using non-conventional energy and
renewable energy (solar, wind, flowing waters, biological processes and geothermal heat) in socio-economic
activities, as an alternative to classical energies.
In this paper we intend to present some research on how to recover the thermal energy released in the
biological process of composting biodegradable waste, research which will be finalized by creating and testing a
composting container, equipped with recovery plant heat resulting from the aerobic fermentation (composting) of
biodegradable waste.
REZUMAT: Tendinta actuala, manifestată la nivel mondial, este de a gasi noi solutii de utilizare a energiilor
neconventionale sau regenerabile (energia solara, a vânturilor, a apelor curgătoare, a proceselor biologice şi a
căldurii geotermale) in circuitul socio-economic, ca surse alternative la cele clasice.
In cadrul prezentei lucrări ne propunem sa prezentăm unele cercetări referitoare la modalităţi de
recuperare a energiei termice eliberată in procesul biologic de compostare a deseurilor biodegradabile, cercetări
care se vor finaliza prin realizarea şi testarea unui sistem de compostare tip container, echipat cu instalaţie de
recuparare a caldurii rezultate din procesul de fermentare aerobă(compostare) a deşeurilor biodegradabile.
INTRODUCTION
Mainly, known three types of heat recovery systems results from the fermentation of aerobic (composting)
of biodegradable waste, as follows:
- heat recovery system in open compost pile formed, with natural ventilation;
- heat recovery system in compost open heaps achieved (dumps), aerated forced;
- heat recovery system made compost in closed container achieved, forced aerated.
Known limited studies on the heat recovery of composting have shown that it is a critical condition to
strictly control the temperature in the heap. To prevent the temperature from falling below the temperature
required for high-temperature composting, too much heat can’t be removed during composting (Chroni et al.,
2009). On the other hand, losing a large amount moisture is not conductive to heat accumulation, but also
slow down the composting process, so keep the entire composting process from over-ventilation.
The current method of controlling the temperature of the composting process is usually to maintain the
oxygen content of the reactor or to control the air content of the reactor by adjusting the temperature (Xiao et
al., 2009).
In principle, two methods known of composting heat recovery, respectively, direct and indirect
methods.
Direct recovery method
First direct method is to extract heat from the composting material in the form of heated water.
This method is by circulating water pipes inside the heap or in the concrete slab. This method is more
suitable for personal use. The process of piling up and disassembling requires installation and removal of
pipelines, and the time and labor available to them for help. This is not the case for commercial use for the
waste of time and labor (Smith and Aber, 2014).
Another downside is the lack of mechanical agitation. But also easy to take away some of the heat in the
cold water in the pipeline. The above situation is not conducive to the growth of microorganisms, and may
also lead to corrosion (Smith and Aber, 2014).
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The method of extracting heat directly from manure is a simple and effective method pioneered by
Jean Pain. One of the heaps is to set water pipes in them, with pipes in 10 inches. When there is air through
the heap will produce heat, water is taken away by the water pipes, as a radiation source for greenhouse.
Studies conducted by (Lekic, 2005) showed that the water temperature increases as it passes through
the entire pipeline, theoretically 73% of the heat is absorbed by the water. The limitation of this study is the
laying of pipes (Lekic, 2005). A solution proposed by (Seki and Komori 1992) is to use packed column
heating tower to concentrate the heat discharged into water.
The second method in direct composting heat recovery is use air heating, where air is pushed out
(forced aeration) or pulled through (negative aeration) a composting heap. Most commonly accomplished by
placing the compost pile on a well-ventilated and level floor, pouring the perforated PVC pipes into the
concrete, covering it with a perforated cover and finally covering it with 8-inch sawdust. By moving the whole
body mechanically, air enters the heap, removing excess heat while generating heat (Rynk, 2000; Epstein,
2011; Smith and Aber, 2014).
However, this method requires that there be a strong microbial population in the heap and that it is
difficult to collect the heat with a mere 13.4% availability, thus it has some limitations (Themelis, 2005). The
invention was originally derived from the New Alchemy Institute, they warmed a greenhouse with compost
vapor by biofilter in the winter (Fulford, 1986). Although this study is mostly used for horticulture, it plays an
important role in prolonging the season time and reducing greenhouse energy loss under cool climatic
conditions.
Indirect recovery method
An indirect recovery method involves harvesting the heat indirectly by altering the form of the bio-waste
material itself (Lee et al. 2014) reformed an Advanced Compost and Energy System (ACES).
In the ACES, technically speaking, the moisture in the feedstock is evaporated by the biological response
of a specific set of well-fed fermenting microorganisms that produces heat above 80°C and thus evaporates
residual materials and food waste were compared,18.82 MJ/kg, in a heating value test. One of the advantages
of ACES is that it does not require the removal of waste water compared with the traditional method, ACES is
more like a method does not need to rule out any substance, but does not require additional energy. Microbials
can consume organic matter in the raw material and emit heat, and can be the temperature reached 80°C-90°C.
The use of heat generated, the raw water can be volatile out, which is the rest of the traditional
methods can’t be achieved (Lee et al., 2014).
About how to handle the liquid in livestock excrement. How to deal with these liquids is the biggest
problem converting raw materials into heat. Because raw materials are mixed with up to 90% moisture, the
remaining solids have very high potential for energy production, such as 10.46-14.64 MJ kg-1 (Lee et al.,
2014), which requires reasonable treatment of the liquid. The usual approach is to evaporate. If electricity or
natural gas is used for evaporation, the cost of the project will be increased. In addition, since the moisture
inside the raw material itself is not easily dried, it takes a long time to evaporate, and the dried material also
has unpleasant odor (Shin, 2002; Kim, 2012).
Direct recovery method is the most used in the industrial composting due to its simplicity. The heat
transfer calculation models normally could be used to simulate the specified composting process. There are
many more to do for the heat recovery both in research and application, such as more simplified models for
heating predictions of potential heat from composting, and high efficient heat recovery method.
MATERIAL AND METHODS
Regarding heat energy recovery results in the composting of biodegradable waste in the world have
made significant progress for the development of such systems, most being mounted in conventional systems
composting (in the pile, rick, dumps composting) but also tanks (containers) composting or complex industrial
systems.
Heat recovery system in open compost pile formed with natural ventilation
The ingenious system is constructed as a heat generator based on the natural fermentation of
biodegradable waste and can provide thermal energy required for heating or hot water for a period of 12-16
months (**** 2).
In general compost pile has a diameter of approx. 5 meters and a height of approx.2.5 meters. Some
sources give much larger, 10 x 6 meters. In any case, they are major cylindrical shape and a ratio of 1: 2
between height and diameter, Fig. 1.
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Fig. 1 - Heat recovery system achieved in compost heap

The main disadvantage of this system is that the fermentation process requires a period between 70 and
90 days.
Not insignificant advantage of this system is that the starting materials - pipe, pump, fence, can be reused
for 10-15 years, with the same efficiency and costs are relatively low.
Composting system in open dumps static aerated forced with heat recovery system
This system was well documented in the extensive research conducted at the University of New
Hampshire Department of Natural Resources, US, (Matthew M. Smith, John D. Aber, 2018).
Research shows operational information for aerated composting system developed on a commercial
scale ASP (static aerated cells) with energy recovery, one of the few currently in operation worldwide.
The heat was captured directly and predictably related to the difference between the vapor temperature of
the compost and the heat sink, a vapor temperature range of 51-660C compost.
There is a lag time of 5 days, the heap of compost to the formation of vapor until the temperature of the
compost has been sufficiently large for energy recovery (≥50 0C).
A second temperature difference existed also during each cycle of aeration, where the inlet temperature
vapor, immediately after coming out of the compost heap, differs from reaching the heat exchanger, a difference
of almost 4.40C after the first minute of aeration and 1.30C after six minutes.
Following these gaps, composting plant operators may reconsider energy recovery ventilation system
design and aeration cycles to achieve maximum energy capture.
In Fig. 2 is shown such a system for recovering heat energy from the high-capacity compost.

Fig. 2 - Heat recovery of high capacity composting system
- Schematic diagram 1 - composting chamber; 2- compost; 3 - pipeline for collecting equipped with automatic valves; 4 - condensation collection circuit;
5 - condensing water outlet pump; 6 - isobaric heat exchanger; 7 - fan; 8 - mechanical room (the location of the heat recovery
system); 9 - bio-filter to eliminate odors; 10 - hot water circuit; 11 - preheating water network; 12 - heat exchanger with flat
elements; 13 - hot water tank; 14 - space for end use hot water.

The results of experiments in which the parameters measured are identified, are shown in the diagrams
of Fig. 3. The efficiency of energy capture and predictably varies strongly with the temperature difference
between Vapor Heat Exchanger and Heat Sink Tank.
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Fig. 3 – Parameters variation in the composting process

Heat recovery system in industrial composting system
This system was implemented at Diamond Hill Custom Heifers by Agrilab Technologies Inc. and the
composted waste is manure and bedding material used in cattle (**** 5), Fig. 4.
The system is essentially self-powered, with the exception of a small amount of electricity needed to
power at 120 VAC four fans in line, 1/8 hP motor systems.

Fig. 4 - Industrial system implemented at Diamond Hill Custom Heifers

The system consists of two separate composting hall through a central gallery closed. Each of the waste
composting heaps is approximately 15.5 m wide and 18 m in length allows the active composting between 700
and 800 tons of materials concomitantly itself.
In each hall may form four piles (furrow) where the current can reach and maintain a temperature of 120 to
165 degrees F for four to eight weeks after the initial training.
The floor is made of reinforced concrete with a thickness of 6 "to 10" poured over the sand compacted to
apply the foam of the type used in the installation of electrical systems in floor heating.
Semi-concrete and embedded in the insulation installed over a network of pipes made of PVC. In
addition, these pipes are insulated with a material is coated "Techfoil" that increases the amount of insulation
around the pipes. The connecting pipes are, in fact, the collection of vapor, have a diameter of 10 "and are
vertically mounted fan by a record flexible 10", after which they are attached a pipe greater corrugated PVC,
diameter 24 " in which are arranged six conductors Isobar superthermal.
The conductors of the isobaric superthermal devices are defined technically heat exchange in two
phases, in this application are accomplished of the stainless steel tubes 3”, sealed at each end and loaded with a
fluid for work.
Isobars are insulated devices, which constant achieving uniform temperature on the surface of the heat
contributions due to random. In this particular application, hot water vapor condensed on Isobars are
immediately transferred to that part of Isobar which is in contact with water in the tank
As long as the bulk water in the tank is at a lower temperature than the water vapor in the hot compost,
the transfer will take place. Isobars are self-powered, they do not need electricity or other external power source
to activate only a temperature difference from one location to another on its surface.
The advantage of the transfer Isobar Agrilab is that it provides the supply of hot water accumulated in an
insulated tank of bulk storage to be used directly, most often by providing all the necessary hot water, or as an
adjunct to heating classical hot water
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Heat recovery from the compost made in tunnel vessel (containers)
Investigations have been conducted by a group of researchers in Scotland, on the recovery of thermal
energy from the system composting tunnel, composting system Deerdykes Facility (Irvine G., et. Al, 2010 ).
The achievement was completed in 2006 and supports the location of green waste, industrial sludge and
liquid wastes. Main components are offices, tunnel composting vessels, the aeration of compost and the
compost material mixing.
There are 8 tunnel composting vessel sizes, as follows: 1-4 tunnels is 5 m wide and 25 m long; tunnels 5
and 6 are 5.3 m wide and 35 m long; 7 and 8 tunnels is 5 m wide and 35 m long (SD Last, et.al, 2005).
The tunnels are approximately 5 m high, however, the height of the compost loading was about 3 m,
Fig.5.

Fig 5 –Section through the composting vessels tunnel

1 - composting unit; 2 - compost; 3 -ţevi recirculation; 4 - holes aeration of the compost; 5 - noxious wet scrubber;
6 - ventilator circuit to the bio-filter; 7 - suction fan; 8 - measuring system of the composting temperature; 9 - bio-filter.

Vessel composting process was fully controlled by a computer software package designed specifically for
the trial. Air flows for all fans of the air were varied automatically depending on the measured levels of
temperature, pressure and oxygen within the tunnel.
The hot air extracted from the vessel by the fan pos. 6, is directed to a heat exchanger to recover heat
from it, before being passed through the biofilter.
For the dimensioning of the recovery of heat from the compost made in the container, which is necessary
in a livestock farm, is based on the amount of waste (manure) in a one-year on the farm itself, Cd, which is
determined by the relationship (1 ).
[m3]

(1)
where:
na - the number of animals on the farm;
q [m3] - the amount of manure produsăde an animal in a year.
Also determine the volume of the container for composting Vc occupied by the material subjected to the
process of composting, depending on the amount of waste in the holding and the expected duration of the
ongoing phase fermentation process in a composting container, so that the system compost all of waste
produced of a year, to which are added the energy material required by composting process, Ce, according to
the equation (2).
[m3]

(2)

where:
Ce[m3] - the amount of energy material required composting;
t [days] - estimated period of performance of the fermentation phase in a process of composting.
Depending on the volume of air generated by the fan, air temperature and water consumption needs, to be
estimated size of the heat recovery unit of the compost.
RESULTS AND DISCUSSION
Heat recovery from compost system proposed is composting container fitted with the recovery of thermal
energy from the hot air generated in the process of composting biodegradable waste.
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The heat sources in the form of wet vapor captured in the warm compost is conducted through
specialized heat exchangers in which water is heated.
The exhaust air can be sent back automatically to optimize compost moisture and the entire process or
directly into a bio-filter to eliminate odors.
The hot water can be used in industrial installations for washing farms as water or for space heating.
Schematically, the complete composting system, with heat recovery, is shown in Fig.6a and the heat
exchanger in Fig. 6b.

a)

b)
Fig. 6a, b - Container composting system with heat recovery facility
- Schematic diagram -

1 - composting container;
2 - heatsink;
3 - water preheating system;
4 - bio-filter for odor reduction;
5 - finished compost;
6 - heating installation with energy recovered

1 - the hot air inlet hose connected to the compost;
2 - stainless steel heat exchanger is thermally insulated;
3 - connector of hot water and condensate drainage connector
4 - stainless steel frame covered with epoxy resin;
5 - Fan;
6 - oxygen, temperature and flow of the vapor sensors;
7 - drain hose to the bio-filter.

The calculation of the thermal load for heating domestic hot water using heat recovered from the compost
will be achieved, in the case of paper, a small family farm livestock with 5 dairy cows.
According to [**** 4], the amount of manure for a dairy cow in a week is about 0.315 m3, or about 17 m3
/year.
In this case the amount of manure produced in a year by the 5 dairy cows, complies relationship (3).
m3
(3)
For proper development of the composting process, in addition to the base material, using energy
material.
The amount of energy material necessary for composting, from case to case,is about5-15% of the basic
amount of biodegradable waste, in this case the manure and is calculated according to the relationship (4),
considering an average of 10%.
m3

(4)

We consider a fermentation period, t = 30 days [**** 3], for the situation that the composting process is
carried out in forced aeration system.
Substituting the values considered in (2), result the volume of the container occupied by the composting
materials will be developed and tested, according to the relationship (5).
m3

(5)

The container volume will be about 10 m3 because it will not be completely filled with the composting
material.
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CONCLUSIONS
In principle, two methods known of composting heat recovery, respectively, direct and indirect methods:
 first direct method is to extract heat from the composting material in the form of heated water;
 the second direct method in composting heat recovery is use air heating, where air is pushed out
(forced aeration) or pulled through (negative aeration) a composting heap;
An indirect recovery method involves harvesting the heat indirectly by altering the form of the bio-waste
material itself namely Advanced compost and energy system (ACES). In the ACES, technically speaking, the
moisture in the feedstock is evaporated by the biological response of a specific set of well-fed fermenting
microorganisms that produces heat above 80°C and thus evaporates residual materials and food waste were
compared,18.82 MJ/kg, in a heating value test;
Heat recovery systems results from the fermentation of aerobic (composting) of biodegradable waste is
classified according to the embodiment of compost and known: heat recovery system in open compost pile
formed with natural ventilation; heat recovery system of the compost piles open achieved (dumps) aerated
forced; the heat recovery system of composting carried out in closed vessels, container aerated force;
The recovery of heat resulting from the fermentation aerobic (composting) of biodegradable waste
proposed in the present work, has been designed for a family farm agro-zootechnical with 5 dairy cows and
resulting a construction volume necessary of the container of10 m3.
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ABSTRACT
The paper is a documentary study based on the latest publications in the field of agro-technical
measures recommended for application in soybean crop, cultivated in a conventional or conservative system,
with a view to identifying the optimal solution to respond to the increasingly negative changes in soil properties,
including erosion phenomenon. In the concept of sustainable agriculture development, it is widely accepted that
there is no valid universal soil working system due to local differences, especially climate and soil. Data on
germination bed preparation, soil treatment, soybean biological characteristics, optimum sowing season
recommended are presented, according to pedo-climatic characteristics in different parts of the country and
their impact on soil properties.
REZUMAT
Lucrarea reprezintă un studiu documentar bazat pe cele mai recente publicații din domeniul măsurilor
agrotehnice recomandate pentru aplicare în culturile de soia, cultivată în sistem convențional sau conservativ, în
vederea identificării soluției optime care să răspundă schimbărilor din ce în ce mai nefavorabile asupra
proprietăților solului, inclusiv fenomenul de eroziune. În concepția dezvoltării durabile a agriculturii, este
acceptat pe scară largă faptul că nu există un sistem universal de lucrare a solului din cauza diferențelor locale,
în special a climei și a solului. Sunt prezentate date privind pregătirea patului germinativ, tratarea solului,
caracteristicile biologice ale plantei de soia, sezonul optim de semănat, în funcție de caracteristicile pedoclimatice din diferite părți ale țării și impactul lor asupra proprietăților solului.

INTRODUCTION
Technological systems of soil cultivation have evolved a lot in recent decades, both in Romania and in
the world, evolution both in the conceptual plan and the extension of the conservative methods of soil working.
Soil conservation systems in different areas must have specific characteristics in relation to the ecological
features of the site and the technological characteristics of the cultivated plants, so differentiation becomes
mandatory (Canarache, 1999, Guş et al., 2004).
The concept of "minimum tillage" is based on the idea that different soil types exhibit different
requirements to ensure favorable conditions for the normal unfolding of processes and thus the development of
vegetal mass. The depth of work is normal, not necessarily lower than in the conventional system. The overall
feature of such a system is the reduction of energy consumption and the weight of time allotted to carry out all
work compared to the conventional system.
Agricultural systems have developed in line with scientific and technical progress, as well as the needs
of the company's products (Budoi and Penescu, 1996, quoted by Domuţa, 2008). Thus, the introduction of
agricultural systems become more suited to the requirements of crop plants, pedo-climatic conditions, without
major environmental effects. Within the agricultural system, the soil cultivation system is an integrated
subsystem with decisive influence on the soil-plant-economic efficiency.

MATERIALS AND METHODS
In the conventional crop system, soybean seeds require a very well-prepared germination bed and rich
reserves of nutrients and water throughout the growing season.
For this reason, it is recommended a plowing at a depth of 25-28 cm in summer or autumn, as the preplant leaves the soil sooner or later. Plowing operation is one of the agrotechnical measures to prevent buha
76

INTERNATIONAL SYMPOSIUM

gamma attack (Autographa gamma), which is one of the frequent pests in soybean culture. The most important
sources of weed infestation of agricultural crops are the stock of soil weed seeds and applied agricultural
practices (Gruber and Clauplein, 2009), so the the plowing done at deep depths is also a measure of reducing
the number of weeds by incorporating into the soil weed seeds and plant debris at a depth at which the
germination and emergence conditions are reduced. Spring ploughing is not indicated, because is followed by
harvest losses.
The soybean seed must be certified (C1), have purity over 97%, and germination minimum 80%. For
the prevention of seed diseases and pests that attack plants after germination, there are needed some specific
products to treat the seeds. It is recommended that the seed should be treated with fertilizers (nitragin). It takes
three four bottles for the amount of seed used for one hectare. The use of these biopreparations is absolutely
necessary in our country, because without them specific nodules will not form or a small number will form, thus
stimulating the development of the microorganisms found at the level of the rhizosphere.
At present, conservative (unconventional) soil work defines extremely varied processes, from direct
sowing (no-tillage, direct drilling) to untreated soil to deep dew without turning the furrow. Between these two
extremes there are variants such as: reduced works (classical rationalization), minimal works (with less than
30% coverage, minimum tillage), minimal works with mulch vegetation (with over 30% coverage, mulch tillage),
partial paper strip (strip till, till areas) or works with the protective layer (cover crops, catch crops), etc. (Griffith et
al., 1992; Horn and Arvidsson, 2000; Moroizumi and Horino, 2002; Guş et al., 2003).

RESULTS AND DISCUSSIONS
It is known that in the last years the climate of the area has changed, by increasing the average annual
temperature as well as the uneven precipitation, so we have to pay attention to the new methods of soil work
(Cheţan et al., 2015; Şimon et al., 2015).
The volume of research on soil erosion has continued to grow over time– according to the Web of
Science database, there was more literature published on soil erosion in the last three years (7 348 articles
between 2016 and 2018) than in all of the twentieth century (5 698 articles between 1931 and 1999) (Web of
Science, 2019). Erosion has three primary effects on crop growth and yield: removal of the fertile surface soil
horizon, incorporation of denser subsoil into the surface layer, and a possible decrease in the rooting zone of
the soil (Van Oost and Bakker, 2012). Also an important aspect of assessing the seriousness of erosion
involves the impacts it has both in-field and off-site, and what the economic costs of these effects are
(Boardman, 2006). In a recent example of a cost analysis, (Panagos et al.2018) use a production function as
input into a macroeconomic model to assess the cost represented by soil erosion loss in the agricultural sector
in the European Union. Using the annual productivity loss value of 0.4 percent for approximately 12 million
hectares of agricultural land that suffer from severe erosion, they estimate an annual cost for the lost production
at EUR 1.25 billion for the reference year of 2010.
The main effect of these erosion-induced changes to soil productivity is on crop yields for food, fibre,
and fuel. The effect of erosion on crop yields was studied in detail in the second half of the twentieth century,
and several comprehensive summaries of the research have been published. The Status of the World’s Soil
Resources report drew upon four post-2000 syntheses (Den Biggelaar et al., 2003; Bakker, Govers, and
Rounsevell, 2004; Scherr, 2003; and Crosson, 2003;). The estimates of annual crop loss due to erosion range
from 0.1 to 0.4 percent, with two studies estimating 0.3 percent annual yield reduction. A subsequent analysis
for western Europe using the Revised Universal Soil Loss Equation (RUSLE) model (discussed below)
estimates yield reductions of 0.4 percent annually for agricultural land that suffers from severe erosion (Panagos
et al. 2016) based on a survey of 16 studies cited in their article (including three of those cited above).
The importance of tillage erosion was recognized by soil scientists around 1990, much later than
recognition of wind and water erosion, and was closely linked to the use of the radionuclide cesium-137 in the
1980s (Govers et al., 1999). The basis of tillage erosion is simple: tillage operations cause a net displacement of
soil downslope because gravity retards upslope movement of soil and enhances downslope movement. The
tillage erosion rate is controlled by two set of factors (Lobb, Kachanoski and Miller, 1999; Van Oost et al., 2006).
Tillage erosivity is a function of both physical and human factors such as implement characteristics (tool shape,
width, length), operating conditions (tillage depth, speed, direction) and changes in operating conditions by the
operator in response to field conditions.
The purpose of soil preparation is to modify its physical condition so that the conditions of humidity,
aeration, temperature and liveliness will rise to the optimum requirements for plant growth and to favor the
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activity of microbiota in the soil. The effect of soil work is primarily manifested by improved porosity. By
reversing the layers, bringing surface to the surface with a better structure, a more humidity-friendly humidity
regime is maintained in the soil, favoring the intensification of biological processes throughout the arable soil
mass. As a disadvantage of the practice of deep plowing, it is worth mentioning the gradual degradation of the
soil structure and the reduction in the humus content.
It has been found that the maximum nitrification range is between the volumetric weight values of 1.101.15 g/cm³. At higher compaction levels, nitrification results in lower intensity, indicating that the aeration in the
soils is reduced, thus preventing the activity of nitrifying microorganisms. Aggregate size is another important
element in the complex of physical factors that influence the activity of microorganisms. Soil aggregates act on
the activity of microorganisms by two factors: the specific surface and the size of the aggregate. The surface of
the aggregate is directly related to the amount of gas entering it, being therefore a criterion of aeration and,
implicitly, of aeration. Physical modelling of tillage erosion has focused on determining the tillage transport
coefficients associated with different tillage implements and the speeds at which they are operated. The amount
of soil displaced per tillage operation increases exponentially as the depth of tillage and the speed of the
equipment increases (Van Oost et al., 2006).
It has been demonstrated (Măzăreanu, 1999) that the activity of the bacteria involved in the
mineralization of the organic substance is inversely proportional to the size of the soil aggregate. A close
relationship between aeration, aggregate size and nitrification intensity has been established, with nitrification
being found to be more intense in small aggregates of about 0.25 mm in loose and very loose soil. Once
compacted, the aeration possibilities of the large aggregates are superior and the nitrification process takes
place at a higher level.
In the conventional system, the greatest danger is the alarming decrease of soil organic matter due to
the introduction of atmospheric air into the soil, richer in oxygen than in the soil. More oxygen in the soil causes
the activity of aerobic bacteria to attack the organic matter of the soil, using it as an energy source that turns it
into mineral substances, mostly CO². Their multiplication takes place very quickly, exponentially, in optimum
conditions of humidity, heat and food. Naturally, the soil does not contain so much air, and the exchange of gas
between the air in the soil and the atmosphere is slow, based on the partial pressure of the component gases.
On the other hand, direct exposure of the soil to solar radiation causes unmistakable soil changes throughout its
evolution for billions of years when it was permanently covered with vegetal debris
(http://www.rasfoiesc.com/business/agricultura/Sistemul-de-cultura-convention26.php).
A wrong execution of ploughing reduces production, increases consumption and leads to soil
compaction and, implicitly, to soil degradation. At the same time, by removing the vegetation the fields are
exposed directly to the action of precipitation and wind, which causes the particles to detach and the erosion to
start (Berca, 2006). Also, old technologies, energy-intensive and also hard-ground are an initial factor for soil
degradation, 35% of the degradation is due to human activity worldwide and 28% to other forms of improper
land management (Brown, 2002). Considerable efforts were made during the 1990s to assess the effect of
different tillage implements on rates of tillage erosion (Van Oost et al., 2007). In general, tillage erosion rates
increase linearly with tillage depth as more soil is subject to movement and downslope displacement. Generally,
mouldboard ploughs (mean tillage depth of approximately 0.25 m) cause more tillage erosion than chisel
ploughs (mean tillage depth approximately 0.15 m); secondary tillage operations such as the use of cultivators,
harrows, or discs are shallower yet and cause correspondingly lower tillage erosion rates. Tillage speed is a
secondary control on erosion rates but has a lesser effect than tillage depth.
It has been estimated that intensive soil cultivation produces a stronger humus mineralization which is
estimated at annual losses of 1-1.5% on clay soils and 2% on sandy soils or 1-1.2 t / ha per year of the total
humus reserves of the soil. This is the main reason why an alarm signal has been drawn in the agricultural
scientific field, in order to modify the crop technologies to preserve what the soil has the most precious: humus.
The main research area in the field of soil works was to maintain the natural conditions in which the soil evolved,
leading to the accumulation of organic matter, to the formation of the structure, which allows the harmonious
cohabitation of the three factors, the soil, the water and the air in order to ensure the conditions for plant growth;
this requires maintaining organic residues at the surface of the soil. In this sense, it was intended to adapt
agricultural machinery to the natural soil maintenance system and not to modify the soil to be sown with
conventional machinery (http://www.rasfoiesc.com/business/agricultura/System-de-cultura-convention26. php).
Conservation of soil fertility requires the application of a system of work that optimizes the plant's
cultural requirements with soil-induced changes, ensuring the improvement of soil characteristics and the
achievement of large and constant productions.
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According to the Revised World Soil Charter (FAO, 2015), soil management is sustainable if the
ecosystem services provided by the soil are maintained or enhanced without significantly impairing either the
soil functions that enable those services or biodiversity. The selection of appropriate measures to maintain soil
erosion within a tolerable range is an essential component of sustainable soil management (SSM) (FAO, 2017).
Soybeans can be cultivated on the same land for many years in a row when, thanks to the multiplication
of specific symbiotic bacteria, large yields can be obtained. If the species of bacteria (Rbizobium japonicum) is
found in the soil to cause the formation of nodosites on the soybean roots, the plant can also use nitrogen in the
atmosphere, in most cases the soy cannot fully provide the nitrogen in the air, which is why a good part of it has
to take it out of the soil.
The roots of soybean plants are favorable environments for the growth of microorganisms whose
numerous and diverse populations are found in and around them. Interactions between soil microorganisms and
plant roots satisfy important nutritional needs for both the plant and the associated microorganisms (Brown,
1974, cit., Limm, 1998). This is proved by the large number of microorganisms found in the rhizosphere
(Alcamo, 2003). Wilkinson and Humphreys (2005) emphasize the importance of soil mixing by organisms (i.e.,
bioturbation) in creating soil horizons (especially organically enriched surface horizons) at much faster rates
than the absolute rate of soil production at the soil-bedrock interface. At the level of the rhizosphere, there is a
large number of microorganisms belonging to different taxonomic groups, stimulating the multiplication of
bacteria and fungi in particular, their density decreasing as the distance from the roots increases. Among the
species identified as predominant are Rhizobium, Achromobacter, Agrobacterium, Alcaligenes, Azotobacter,
Corynebacterium, Pseudomonas (the most numerous species), Xanthomonas.
The roots of the plant secrete in the rhizosphere a variety of organic substances that are an important
source of nutrients for microbial populations: exudates, mucilages, lysates. The composition of radicular
exudation varies depending on the type and structure of the soil as well as the stage of seed and root
development, including sugars, amino acids, vitamins, tannins, alkaloids, phosphatides and other substances:
growth factors, fluorescent substances, hatchery stimulating factors for nematode eggs, fungal or antifungal
attractants.
The effect of microorganisms on soybean plants is the result of interactions between microorganisms
and plants resulting in a number of beneficial effects (increasing the plant's ability to take P, Mg, Fe, Zn, Cu,
stimulate nitrogen fixation, stimulate plant growth, decompose plant residues of organic matter) without,
however, excluding in some cases the possibility of negative consequences (Sylvia, 1999). The plants grown in
the usual, non-sterile soil are more vigorous and the plant biomass production is higher than the control plants
grown in sterile soil. In the absence of appropriate microbial populations in the rhizosphere, plant growth is
disturbed (Lynch, 1990). The best studied positive effects of rhizospheric microorganisms on the roots of
soybean plants are: nitrogen fixation, micorising associations, plant growth stimulation, inaccessible nutrient
decomposition for plants, nutrient cycle.
Numerous bacteria and some fungi (Fusarium) produce gibberelic acid and giberilines with stimulating
effects on plant growth (increase seed germination speed, ensure root system development, etc.) (Arshad and
Frankenberger 1991). Microorganisms also perform a periradicular environmental treatment by degradation of
pesticides and removal of excessive amounts of organic and inorganic substances (Anderson and Coats, 1994).
Aleopathic (antagonistic) substances released by microorganisms in the rhizosphere may induce the plant to
trigger amenal relationships with other plants. Such alloopic substances surrounding some plants can prevent
the invasion of the habitat by other plants, which may be a synergistic type of synergy between the plant and the
rhizospheric microorganisms.
The fuel consumption (diesel) for the technological works carried out on a 1 hectare area in the classical
system is 103.8 liters/ha at a value of 622.8 lei/ha compared to the application of the minimal works technology
at which the fuel consumption is of 79.4 liters/ha at a price of 476.4 lei/ha; the economic efficiency of the
minimum systems results, in the present case, only from the reduction in fuel costs used for mechanical works,
because the cost of materials is higher (for both systems or the same materials used) such that the total
technology (fuel + materials used) an average reduction of 9% is achieved (Cheţan, 2015).
The system of minimum works is characterized by 15-30% soil processing, or superficially embedded in
the work done by the mulch and the execution of the soil works, the sowing by 1 or at most 2 passes. These by
reducing the number of soil works and increasing the amount of organic matter left on / in the soil surface
essentially contribute to the restoration of its structure. The soil mulch protects the soil and in the process of
transformation under the action of micro and macroorganisms in the soil contributes to the improvement of the
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soil structure. Soil fertility is closely related to its structural state. Shifting soil structure and physical attributes
are the first direct changes induced by the work system. The ratio between the solid phase and the porous
space then regulates the thermal, chemical and biological conditions of the soil.
The 4-year application of the same soil rotation system: corn, soybean, wheat, potato, rape, has
improved the physical, hydrophysical and biological properties of the soil, rebuilding the structure and increasing
soil water permeability. The obtained results, by applying the minimum systems, show that differentiated results
can be obtained, the choice of the work variant in relation to the crop being decisive. It has been shown that soy
cultivated in rotation with corn and sorghum can bring production gains from 5% to 16% (Roder et al., 1989;
Peterson and Varvel, 1989).
In order to improve and preserve soil properties and to use the resources of the land in the most
efficient way, the following aspects must be taken into account: significant reduction of soil work, ensuring a
sufficient supply of organic matter, diversified cultural and economically viable rotation, farmer's perception of
economic benefits.
Direct sowing is also known as "zero-tillage" or "no-till" and refers to the introduction of seed into the
ground that is practically unworked, because soil work is limited only to the opening of very small chunks with
the help of directly mounted knives to the seed drill. In practice, many farmers, prior to direct sowing, perform a
very shallow (3 - 5 cm) soil grading soil and better manage plant debris. Regarding the impact of soybean on
biodiversity, it has been demonstrated that direct sowing has a positive influence on the growth of soil
microbiota (Colozzi Filho et al., 2001). However, conventional soybeans require a wide range of broad spectrum
pesticides (herbicides, fungicides and insecticides) that can affect not only weeds but also other forms of life,
especially beneficial microorganisms and insects. In addition, these compounds should be applied regularly and
at specific doses established by previous tests.
Research (Eliade, 1975) on a moderate levigated chernozem, in variants worked deep at 25-35 cm,
showed that the nitrification process is more intense than in superficially worked variants. The application of
mineral or organo-mineral fertilizers stimulates the activity of the microbiota. In connection with the
ammonification process, it has been shown that this is evident in the profiled layer compared to the superficial
look. The nitrogen fixation capacity was found to be more pronounced in chernozems in the 35 cm soil, where
up to 5-9 kg / ha of nitrogen was recorded; the aeration is good, it is assumed that fixation is due to aerobic
bacteria.
The administration of manure containing high-energy content has been shown to have a better
influence on micro-organisms when incorporated into soil through deep ploughing. In chernozem soils after the
autumn works, the content in bacterial spores is very low: 1.72 million / g soil in the layer 0-20 cm and 1.19
million / g soil at 20-40 cm. Values are generally 2-4 times smaller than data obtained during the rest of the
vegetation period. Due to the creation of strong aeration conditions and better humidity, spore transformation
takes place in vegetative forms. Soil content in spores varies depending on the season. In spring, the number of
spores remains low (1.34 - 2.58 million / g soil) due to the winter moisture. During the summer there is a
tendency of spores accumulation, with a peak in July-August, because in autumn the number of spores
decreases again. From the taxonomic point of view 27 differences were found between species identified at
different depths. For example, due to the favorability of nitrification in deep layers, better conditions are created
for Bacillus megaterium, which uses both organic nitrogen and mineral forms. Fluctuations were observed
between Bacillus megaterium and Bacillus subtilis species, depending on the depth and season. The main
agents of cellulose decomposition in soil are cellulosic microorganisms, which develop well in deeply aerated
soils (eg Cytophaga, Cellvibrio). In the less fertile soils, especially the fungi of the genus Chaetomium and
Fusarium, the most fertile predominant bacteria, are developing.
Actinomycetes are advantaged in the case of deep plowing and the administration of organic fertilizers
with manure and mineral fertilizers, revealing a higher percentage (by 30%) compared to the non-fertilized
control in this group of microorganisms. Among the microscopic fungi there was found the higher frequency of
Penicillium and Fusarium genus in superficial soils, and in deeper soil are more frequent fungi of the genus
Trichoderma (Eliade, 1975). In soybean culture, both in classic and conservative systems, observations were
made using pheromone traps for harmful lepidopterans: Agrotis segetum, Autographa gamma, Mamestra suasa
and Mamestra oleracea. The most recent species was Buha gamma (Autographa gamma), which recorded a
maximum flight at the end of May (8 adults in the conservative work system) and the second highest flight in
September, the first decade (29 adults in the system ''no-tillage'') (Figure 1).
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Figure 1. Autographa gamma flight dynamics obtained with synthesis sex pheromones traps
(SCDA TURDA, 2018)

Soybean is a very sensitive plant for weeding. Once the weeds invaded, especially in the first phase of
vegetation, the crop does not recover even if the weeds were subsequently combated (Berca, 2004), so it is
very important to take into account the weed spectrum existing on the land where it is to be placed culture as
well as the optimal weed control.In conservative systems because the ploughing is excluded, the weeds that
have grown mature shake the seeds on the surface of the soil, and they reach only in the superficial soil layer,
inavade the field in a high degree of weed enrichment and practically compromise the culture. The correct
application of herbicides in the conservative system, at the optimum time and dose, herbicide stubble after
harvesting, leads to a reduction in the degree of soil contamination (figure 2). A conventional soybean culture
may require between eight and twelve treatments (especially glyphosate, 2,4-D, metolachlor, diclosulam and
haloxyfop methyl) (Rovea 2012) because many of the weed species have a staggering germination.

Figure 2. Harvesting soybean culture in a conservative system (SCDA TURDA, 2018)

These results are not to be seen in a short time, but a longer period of time (a few years) in which the
weed reserves diminish visibly from one year to another, of course, if all the technological rules on conservative
work systems of the soil (Cheţan, 2015).
As a result of the research so far, soybean is a crop which is suitable for the application of soil
conservation conservative systems involving soil depth degradation by obtaining production close to those of
the classical soil cultivation system (Cheţan et al, 2016; Simon et al., 2018).
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CONCLUSIONS
Considering the influence of the two cultivation methods on the main aspects of culture (symbiosis,
productivity, economic efficiency, diminishing the negative effects of soil works) it is recommended to respect
the culture technology for the improvement of soil quality and properties by gradually changing the method
conventional with conservative. Following the application of conservative soil cultivation systems, by keeping
vegetal debris at the soil surface, it is very important that the treatments for the prevention and control of
diseases, weeds and pests in the soil are properly carried out, because their development is much higher than
in the classical system soil working.
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ABSTRACT
The paper presents a study on new apple products, practices and technologies with the potential to be
introduced on the Romanian market. The results presented are intended to be a technical basis for fruit growers,
which includes soil tillage systems and maintenance of fruit tree plantations that maintain or improve soil
structure and fertility and have the least polluting effect on the environment.
REZUMAT
Lucrarea prezintă un studiu privind noi produse, practici şi tehnologii pomicole cu potenţial de a fi
introduse pe piaţa din România. Rezultatele prezentate se doreşte a fi o bază tehnică pentru pomicultori, care
cuprinde sisteme de lucrare a solului şi de întreţinere a plantaţiilor de pomi fructiferi care menţin sau
îmbunătăţesc structura şi fertilitatea solului şi au efect poluant cât mai redus asupra mediului.
INTRODUCTION
For the past 23 years, the fruit sector has been in a constant decline, with negative consequences not
only on the economic development of the rural environment but also on the quality of life of the communities in
the traditional apple areas and the contribution of this sector to the protection of the environment [5]. Excessive
fragmentation of the lands in the hilly area, favorable to the fruit crops. Poor association on the technological
level and especially in capitalizing on fruit production. The restitution of property and the privatization of state
farms has left its mark on the fruit estate. Competition for non-agricultural land use (especially for residential
purposes) has led to the clearing or abandonment of plantations around large urban agglomerations where
many of them were located. Regarding young farmers: in 2010, in Romania, at national level, only one in ten
farmers was under 40 years old. Regarding the labor force: considering the structure of the farms and the form
of the property, the family households, the individual apple farms (88%) are generally predominant compared to
the companies and associations (10%). Most farms use the existing workforce, in their own right. The
mechanization of agriculture in the orchards is weak, compared to other agricultural sectors (cereal, for
example) and the specialization of farms is reduced. These aspects are negatively reflected in the productivity,
profitability and competitiveness of these farms [5].
According to the press release no. 77 / March 29, 2019, of the National Institute of Statistics, the
statistical data on fruit plantations on fruit trees (orchards on fruit), table 1 shows the total area cultivated with
trees in 2018, which was 138,000 hectares compared to 2017 which it was 139,000 ha. Although the fruitgrowing area of Romania decreased in 2018 compared to 2017 with 1000 hectares cultivated, the production
increased in 2018 with approx. 295 thousand tons [7].
Table 1
Surface area of fruit trees on fruit trees and fruit production
differences (±)
Surface
-thousands haFruit plantations on fruit trees
(orchards on fruit)

Total production

the year 20182)

- thousands tones-

compared to 2017

2017

20182)

2017

139

138

508
84

20182)
803

-thousands ha-1

- thousands tones295
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There is a real potential for qualitative development of fruit farms with improved species qualitatively and
from the point of view of production capacity, with an increased resistance to diseases and pests [7].
For the economic efficiency of the plantations, it is necessary to promote modern, specialized production
structures. The endowment of apple orchards with technical means and modern equipment is absolutely
necessary. The lack of resources for the realization of investments makes the functional plantations in Romania
to have reduced access to modern equipment for cultivation and harvesting, efficient in relation to the existing
fruit tree structure [1].
Seeking to meet the above requirements, INMA Bucharest has developed research projects to improve
the efficiency of the orchards, and therefore to increase the profitability of the orchards so that they have
reduced access to modern equipment for efficient cultivation, maintenance, harvesting and storage. in relation
to the existing pomolic structure [3].

MATERIAL AND METHOD
For the elaboration of the paper, reading sheets of the articles from the specialized literature were used,
by consulting the scientific databases from the aspect of the qualitative approach, in order to present a current
image regarding new products, practices and apple technologies with potential to be introduced on the
Romanian market.

RESULTS
INMA Bucharest has developed the following apple technologies with the potential to be introduced on
the Romanian market:
Technology for the maintenance of fruit plantations in rural areas through soil works, root
cuttings and precision foliar fertilization
The technology promotes a technical equipment that contains new constructive solutions for carrying out
the maintenance operation of the apple plantations, according to the planting scheme and the agrotechnical
requirements of the adopted variety, with low energy consumption, due to the reduction of the number of
passes, by carrying out simultaneously the following works:
- plowing on a strip at a distance from the trunk to keep soil loose on the surface;
- root cutting at a distance from the trunk to moderate the growth of shoots;
- precision foliar fertilization.
The technical equipment (fig. 1) performs in one go the soil work on a strip at a predetermined distance
from the trunk, the root cuttings and the foliar fertilization. Thus, optimization is made of the use of soil and
water resources to increase the durability of fruit trees. The root cuts for moderating the growth of shoots, which
is applied to those crown forms with a strong growth, are performed at the depth of 40-50 cm and at a distance
of 40-60 cm from the trunk. The application of the foliar fertilizers directly on the leaves of the trees, is done by
spraying separately or once with the phytosanitary treatments, with a great care that the mixed substances are
compatible [6].
-

Fig. 1. Technical equipment for root cutting and foliar fertilization
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- Technology for integrated protection of seed species from small and medium-sized farms in
sustainable agriculture
The technology (fig. 2) is intended to carry out the phytosanitary treatments in the apple plantations and
to herbicide between the rows of trees. It proposes a harmonious combination of protection methods: genetic
(plant behavior and resistance), agrotechnics (maintenance work), chemical control (use of plant protection
products with low toxicity and remanence) and biological control (use of non-toxic biological products, traps with
pheromones- Atrafun, Atramol etc).
The equipment used to apply phytosanitary treatments in the fruit plantations ETP5 for the technology
works on the principle of hydraulic spraying with worn jet, for the treatments applied to trees and with jet
designed in the case of herbicide between the rows of trees.
In the first case, the droplet transport to the trees undergoing treatment is achieved due to the droplets
made by the nozzles, at a pressure of up to 0.5 MPa, by the air flow produced by the fan.
In the second case, the nozzles made by nozzles at pressures up to 1 MPa are projected directly to the
surface undergoing treatment.
The technological working process is realized as follows: the liquid pump is operated from the power
outlet of the tractor through the drive shaft; the pump receives the treatment liquid from the solution tank through
a three-way valve, a connecting hose and a filter, and it sends it back to the distributor. The distributor regulates
the pressure in the discharge circuit, the surplus of flow being returned to the solution tank, where it is used for
stirring, the rest of the solution being directed through two taps to the spray ramps.
The multiplier increases the number of rotations of the power socket five times so that the fan achieves a
convenient air flow.
In the case of herbicide, the same procedure is performed, except that the fan multiplier is switched off
and the herbicide ramp hoses are coupled to the circuit of the liquid installation instead of those applying the
treatments to the trees.
The primary depollution is achieved by coupling the working circuit of the pump to the clean water tank,
through the three-way valve, which it discharges into the circuit, thus making its washing.
Apply
phytosanitary
treatments to trees

Energy source:
45 hp tractor

Equipment
ETP5

INTEGRATED
PROTECTION OF
SAMBLE SPECIES

Herbicide between
rows of trees
rows of trees
Fig. 2. Technology for integrated protection of seed species from small and
medium-sized farms in sustainable agriculture

Innovative technology for the application of phytosanitary treatments has a high level of performance and
quality, as it allows the prevention of environmental degradation, by performing non-polluting means with
phytosanitary treatments [8].
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- Technology for managing the risk of corn contamination with aflatoxins during vegetation
The risk of corn contamination during vegetation with aflatoxins in Romania, especially in the southern
and eastern parts of Romania (in which high temperatures and drought are very likely during flowering to
maize), is very significant.
The main directions of action for the control of the risk of aflatoxins have been concentrated in
establishing a regulatory system that acts in several directions, destined to stop the entry of aflatoxins in the
food chain. The technology for managing the risk of contamination of maize with aflatoxins during vegetation
(fig. 3) is intended for small and medium-sized farms dealing with the cultivation of field crops and especially
maize, in order to avoid aflatoxin poisoning of maize beans in during vegetation in the drought years, where
there is the possibility of access to a surface water source [2].

Power source:
Tractor 45 CP

Rapid intervention
facility
IIR

Aflatoxin

Fig. 3. Technology for managing the risk of corn contamination with aflatoxins during vegetation

The IIIR rapid intervention irrigation system operates on small areas in areas where there is no
underground water supply network but there is a source of surface water or groundwater.
For irrigation of lots sown with corn and depending on the water source, some tanks can be set up for
storing and heating the water extracted from the wells by the sun. From these reservoirs, the water is distributed
in the field with the help of the mobile rapid response facility.
There are various technologies for watering crops to optimize the resources needed to distribute water
from the tank on the land cultivated with corn.
Once the installation has been placed in the ground, the pumping unit will be started, after which the
pump can be started. In the field the installation can take different configurations depending on the needs and the
shape of the plot subject to irrigation. Also, the installation can be moved from place to place, depending on the
length of the hoses and the distance to the water source.
The main technical characteristics of the technology are presented in table 2.
Table 2
Aplication domain
The conditions imposed on the
operations specific to the
technology

Technical characteristics of the technology
Corn crops
Water supply can be made from irrigation channels, ponds, lakes, with
a suction depth of up to 8 m

The IIIR rapid intervention irrigation plant, through its constructive and functional characteristics, in
particular through its mobility, can be used for sprinkling and other agricultural crops, regardless of plant height.
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- Technology for performing the phytosanitary treatments specific to the concept of organic
farming, based on non-polluting plant protection products from biomass
The technology (Fig. 4) emphasizes the shift of chemical treatments to combat harmful agents in the
second part of the vegetation period, during the vegetative rest or the first vegetation period, this to reduce the
negative influence of the products. In the integrated control of the lice in San Jose we propose the judicious
choice of winter and summer insecticides for the protection of the parasite Prospaltella perniciosi and the
reduction of the number of chemical treatments generally carried out against diseases and pests in the
orchards. In this program, selective or bioprepared insecticides based on Bacillus thuringiensis are used to
combat apple worm. In the recommended technology, priority is given to the products of plant protection that are
less polluting and less toxic for the useful fauna of the fruit tree plantations [8].
The application of the phytosanitary treatments with Oleosan A PG is realized with the experimental
model of technical equipment MTP 3.
The Oleosan product obtained from biomass was initially tested in vitro to estimate its action on mycelial
growth of isolates belonging to the species Monilinia fructigena, Penicillium expansum, Alternaria alternata pv.
mali, Rhizopus stolonifer, Trichoderma viride, drojdii, Cladosporium cladosporioides. These isolates originated
either from the phyllosphere of the apple leaves or from the fruits under attack (from monilose, alternaria, etc.).
In the case of insects, it is signaled as a mechanism of action, penetration and destruction of the cell
membrane matrix, which results in loss of cell content, dehydration of the cell and, finally, its death. It is
considered that, for both insecticidal and fungicidal actions, the maximum toxicity is registered in the case of
fatty acids with C 10 or C 11 chains (the larger the chain, the higher the action).
Within the integrated protection of the apple, in order to prevent and combat the attack of the different
fungal pathogens, biological, agrotechnical and chemical measures are needed, immediately after harvesting
the fruits, knowing that there are big differences regarding the vegetation period of the different cultivated
varieties, from the point of view of the precocity of production.
The biological efficacy of the OLEOSAN A PG product has been compared with the standard Mycoguard
and Systhane fungicides and with the Mospilan and Calypso insecticides used in combating the main harmful
agents of the apple.
The obtained results show a good efficiency of the biological product, comparable to the standard
products of the classical technology.
The product OLEOSAN A PG has been successfully used during the vegetative rest period to limit the
biological loading of pests and to bandage the wounds produced by cutting.
The systematic determination and classification of the species collected by different methods, allows the
evaluation of the useful entomofauna and the appreciation of the role or in agrobiocenosis, in limiting the
development of some species of pests.
Among the methods used for sampling for the qualitative and quantitative study of the fauna of apple
orchards we list: entomological fillet, Barber traps, direct visual observations.
The samples collected from the apple ecosystem from SCDP Baneasa and then analyzed, show a wide
spectrum of species.
The analysis of all the samples after the end of the vegetation period, so of the evolution of the harmful
agents and of the useful fauna, showed the influence of the technology of protection of the apple orchards on
the biodiversity, meaning that, in most cases, in the experimental version the presence of zoophages was more
numerous than phytophagous plants, which shows their protection against the action of plant protection
products.
In general, all the samples from July to August had a small number of specimens, the high temperatures during
this period slowing the activity of all species.
Although in extra-early varieties, fruit harvesting takes place in July, the trees must still be protected by
applying phytosanitary treatments, in order to have a healthy foliage, which through the process of
photosynthesis helps to mature the wood and differentiate the fruit buds for future productions.
The treatments performed with the Oleosan A PG product have the role of protecting the trees against the
attack of the Podosphaera leucotricha fc fungus. Oidium farinosum, which produces apple flour.
The fungicidal action of mineral oils is complex in nature and is not yet defined, research continues at
experimental level.
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Prevention and control measures

Technology for
carrying out
phytosanitary
treatments based
on non-polluting
phytopharmaceut
icals from
biomass

Phytosanitary hygiene and agrotechnical measures:
 cleaning the dried, nested nests and mummified fruits
from the tree;
 deep plowing for soil mobilization and leaf incorporation
to reduce infectious diseases and pests;
 the destruction of perennial weeds by: superficial,
repeated works of the soil with the cultivator, combinator
or miller; cutting the 10 - 15 cm shoots that appear on
the surface of the soil.

Execution of the fruit
cuttings and the
application of the
treatments of
protection of the
wounds caused by the
cuts with biological
products based on
useful microorganisms

Prevention and control treatments

Treatments in vegetative rest (after the fall of
the leaves):
Treatment 1:
Super applause - 1.5% or Oleodiazole - 1.5%
Treatment 2: Oleocarbetox - 1.5%
or OLEOSAN A PG 5%

Trat.
3
4
5
6

Period
when they are 10-15% of
the flower buds are torn
when 50-60% of the flower
buds are in the phase of
inflorescence opening
when 10-15% of the
flowers started to shake
when the fruit has a
diameter of 0.5 cm

Variant I
(with chemicals)
Sumicidin - 0.02%, Cyperguard
- 0.02%, Diazol - 0.15%

Calypso 480 SC - 0.02%,
Victenon 50 WP - 0.05%,
Dimilin 25 WP - 0.03%

7

to the size of 1-2 cm of the
fruit

Magic Super - 0.2%, Mospilan
20 SP - 0.02% Mixed with Multi
Folicur - 0.07%, Systhane C Pu
- 0.1%, Shavit F 72 Wp 0.2%,%

8

when the fruit is 4-5 cm

-

9

at the beginning
September

10

after the leaves fall

of

Reldan 40 EC - 0.15%,
Nissorun 10 WP - 0.03%

Funguran OH - 0.2%, Kocide
101 - 0.2%, Champion 50 WP 0.2%

Treatments during
vegetation

Variant II
(with biological products)
Bioprodus based on Bacillus subtilis and OLEOSAN A
PG

Bioprodus based on Bacillus subtilis

Bioprodus based on Bacillus subtilis or OLEOSAN A
PG 1%.
Thuringin - 0.1%, Thuricide - 0.1%, Dipel - 0.1%) and
Beauveria bassiana (Bio Pro Sol - 5x109 conidia / mm)
or OLEOSAN A PG 1%
OLEOSAN A PG 1% or biological products based on
Bacillus thuringiensis (Thuringin - 0.1%, Thuricide 0.1%, Dipel - 0.1%) and Beauveria bassiana (Bio Pro
Sol - 5x109 conidia / mm), in mixture with contact
fungicides (Sumilex 50 WP - 0.1%, Ronilan 50 DF 0.05%, Mycoguard 500 SC - 0.15%
OLEOSAN TO PG 1%

Fig. 4 - Technology for carrying out the phytosanitary treatments specific to the concept of organic
farming, based on non-polluting phytopharmaceuticals from biomass
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These mineral oils form on the surface of plants a physical barrier, with direct and indirect effect in the
process of pathogen penetration.
It has been observed that following the spray application of these mineral oils, the physiology of the plant
is modified, more precisely photosynthesis and respiration are reduced, with direct implications on germinating
the propagules of pathogenic fungi.
As far as fungicidal action is concerned, mineral oils have an effect on fungi that produce powders,
cirrhosporesis (Cercospora musae), etc.
In previous laboratory, field and field tests, the OLEOSAN A PG product acts as a contact insecticide,
with a rapid action on pests and has no phytotoxic effect on cultivated plants.
The hibernating stages have the capacity to adapt to the unfavorable conditions of the environment (low
temperatures) and as a result these stages are less vulnerable to the action of the control products.
These winter treatments are much more effective if performed at the end of rest (late February - early
March) when the hibernating forms trigger their metabolism and they become more vulnerable to the action of
the control products.
CONCLUSIONS
- The technology of maintaining the fruit plantations in the rural areas through soil works, root cuttings and
precision foliage fertilization contributes to the directed increase of the height of the trees to reduce the costs
with technological works of cutting, precision foliage treatments and fruit harvesting without diminishing
production;
- Technology for integrated protection of seed species from small and medium-sized farms in sustainable
agriculture contributes to protecting the environment and especially useful organisms against the polluting
effects of pesticides by using biological plant protection products such as: biofungicides based on Bacillus
subtilis , bioinsecticides based on Bacillus turingiensis (Thuringin), Beauveria bassiana (Bio Pro Sol) and the
biological herbicide Oleosan E.;
- The technology for managing the risk of corn contamination with aflatoxins during vegetation prevents
the infection of corn crops with aflatoxins with approx. 85% ... 90%;
- The technology of carrying out the phytosanitary treatments specific to the concept of organic farming,
based on non-polluting phytopharmaceuticals from biomass, contributes to reducing the environmental pollution
when applying the phytosanitary treatments in the apple orchards with approx. 10%.
The research presented supports fruit farmers because it includes soil tillage systems and maintenance
of fruit tree plantations that maintain or improve soil structure and fertility and have the least polluting effect on
the environment.
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ABSTRACT
The paper presents how to perform a static analysis with finite elements for the working organ of a
subsoiler, together with its results. The analysis was performed for two different working regimes: a regime in
which the working depth of the subsoiler is 0.3 m, and the speed of advance of the aggregate during the work is
2.777 m/s and one where the working depth is 0.4 m, and the speed of advance is 2.222 m/s. The results of this
paper are addressed first of all to the designers of agricultural machines for soil tillage, but not only.

REZUMAT
În lucrare este prezentat modul de realizare a unei analize statice cu elemente finite pentru organul de
lucru al unui subsolier, împreună cu rezultatele acesteia. Analiza a fost realizată pentru două regimuri de lucru
diferite: un regim în care adâncimea de lucru a subsolierului este de 0,3 m iar viteza de înaintare a agregatului
în timpul lucrului este de 2,777 m/s și unul în care adâncimea de lucru este de 0,4 m iar viteza de înaintare este
de 2,222 m/s. Rezultatele din această lucrare se adresează în primul rând proiectanților de mașini agricole de
lucrat solul, dar nu numai.

INTRODUCTION
Manufacture of working organs of soil tillage machines (and not only) in optimal conditions, assumes that
the model made by the design engineers will go through the modeling, simulation and analysis processes with
the help of CAD software (Computer Aided Design), before sending them to the actual execution. Researchers
at home and abroad have contributed to the database of these types of analyzes by making it possible, lately,
obtaining results as close to reality as possible (Cardei and Konstandinov, 2012, Gheorghe et al., 2016; Kadam
and Chhapkane, 2017; Gheorghe et al., 2018; Biris et al, 2016; Gheorghita et al., 2018, Petru and
Konstandinov, 2012, Nagy et al, 2011, Mollazade and Jafari, 2010, Xin et. al, 2013).
The finite element method is a numerical method that can be used to accurately determine solutions to
complex engineering problems. Currently, the finite element method is considered to be one of the best
methods for efficiently solving a wide variety of practical problems, involving partial differential equations, (Biris,
2005). The essence of the finite element method is the discretization of a domain or a region in sub-domains or
sub-regions (finite elements). In fig.1 are presented the analysis stages using the finite element method.
Input
(Preprocessing)
• Nodal coordinates;
• Types of supports;
• Blockages
(boundary
conditions);
• Loads (mechanical, thermal,
etc.);
• Material properties;
• The shape, type and dimensions
of the finite elements.

Processing

Output
(Postprocessing)

•
•
•
•
•

Stress;
Displacements;
Temperatures;
Current function;
Electric / magnetic flux.

Fig. 1 - Analysis stages using the finite element method, adapted after Lates, 2008
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The purpose of this 3D numerical simulation study with finite elements was to simulate the behaviour
of the working organ structure of a subsoiler, subject to stresses that arise during operation for two different
working regimes.
MATERIAL AND METHOD
In the first stage of this study, the three-dimensional geometric model of the working organ for a Maschio
Gaspardo subsoiler, Artiglio 250/5 model, was realized. For this purpose, an ASUS K55V laptop was used,
containing an Intel Core i5-3210M processor, 2.5 GHz, an NVIDIA GeForce GT 630M video card with its own
2GB memory, the RAM of the laptop is 8 GB. 3D modelling was performed with the Solid Works Premium 2016
S.P. 0.0 parameterized design program.
The three-dimensional modelling of the working organ was performed in the "Parts" module of the design
program, in fig. 2 different views of the obtained model are presented, as well as the Solid Works program
interface.

d.

a.

b.

e.

c.

f.
Fig. 2 - Views of the working organ from the subsoiler Artiglio
a. Side view, b. top view, c. bottom view, d. detail on the coulter, e. longitudinal section, f. isometric view of the working organ, as well
as the interface of the software used

After completing this step, proceeded to the next step which was to introduce the 3D geometric
model of the working organ in the “Simulation” module of the design program. According to Gheorghe et al,
2019, the material most commonly used in the fabrication of the working organs of the subsoilers is the
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16MnCr5 alloy. In table 1 the characteristics of the material used in the manufacture of the working organ
are presented, and in fig. 3 the fatigue resistance curve of this material is presented.

Fig. 3 – Fatigue curve of the 16MnCr5 alloy used to make the subsoiler working organ

Table 1
Properties of 16MnCr5 alloy steel
Mechanical property
Value
Elastic Modulus
2.100000031e+011
Poisson’s Ratio
0.28
Shear Modulus
7.9e+010
Mass Density
7800
Tensile Strength
800000000
Yield Strength
590593984
Thermal Expansion Coefficient
1.1e-005
Thermal Conductivity
14
Specific Heat
440

Unit of measurement
N/m 2
N/m 2
kg/m 3
N/m 2
N/m 2
1/K
W/(m·K)
J/(kg·K)

After choosing the material and introducing the material characteristics, the faces of which the working
organ is taken from the subsoiler are chosen and the advancement resistance of the subsoiler working organ
was calculated. The total force was calculated using the calculation relation from Letosnev, 1959, Krasnicenko,
1964, Sandru et. Al 1983, Scripnic and Babiciu, 1979. It should be noted that two simulations were performed
for two different working regimes. A regime in which the working depth of the subsoiler is 0.3 m and the
aggregate speed of advance is 2.777 m/s and one where the working depth is 0.4 m and the speed of advance
is 2.222 m/s. Thus, the resistance to advancement, in the general case, can be determined by the relation:
(1)
in which: R1 is the resistance to the subsoil’s own movement; R2 it is the opposite resistance to cutting and
deforming the soil; R3 it is the opposite resistance to overturning and lateral displacement of the soil.
Resistance R1 is given by the relation:
(2)
where f is the friction coefficient between the soil and the working organ of the subsoiler (according to Scripnic
and Babiciu, 1979, f = 0.15 – 0.5, for this study was considered f = 0.3), G is the gravity force of the working
organ together with the weight of the frame which is the sole of the working organ (in the study was considered
G = 2825 N).
Resistance R2 opposite to cutting, loosening and deformation of the soil is given by the relation:
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(3)
where k is the resistance of the soil to cutting, loosening and deformation, a is the working depth, b is the
working width of the organ, and norg. is the number of organs.
According to Scripnic and Babiciu, 1979, depending on the type of soil, k has the following values: 250350 Pa for light soils; 350-550 Pa for medium soils; 600-800 Pa for heavy soils and 800-1400 Pa for very heavy
soils. The value of 1000 Pa was chosen for this study. As mentioned above, the working depth has two values
0.3 m and 0.4 m, for the same working width b = 0.07 m. Because the study is done on a single working organ
and not on the entire subsoiler, it will be considered norg. = 1.
Resistance R3 opposite to the displacement of the soil is calculated with the relation:
(4)
According to Scripnic and Babiciu, 1979, ε it takes values between 150 and 200 (daNs2)/m4. For this
study it was considered ε = 180 (daNs2)/m4, a and b have the same values as above as for v the two values
were considered: one of 2.777 m / s for a = 0.3 m and one of 2.222 m / s for a = 0.4. Thus, the two resistances
for advancement corresponding to the two working regimes are: R1 = 3053 N and R2 = 3760 N. The values of
these forces were applied in the two static studies on the top of the ploughshare (see fig. 4).

Fig. 4 - The place where the maximum resistance to advancement was
applied

Fig. 5 - Finite element
discretization of the geometric
model

The finite element discretized model of the working organ is presented in fig. 5. After the discretization of
the finite element network the simulation was run, its results being presented below.
Following the simulation, the design program provided the results obtained in graphical form; the
geometric pattern is divided into areas of a certain colour, each area comprising the region of the geometric
model in which the analysed size has the value specified in the chromatic legend on the right side of the screen.

RESULTS
For the working organ model for the modelled and analysed subsoiler, the results obtained from the
simulation in Solid Works are presented below. Thus, in fig. 6 the values of the displacements that appear in the
working body are presented during the defined stresses.
Analysing this data, it can be observed that the largest displacements of the nodes in the structure of the
subsoiler working organ appear on the peak of the ploughshare in both working regimes (as expected,
otherwise), its maximum value being 1.034 mm in the case of the first working regime and 1.302 mm in the case
of the second working regime.
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b.
a.
Fig. 6 - The values of the displacements that appeared in the working body during the two working regimes:
a) for a = 0.3 m and v = 2.777 m/s; b. for a = 0.4 m and v = 2.222 m/s

In fig. 7 the values of the equivalent tensions in the working organ are presented for the two analysed
cases, stresses calculated according to von Mises criterion.

a.

b.
Fig. 7 - The values of the equivalent stresses according to the von Mises criterion of the working organ
during the two working regimes: a) for a = 0.3 m and v = 2.777 m/s; b. for a = 0.4 m and v = 2.222 m/s

Analysing the figure it can be observed that tension concentrating points appear in the structure of the
working organ, located in the area in which the shear bolt is mounted for the first working mode or behind the
holding area of the working organ for the second working mode (see fig. 8). The values of the von Mises
equivalent stresses created at these points are 6.218·107 Pa for working regime 1 and 1.096·108 Pa for the
working regime 2. Ignoring these points, it can be seen that the maximum stress in the working organ for the
two working regimes is around 3·107 Pa.
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a.

b.
Fig. 8 - The stress concentration points in the working body during the two working regimes:
a) for a = 0.3 m and v = 2.777 m/s; b. for a = 0.4 m and v = 2.222 m/s
b)

a.
b.
Fig. 9 - The values of the equivalent deformations that appeared in the working organ during the two working
regimes: a) for a = 0.3 m and v = 2.777 m/s; b. for a = 0.4 m and v = 2.222 m/s

Analysing fig. 9 we can observe the values of equivalent deformations that appear in the working body
following the stress to which it is subjected. So, the maximum equivalent deformation arises at the same stress
concentration points, the deformation value being 2·10-4 for the first working regime 1 and 4.25·10-4 for the
second working regime, while the minimum equivalent deformations have values below 5·10-9. In fig. 10 the
oscillation of the safety coefficient in the working organ for the two working regimes is presented.

b.
a.
Fig. 10 - Variation of the safety coefficient in the working organ during the two working regimes: a) for a = 0.3
m and v = 2.777 m/s; b. for a = 0.4 m and v = 2.222 m/s
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CONCLUSIONS
The minimum value of the safety coefficient is 9.498, respective 5.389. For agricultural machines
intended for ploughing, the coefficient of safety takes values between 1.8 and 2.2. Thus, it can be said that this
subsoil is either oversized or is made to work in conditions much heavier than those provided by this study, or to
withstand even at overload (impact with tree roots, stones etc.).
From the analysis it also resulted that in the structure of the working organ there appear stress
concentration points, located in the area in which the shear bolt is mounted for the first working regime or
behind the holding area of the working organ for the second working regime. The values of the equivalent
stresses calculated with the von Mises criterion at these points are 6.218·107 Pa for working regime 1 and of
1.096·108 Pa for the working regime 2, values quite close to the breaking limit of the chosen material.
The results presented in the paper can be useful to designers and manufacturers in the agricultural
machinery industry, but not only.
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ABSTRACT:
The beekeeping is the agricultural branch with the world highest growth rate in the past decades. Yet,
the honey production has been affected mostly by the changing weather conditions globally and also by the
extended use of synthesis substances in the agriculture. The new chemical formulas have brought serious
damages to the environment and, consequently, to the bees.
The present article presents a short synthesis of the new technologies used for monitoring of some
specific parameters that provide information related to the health of the beehive. This equipment supports the
beekeepers in finding the proper solutions against the environment challenges.
REZUMAT:
Apicultura este ramura agricolă cu cea mai mare rată de creștere la nivel mondial în ultimele decenii. Cu
toate acestea, producția de miere a fost afectată la nivel global atât de condițiile climatice în schimbare cât și de
utilizarea substanțelor în agricultură. Noile formule de îngrășăminte chimice au adus pagube importante
mediului înconjurător și, în consecință, albinelor.
Prezentul articol prezintă o scurtă sinteză a noilor tehnologii folosite pentru monitorizarea unor parametri
specifici care furnizează informații privind sănătatea stupului. Aceste echipamente sprijină apicultorii în găsirea
de soluții adecvate împotriva provocărilor de mediu.
INTRODUCTION:
The bees are extremely important for the environment. Without the bees, the pollination would be a real
issue, resulting in the decrease of a number of plants or even leading to the disappearance of some plants’
species. The oldest DNA attestations of honey are dated 300,000 years back and have been found in Asia
(Wallberg et al. 2014).
The beekeeping is the oldest form of agriculture, backed by archeological findings dated 9,000 years ago
(Ullmann F. 2003). Currently, it is considered as one of the niche agricultural segments and the agricultural
sector with the highest development worldwide, in the recent years.
In Romania, the beekeeping has been recorded for the first time by Herodot: „the country beyond the Ister
is possessed by bees, on account of which it is impossible to penetrate farther” (Herodotus, 440 B.C., p.4).
Also, in „Anabasis”, Xenofon (430-355 B.C.) affirms that „The food of the Getae consisted mainly in
honey, vegetables, milk, simple or prepared, and very little meat, as their faith in Zamolxes stopped them” (apud
Giogia, 2001)
After 1990, although Romania’s honey production has been on a constant raise, it could not cover the
necessary internal demand for food consumption. Therefore, a generous quantity of honey which is traded in
the stores across the country, is just packed in Romania, the sources of honey coming both from inside and
from outside EU.
Taking into consideration the negative balance at European Union level (imports are higher than the
exports for the inner necessary consumption) the EU legislation stimulates the beekeeping through substantial
subsidies. Due to these initiatives, Romania has occupied first ranks during the past few years among the EU
honey producers, in 2015 being on the first rank with a honey yield of 35,000 tons.
(https://ec.europa.eu/agriculture/sites/agriculture/files/honey/market-presentation-honey_en.pdf).
Globally, the number of bee families has yet been declining at an alarming rate especially after 1988. One
of the most important reasons is the use on a larger than ever scale of chemicals of a synthesis nature, for the
protection of crops and for obtaining higher agricultural yields.
The honey bee (Apis Mellifera), is essential for the pollination of a large number of highly economical
value agricultural crops. While it searches out for pollen and nectar, the bee is often exposed to more
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contaminants of a fungicide, herbicide or insecticide nature. The continuous loss of bee colonies required a
thorough understanding of the symbiotic and pathogenic microbial interactions, especially in regards to the
storage of foodstuff and the pollination environment (Corby-Harris et al. 2014).
The deterioration of health status and of general condition of the bees’ colonies may be caused by the
pesticides, frequently used for plants’ protection. They may negatively affect the behavior of the bees and can
determine the accumulation of trace elements (Mn, Cu, Fe, Ni, Zn, Pb, Cd) in their bodies, with a variable
degree of toxicity (Migdal et al. 2017).
Environmental pollution has led to the emergence of "new" diseases, which have been cataloged and
observed as: "Colony Destruction Disorder", called CDD. The phenomenon has been first noticed in USA /
Canada, then it was more and more present in Europe countries such as Belgium, France, The Nederland,
UK, Greece, Italy, Portugal. The phenomenon has extended with a 50% decline in the number of bees shown
by the specialty reports in Spain, Switzerland, Germany and Northern Ireland.
(https://en.wikipedia.org/wiki/Colony_collapse_disorder).
The bees have suffered within the past decades both due to the narrowing of genetic diversity and the
reduction of the diversity of food sources. They are affected by a series of diseases as: bacteriosis, mycosis,
parasitosis, protozoa, virosis. Besides, due to the industrialization of agriculture, there are emerging
transcontinental diseases such as "American Loca" which produced losses of 30-40% of the bee population
in some areas (including in Romania in 2009).
In the same time, the adverse climate conditions have significantly affected the evolution of the bees’
population, of honey and pollen, increasing the food stress for the bees (Flores et al. 2019).
Following to the above mentioned and considering a constant higher demand of honey on the market,
the beekeepers are forced to make sustained efforts on one hand to protect the bees’ families from
unfavorable weather and environment conditions and, on another hand to carefully monitor them to gather as
much real data as possible about their health and the hive. As such, in the past few years, in order to support
the beekeepers, and also from ecological and environment protection considerations, a series of highperformance equipment for bees and hive monitoring has been studied and developed.
MATERIAL AND METHOD
In the domain of bee monitoring the technological solutions have come to a spectacular development
boosted by the latest discoveries in the field of IT, micro-sensors, monitoring stations etc. Therefore, the
introduction of these solutions that have embedded such advanced technologies has become a challenge for
the beekeepers and for the manufacturers that try to adapt them to the specific requests coming from this
field.
RESULTS
Considering the above mentioned, since the 2000s, along with the technological development, different
technological solutions have been implemented to monitor the bees. There’s been launched even a global
level initiative in this regard. Thus, in this very moment, the high-tech micro-sensors manually mounted on the
back of the bees became an integral part of the research efforts. They work in the same way as an e-tag
system, with strategically placed receptors that can identify each bee individually and capture their moves.
With the help of these technologies the researchers can analyze the effects of the stress factors (diseases,
pesticides, air pollution, water contamination, diet, global warming) over the bees’ movements and their
pollination capacity. https://research.csiro.au/gihh/.
Studies and researches on the development for technological solutions dedicated to monitor the bees
and the beehive have been performed by various research institutes and universities from Great Britain
(Peter Carter - Manchester Inspired – Innovation Digital Enterprise Alliance /Mi-IDEA innovation center
https://www.mi-idea.com/connected-bees), Germany (Max Planck Institute for Ornithology), University from
Washington a.o. The results have been materialized in the development of advanced tracking and recording
devices, systems and applications.
Generally speaking, the use of a mobile platform for the detection of the flying insects raises a series of
challenges related to wireless networks and sensors. At a high level, this one involves ultra-miniature
sensors, memory chips for data backup, a power source and a wireless connection for the data transfer.
More, a wireless location method is required to collect the sensor measurements (Iyer et al. 2019).
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The experimental solution provided by the University of Washington consists of two main elements:
• a tiny and light pack of electronics powered by a power cell, which include: a sensor, a RF switch used for
backscatter communications and a microcontroller that can be attached on a flying (working) bee;
• multi-antenna access-points, with individual power sources, that send the RF signals necessary for
backscatter and positioning, that need to cover an operating range of 50-100 m (Iyer et al. 2019).
The requirements for the communication equipment are less demanding, as the data from the
sensors are backed up in the moment when the bee returns to the beehive. The electronics pack attached to
the bees required the following characteristics:
• low-power self-location, which is actually an algorithm that runs on the platform attached to the bees and it
calculates the location based on the wireless transmissions from the access points (APs) to the known
locations. By adopting this architecture similar to the GPS systems, any number of insects may calculate
their own location at any given time;
• compatible wireless communication for downloading the data from the sensors. In this case, the
backscatter approach has the advantage that it requires just one antenna connected to the RF switches
and one microcontroller, all of these can be achieved using off-the-shelf components (Iyer et al. 2019).
The prototype of the backpack attached to the bees weighs only 102 mg, out of which the
rechargeable battery weighs 70mg (see Fig.1). The autonomy is up to 7 hours, while the backup of data is
done once every 4 seconds. The sensors can self-locate themselves and can collect data depending on
location (temperature and humidity). The battery is recharged automatically upon the bees’ return to the
beehive, within 6 hours.
As the bees are active during the daylight, flying naturally in strong direct sunlight, the future use of
the solar energy is a very tempting option. The measurements have shown a high potential towards a bee’
backpack system without a battery, which can be replaced in the future by a solar cell and a small size
condenser for energy storage (Iyer et al. 2019).

Fig.1. – Backpack monitor equipment attached to a bee
( Iyer V., University of Washington)

Fig.2 – Bee track movement recorded in an application
https://www.eteknix.com/bees-manchester-go-online-tracking-devices/ )

The GPS-type equipment (micro-transmitters) attached to the bees from one beehive, allow tracking
of the bee family route, a precise localization of their working area (fig.2), their movement at the local level
and also how often they come in and out of the beehive. With this type of devices, one can also evaluate the
actual population of a beehive and the characteristics that determines its fluctuations
(https://www.eteknix.com/bees-manchester-go-online-tracking-devices/).
The company HiveGenie (USA) has made an Experimental Beehive Equipment Model, with wireless
data collection and transmission, shown in figure #3. By using various radio technologies for radio
transmissions (GPS, SMS, RFID / Bluetooth, WiFi) and different components such as the ones shown in
figure 4, the systems built by HiveGenie can collect and send data related to: beehive location, weight,
humidity, light intensity, inner / outer temperature, precise numbering of the bees from a beehive (in real
time), bees’ working area. The system uses noninvasive components, specifically designed to have as little
disturbance on the bees’ activity in the beehive as possible (https://hivegenie.com/.)
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Fig.3. Diagram of a beehive with HiveGenie equipment

Fig.4. HiveGenie components

www.indiegogo.com/projects/hive-genie-beehive-monitor-controller-guardian

Using similar basic principles, there are also other companies that have developed similar applications.
Arnia (Great Britain) has built a beehive monitoring system, which combines the environment sensors
with the acoustic analysis into a single device which returns the information collected in real time towards your
home computer or your own smartphone. The following parameters can be measured and tracked: the beehive’
sound, vibration, temperature, humidity, the variation of the beehive temperature, weigh, changes in the
movement inside the beehive, weather condition data (rainfall, temperature and sunlight strength). In the same
time, Arnia’s beehive monitoring system can be used to study the influence of the external environment factors
over the colonies from different locations: the agricultural land managed, the unattended rural environment, the
urban environments, etc. (http://www.arnia.co.uk).
In Romania, the Institute for Research and Development for Apiculture and the local representative of
the company Symphony Mobile – specialized in providing IoT Solutions (“Internet of Things”) - have partnered
and developed for the Romanian beekeepers, both professionals and amateurs, an innovative solution to
remotely monitor and analyze the beehives. Thus, the intelligent beehive SimBee, now available in Demo
version, sends out in real time the requested parameters: beehive weigh, inner / outer temperature, air humidity.
The fluctuation of the tracked parameters can be observed either from home or remotely, from any location,
using a tablet, computer or a smartphone, along the same day, from one day to another, within the past week,
from one month to another or for the whole period of time since the system has been initiated. Moreover, the
info are sent out by SMS, twice a day, mornings and evenings, in order to easily notice the weigh differences in
conjunction with the environment factors (http://www.simbee.ro/).
The systems that control and monitor the bees’ populations offer real time information, with variance of
data showed graphically, for a better perception. In pictures 5 and 6 there are sample graphs showing weigh,
temperature, medium values of flight, humidity etc.

Fig. 5. Hive Weight, Fanning Activity and Humidity (http://www.arnia.co.uk)

Areas of perturbation from these graphics offer information about the beehive condition. For example,
the decrease of humidity and the increase of ventilation (fig.5) prove that the bees became relentless and
excited. The temperature increase inside the beehive (fig.6) show that more young bees are ready to fly
together. The beekeeper may step in at the right time, taking the appropriate measures, accordingly.
103

INTERNATIONAL SYMPOSIUM

Fig.6 - Hive Weight and Brood Temperature (http://www.arnia.co.uk)

This information helps to supervise the general health level of the beehive, and also to better
understand what can be done in order to protect the bee species in the future.
Generally, each “detection kit” consists of hardware and software protocols as well as experimental data,
which can be integrated in behavior, biological and ecological studies. These studies can be applied at a
global scale in order to increase the knowledge related to the bees’ health.
CONCLUSIONS:
The development of these high-tech technologies has been aimed to salvage the bees’ populations.
Therefore, the manufacturing of the electronic devices represent a great challenge, not only from the
technical point of view but mainly for the protection of these insects, which play a very important role for the
life of our planet, and whose life cycle is already altered by a multitude of factors.
This study may be a premise for the development of projects or collaborations regarding to high-tech
solutions in the field of apiculture. In the same time, it can contribute to the stimulus of the Romanian
beekeepers to participate in the “The European Union Partnership for Bees” (a project initiated in 2018 at the
European Union level), which represents an online platform that aims itself to collect data about bees’ health.
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ABSTRACT
In this article we’ll present the behaviour of an automotive battery pack that has as theoretical power
supplied 17 kWh and as charge an electric motor that works with three-phase alternating current of 16kW. This
motor will propel a vegetable tractor chassis using a 3-speed gearbox, a reverse gearbox and two torque
multipliers mounted on the tractor wheels, with two-wheel drive (4x2). We’ll study the battery charging time for
different sources of AC power with different output power, the working time on flat ground with and without load
as well as the working time on uneven ground also with and without load and the traction force on different
wheel contact surfaces.

REZUMAT
În acest articol va fi prezentat modul de comportare al unei baterii de acumulatori ce are ca putere
teoretica furnizată 17 kWh și are ca sarcină un motor electric ce funcţionează cu curent alternativ trifazat de
16kW. Acest motor va propulsa un șasiu de tractor legumicol cu ajutorul unui cutii de viteze cu 3 trepte de viteză
pentru mersul înainte și una pentru mersul înapoi și a două multiplicatoare de cuplu montate la roțile tractoare,
tracțiunea fiind 4x2. Se va studia timpul de încărcare al bateriei pentru diferite surse de curent alternativ cu
diferite puteri debitate, timpul de lucru pe teren plan cu și fără sarcină cât și timpul de lucru pe teren denivelat
de asemenea cu sarcină și fără sarcină și forța de tracțiune pe diferite suprafețe de contact al roților.

INTRODUCTION
Romania has a significant agricultural area of approximately 14 million hectares, of which 9.7 million
hectares represent arable land (7th place at EU level). The processing in the modern agrotechnical conditions
regarding this surface implies a complex technical-material base, in which the agricultural tractors play the main
role (Ministry of Agriculture and Rural Development, Strategy for the development of the agri-food sector in the
medium and long term Horizon 2020 2030).
About tractors we can say that they are multifunctional agricultural machines due to the fact that they
can use a wide range of agricultural accessories in the most diverse agricultural activities.
Modern tractors today allow us to make many agricultural activities more efficient, so that the benefits of
using such a machine become a necessity on any farm (www.arq.ro/tractorul-utilajul-agricol-care-a-schimbat-intotalitate-eficienta-activitatilor-agricole/25071).
The ratio between the arable area of Romania and the number of inhabitants denotes that each
inhabitant receives about 0.41 ha of arable land, a value higher than in many EU countries and almost double
than the EU average, which is 0.212 ha/inhabitant.
Farmers use a tractor, on average, over 10,000 hours in Romania, while in the UK or Germany, the
maximum operating period is 3,000-4,000 hours (www.madr.ro).
As it is shown in the table below (Table 1), in 2016, in Romania, there were officially registered over 200,000
tractors, so in 26 years practically the tractor park increased with a number of 50,000 units. We can assume
that the 150,000 units existing in 1990 did not completely disappear until 2016, so we can say that a large
part of the tractors registered as in operation in 1990 are still used for agricultural works. These old tractors,
but not only them, pollute the environment, air, soil and water. Quantifying changes to the environment
produced by these tractors is almost impossible.
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Table 1
Evolution of the number of tractors in Romania (table 1)

Particulate matter is responsible for producing acid rain and thinning the ozone layer. Nitrogen monoxide
and dioxide (NOx) are produced during combustion, when the motor is heated, and the particulate matter (PM)
is composed mainly of carbon particles and other poisonous substances that are produced from incomplete
combustion of the fuel during combustion, especially when the motor is colder.
The new Tier 4 regulations on reducing pollution have already brought constructive changes to the
motors of tractors and agricultural machines. Tier 4A, the application of which began on January 1, 2011, sets
the levels of particles and particulate matter allowed in heat motors over 174 hp (130 kW), and Tier 4B has
brought even more drastic regulations and has been applied since 2014 to all heat motors
(https://www.agrimedia.ro/articles/scr-devine-o-certitudine-la-tractorii-si-combine).
However, in accordance with Directive 2009/29/EC of the European Parliament and of the Council of 23
April, 2009 amending Directive 2003/87/EC so as to improve and extend the greenhouse gas emission
allowance trading scheme of the Community (EU emissions trading system, “EU ETS”) and with Decision
406/2009/EC of the European Parliament and of the Council of 23 April, 2009 on the effort of Member States to
reduce their greenhouse gas emissions to meet the Community’s greenhouse gas emission reduction
commitments up to 2020 (Effort Sharing Decision, “ESD”), all sectors of the economy must contribute to
achieving the Union’s goal of reducing greenhouse gas emissions by 2020 (DIRECTIVE 2009/29/EC OF THE
EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 April 2009 amending Directive 2003/87/EC so as to
improve and extend the greenhouse gas emission allowance trading scheme of the Community).
In this context, alternative energy sources have captured the attention of all decision-makers worldwide,
in order to reduce dependence on polluting energy sources.
All studies have shown that electric vehicles based on renewable energy reduce oil consumption and
therefore reduce particulate matter emissions in almost all circumstances. With this in mind, a Solar Assist Plugin Hybrid electric Tractor (SAPHT) has been designed, built and evaluated (Hossein et all, 2011).
Non-polluting energy sources (green energy) have a number of advantages over conventional sources
known as fossil energy sources (sources that are gradually exhausted without the possibility of regeneration),
namely:
1. they are renewable;
2. the pollution degree is very much diminished, close to zero;
3. they favour the emergence and development of new economic branches, contributing significantly to the
economic balance of a country;
4. they can provide energy independence to certain sectors of activity;
5. they constitute sources of income.
It should be emphasized, however, that often the use of new renewable energy sources leads to high
investments, low yield, additional expenses on distribution and capitalization, therefore solutions must be found
to reduce the periods for amortisation of investments and increase the yield.
MATERIAL AND METHOD
To carry out the study, we used an experimental model of vegetable chassis, the existing gearbox on the
chassis (two-wheel 4X2 drive), 16 kW three-phase asynchronous motor AME200.0114 model (produced in
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Modena Italy by C.F.R. S.R.L.) which is controlled by a controller Curtis model 1239E
(https://evolveelectrics.com/products/1239-e) and a 144V and 120 A automotive battery pack controlled by a
battery management system (BMS) model Orion 2 (https://www.orionbms.com/products/orion-bms-standard /)
for battery pack charging a 6.6 kW (6.6KW HK-J) charger was used.
From the vegetable chassis was disassembled the heat motor that used petrol, its power being 14kW; the
new motor was fitted together with the battery pack and the entire control and charging equipment. The figure
below shows a drawing of the chassis.

Fig. 1 Vegetable tractor drawing

The table below shows the motor performance in the manufacturer’s test file.
Table 2
Electric motor test file

Below is a graph of momentum variation according to motor speed and power, figure 2 provided by the
manufacturer.

Fig. 2. - Momentum variation depending on the speed of the electric motor
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The battery pack, PMI1-40S3P-1069, is built from 4V cells mounted in sets of 12 pieces; there are 4
such packs that are all connected in series, for each pack there is a number of temperature sensors sending the
information to the BMS so that the condition of the cells to be monitored very precisely. The figure 3 below
shows the automotive battery pack.

Fig. 3 Automotive battery pack 144V

For charging, a 6.6 kW charger is used, which communicates with the BMS using the Controller Area
Network (CAN Bus) to determine the charging mode according to the power provided by the power grid. Battery
pack parameters are monitored and can be saved on a microSD or can be viewed in real time on a computer.
(cdn.shopify.com/s/files/1/1820/0269/files/
The
connection
block
diagram
is
presented
below
orionbms2_wiring_and_installation_manual.pdf?1289632542684048831).

Fig.4 System connections

The tests considered:
1. Battery charge time.
2. Tractor operation time without load on flat ground.
3. Operation time with different loads and on uneven ground.
4. Traction force on asphalted ground
5. Traction force in the field.
Initially, the battery charge time was tested after 3 charges and discharges were made on the battery
test bench in order to eliminate errors that may occur due to the fact that there may be cells that were not
completely formatted.
The 6.6 kW HK-J charger used is designed for interfacing LiFePO4 / lithium systems and battery
management system. It is a charger with high efficiency, high stability, small size, small volume and high degree
of protection (IP67). It has energy efficiency up to 95% and 93% at maximum power with wide AC90V ~
AC400V 45 ~ 65 Hz input voltage range available for worldwide requirements, convenient for power grid
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fluctuations and vehicle export. It has intelligent temperature compensation functions in the charging process,
preventing battery damage caused by excessive charging, considerably prolonging the battery life.
On the other hand, the tractor’s electric motor controller receives from the battery management system
the signals, including the battery SoC, the discharge of the current, the voltage and the temperature of the
terminal, so the controller of the electric tractor has monitoring and protection functions implemented. The
control system deals with the monitoring of the current, voltages and temperature of the motor and other
electrical equipment, which simultaneously sent these signals to the electronic controller to verify the safety of
the electrical circuit of the equipment. (Yanni Chen*. Bin Xie**. Enrong Mao, 2016).
Technical specifications:
Table 3

Technical specifications (table 3)
Technical Data
AC Input voltage
AC input frequency
AC power factor
Efficiency at maximum power
Vibration resistance level
Degree of mechanical protection
Operating temperature
Storage temperature
Mechanical dimensions (mm)
Net weight

AC90V~AC400V
45~65 Hz
≥0.98
≥93％
10-25Hz Amplitude 1.2mm, 25-500Hz
30m/s2, 8 hours in the vibration direction
IP67
-40℃～+55℃
-40℃～+100℃
353(L)*230(W)*160(H)
17kg

The battery parameter visualization utility software is provided by Ewert Energy Systems, Inc. at
https://www.orionbms.com. This software will be subsequently used to study the battery.
The first charge was made with 380V and the charge took 3 hours up to 90% of the maximum capacity.
The graphs of voltage and current increase are those in the figures below, the measurement time was 90
minutes (Figure 5 and 6).

Fig. 5. Battery charge voltage

Fig. 6. Single cell charge voltage
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The charging current is controlled by the charger within the limits set for each battery pack, this will be
done at the initialization of the system composed of battery and BMS but also according to the needs. Example
of charging current control:

Fig. 7. Limiting the charging current

Throughout the battery life, the BMS also monitors battery cell temperatures. The figure below shows
the evolution of temperatures during charging.

Fig. 8. Temperature when charging

After charging the battery up to 90%, the tractor was driven on flat land, on asphalt and arable land to
establish battery autonomy when the tractor has no load. The maximum speed achieved was 13Km/h, the
speed that was indicated by GPS. The tractor operated under these conditions for 290 minutes until the battery
reached 10% of its capacity.
The following figure shows the graph of current and voltage variation when starting the tractor.

Fig. 9 Consumption when starting away
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Fig. 10. Voltage variation when starting away

Fig.11. Voltage variation when operating for 90 minutes

Fig. 12. Voltage variation at cell level

The next charge used a 220V and 16A power source, this time the charge took 294 minutes, charging
up to 90% of capacity.
The load test was performed with an empty trailer of 1800 kg to which 2000 kg standard weights were
added. The route was flat land, asphalt and agricultural land, uneven land and arable land. The tractor operated
under these conditions for 229 minutes.

112

INTERNATIONAL SYMPOSIUM

Fig. 13 Voltage variation in one hour of operating while loaded

Fig. 14 Current variation in one hour of operating while loaded

Most of the research activities were concerned with optimizing the efficiency of tractors, especially in
terms of emissions and energy. In this framework, a test of the drawbar is established under specific controlled
conditions, in order to evaluate the power of the available tractor at the drawbar. The main measuring chain is
based on dynamometric vehicles (DV) which are specially equipped vehicles designed to develop the horizontal
force when pulling agricultural tractors. CREA Laboratory in Treviglio, Italy, has designed a new dynamometric
vehicle to test tractors with up to 200 kW at the drawbar (245 kW at the engine flywheel) and a maximum of 118
kN drawbar force (12032.65 kgf). (M. Cutini, C. Bisaglia, 2016)
The traction test was performed on the asphalt, the used traction tires are MRL Kirti 9.5-36 and on the
front are MRL 5.00-15. Given that the front axle load is low for this type of tractor, it is not justified to use wheels
with a diameter equal to that of the rear wheels. (Duțu M.F., Biriș S.Șt., Duțu I.C., Iordache S.D., 2019) The
traction test was performed also on agricultural land under the same atmospheric conditions.
Temperature in the atmosphere 23.1 degrees Celsius, the dynamometer used is 50kN with the division
of 0.5 kN.
The traction test resulted in the following forces:
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1. Traction on asphalt – 7.58 kN force (800 kgf)
2. Traction on agricultural land – 14.2 kN force (1450 kgf)
The test was carried out by loading the tractor with traction force at the bar coupled to a fixed load fixed
in the ground. The forces were noted when the phenomenon of skating appeared at the drive wheels. The
purpose of the study being the behaviour of the battery, the experimental determinations did not take into
account the necessary conditions for the exact determination of all the forces that appear in the tractor-load
system.

CONCLUSIONS
After all the tests carried out it can be considered that a vegetable chassis can be electrically driven.
According to the loading/unloading graphs as well as the behaviour in real conditions, it can be said that
the battery behaves within the normal limits, compared to the results obtained by all the other developers of
electric tractors. Charging up to 90% of the total capacity took 3 hours, which is within the average charge time
obtained by other equipment of the same type. The average operating time loaded was about 4 hours, again an
autonomy that is within the average usage of these types of equipment.
The advantages that it has especially in closed spaces are far superior to a traditional tractor. In such
spaces, charging stations can be located to use the time when the machine is not used, as a result the use time
can be extended. There is even the opportunity to bring mobile charging stations located as close to where
these machines are used in order to benefit of solar and wind energy to produce the energy necessary for
charging the batteries.
The most important advantage is the lack of emissions of pollutants into the atmosphere; another
aspect is the reduced impact on the soil because when the machine is powered by electricity from a battery
there is no risk of leakage of fossil fuels that can reach the working surface by mistake or as a result of an
accident. The tested battery succeeded in being able to carry out the tasks that were proposed under very close
conditions to normal ones. The technologies of battery manufacture are in full development, so they will surely
have a much shorter charging time, a longer operating time and a much longer exploitation time. These things
coupled with the declining price of batteries will make them a very good substitute for fossil fuels. Also, replacing
fossil fuels with batteries is already a must if it is to consider pollution. At this point the production, integration
and use of electricity as a fuel from a financial point of view may seem expensive and inefficient, but the longterm calculation shows that, on the contrary, this technology will bring great financial benefits but especially in
terms of caring for the environment.
ACKNOWLEDGEMENT
This work was supported by a grant of the Romanian Research and Innovation Ministry, through
Sectoral Plan, contract no. 1PS/2019

REFERENCES
[1] Cutini M., Bisaglia C. (2016) Development of a dynamometric vehicle to assess the drawbar performance
of high-powered agricultural tractors, Journal of Terramechanics Volume 65, Pp. 73-84
[2] Duțu M.F., Biriș S.Șt., Duțu I.C., Iordache S.D. (2019). The study of the dynamics of the tractor aggregate
on wheels, formula 4x4, towed machine, Research people and actual tasks on multidisciplinary sciences,
pp. 179-183 LOZENEC, BULGARIA
[3] Hossein M., Alireza K. ,Arzhang J., Hossein M., Karen A., Ahmad S. (2011), Life-cycle assessment of a
Solar Assist Plug-in Hybrid electric Tractor (SAPHT) in comparison with a conventional tractor, Energy
Conversion and Management, Volume 52, Issue 3, pp. 1700-1710
[4] Yanni C. Bin X, Enrong M. (2016). Electric Tractor Motor Drive Control Based on FPGA, , IFACPapersOnLine, Volume 49, Issue 16, Pp. 271-276

114

INTERNATIONAL SYMPOSIUM

[5]

Directive 2009/29/EC of the EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 April, 2009
amending Directive 2003/87/EC so as to improve and extend the greenhouse gas emission allowance
trading scheme of the Community
[6] Ministry of Agriculture and Rural Development, Strategy for the development of the agri-food sector in the
medium and long term Horizon 2020 2030
[7] evolveelectrics.com/products/1239-e
[8] cdn.shopify.com/s/files/1/1820/0269/files/orionbms2_wiring_and_installation_manual.pdf?1289632542684
048831
[9] www.arq.ro/tractorul-utilajul-agricol-care-a-schimbat-in-totalitate-eficienta-activitatilor-agricole/25071
[10] www.agrimedia.ro/articole/scr-devine-o-certitudine-la-tractoare-si-combine
[11] www.madr.ro
[12] www.orionbms.com/products/orion-bms-standard/

115

INTERNATIONAL SYMPOSIUM

CONSIDERATIONS ON THE USE OF SMART TECHNOLOGIES TO LIMIT THE
NEGATIVE IMPACT OF CLIMATE CHANGE IN ORCHARDS
/
CONSIDERAȚII PRIVIND UTILIZAREA TEHNOLOGIILOR INTELIGENTE DE LIMITARE A
IMPACTULUI NEGATIV AL SCHIMBĂRILOR CLIMATICE ÎN PLANTAȚIILE DE POMI
FRUCTIFERI
Cristea O-D., Manea D., Mateescu M., Cristea L-C.
INMA Bucharest
Tel: 0761062624, E-mail: diana10.cristea@gmail.com

Keywords: intelligent technologies, climate change orchards
ABSTRACT
The paper presents a study on the use of intelligent technologies to limit the negative impact of climate
change on fruit tree plantations. The results presented are intended to be a technical basis for fruit growers,
which includes general recommendations on the benefits of using intelligent technologies in fruit growing.
REZUMAT
Lucrarea prezintă un studiu privind utilizarea tehnologiilor inteligente de limitare a impactului negativ al
schimbărilor climatice în plantațiile de pomi fructiferi. Rezultatele prezentate se doreşte a fi o bază tehnică
pentru pomicultori, care cuprinde recomandări generale privind beneficiile utilizării tehnologiilor inteligente în
pomicultură.

INTRODUCTION
Fruit-growing plays an important role in agriculture due to the fact that in Romania, there are favorable
pedoclimatic conditions and well-established apple orchards, with tradition and high production potential. In the
years 1965 and 1979, the censuses of the vineyards and apple orchards were carried out, which allowed a
detailed inventory of the vine-pomicol heritage.
After 1990, radical changes took place in the structure of Romanian agriculture and, implicitly, in the
structure of the grapefruit sector. These changes were highlighted by the results of the General Agricultural
Census of 2010 and of the Structural Agriculture Surveys of 2013 and 2016 [10].
At present, intelligent technologies for limiting the negative impact of climate change have become
indispensable also in the Romanian orchards.
Practicing intelligent agriculture represents not only the progress of the fruit farm, but the future of the
business itself, which is why farmers must always be informed and open to new.
If 20 years ago the research in the field of tractors and agricultural machines was focused exclusively on
the development of mechanical construction solutions, today with the development of computer systems,
communications technologies and their extension for large-scale use, it was computers and computerization. in
agriculture it has all roads open.
The efficiency of these technologies adds up to 35% of crop productivity.
That is why farmers are increasingly using IT to increase production and maximize their resources.
At present, there is no longer any mechanized agricultural process that does not benefit from the
computerized assistance through which the working parameters are optimized and high quality work indices are
obtained, increased comfort and safety for the user in the working process, minimum fuel consumption and
workforce.
In global agriculture, there is a very high level of investment that is concentrated at this time in smart
agriculture, this being driven by data and IT.
Romania has a highly developed IT and telecommunications infrastructure, because it has the fastest
Internet connection, so farmers, professionals, are expected to adopt smart technologies at the fastest pace.
INMA Bucharest has developed research projects to streamline the entire agricultural process, and
therefore to increase the profitability of farms so that they adapt quickly to changes, either by increasing
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production and efficiency per hectare, or related to global warming, or tightening of environmental regulations
[2], [4], [5], [7].
MATERIALS AND METHODS
For the elaboration of the paper, reading sheets of the articles from the specialized literature were used,
by consulting the scientific databases from the aspect of the qualitative approach, in order to present a coherent
image of the conceptual and applied practices of the intelligent technologies for limiting the negative impact of
climate change in the plantations of fruit trees.
RESULTS
Within INMA Bucharest, intelligent systems have been developed to limit the negative impact of climate
change on fruit tree plantations, representing the future of high-performance agriculture, namely:
- the method of evaluating soil compactness in apple orchards, which was registered at OSIM with no.
00376 / 14.06.2017;
- the high precision spraying machine which was registered at OSIM with no. 00336 / 14.05.2012.
•

Method of evaluating soil compactness in apple orchards
Compaction of the land of apple plantations is a form of soil degradation, being an unwanted
accompanying phenomenon that appears during the execution of the agricultural works, the phenomenon being
impossible to avoid, but which can be kept under control by an adequate management. The state of increased
compaction leads to the heavy circulation of substances in the soil, the destruction of organic matter and the
marked reduction of the porosity (which in fact generates a large part of the other problems).
At present, at national or international level, a method is used to determine the penetration resistance by
which "in situ" the resistance opposed by an "undisturbed" earth to the penetration with a standard metal body is
used by using several types of static penetrometers from the simplest (analog, mechanical or hydraulic
penetrometer) to the most complex (electronic penetrometers with instantaneous processing of measurements),
being a process widely used in research on soil works in agriculture to know whether the soil of a land is or not
subject to the phenomenon of compaction. This method has the major disadvantage that through the use of
static penetrometers laborious processes are performed, namely: manual pressing of the cone in the soil,
recording the individual readings obtained at specified intervals and interpreting the results for assessing the
physical state of the soil of agricultural lands at a given time and for determining the correlation between the
state of compactness of the soil with the resistance opposed by the working organs of the machines to work the
soil when executing agricultural works.
In this context, INMA Bucharest has approached the problem of establishing a fast and precise method
that uses electronic computing techniques for recording, purchasing measurements, locating measurement
points and measured values, processing data and making compactness maps to achieve adequate
management of agricultural technologies in apple orchards.
The method of evaluating soil compactness in apple orchards is intended to improve the management of
agricultural holdings, through the information provided on the compacted areas and the depth of compaction as
a result of repeated passing of the machines for the apple orchards, in order to apply recovery measures only in
those areas.
The method of evaluating soil compactness in apple orchards, uses a digital recorder with GPS and Data
Logger to acquire measurements, record and locate in space the measuring points and the measured values, a
system for remote data communication and transmission, a computer system for data processing based on
specialized software for real-time generation of the soil compactness map with the overlay of the aerial
photographic image [6].
The method consists of the sequence of operations:
- automatic acquisition of measurements on soil penetration resistance at different depths, recording and
location in space of measuring points and measured values with a digital recorder with GPS (Global Positioning
System) and Data Logger, which moves between the rows of trees using a mobile measuring device mounted
on an agricultural tractor;
- real-time transmission of remote data to the computer via a frequency band radio modem allocated for
data transmission or using the public GSM network with a special GSM modem;
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- data processing with specialized software for obtaining the spatial distribution diagrams of the
penetration resistance according to the geographical coordinates, the automatic overlap of the spatial
distribution map of the penetration resistance over the raster map (image support map) obtained from the
archive of maps with numerical information and aerial or satellite imagery and viewing information obtained on
the computer monitor.
The advantages of this method are:

-

performs a fast and accurate monitoring of the soil compaction status in apple orchards, providing
users with the information they need in real time;

-

contributes to the provision of a common system of characterization of the properties of the soil
necessary to determine the number of passes of agricultural machines in the fruit crops, by
knowing the values of the resistance of the soil to penetration;

-

ensures the rapid identification of the areas that need repair interventions, by introducing maps
with the overlapping aerial photographic image in the background;

-

offers a set of complex and comprehensive spatial analysis tools, which are needed in the future
when creating the cadastre information systems.
On a mobile measuring device mounted on an agricultural tractor that moves between the rows of trees, a
digital GPS recorder, consisting of a cone rod, is inserted into the ground at a constant penetration rate using a
cylinder. hydraulics provided with the transducer for the measurement of applied force and with a displacement
transducer for the measurement of the penetration depth, a GPS system for the location in space of the
measuring points and the measured values and a Data Logger for the physical storage of the data from the
translators.
The data collected during the trip, together with the corresponding positions of the samples, are
transmitted in real time at a distance to a computer through a special GSM modem.
These are processed by a computer system with the help of specialized software that draws the diagrams
of the spatial distribution of the penetration resistance according to the geographical coordinates and
automatically overlays them on the raster map.
Finally, maps of the soil compaction status are generated, which are displayed on the computer monitor,
which contributes to the improvement of the management of the fruit farms, with possibilities of extension and to
other types of agricultural works, for example viticulture, vegetable growing, etc.
Figure 1 shows the logical scheme for carrying out the method of evaluating soil compactness in apple
orchards.

Fig. 1 – Method of evaluating soil compactness in apple orchards - Logical scheme of implementation [8]
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•

High precision spraying machine
At the global level, sprinkler machines are known in the apple plantations, for example those made by the
companies Jacto, Hardi, Livsor, Mert-San, Tehnofavorit, which have ventilation and air distribution systems with
unidirectional or bidirectional deflectors. The sprinklers made by these companies have the disadvantage that
they are not equipped with automatic systems to detect the crown of the tree and to control the sprinkling, the
sprinkling being carried out continuously, even in the spaces between the trees in a row, this leading to a
consumption very high in substance and environmental pollution by drift. At the same time, the construction of
air deflectors does not ensure a uniform distribution of air throughout the entire crown of the tree.
For the application of the phytosanitary treatments in the fruit plantations in order to increase the food
security and safety, INMA Bucharest has approached the problem of designing a machine to carry out
phytosanitary treatments on the principle of hydraulic spray spraying carried in all types of apple plantations with
the slope of the terrain accessible to the tractors on wheels. aggregated with the treated machines, by applying
with high precision of the non-polluting substances in the form of extracts, infusions or teas, decoctions, lungs,
emulsions and suspensions in order to fight the pathogens and the pests [1].
The precision spraying machine is intended to carry out phytosanitary treatments in all types of apple
orchards (eg classical, intensive and superintensive orchards), with low substance consumption, which
minimizes drift losses, reduces environmental pollution and ensures uniform distribution of air at impact with the
crown of the tree, due to the fact that it is equipped with an automatic system of detecting the crown of the tree
and of the control of the splash and by the construction of the bidirectional air deflector and the location of the
sprinkler ramps with the bodies of spray that allows the uniform distribution of the air carrying particles of
substance by covering the entire plant mass of the tree crown [3].
The high precision spraying machine is equipped with an automatic system for detecting the crown of the
tree and spraying control. The construction of the bidirectional air deflector and the location of the spray ramps
allow the uniform distribution of the plant protection substances and the complete coverage of the tree crown.
The automatic tree crown detection and spraying system consists mainly of: 6 ultrasonic sensors
mounted on two vertical arms, a PLC programmable controller, a touch-screen terminal located in the tractor
cab, a 12-24 V inverter and a sensor speed for the sprinkler.
Ultrasonic sensors detect the crown of the trees both vertically and horizontally. The information is
transmitted to the PLC, which controls the start or stop of the splash ramps by means of solenoid valves.
Each ultrasonic sensor corresponds to a splash ramp. Depending on the speed of movement of the
spraying machine, recorded by the speed sensor. The PLC applies a time correction to the solenoid valve
actuation.
The position of the ultrasonic sensors can be adjusted to the height by sliding on the vertical arms. The
sensors at the top can be rotated to detect the target areas up to a height of 7 meters.

Fig. 2. High precision sprayer - aspects of the work

The high precision sprayer has the following advantages:

-

realizes the reduction of the consumption of substance by its punctual application, in all types of
apple plantations, in order to combat the pathogens and pests, due to the automatic system of
detection of the crown of the tree and of control of the sprinkling;
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-

it ensures a uniform distribution of the particulate carrier air by covering the entire plant mass of
the crown of the tree, due to the construction of the air deflector and the way of placing the spray
ramps;

-

allows easy switching from the automatic spray mode to the one with continuous flow of
substance, according to requirements, by selecting on the touch-screen the operating terminal of
the desired working mode;

-

it has a simplified construction due to the newly chosen solutions that give it technological ease of
implementation, safety in operation, maintenance, simple adjustments and easy to perform by a
single operator [9].

CONCLUSIONS
The method of evaluating the compactness of the soil in the orchards is intended to improve the
management of the agricultural holdings, through the information provided on the compacted areas and the
depth of compaction as a result of the repeated passage of the machines for the orchard works, in order to
apply recovery measures only in those areas;
The high precision sprayer reduces substance consumption, minimizes drift losses, reduces
environmental pollution and ensures uniform air distribution at the impact with the crown of the tree.
The research presented supports fruit farmers, because they can be efficient and effective only if they are
constantly informed about the benefits of using smart technologies in fruit growing.
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ABSTRACT
The high–keratin-content slaughterhouse by-products are the pig bristles and poultry feathers. These by-product
processing are very different tasks, that depends on the use of the final products. There are many processing
methods for it, that are developed continuously. The most important aspects in the terms of processing method
selection is the aim of the final products using. The using directions of the final products might be raw material
for cosmetics or feed flour for petfood. If the raw material is not suitable for cosmetic or petfood processing and
using direction it may be use for another way for example energetically and soil fertilizing purposes. The two
main processing methods of high-keratin-content slaughterhouse by-products, the pig bristle and feather are the
raw material production for petfoods and cosmetics. The requirements of two main using way are very different.
The most important requirements of processing feed flour are the high digestible protein content and the
another requirements the processing raw material for cosmetics are the high-keratin-content. This is the most
profitable. Otherwise our first aim is the feed flour production. In this case the aim is breakdown of the keratin
into digestible protein with a long time interval high-temperature and high-pressure hydrolysis treatment. The
advantage of the processing high-kreatin-content raw materials are the valuable amino-acid-content materials.
There are the valuable amino-acid content. The feed flours that were made from high-keratin-content
slaughterhouse by-products could be completed the meat flour and fish flour in the dry petfood ingredients.

INTRODUCTION
The KOMETA’99 Company’s slaughterhouse in Kaposvar produces 8726 tons per year by-product.
That’s the amount of by-product contains internal organs (for example liver, heart, kidney, lungs, intestines,
ect.), separated bones, blood, bristles and nail, semi-finished and finished product, which cannot be sold. The
aim of KOMETA’99 Company is realizing to produce industrial raw materials from by-products that mentioned
above. The produced raw materials are feed flour to product petfood for cats and dogs. The feed flours, that is
produced are blood flour, bristle flour, soft powdery substance (meat flour) and bone flour. This raw materials
can be sold at good price, if the quality is good. The most important parameters of this materials the digestible
protein content and adequate microbiological and toxicological status in order to feedstuff nutritious and healthy
to ensure the animals a healthy and long life and adequate reproduction ability. During our industrial research
we try to determine the ideal technology and optimal parameters for processing. The other examined by-product
in this study the poultry feather. This is a similar high-keratin-content by-product, what could be produced by
slaughterhouse processing and production as a by-product. In this study we examined the goose feather. The
results of our examination shows, that the goose feather flour shows high protein, and valuable amino-acid
content. Below in Materials and methods chapter, we compared this amino acid content with another result that
we found in another study and standards.
Requirements of Raw materials for petfood production according to the European law
According the Article 10 of the 1069/2009/EK (21 October 2009) the Category 3 material Category 3
the material shall comprise the following animal by-products:
(a) carcases and parts of animals slaughtered or, in the case of game, bodies or parts of animals killed, and
which are fit for human consumption in accordance with Community legislation, but are not intended for human
consumption for commercial reasons;
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(b) carcases and the following parts originating either from animals that have been slaughtered in a
slaughterhouse and were considered fit for slaughter for human consumption following an ante-mortem
inspection or bodies and the following parts of animals from game killed for human consumption in accordance
with Community legislation:
(i) carcases or bodies and parts of animals which are rejected as unfit for human consumption in accordance
with Community legislation, but which did not show any signs of disease communicable to humans or animals;
(iv) pig bristles;
(v) feathers;

Using direction and requirements of the produced raw materials made from different slaughterhouse
by-products

•

The feed flours raw matterials microbiological parameters according the European law
According the 142/2011/EU (25 February 2011) decree’s ANEX X. Chapter I the feed flours must be
conformed to the following standard, that is described in the above mentioned decree.
The following microbiological standards shall apply to derived products: Samples of the final products
taken during or on withdrawal from storage at the processing plant must comply with the following standards:
Salmonella: absence in 25 g: n = 5, c = 0, m = 0, M = 0
Enterobacteriaceae: n = 5, c = 2, m = 10, M = 300 in 1 g
where:
n = number of samples to be tested;
m = threshold value for the number of bacteria; the result is considered satisfactory if the number of
bacteria in all samples does not exceed m;
M = maximum value for the number of bacteria; the result is considered unsatisfactory if the number of
bacteria in one or more samples is M or more; and
c = number of samples the bacterial count of which may be between m and M, the sample still being
considered acceptable if the bacterial count of the other samples is m or less.

•

The cosmetics raw materials microbiological parameters according the European law
The production and quality of raw materials of cosmetic products according the European law the below
decrees 1223/2009/EK and the ISO 17516:2014, and MSZ EN ISO 17516:2015 Hungarian standards are
regulated.
Table 1
Microbiological limits for cosmetics (According to ISO 17516:2014, MSZ EN ISO 17516:2015 standards)

•

Feed flour made from slaughterhouse high-keratin-contenetby-products biological value in pet
foraging
According to Vincze (2011) the hydrolised poultry feather’s protein and amino acid content
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-

Protein content: 82.9%
Methionin: 0.57%
Cystine: 4.34%
Lysine: 2.28%
Threonine: 3,81%
Thriptophan: 0,55%
Arginine: 5,57%
The poultry feed flour content in high concentration the following nutrients: protein, cystine, threonine,
thriptophan and arginine. The poultry feed flour also contens significant amount of arginien and
lysine. Vincze, 2001)

Amino acid turnover
Limiting amino acids, limiting order
The number of the recovering protein molecules are limited by the small amounts of the essential
amino acids molecules in the cells of the bodies. The different amounts of amino acids in the cells of the
bodies are ranked according to the percentage of the animal’s amino acid supply requirements. By this
method is obtained the limiting queue of the protein synthesis. There are the amino acids, which are in the
cells of the body are relatively smallest amount,these are called the first limiting amino acids. An amino acid
balance is achieved if the amino acid requirement and the amino acid intake are consistent. If the amino acid
balance is upset, the effective of the protein utilization is reduced. If the amino acid ratio is inadequate, the
cell do not absorb the amino acids. It can also be stated the individual amino acids influence each other’s
incorporation into protein. (Harrison, 1982)
Supply requirements of the pets protein and amino acid
The protein and amino acid requirements of the dog
The optimal amount of the crude protein in dog food is 22-25% is calculated for dry material quantity.
The dog requires the same essential amino acids like the most monogastric mammals. These essential
amino acids are lysine, methionin, cystine, tryptophan, threonine, phenylalanine, tyrosine, leucin, isoleucine,
valine. For adult dogs arginine and histidine supply are less critical like for younger dog. (Fekete,2009)
The protein and amino acid requirements of the dog
The cats require large amounts of protein in their diet. Their demand is 25-30%. For the cats the
arginines is also an essential amino acid, because it binds ammonia releases during metabolism. (Fekete,
2009).

MATERIALS AND METHODS
In the first work part in this project, during the industrial research we performed the phase examinations
in the Pharmagene-Farm Ltd., in Mosonmagyarovar. During the phase experiments we examined the byproducts, the pig bristle and goose feather in different phase of laboratory model experiment, processing for
feed flours. We produce pig bristle flour, goose feather flour in laboratory.
The steps of the processing procedures of by-products and accredited examination of the feed flours
were following:

-

Collect the samples in the slaughterhouse
Heat and pressure treating
Drying
Milling
Packaging in plastic centrifuge tube
Delivery to the accredited laboratory
Laboratory examination for nutritional value (protein and digestible protein content and amino acids
contain) of the feed flours
124

INTERNATIONAL SYMPOSIUM

Methods of chopping, heat and pressure treatment for the slaugterehouse by-products
The used procedures for feed flours production in our laboratory for the model experimets described in
142/2011/EU (25 February 2011). We processed third categories by-products (according to 1069/2009/EU), and
used the 1st Method, what described in 142/2011/EU (25 February 2011) or a more district methods for treating
of third categories by-products (1069/2009/EU) processing.
According to 142/2011/EU (25 February 2011) Chapter II section 4 processing of Category 3 material
1. The critical control points that determine the extent of the heat treatments applied in processing shall
include for each processing method as specified in Chapter III:
(a) raw material particle size;
(b) temperature achieved in the heat treatment process;
(c) pressure, if applied to the raw material;
(d) duration of the heat treatment process or feed rate to a continuous system. Minimum processing
standards must be specified for each applicable critical control point.
2. In the case of chemical treatments which have been authorised by the competent authority as
processing
method 7 in accordance with point G of Chapter III, the critical control points that determine the extent of the
chemical treatments applied shall include the pH adjustment achieved.
3. Records shall be maintained for at least two years to show that the minimum process values for each critical
control point are applied.
4. Category 3 material shall be processed in accordance with any of the processing methods 1 to 5 or
processing method 7, or, in the case of material originating from aquatic animals, with any of the processing
methods 1 to 7, as referred to in Chapter III.
The used treatment method according to the 142/2011/EU (25 February 2011) CHAPTER III

• Standard processing method
A. Processing method 1 (pressure sterilisation) Reduction 1. If the particle size of the animal by-products
to be processed is more than 50 millimetres, the animal by-products must be reduced in size using
appropriate equipment, set so that the particle size after reduction is no greater than 50 millimetres. The
effectiveness of the equipment must be checked daily and its condition recorded. If checks disclose the
existence of particles larger than 50 millimetres, the process must be stopped and repairs made before
the process is resumed.
We used this standard method A or more district methods for treatments our samples as you can see
below in the Table 1.

Fig. 1 - Different phase hair durring the pig bristle flour processing procedure
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Fig. 2 - Feather samples and the final product, the goose feather flour

Fig. 3 - Goose feather samples heat and pressure treatment during the laboratory modelling experiments
(142◦C, 3.2 bar, 90 min)

Fig. 4 - Goose feather samples drying treatment during the laboratory modelling experiments (105◦C, 120 min)
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Fig. 5 - Goose feather dried samples milling during the laboratory model experiment

• Sampling of high- keratin content by-products
Microbiological and toxicological status of pig bristle samples
The result of the microbiological and toxicological status of the pig bristle samples with and without
heat- and pressure treatment determine of the using possibilities and direction of the such slaughterhouse byproduction like the pig bristle and goose feather. The place of sampling was Kometa’99 Company’s
slaughterhouse, Kaposvar, and the Parmagene-Farm Kft. did the samling, modelling and preparation of all the
samples in this experiment.
The samling dates, places and the samples numer (n=8) were the following:

22.09.2017, Kometa’99 Company’s slaughterhouse, Kaposvar (n=1 without treatment)
02.12.2017, Kometa’99 Company, Kaposvar slaughterhouse ( n=1 without treatment, n=1 with treatment)
28.12.2017, Kometa’99 Company, Kaposvar’ s slaugtherhouse (n=5 with treatment)
These samples transported in the SEQOMICS’s accredited laboratory in Morahalom, where examined
the the following microbiological and toxicological examination:
Microbiological examination

-

Enterobacteriaceae: EN ISO 21528:2:2007

-

Toxins of Salomonella

Salomnella: EN ISO 6479:2006

Clostridium perfringens: EN ISO 7937:2005
Toxicological examination with PCR technology
Botulinum toxins (A,B,E types)

Toxins of Escherichia coli (ETEC, EHEC types)
•
Goose feather samples protein and amino acid content
Sampling of goose feather
The sampling place and date: Naturtex Ltd.. (Hodmezovasarhely), 23 May 2019 waste and multicolored
feather for the using direction experiments. The place and date of the model experiments to produce goose
feather flour samples was 28 May 2019, Pharmagene-Farm Ltd. Laboratory in Mosonmagyarovar. We
manufactured 3 samples (n=3) in the Pharmagene-Farm Ltd. laboratory in Mosonmagyarovar. Finally the
samples were transported in an accredited laboratory, the Hungarian Dairy Experimental Institute to
Mosonmagyarovar.
•
Samples preparing for accredited laboratory experiment
- Manufactured feather flour samples measured
- Packaging to centrifuge tube, subtitling
- Preparation of sampling documentation
•
Examination of nutritional value (protein and amino acid content)
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-

Crude protein examination in accredited laboratory (MSZ EN ISO 5983-2:2009)
Digestible protein content examination in accredited laboratory (MSZ 6830-5:187 Chapter 3)
Amino acid content examination in accredited laboratory(152/2009/EK III. F Annex IEC)

RESULTS
•
Examination of the microbiological and toxicological status of the pig bristle samples
This examine’s result determines the by-products using direction, if it eligible to feed flour raw matterial for
pets(cats and dogs).

-

Unfortunately, the microbiological and toxicological status of the pig bristle sample (22/09/2017) in
slaughterhosuse were inadequant because of they were not properly stored and treated during the
processing. The by-products samples without heat and pressure treatment (22/09/2017) were infected
by Salmonella (n=1) and polluted their toxins (n=1) and there were in the samples Enterobacteriaceae
(n=1) and Clostridium perfringens (n=1) in high cell number per gramms. But the most serious problem
was the pollution with such a heat resistant toxins, like botulinum toxin types A (n=1) and B (n=1) and
Salmonella’s toxins (n=1).

-

The samples that we treated on 02/12/2017 (n=1) and 28/12/2017 (n=5) were in hygienic storage and
their were cooling continously. These samples were treated with Method 1 described 142/2011/EU (25
February 2011) and after the heat treatment were dryed. The parameters of the treatment were 133◦C,
3 bar, 20 minutes. The core temperature was keep on the above temperature for minimum 20 minutes.
The samples were dried under 10% moisture content. The microbiological and toxicological results of all
these samples were negative. (n=5)
Examination of the different heat- and pressure treatment for the digestible protein content of the pig
bristle flour.
The bellowed Table 1 is showed the methods of treatments, that we can use for the by-product treating
according the European laws and the methods that we are used for by-product (pig bristle- and feather)
processing in laboratory during the modeling experiments. The bellowed Table1 contents the digestible protein
content of the pig bristle (n=3) and feather (n=1) feed flours, that we remade slaughterhouse by-products. The
results of this experiments show the effect of the different heat and pressure treatment.
•

The examination of the crude- and digestible protein and amino acid content of goose feather flour
The result of crude and digestible protein and amino acid content determines the nutritional value of the
feed flour. The aim of this research project to find the most optimal methods and parameters of the treatment for
the high-keratin-content by products to increase the digestibe protein content and nutritional value of this feed
flours. The result of experiment shows that these feed flour made from high-keratin-content by-products, have a
nutritionally favorable amino acid composition. It is mixed with such a feed flours like meat- and fish flours they
can complete their amino acid compositions as you can see on Table 3 and Figure 2.
Table 2
Effect of different treatment of slaughterhouse by-products for
the digestible protein content of the feed flours from this materials
Parameters of heat
Treatment
(core temeperature)
Diameter of
methods
and pressure
chopped
Treated by- according to
treatment, and time
part (mm)
product
142/2011/EU
interval of the
before the
(25 February
treatment according
treatment
2011)
to the law
(⁰C, bar, min)
133◦C, 3 bar,
Pig bristle
Method 1
50mm>
minimum 20 min
133◦C, 3 bar,
Pig bristle
Method 1
50 mm>
minimum 20 min
133◦C, 3 bar,
Pig bristle
Method 1
50mm>
minimum 20 min
133◦C, 3 bar,
Feather
Method 1
50mm>
minimum 20 min
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Parameter
s of the
Used
used
drying
treatment
treat-ment
(⁰C, bar,
min)
133◦C, 3
bar, 20 min
140◦C, 3
bar, 60 min
140◦C, 4
bar, 75 min
142◦C, 3.2
bar, 90 min

105◦C,
120 min
105◦C,
120 min
105◦C,
120 min
105◦C,
120 min

Product

Digestible
protein
content
(%)

Hair flour

35.89%

Hair flour

46.70%

Hair flour

51.7%

Feather
flour

45.65%
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Table 3
The amino acid content of goose feather flour
Amino acid

%

Cystine

4,81%

Lysine

0.97%

Methionin

0.28%

Aspartic acid

5.85%

Threonin

3.55%

Serin

9.14%

Glutamic acid

8.84%

Glycine

7.42%

Alanin

3.95%

Valine

6.17%

Isoleucin

3.52%

Leucin

6.73%

Tyrosine

3.05%

Pfenil-Alanine

0.42%

Histidine

0.42%

Arginine

4.58%

Proline

8.70%

Protein content g/100g

85.25%

Digestible protein content g/100g

45.65%

Table 4
Experiment of amino acid content in different animal origin feed flour
Essential and

Amino acid comtent of

important amino

goose feather flour %

acid for cats and

(Results of own

product standard of

to product standard of

dogs

experiments)

Europrotein Ltd.)

Europrotein Ltd.)

Lyzine

0.97%

4.33%

5.30%

Methionine

0.28%

1.93%

1.50%

Cystine

4,81%

0.63%

0.70%

Na.

0.70%

0.70%

Threonin

3.55%

2.67%

3.30%

Phenil-Alanin

0.42%

4.68%

1.60%

Tyrosin

3.05%

1.96%

1.05%

Leucin

6.73%

4.68%

2.45%

Isoleucin

3.52%

2.77%

1.30%

Valine

6.17%

2.72%

2.14%

Histidin

0.42%

1.37%

0.86%

Arginine

4,58%

3,96%

3,60%

Triptophan

Amino acid content of

Amino acid content of

fish flour % (According to meat flour % (According
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Fig. 1 - The amino acid content of goose feather flour (%)

Fig. 2 - Experiment of amino acid content in different animal origin feed flour

CONCLUSIONS
The two most important field of quality assurance the raw matterials production for the petfood products
the feed safety and quality.
These feed flours, the pig bristle and goose feather flours can be sold at good price, if their feed safety
status impeccable and their quality is good or excellent.
Ensuring appropiate the microbiological and toxicological status of these feed flours are the most
important, because it is on the basis, that we decide, wheather the final product is suitable for feeding purposes.
The most important measure to ensure it the prevention. Providing the hygenic processing and storing
circumstances are effective solutions for prevention methods against the active metabolism of microorganisms
and their toxin production.
The most important quality parameters of this matterials the digestible protein- and amino acid content.
During our industrial research we try to determine the ideal technology and optimal parameters for processing.
The main targets during the processing procedure are producing feed fours for petfood raw matterial with the
highest possible nutritional value and impeccable microbiological and toxicological status. The results of the
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industrial research show that the hydrolisis treatment at high temperature and high pressure (133◦C, 3 bar)
raises the digestible protein content in pig bristle and goose feather flour.
In this study the result of experiment shows that these feed flour made from high-keratin-content byproducts, have a nutritionally favorable amino acid composition. It is mixed with such a feed flours like meatand fish flours they can complete their amino acid compositions.
The using directions of the final products might be raw material for cosmetics or feed flour for petfood. If
the raw material is not suitable for cosmetic or petfood processing and using direction it may be use for another
way for example energetically and soil fertilizing purposes. The two main processing methods of high-keratincontent slaughterhouse by-products, the pig bristle and feather are the raw material production for petfoods and
cosmetics. The requirements of two main using way are very different. The most important requirements of
processing feed flour are the high digestible protein content and the another requirements the processing raw
material for cosmetics are the high-keratin-content.
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ABSTRACT
Modern techniques of spectral analysis and detection have led to the emergence of a wide range of
applications regarding the determination of the vegetation indices of agricultural crops in order to evaluate the
yield of the crop until the detection and mapping of the health status of the crops. In particular, the vegetation
regulates the exchange of energy between the terrestrial biosphere and the atmosphere, determines the
hydrological processes and, by photosynthesis, fixes the atmospheric carbon dioxide in the biomass. The paper
presents the main considerations of vegetation indices of agricultural crops.

REZUMAT
Tehnicile moderne de analiză și detecție spectrală au condus la apariția unei game largi de aplicații
privind determinarea indicilor de vegatație ai culturilor agricole în scopul evaluării randamentului culturii până la
detectarea și cartografierea stării de sănătate a culturilor. În mod special, vegetația reglează schimbul de
energie între biosfera terestră și atmosferă, determină procesele hidrologice și, prin fotosinteză, fixează dioxidul
de carbon atmosferic în biomasă. În lucrare sunt prezentate considerații principalii indicii de vegetație ai
culturilor agricole.

INTRODUCTION
The most common techniques for obtaining information on the biophysical parameters of the soil surface
by remote sensing are based on vegetation indices (Roberts., 2018; Surase R. R. et al., 2019).
In particular, the vegetation regulates the exchange of energy between the terrestrial biosphere and the
atmosphere, determines the hydrological processes and, by photosynthesis, fixes the atmospheric carbon
dioxide in the biomass (Naidu et al, 2009).
Therefore, it is necessary to know the amount of vegetation with a sufficient temporal and spatial
resolution to describe both the processes of the soil surface and the interactions between the atmosphere and
the soil (Mahlein, 2015).
Remote sensing plays an important role in the study of the biosphere, in this sense, Earth observation
systems have the role of providing information about it on a global scale through their ability to make repeated
measurements of the physical and physiological parameters of the vegetation, through the instruments that
measure the solar radiation reflected by different surfaces at certain wavelength intervals (spectral signatures)
(Martinelli et al., 2015).
The spectral signatures of the vegetation surfaces vary depending on external and internal factors, such
as: calibration of the sensors, the atmosphere, angles of reflections, the position of the sun, the characteristics
of the surfaces. Therefore, the radiation leaving the target and reaching the receiving sensor is affected not only
by the vegetation itself, but also by other disruptive factors, and a procedure for extracting information related to
the vegetation status from the composite signal is required.
Richardson & Wiegand customized this concept to the two-dimensional space corresponding to the NIR
and R reflections (Silleos et al., 2006).
The concept of the soil line was initially proposed by Kauth & Thomas, who discovered that the spectral
data of the soil were distributed almost along a line extending from the origin into a four-dimensional reflection
space (Yarbrough et al., 2014).
For the determination of the reflectance of a canopy, either biophysical parameters can be used, or
the determination of multispectral indices calculated through multi or hyperspectral images (Gamon and
Surfus, 1999; Steele et al., 2009).
132

INTERNATIONAL SYMPOSIUM

MATERIAL AND METHOD
The methods of obtaining biophysical information from the surface of the land using remote sensing data
are based on vegetation indices.
The advantage of the vegetation indices lies in the ease of use, being able to develop indicators that
provide empirical relationships with desired parameters, minimizing the sensitivity to external influences
(atmosphere, angles of reflection, position of the sun, etc.) and internal variations (surface characteristics, etc.).
The optical remote sensing of an object is based on two hypotheses:
 the solar radiation interacts with the detected object and is received by a remote located sensor,
containing the spectral signature of the detected object and
 this signature can be deciphered to obtain the characteristics of the object, such as the amount of
vegetation (biomass, etc.), the photosynthetic activity, the growth stage, the degree of stress and the
surface structure.
The evaluation of the vegetation characteristics from the spectral signature is a quite complex process,
because the observation of the vegetation state from the satellites is influenced by the atmosphere, the ground
or the underground background, the geometry of the solar sensor as well as the optical and structural properties
of the vegetation itself.
The latter can be classified into phytoelements such as leaves or needles, shoots, twigs, branches,
trunks, stems, flowers, etc. Last but not least, the signal received by a remote sensing sensor can be indirectly
affected by wind and dew.
The spectral signature of soils can vary in two different ways:
 the differences in brightness associated with the magnitude of the reflected rays (amplitude) and
 the shape variations of the spectral curve attributed to the characteristics of mineral, organic and water
absorption.
The luminosity of the soil may vary as a consequence of changes in the moisture content and roughness of
the surface, but it may also be influenced by external factors (sun irradiation). All these factors change the amplitude
of the reflected signal resulting in a lighter or darker luminosity of the soil.

Fig.1 The concept of the soil line in the NIR-R reflectance plan (Gilabert et al., 2002)
RESULTS
Technological advances for both spectral detection platforms and analytical techniques have led to a
wide variety of applications for vegetation indices, ranging from crop yield assessment to drought detection
and mapping.
Remote sensing data offers potential for monitoring crop activities, agronomic and hydrological
applications, although remote sensing cannot directly measure agronomic variables.
Table 1 presents the list of the main hyperspectral vegetation indices. Indices marked in gray serve
many purposes.
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Table 1 Main hyperspectral vegetation indices (Roberts., 2018)
EVI
Green NDVI
NDVI
SR
NDWIa
WBIb
ARVIa
SAVIa
VARIa
VIgreena
SIPIb
PSSRb
PSNDb
PSRIb
CARIb
MCARIb
CIredb
ARIb
mARIb
RGRIb
ACIb
CRI1b
CRI2b
MSIa
PRIb
RSVIb

2.5*(RNIR-Rred)/(RNIR+6 Rred-7.5 Rblue+1)
(RNIR-Rgreen)/(RNIR+Rgreen)
(RNIR-Rred)/(RNIR+Rred)
RNIR/Rred
(R857-R1241)/(R857+R1241)
R900/R970
(RNIR-Rred)/(RNIR+6 Rred
(RNIR-(Rred-7*(Rblue-Rred)))/(RNIR+(Rred-7*(Rblue-Rred)))
(Rgreen-Rred)/(Rgreen+Rred-Rblue)
(Rgreen-Rred)/(Rgreen+Rred)
(R800-R445)/(R800-R680)
(R800/R675); (R800/R650)
((R800-R675)/(R800+R675));
((R800-R650)/(R800+R650))
(R680-R500)/R750
((R700-R670)-0,2*(R700-R550))
((R700-R670)-0,2*(R700-R550))*(R700/R670)
RNIR/Rred edge-1
(1/Rgreen)-(1/Rred edge)
((1/Rgreen)-(1/Rred edge))*RNIR
Rred/Rgreen
Rgreen/RNIR
(1/R510)-(1/R550)
(1/R510)-(1/R700)
RSWIR/RNIR
((R531-R570)/(R531+R570))
((R714+R752)/2-R733)

a – bandwidth equivalent of a broadband index, b – hyperspectral band
CONCLUSIONS
The most common techniques for obtaining quantitative information on the biophysical parameters of
the surface by remote sensing are based on vegetation indices.
The interpretation of vegetation indices is affected by the mapping accuracy of the state of the plants
and other factors such as: orientation of the solar height, inclination of the axis of view, 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.
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ABSTRACT
The aim of this study was to determine the effect of different fruit powders (aronia, blueberry and rosehip)
on wheat flour dough rheological properties by means of rheometer and Mixolab system. Dough stability
decreased with fruit powders addition because the protein network was weakened. Rosehip and aronia dough
had an improved stability towards the blueberry one. Addition of fruit powders determined an increase in dough
elasticity (G’) and viscosity (G’’) which was more pronounced for the rosehip dough compared to aronia and
blueberry. The information about dough rheology is helpful for new food products development.
REZUMAT
Scopul acestui studiu a fost de a determina efectul diferitelor pulberi de fructe (aronia, afine și măceș)
asupra proprietăților reologice ale aluatului din făină de grâu cu ajutorul reometrului și al sistemului Mixolab.
Stabilitatea aluatului a scăzut odată cu adăugarea pulberilor de fructe, deoarece rețeaua proteică a fost slăbită.
Aluatul cu măceșe și aluatul cu aronia au avut o stabilitate îmbunătățită față de aluatul cu afine. Adăugarea
pulberilor de fructe a determinat o creștere a elasticității (G’) și vâscozității (G’’) aluatului, și această creștere a
fost mai pronunțată pentru aluatul cu măceșe comparativ cu aronia și afine. Informațiile despre reologia
aluatului sunt utile pentru dezvoltarea de noi produse alimentare.

INTRODUCTION
Nowadays, there is a worldwide trend to increase the nutritional value of food products. Bakery products
are largely consumed and can be used as carrier for different nutrients (Ognean et al., 2011). Dietary fibers
play an important role in human health, with confirmed physiological benefits and they are used for
supplementation in bakery products (Yang et al., 2017). Different high fibers ingredients are available to the
food industry and they have been used in various baked products based on their functionality. Ognean et al.
(2011) investigated the effect of fibers from different sources such as: oat, potato, wheat, apple and pea on
dough rheology showing changes in the farinographic characteristics of the dough because of the interaction
with gluten and other components. In general, there is a competition for water between fibers and gluten. The
amount, type, structure and size of dietary fiber used for supplementation of wheat flour influence the structure
of the gluten network (Han et al., 2018; Deepak et al., 2016; Jasim et al., 2013; Peressini et al., 2009). Liu et al.
(2019) stated that addition of wheat bran dietary fiber adversely influenced the adequate formation of wheat
dough leading to reduction in gluten viscoelasticity and quality deterioration of the end products.
The rheological behaviour of dough is an important topic which has drawn significant attention in the
research community, as rheology is linked to baking properties and bread quality. Wheat dough properties can
be measured using well-established empirical rheological methods. The most often used instruments are the
farinograph, mixograph, extensograph and alveograph (Ahmed et al., 2017). Also, the rheometer and Mixolab
system are very useful equipments to study dough rheology.
A rheometer is a laboratory device used to measure the way in which a fluid (liquid, suspension or slurry) flows
in response to applied forces (Ahmed et al., 2017).
The Mixolab system measures the torque (expressed in Nm) produced by dough between two kneading arms
and temperature changes, in order to simulate the bread making process. Mixolab system shows a complete
dough characterisation regarding protein network and starch behaviour.
The aim of this work was to investigate the effect of 3 different fruit powders (aronia Aronia melanocarpa,
blueberry Vaccinium myrtillus and rosehip Rosa canina) on the rheological properties of wheat flour dough by
Mixolab system and rheometer. The use of fruit powder as dietary fiber source in wheat flour is made with the
aim to improve the nutritional value of bakery products.
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MATERIAL AND METHOD
Materials
Wheat flour was obtained from a local factory from Bucharest (13.7% moisture; 10.3% protein; 1.8%
dietary fiber; 0.8% fat; 0.55% ash). The following fruit powders: aronia (country of origin: Poland), blueberry
(country of origin: Poland) and rosehip (country of origin: Bulgaria) were purchased from a local supermarket.
The wheat flour was substituted with each one of the fruit powders in order to have the same content of dietary
fiber added (1.5 g). The sample without fruit powder addition was used as control. The compositional analysis of
the fruit powders was made according to AOAC (2019).
Dough rheological properties by Mixolab
The rheological properties of wheat flour and wheat flour-fruit powder blends were studied using a
Mixolab analyser (Chopin Technologies, France) (AACC, 2010). The samples were loaded into the Mixolab
bowl and mixed with distilled water to produce 75 g dough and the target consistency (torque) was 1.1 ± 0.05
Nm. The dough was subjected to dual-mixing (80 rpm) during a heating and cooling programme following the
“Chopin+” protocol: mixing at 30 °C for 8 min, heating to 90 °C with 4 °C/min, holding at 90 °C for 7 min, cooling
to 50 °C with 4 °C/min and holding at 50 °C for 5 min. The Mixolab software (version 4.0.8) was used to
recorded curves and calculate the dough mixing parameters. The wheat flour and fruit powder-wheat flour
blends were analysed at adapted hydration (i.e. the initial torque C1 was kept constant at 1.1 Nm). The analysis
was repeated 3 times for each type of sample.
Dough rheological properties by rheometer
The rheology measurements of the dough were done using a dynamic rheometer (HAAKE MARS 40,
Thermo-Scientific, Germany) equipped with a temperature control unit (Peltier) and RheoWin Software for data
acquisition. The rheometer was used with a plate-plate geometry (35 mm rotor diameter) with a gap of 2 mm.
The dough sample was fixed between the plates of the rheometer, the excess dough was carefully removed,
and a thin layer of silicon oil was applied to the sample surface to prevent loss moisture during measurement.
The frequency sweep tests were performed over the frequency range of 0.1 – 10 Hz at a shear stress of 10 Pa
and the viscoelastic properties of all the samples (storage modulus G' and loss modulus G'') were determined.
In order determine the creep behaviour of the dough samples, a constant shear stress of 10 Pa was applied on
the dough sample and the sample’s strain (deformation) was recorded as a function of the creep time (600 s).
All the measurements were performed at a constant temperature of 25 ºC.

RESULTS
Composition of the fruit powders
The results from the compositional analysis of the fruit powders is presented in Table 1.
Table 1
Compositional analysis of the fruit powders (% dry matter)
Fruit powder
Fiber, % d.m.
Fat, % d.m. Protein, % d.m. Ash, % d.m.
Aronia
33.1
2.4
7.6
1.8
Blueberry
18.8
2.5
6.3
1.9
Rosehip
70.4
3.2
6.7
2.7

In the development of new bakery products, the fruit powders can be used in order to improve the
nutritional properties of wheat flour. The main component in the fruit powders refers to dietary fiber. In this study,
fruit powder – wheat flour blends were prepared with the aim to have the same dietary fiber content.
Mixolab characteristics
Figure 1 shows the Mixolab curves obtained for the wheat flour (control) and fruit powders-wheat flour
blends. Mean and standard deviation values for the calculated parameters are summarized in Table 2. C1 and
C2 parameters give information about the properties of proteins, while the other parameters (C3, C4 and C5)
refers to the starch behaviour. C1 is used to calculate the water absorption of the flour (%) in order to produce a
maximum torque of 1.1 Nm during the mixing. C2 is the torque related with protein weakening due to
mechanical work and temperature increase; C3 measures starch gelatinization; C4 measures the stability of
gelatinized starch and C5 measures the starch retrogradation during the cooling phase (Dubat, 2013; Koksel et
al., 2009). Other parameters calculated from the Mixolab curve refers to: dough development time which is the
time required to reach the maximum torque of 1.1 Nm and stability which is the mixing resistance of dough.
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Fig. 1 - Mixolab profile of fruit powders-wheat flour dough
C2: protein weakening; C3: starch gelatinization; C4: starch gel stability; C5: starch retrogradation

Table 2
Effect of fruit powders on the Mixolab parameters of wheat flour
Sample
Development time Stability
C2
C3
C4
[min]
[min]
[Nm]
[Nm]
[Nm]
Control
1.28 ± 0.12
8.66 ± 0.29 0.39 ± 0
1.93 ± 0.02 1.71 ± 0.03
Aronia
1.54 ± 0.10
6.63 ± 0.24 0.28 ± 0.01 1.91 ± 0.03 1.65 ± 0.05
Blueberry 2.24 ± 0.14
4.05 ± 0.15 0.18 ± 0
2.05 ± 0.03 1.79 ± 0.03
Rosehip
1.82 ± 0.13
6.73 ± 0.21 0.36 ± 0.01 1.90 ± 0.02 1.68 ± 0.04
Data are presented as mean ± standard deviation (n = 3).

C5
[Nm]
2.45 ± 0.06
2.25 ± 0.03
2.69 ± 0.05
2.44 ± 0.04

The addition of fruit powders into wheat flour required a higher dough development time compared to
control in order to reach the maximum torque C1 of 1.1 Nm. Dough stability decreased with fruit powders
addition which confirms that the protein network is weakened. However, the rosehip and aronia dough had an
improved stability towards the blueberry one. A highly negative correlation was found between dough
development time and stability (r = -0.95).
The lower value of C2 parameter in case of blueberry addition signified a reduced strength of the protein
network which is correlated with an intense weakening of the protein network. A highly positive correlation was
noted between C2 and dough stability (r = 0.94). The highest value for C3 parameter was measured in the case
of blueberry addition followed by control, aronia and rosehip samples, which showed similar values. This
indicates that blueberry addition produced a dough with higher starch pasting ability. As regarding starch gel
stability, there were similar value for C4 parameter between control, aronia and rosehip samples. A slight
increase in hot viscosity was observed when blueberry powder was added. The addition of aronia powder in
dough formulation resulted in a decrease in C5 value corresponding to lower starch retrogradation in
comparison to the other samples. For both control and rosehip samples, the retrogradation was similar.
However, addition of blueberry powder produced an increase in starch retrogradation (the highest C5 value).
Starch retrogradation is related with the bread staling process (Gray and Bemiller, 2003). The anti-staling effect
varied in the following order: aronia < control ≈ rosehip < blueberry.
Even if by fruit powder addition, the fiber content of the mixtures increased, no significant changes into
water absorption was observed between the control and the enriched samples. The water absorption was
constant (59%) for all the samples studied. However, Gomez et al. (2003) showed that different purified dietary
fibers (i.e. orange, pea, cocoa, coffee, wheat) yielded higher water absorptions in comparison with the dough
obtained without fiber addition.
Rheological properties of the dough by rheometer
Rheological properties of a viscoelastic material can be also analysed with the help of a rheometer (Song
and Zheng, 2007).
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Figure 2 presents the variation in storage modulus (G') and loss modulus (G'') of the wheat flour dough
and dough with fruit powder addition. G’ is a measure of the solid or elastic behaviour of the dough, while G’’ is
a measure of the liquid or viscous character (Barnes et al., 1989). For all the dough samples throughout the
tested frequency range, G' was higher than G'', which indicates a more elastic than viscous behaviour. This
observation was expected for the dough since it is a viscoelastic system. An increase of both moduli values with
increase of the frequency from 0.1 to 10 Hz was observed for all the samples (Figure 2). The dynamic moduli
have higher values for rosehip dough than the other samples. This increase might be attributed to the different
interactions between starch granules and the compounds from the fruit powders. The addition of blueberry
powder determined a lowering of dough elasticity (lower values for G’) and dough viscosity (lower values for
G’’), also. The dough elasticity varied in the following order: rosehip > aronia > control > blueberry. Regarding
the dough viscosity, the order was: rosehip > aronia ≈ control > blueberry. The aronia dough viscosity (G’’) had
values closed to the control wheat flour dough. The chemical compositions and particle size of the fruit powders
are responsible for the different behaviour of the dough.
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Fig. 2 - Effect of fruit powders on frequency sweep of dough (left: storage modulus G’; right: loss modulus G’’)

The creep test provides information regarding the viscoelastic properties of the dough. The resulting
deformation is measured as a function of time and the creep curves of the dough are shown in Figure 3. The
creep curves of the control dough and the one with fruit powders addition presented a typical viscoelastic
behaviour. The dough strain (deformation) changed with time. The higher strain value of the blueberry dough
showed that this dough had less resistance to deformation than the other samples. The dough with rosehip
powder showed higher mechanical strength and was much stiffer than the control, aronia and blueberry doughs.
A previous study showed that doughs rich in wheat bran dietary fiber were stiffer than control mainly because of
the high water-binding of fiber which led to limited hydration of starch and protein in the dough system (Liu et al.,
2019).
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Fig. 3 - Effect of fruit powders on strain of dough
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CONCLUSIONS
The influence of fruit powders (aronia, blueberry and rosehip) on dough rheological properties was
assessed with rheometer and Mixolab system. The dietary fiber components from the fruit powders, affects the
gluten network formation, reducing the gluten viscoelasticity. The addition of fruit powders into wheat flour
produced a dough with higher development time and lower stability compared to control. However, the rosehip
and aronia dough had an improved stability towards the blueberry one. Blueberry addition produced a dough
with higher starch pasting ability (Mixolab C3 parameter), a slight increase in hot viscosity (Mixolab C4
parameter) and an increase in starch retrogradation (Mixolab C5 parameter) compared to the other samples.
For both control and rosehip samples, the starch retrogradation was similar, while aronia powder addition
resulted in a lower starch retrogradation.
The results from rheometer showed a more elastic than viscous behaviour of the dough because the
storage modulus (G') was greater than the loss modulus (G''). The addition of blueberry powder determined a
lowering of dough elasticity and viscosity compared to the other fruit powders. The creep test showed that the
blueberry dough had less resistance to deformation than the other samples. Also, the dough obtained with
rosehip powder addition showed higher mechanical strength and it was much stiffer than the control, aronia and
blueberry doughs.
Addition of aronia powder produced a dough with rheological properties close to the control (100% wheat
flour) as it was observed from the both methods employed.
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ABSTRACT
The purpose of this paper is to describe European ash stands located in the Southern Carpathians from
the point of view of their site and growth conditions. In order to achieve this, data from forest management plans
realized during 1980-2005 for 37 forest districts from the area were used. As such, European ash stands occupy
a relatively small area in the Southern Carpathians. They are mainly spread on fields with an average slope, on
South-East expositions, at low altitudes. Their soils are dystric cambisol and eutric cambisol, registering inferior
production classes due to the harsh site conditions from this area.
REZUMAT
Scopul acestui articol este cel de a descrie din punct de vedere al condițiilor staționale și de creștere
arboretele de frasin din Carpații Meridionali. Pentru aceasta, s-au folosit datele din amenajamentele silvice
efectuate în perioada 1980-2005 pentru 37 ocoale silvice din zonă. Arboretele de frasin ocupa o suprafata
relativ mica in Carpatii Meridionali (975 ha), ele fiind răspândite mai ales pe terenuri cu panta medie, pe
expozitiile sud-estice, la altitudini scăzute pentru cei mai înalți munți din țara noastră, pe soluri de tip distric
cambosol si eutric cambosol și înregistrează clase de producție inferioare, datorită condițiilor staționale dificile
din zonă.
INTRODUCTION
The Southern Carpathians are situated in the central part of Romania, between Prahova Valley and the
Danube, being orientated from East to West. They are the highest and most massif mountain network from the
Romanian Carpathians, being predominantly composed of hard rocks (crystalline schist) and sedimentary rocks
on their peaks (limestone, conglomerates). The relief is glacial, formed of glacial circles and valleys. Their relief
and vegetation is similar with the Alps, a reason for which they are also known as “Transylvania’s Alps”. The
most important massifs are: Bucegi, Făgăraș, Parâng and Godeanu. The maximum altitude is of 2543 m
(Moldoveanu Peak), (Oprea, 2017).
Southern Carpathians have a mountain climate (between 1000 and 1800-2000 m) as well as an alpine
one (at altitudes of over 1800-2000 m). The climate is characterized by average temperatures between 2 o C at
over 1800 m altitude and 6o C at 1000 m, abundant precipitations (800-1200 mm/year) and strong
winds (Geografia României III, 1987)
The current Southern Carpathian vegetal layer is distributed in two levels (forest and alpine), both
conditioned by the climate.
The forest level is more developed, both from a spatial distribution aspect, as well as from a biodiversity
point of view. This level can be found on a vast area that starts from Danube’s ravine (under 100 meters
altitude) and can reach altitudes of approximately 1800 meters. Forest vegetation is represented by common
beech stands in the inferior part, followed by mixtures of common beech and resinous species, Norway spruce
stands (1200-1800 meters). A number of thermophile species such as manna ash (Fraxinus ornus), oriental
hornbean (Carpinus orientalis) or Venetian sumach (Cotinus coggygria) can be found in forests situated on
limestone from the lower areas located in the South-West part of the Southern Carpathians.
Botanical studies realized in this area have reflected a richness and variety of species and families. This
aspect applies to both resinous and broad-leaved forests, as well as alpine meadows, sustaining the necessity
of protecting and conserving this complex of forms, associations and landscapes.
European ash are mixture species in stand dominated by oaks (hill and plain area), in common beech –
resinous stands (mountain area) or in poplar – alder stands (meadow areas). They can become dominant only
in certain conditions (usually in plantations) and on relatively reduced stand sections (Dobrowolska et al 2011).
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European ash can also be found in agro-silvicultural systems (Kachova and Dincă, 2015), or even in the
plantation of degraded fields (Costandache et al., 2016) or for shelter-belts (Costandache et al., 2012). The
European ash wood is of a superior quality (elastic, flexible and very durable), the species being included in the
so-named “precious broad-leaved species” (Crivellaro et al. 2013).
The drying of European ash is a recent disease caused by the invasive Hymenoscyphus fraxineus
Mushroom, originating from extreme Asia (Kowalski 2006, Baral et al. 2014). The mushroom has pervaded
almost the entire European areal of common ash, causing mass dryings especially in North Europe, in humid
meadows (Lygis et al. 2014, Pliura 2017). Chronic dryings were also caused on drained fields from areas with
more arid/heat summers (Marcais 2016, Chira et al. 2017). Climatic changes, ash drying and strong exfoliation
(Stereonychus fraxini) are key factors in the current evolution of European ash from Romania (Blaga et al.,
2018, Barbu et al. 2016, Chira et al. 2017).
MATERIAL AND METHOD
Starting with the 1950’s, the so-called forest management plans are realized in our country. They contain
a detailed description of all forests from a forest district (including their silvicultural elements, as well as the
environment ones). The material for this article was represented by forest management plans realized during
1980-2005 for the state forest from the Southern Carpathians. Only the data regarding the European ash stands
were extracted from this extremely rich data base (Dincă and Achim, 2019). This amounted to 697 lines, while
some of the stand or tree elements that were analyzed referred to: the forest district where these stands appear,
field configuration, exposition, inclination, altitudes, soil type and the characteristic production class.
RESULTS
The distribution of European ash stands in the Southern Carpathians: European ash stands are
present in all forest districts from the Southern Carpathians, with a high percentage in Arpaș, Brașov, Bumbești,
Câmpina and Runcu Forest Districts (fig.1). They amount to a total surface of 975 ha.

Fig. 1 – The distribution of European ash stands in the Southern Carpathians

The characteristics of European ash stands from the Southern Carpathians:
The ground configuration from under European ash stands is predominantly undulated (fig. 1).
However, significant ridden terrain surfaces are also present (125 ha), due to the Southern Carpathian’s fields,
especially in their North area. Plain fields can also be found here (140 ha), even though they are not so
common, being characteristic for meadow areas where the European ash is present.

Fig. 2 - Ground configuration for European ash stands from the Southern Carpathians
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European ash stands from this area are widespread on fields with very high and high slopes (56%),
(fig.3). The highest recorded slope was of 50 degrees, while areas with European ash stands situated on very
high slopes are located in Tălmaciu, Bumbești, Petrila, Runcu and Retezat Forest Districts.

Fig. 3 – Ground slopes of European ash stands from the Southern Carpathians

In the case of inclined fields where the European ash is present, the dominant expositions are the SouthEast ones, while the least encountered are the North-West ones (fig. 4).

Fig. 4 – Ground incliation of European ash stands from the Southern Carpathians

The altitude where European ash stands appear is generally low, with most of the stands being situated
in the 500-800 m altitude category (fig. 5). The highest recorded altitude was of 1500 m, while European ash
stands located at very high altitudes can be found in Voineasa, Latorița, Petrila, Bumbești and Cornet Forest Districts.
The soils characteristics for European ash stands from the Southern Carpathians are: dystric cambisol
(212 ha), eutric cambisol (186 ha), luvisol (75 ha), litosol (74 ha), preluvisol (70 ha), gleysol (67 ha) and stagnic
luvisol (56 ha). As a matter of fact, dystric cambisol and eutric cambisol are the most widespread forest soils
from Romania (Dincă et al., 2014), being rich in humus (Dincă et al., 2015) and nutritive elements (Spârchez et
al., 2017).
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Fig. 5 - Altitude of European ash stands from the Southern Carpathians

European ash stands from this area generally have an inferior (60%=class 4+class 5) or average
(20%=class 3) production class, with numerous superior production stands (20%-class 1+class 2), (fig. 6).

Fig. 6 - Site class of European ash stands from the Southern Carpathians

CONCLUSIONS
European ash is a valuable species from our country’s forests that has suffered lately from a disease
caused by a mushroom brought from abroad. The species is commonly used in agro-silvicultural cultures or
on degraded fields, on shelter-belts, but appears spontaneously in our stands, as is the case in the Southern
Carpathians.
European ash stands occupy a relatively reduced area in the Southern Carpathians (975 ha), being
spread out in all forest districts from this area, with a higher percentage in Arpaș, Brașov, Bumbești, Câmpina
and Runcu.
The characteristics of fields where European ash stands are present in this area correspond to the
specie’s ecological requests, being spread out in mountain meadow areas (14% on plain fields, 49% at low
altitudes) as well as to these mountain’s general characteristics (very fragmented terrain - 13% and accentuated
slopes - 56%).
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European ash is mainly outspread on fields with an average slope, on South-East expositions, at low
altitudes for the highest mountains from our country, and on dystric cambisol and eutric cambisol soils. The
species records inferior production classes due to the difficult site conditions from this area.
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ABSTRACT
The most important forest fruits for food purposes are: blue berry, cornel-tree fruits, wild strawberry, brier,
cranberries, blackberry and raspberry. The main purpose of this article is to emphasize the most important
forest fruits from Constanta County and to observe their adaptation to steppe and silvosteppe conditions from
the plain area. Their classification was realized based on an analytical hierarchical program that contains 19
well established criteria that define the fruit’s characteristics from their harvesting moment up to their
transportation. As such, the most important forest fruits were: white sea buckthorn, raspberry and brier.

REZUMAT
Fructele de pădure fac parte din produsele accesorii ale pădurii și sunt grupate după literatura veche de
specialitate silvică în categoria I , de aici făcând parte și alte produse precum : rășină, coajă etc. Ulterior,
fructele de pădure au fost definite sub numele de produse nelemnoase (NWFPs), acest lucru reflectând practic,
structura lor. Astfel, fructele de pădure nu au ca element constituent, lemnul. Încadrarea produselor accesorii în
funcție de definiție, clasează fructele de pădure ca produse utilizate direct în starea în care s-au recoltat, având
de obicei destinație alimentară. În păduri se dezvoltă numeroși arbuști sau arbori care produc fructe cărnoase.
Printre acestea, cele mai importante pentru scopuri alimentare sunt: afine, coarne, fragi, măceșe, merișoare,
mure și zmeura. Acestea sunt recunoscute pentru proprietățile lor fizice și chimice deosebit de importante în
industria alimentară cât și în industria cosmetică. Compoziția lor oferă o serie întreagă de vitamine și minerale
necesare organismului și îmbunătățesc starea de vitalitate a organismului, prin procese metabolice complexe.
Scopul principal al acestui articol este acela de a evidentia cele mai importante fructe de pădure ale judetului
Constanta și de a observa adaptarea lor la conditiile de stepa si silvostepa din zona de campie. Clasificarea lor
s-a realizat in baza unui program de ierarhie analitica care contine o serie de 19 criterii bine stabilite și care
definesc trasaturile fructelor din momentul recoltarii si pana la cel al transportului. Cele mai importate fructe de
padure au fost: catina albă (Hippophae rhamnoides), zmeur (Rubus idaeus L.) și măceș ( Rosa canina L.).

INTRODUCTION
Even from the earliest times, forests have offered a series of products that humans have classified based
on their usage. When we talk about forest products, it is important to realize that the forest can produce or
reproduce directly an entire series of goods (Ciuta, 1961). Amongst them, the present article focuses on the first
category of forest accessory products, including forest fruits. The above-mentioned category contains normal
fruits formed from the ovary that contain seeds, while the pericarp is pulpy and constitutes the edible part. The
fruit’s middle layer, also known as mesocarp, forms the largest part of the fruit’s pulp and is composed of
numerous cells with thin walls containing inside vacuoles full with cellular juice (Ciuta, 1961).
The purpose of this paper is to emphasize the distribution of forest fruits from Constanta County and to
grasp the main climatic and geomorphologic conditions that contribute to their growth and development. From a
geographic point of view, Constanta County is situated in Romania’s South-East extremity, having a surface of
approximately 124,9 km2 (https://www.wikipedia.org/). The forest fund from Constanta County occupies
approximately 38.112 hectares, from which 32.691 hectares are occupied by forests. A series of afforestation
actions were undertaken during the last years. As such, in 2009, 431 hectares were afforested, followed by 399
hectares in 2010 and 556 hectares in 2011.
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Fig.1 Location of Constanța County, source: https://www.wikipedia.org/

A wide array of forest fruits was identified in this County, originating from trees and shrubs such as: brier
(Rosa canina L.), sea buckthorn (Hipphophae rhamnoides L.), raspberry (Rubus idaeus L.), blueberry (Ribes
nigrum L.), wilding (Malus sylvestris Mill.), bird cherry (Prunus padus L.), Turkish hazel (Corylus colurna L.), or
Turkish cherry (Prunus mahaleb L.) (Vasile et al., 2016).

MATERIAL AND METHOD
During the last decades, Thomas Saaty, professor at the University of Pittsburgh, has created an analysis
decision model based on multiple criteria. The Analytical Hierarchy Process (AHP) was used in taking decisions
in numerous domains (Saaty, 2008). AHP is mainly concerned with scaling problems, sorting the used numbers
and how to correctly compensate the priorities obtained from them (Saaty, 1990). The scale of measurements
consists in three elements: the group of objects, a group of numbers and a mapping of the objects to the
numbers. The measurements included in AHP can be relative or absolute while the standard scale is not
unique. That’s why is important to interpret the meaning of every number used in the specific scale (Saaty,
1990).
As such, the process was used in determining the most representative forest fruits from Constanța
County. The following criteria was established for all forest fruits met in experimental zones, taking the place of
objectives: harvesting period, harvested quantity by one worker in 8 hours, harvesting cost, harvesting
knowledge, tools needed for harvesting, complexity of harvesting process, the development of the harvesting
process, recognition knowledge, distribution range, biotic threats, abiotic threats, perishability, market potential,
market demand, “celebrity” of the product on the market, the price of raw product, the price of the derived
product, portfolio of derived products and transport from the harvesting point to the storage centre. These
criteria have also been used in other similar studies from different counties such as: Maramureș (Enescu et al.,
2017), Gorj (Vechiu et al., 2018), Prahova (Enescu et al., 2018), Timiș (Enescu et al., 2018) and Bihor (TimișGânsac et al., 2018).
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RESULTS
An AHP alternative ranking by implementing all datasets, with different kinds of leakages between berries
and criteria (Table 1). A key number from [1…8] was attached for all criteria that was then mapped by the
program with different types of arithmetic formulas like matrices. The criteria have been approved and verified
by specialists.
Table 3
AHP alternative ranking (Constanta)

Prunus padus

Corylus colurna

Prunus mahaleb

hours

Malus sylvestris

Harvested quantity / worker / 8

Ribes nigrum

2

Harvesting period

Rubus idaeus

1

Hipphophae rhamnoides

Criterion

Rosa canina

Berries

1

2

3

4

5

6

7

8

8

7

3

5

6

1

4

2

8

6

7

3

4

2

5

1

3

Harvesting cost

7

8

1

2

6

4

5

3

4

Knowledge for harvesting

7

8

2

6

1

5

3

4

5

Tools needed for harvesting

7

8

1

2

5

6

3

4

6

Complexity of harvesting process

6

8

1

2

3

5

4

7

7

Development of harvesting process

6

8

1

2

7

3

4

5

8

Knowledge for recognition

2

4

1

6

5

8

3

7

9

Distribution range

6

7

8

1

5

2

4

3

10

Biotic threats

4

6

8

5

1

2

3

7

11

Abiotic threats

6

7

8

5

3

4

1

2

12

Perishability

2

7

8

5

3

4

1

6

13

Market potential

5

7

8

4

3

1

6

2

14

Market demand

6

7

8

4

3

1

5

2

6

7

8

4

2

1

5

3

15

“Celebrity” of the product on
market

16

The price of raw product

6

8

7

4

3

1

5

2

17

The price of the derived products

6

8

7

4

3

1

5

2

Portfolio of derived products

5

7

8

4

3

1

6

2

6

7

8

5

1

4

2

3

18
19

Transport (harvesting - storage
centre)

In the case of drupe fruits (with a pulpy pulp, easily perishable) such as raspberry, sea buckthorn and in
some cases brier, their marketing request is high, followed by a high potential (Fig.2 and Fig.3). Sea buckthorn,
raspberry and Turkish cherries are strongly influenced by biotic factors (Fig.4), that can modify in time their
internal structure. A high degree of internal structure erosion is caused by abiotic factors for brier, sea buckthorn
and raspberry (Fig.5), especially under the influence of climatic changes and temperature or humidity
inversions.
150

INTERNATIONAL SYMPOSIUM

Fig.2 Rank of forest fruits for Market
potential

Fig.3 Rank of forest fruits for Market
demand

Fig.4. Rank of forest fruits for Biotic
threats

Fig.5. Rank of forest fruits for Abiotic
threats

The Expert Choice Desktop (v. 11.5.1683) was used as an analysis software for establishing the
leakage between objects and numbers.
Based on this software program, the most popular and requested forest fruits are sea buckthorns,
Turkish cherries and Turkish nuts (Fig.6). Some of the most important species will be described in the following
paragraphs, based on their importance for different domains.
151

INTERNATIONAL SYMPOSIUM

Fig.6 Ranking of the eight forest fruits defined by 19 criteria

Hipphophae rhamnoides L. is a shrub that can reach 2-3 m in height, being spread out on important
territories from Europe and Asia. Studies have shown that Hippophae rhamnoides fruits (white sea buckthorn)
are less rich in vitamin C than other Hippophae species (Hippophae salicilofia D.Don) even though they are kept
in the same storage conditions (Dincă et al., 2018). An important contribution of this shrub was confirmed by
numerous degraded fields from Romania, being considered a veritable pioneer species, resistant in conditions
with varied amplitudes. White sea buckthorn was intensely used in experimental perimeters from Valea Sării
and Barsesti, Vrancea County, Romania, where it has stabilized slopes with inclinations over 30%, stopping soil
erosion (Constandache et al., 2016). Very good results were obtained after the years 1950s, through
consolidation and afforestation actions and technologies for degraded lands from the mountain area
(Constandache et al., 2016). White sea buckthorn imbeds very well sliding shores, having a very well-developed
rooting system. In addition, it is a species with value for protecting and improving the soil, through its symbiosis
with nitrification bacteria. Furthermore, its content is rich in vitamins, especially A and C. In regard to its fruits,
they are false drupe, globules or ovoid, astringent, trans lucid, and orange. They can resist up to the end of
winter (Șofletea and Curtu, 2007).
Prunus mahaleb L. is a Romanian local species that can be encountered sporadically in West Europe,
from Spain and Asia Minor up to Caucasus Mountains (Șofletea and Curtu, 2007). It can appear as tree or
shrub, belonging to the Rosaceae Family. An interesting aspect for this species is that it produces a very high
quantity of flowers from which only 60% can produce fruits (Guitian, 1994). It is perfect for degraded lands,
resisting in advanced drought conditions, fixing the soil and offering a very good productivity in forest
shelterbelts. The fruits are small black drupes, globules, edible but very bitter (Șofletea and Curtu, 2007).
Corylus colurna L. is a shrub with a narrow spreading area, dominating south areas, from the Balkan
Peninsula through Asia Minor, Caucasus and beyond the Caspic Sea. Some studies show that Turkish hazel
leaves have a rich quantity of flavonoids, under the shape of isolated mixture (Benov and Georgiev, 1994). In
Romania, it behaves as a euthermic species, requiring a large quantity of summer heath. It prefers shadowed
places and humiferous, eutrophic soils. The fruits are hairy achene, branchy, while the involucre is strongly
divided, containing the achene up to its peak. It is an important ornamental species (Șofletea and Curtu, 2007).
152

INTERNATIONAL SYMPOSIUM

CONCLUSIONS
Fruit shrubs that resist to the conditions of a hot, Mediterranean climate have adapted in Constanta
County, offering a vegetation season with high summer heat and drought. The main forest fruits that can be
found here fulfil important nutritive values, being rich in vitamins that contribute to immunity and the
improvement of some metabolically processes necessary for vital organs. The most important forest fruits from
Constanta County were: brier, white sea buckthorn, raspberry, black cranberry, bird cherry, wilding, Turkish
hazel and Turkish cherries. The AHP (analytical hierarchical process) has allowed the establishment of certain
links between the fruit’s chemical and physical properties, through 19 classification criteria. These criteria have
focused on certain fruits characteristics such as: harvesting period, market potential, market request, biotic and
abiotic factors etc. The Expert Choice Desktop program has emphasized the most important fruits, namely white
sea buckthorn (Hippophae rhamnoides), raspberry (Rubus idaeus L.) and brier (Rosa canina L.). The shrubs
that offer these fruits have an important ornamental and improvement value, especially on degraded lands, due
to their pivoting rooting system and their adaptation to variable temperatures and humidity values.
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ABSTRACT
The basic principles of adaptation of the technical system of machine milking to the physiology of milk
ejection of cows are considered. Main adaptation parameters and conditions of technical system are grounded,
under these parameters and conditions the self-tuning of technical system is possible. The structure of modules
of adaptive cyber-physical control system of machine milking is developed, its functionalities are revealed, the
method of coordination between discreteness of measurement of information and the quantization period is
developed to ensure maximum reliability of the information. The memory size of the operational information
about the process parameters is justified, as well as their structure and functional content. Functional content
and structure of information about the technological process of the database is formulated. The general view of
the main elements of the adaptive cyber-physical system of cows milking is given, as well as the results of work
of the experimental adaptive cyber-physical system of the milk production.
РЕЗЮМЕ
Розглянуто основні принципи адаптації технічної системи машинного доїння до фізіології
молоковіддачі корови. Наведено основні параметри адаптації та умови за яких можливе
самонастроювання параметрів технічної системи. Приведена структура модулів адаптивної кіберфізичної системи керування технологічним процесом машинного доїння, розкриті функціональні
можливості, наведено методику узгодження між дискретністю вимірювання інформації і періодом
квантування для забезпечення максимуму достовірності інформації. Обгрунтовано розмір пам’яті
оперативної інформації про параметри процесу, їх структуру та функціональний зміст. Наведено
функціональний зміст та структуру інформації про технологічний процес бази даних. Наведено
загальний вигляд основних елементів адаптивної кібер-фізичної системи доїння корів, результати
роботи експериментальної адаптивної кібер-фізичної системи процесу виробництва молока.
INTRODUCTION
The adaptive milk production system of the "man-machine-animal" biotechnical system functionally
ensures the realization of the genetic potential of cow productivity through interaction with the technical system.
The effectiveness of the system's adaptation depends on the parameters that ensure the quality and efficiency
of performing the technological functions.
The milking machine, as the main executor of the milking technological process, adapts the technical
system to the physiology of the milk ejection of the cow due to the vacuum pressure of the given parameters
and the possibility of their regulation, control at a given level during milking of the cow. Pneumatic
electromagnetic pulsator, milk concentration meter, microprocessor control unit and other electronics elements
are a feature of the configuration of the milking machine of the modified configuration and functionality
(Dmytriv V.T., 2006, 2010).
One of the important factors is the vacuum gauge pressure that directly forms the adaptation parameters
of the machine-cow system. To assess the adaptation of the parameters of the milking system (Dmytriv V.T.,
2015, 2017; Dmytriv V.T., Adamchuk V.V., Dmytriv V.V., 2015), the influence of technological and structural
parameters on the operating modes of the systems was analysed. Study of the stability of vacuum gauge
pressure, depending on the method of regulation in a vacuum tube or directly in the milking machine (Pazzona
A., Murgia L., Zanini L. et al., 2003) found that the stabilization of the vacuum by the regulator of the
gravitational type was more dynamic and constant time was twice lower than in the automated system. Such a
conclusion was also obtained by the results of study of pulsating vacuum gauge pressure regulators
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(Dmytriv V.T. et all, 2017). Also, oscillations of vacuum pressure were investigated by (Reinemann D.J.,
Schuring N., Bade1, R.D., 2007), depending on: a) the configuration of the vacuum and milk tube systems
(length of the pipelines, its diameter and other parameters affecting the loss of pressure); b) the rate of milk flow
in the milk pipeline; c) the velocity of air in the vacuum pipe. The results of these studies have shown that with a
decrease in the intensity of milk ejection, the vacuum pressure increases both in the vacuum and milk tubes and
in the under teat space of teat cups.
The analysis of the research has shown that the parameters substantiation of effective functioning of the
biotechnological system of cows milking requires the development of a concept and methodology for system
parameters optimizing and its component of the technical system. This is relevant and actual for improving the
efficiency of milking machines.

MATERIAL AND METHODS
Concept of adaptive cyber-physical system of milk production
A significant variety of technological schemes of milk production processes forms the appropriate units of
control and governing parameters depending on the variant of the technological process.
We propose fundamentally new electronic-mechanical elements of the modular type with the use of
microprocessor technology. These elements are developed and integrated into an adaptive cyber-physical
system (ACPS) in dairy livestock, which allows for executive, informational, monitoring and diagnostic functions.
During the development of such a system, new approaches to the synthesis of mechatronic modules are
realized with the possibility of autonomous functioning (using single-chip microcontrollers of the type of
K1816BE48 and AT8335 (by Atmel) at the level of introspection of both the technical system and the biological
object interacted with machinery. Also, the system has operating mode by the boundary parameters set by the
central computer.
ACPS contains software and hardware modules. Software modules include programs for technological
objects controlling, the databases formation and management and also simulation of qualitative and quantitative
parameters of the technological process of machine milking. The hardware modules include the following
already researched and tested modules that are controlled by a central computer: an automated milking
machine (with microprocessor control, a thermoanemometric measurer of intensity of milk ejection, the ability to
control the pulsation frequency and the ratio of cycles and vacuum-metric pressure, the ability of temperature
measurement and electrical conductivity of milk); automated vacuum unit; modular type interface with ACPS
system bus, through which the code number formers and adaptive milking machines are connected; automated
individual distributor-dispenser of mixed fodders; system of pressure sensors. The general structural scheme of
the ACPS of the proposed functional and hardware solution is shown on fig. 1.
According to the needs of the user, the functions of the ACFS are the following: 1) technological
information collection, coding, transmission, processing and storage; 2) the database forming and managing; 3)
management by technical means and modules; 4) solving of optimization tasks in the system of milk production;
5) the technological information giving on functional request of system modules.
The information functions of the system are ensured in the automatic mode: 1) collect the information
about the dynamics of cow's milk ejection intensity and its maximum value; 2) the value of individual one-time
milking; 3) physical time of milking start, machine milking up and milking finish of the cow; 4) time of maximum
milk ejection; 5) the temperature of milk of quarters of the udder; 6) electric conductivity of milk; 7) the frequency
of pulsation and the ratio of cycles; 8) vacuum pressure in the under teat space of teat cups; 9) vacuum gage
pressure at technological points of the vacuum line and control of the vacuum system; 10) control of the milk
pump; 11) collect information about the condition of the milk filter; 12) collect the information about milk
temperature at the outlet of the cooler and control of the cooler; 13) collect the information about the washing
process of the milking machine and washing process control; 14) transfer of data to the individual meterdispenser of mixed fodder; 15) coding the processed information according to the cow number; 16) formation of
a database and knowledge, supplementation of it with on-line information; 17) display of the information on the
workplace of the machine milking operator.
Objects are surveyed in real time, according to the algorithm of the cyclic survey. Objects are not
surveyed if they change the data with interruption (adaptive milking machine, signal of emergency state of the nth object). To implement such an algorithm, the interface is created for receiving and transmitting the data from
sensors, as functionally independent elements, and the structural chart of this interface is shown on fig. 2. A
structural chart of an adaptive milking machine as to the ACPS is shown on fig. 3.
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Fig. 1 – Structural scheme of adaptive cyber-physical system of milk production

Fig. 2 – The structural chart of the interface for receiving and transmitting the data of ACPS sensors

To implement the operational control of integral characteristics of milk quality the single-frequency
express analyzer is designed on the principle of dielcometer measuring device of conductivity with modulation of
the parameters of the measuring resonant circuit and the use of a layer-covered insulation of sensorselectrodes of the scattered field. The measuring converter provides important information during the operation of
the milking machine. Functional scheme of the measuring converter is shown on fig. 4.
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Fig. 3 – The structural chart of an adaptive milking machine as to the ACPS

G
Gh

MC

АD

КE

СS

І
Fig. 4 – Functional scheme of the measuring converter of conductivity оf АCFS

Gh – high frequency pulse generator; G – grid; MC – measuring circuit; АD – amplitude detector; КE – key;
СS – coincidence scheme; І – integrator

The peculiarity of the circuit is that the elements are always in dynamic equilibrium mode, and the
integrator output voltage is a measure of the actual capacitance of the sensor and, accordingly, the measured
conductivity of the medium.
Algorithmization and firmware (soft hardware)
The adaptive cyber-physical system of the milking process provides control and management of the basic
technological information about the milk ejection process as well as the state of the machine-animal system in
the milking process. For research, an adaptive milking machine with feedback about the cow's milking process
was used. According to the algorithm of operation of the pulsator, the feedback was carried out through a
thermo-anemometric milk intensity measurer and a sensor of the vacuum gage pressure parameters in the inter
wall and under teat area of the teat cups. The electronic pulsator is controlled by a microcontroller that
programmatically generates the fп frequency and the digital pulse rate. Sensors were used to read the
information as to vacuum gage pressure and ripple frequency. The pneumoelectromagnetic pulsator and the
electromagnetic pressure regulator are controlled by the PID controller, which is implemented programmatically
by the microcontroller.
Using an analog pressure sensor, the information as to vacuum gage pressure and ripple frequency was
read. Data exchange was carried out using a bus shaper and an analog key. There is a galvanic isolation in the
information lines of data changes with ACFS.
The card of functional distribution of memory cells of the RAM allocated area in the milking machine with
microprocessor control is given in table 1.
Таble 1
The card of functional distribution of memory cells for generating and storing of operational information of the
milking machine
16-th code of RAM
Reference
РАRAМЕТER
cell number
designation
20
n
The cell of cow number forming
21
N
The physical counter
22
Intensity of milk ejection
∆M
23
Nпоч
Physical time of milking start
24; 25
Quantity of milk
ΣM
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26
27
29
16-th code of RAM
cell number
2А
2В; 2С
2D
2E
2F
30
31
32
33; 34; 35; 36
37
38
39
3A
3B
3C
3D

Mmax
Nmax
Nкін
Reference
designation
N1поч
Σ Mi
M1max
N1max
N1кін
-Tкін
T max
ti
tсер. і
tсер-1
δ
HELP
f
F
P

Maximum intensity of milk ejection
Physical time of occurrence of Mmax
Physical time of milking finish
РАRAМЕТER
Physical time of milking up start
Quantity of milk of the machine milking up
Maximum intensity of milk ejection of the machine milking up
Physical time of occurrence of Mmax1
Physical time of machine milking up finish
Complementary marker of the machine milking up
Complementary marker of finish of the machine milking up
Maximum duration of milking
Milk temperature by the quarters of the udder
Average milk temperature
Average milk temperature of the pre measuring
Electric conductivity of milk
Indication of the existence of a mastitis
Ripple frequency calculated
Cycle ratio calculated
Level of vacuum gage pressure

Adaptive control module with using of single crystal microcontroller is the main functional module that
implements the adapted technological mode of milking machine. Functional scheme of the adaptive control
module with search (expert) self-tuning system is shown on fig. 5. For such a control scheme, the action of
disturbing factors F(t) and control signals M(t) = X(t) is characteristic. The system operates these factors with
the least error.

Fig. 5 – Functional scheme of the adaptive control module with search (expert) self-tuning system

The information about system status is collected in a cyclic survey mode. The sensors are interrogated
periodically with a specified and clearly defined sequence that corresponds to real-time mode. Each survey
cycle occurs at the same time intervals, which is limited by the ωmax cut-off frequency. The data of the m series
of survey are processed according to a given algorithm. During the implementation of the data exchange
algorithm, the procedure of algorithm-hardware correlation of external objects, the interface and the central
computer was developed. This procedure enables to determine the duration of measurement and frequency of
survey of external objects.
To improve the accuracy, the condition must be met:
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m = 2k ;
by the limitation of

(1)

m∆τ вим ≤ Т 0 ;

(2)

where Т0 – the period of quantization (measurement time); k = 0, 1, 2, 3, ….
Therefore, the measurement discretion must be appropriate:

Т
∆τ вим = 0 .
2k

(3)

The second condition is to minimize the distortion of information during the quantization process. The Т0
quantization period was chosen on the condition that the N[nT0] discrete function most accurately reflects the
N(∆τвим) continuous function. The faster the N(∆τвим) continuous function are changed, the Т0 quantization period
should be the smaller, i.e. the more often the data is read. Depending on the spectrum of continuous function,
we chose the Т0 quantization period on the basis of Kotelnikov's fundamental theorem for the theory of impulse
systems. According to the theorem, the N(∆τвим) time functions, which do not contain harmonic components
above the ωmax frequency, are completely determined by their values at the [n T0] moments of time that are
spaced apart from each other with the period of:

Т0 =

π
ω max

.

(4)

The quantization frequency must be selected according to the condition:
ω0 = 2ω max .

(5)

In this case, the N[nT0] discrete function will accurately reflect the N(∆τвим) continuous function and there will be
no loss of quantization information, i.e.:

N (∆τ вим ) = N n

π
;
ω max

(6)

The task of optimizing the quantization period is one of the fundamental problems of machine time
optimizing, which is directly defined for each digital control loop. As Т0 is decreased, the accuracy of
measurement and the PCs utilization are increased, but machine time is not economically used. At large of Т0
the reliability of information is decreased. Therefore, the problem of finding a compromise solution is occurred in
order to satisfy the conflicting requirements. Accordingly, the quantization period should be within:

π

ω max

≥ T0 ≥ ω пр ,

(7)

where ωпр – the ripple frequency of pulse system of technological process;
ωmax – the frequency of operation of the functional element (control, primary information means, etc.).
The minimum quantization period is determined by the formula:

Т 0 min ≤

ε

dy (∆τ вим )
d∆τ вим max

where ε – the constant that characterizes the measurement accuracy:
ε ≥ N (∆τ вим ) − N [nT0 ] ;

,

(8)

(9)

dy (∆τ вим )
– the maximum speed of function change.
d∆τ вим max

After assume of ∆τвим= 1/Т0 ≈ Т0 and taking into account of (9) the Nε ≈ 0 is got. Between the rate of
change of function and the frequency of operation of the functional element, there is the following functional
dependence:

dy (∆τ вим )
≈ ω max .
d∆τ вим

(10)

For a specific milking process it is the value of ωпр = 1 [Hz] and ωmax depends on the type of milking
machine. In two-cycle automated milking machines with a variable ratio of suction and compression cycle,
depending on the intensity of milk ejection the frequency of operation of the functional element will be of
1.5 [Hz] ≤ ωmax ≤ 3 [Hz]. The quantization period will be within π /1.5 [Hz] ≥ Т0 ≥ 1 [Hz].
Protection of software bit rate exceedance is implemented by including in the data processing algorithm
of backup cells and intermediate control. Hardware overflow protection is ensured by software and limiting of
measurement time.
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The developed control system allows to exchange with the information between 1024 subscribers in one
second. The ACPS database consists of operational information that is placed in modules and stores data only
for the period of its operation and permanent information, which is stored in the central computer and is
changed due to the data of the operational database and calculations.
The database area for the і-th cow is calculated by the formula:
(11)
Ni = Nпоч + Кі (і -1),
where Nі – the start number of cell of the memory area for the і-th cow;
Nпоч – the start number of memory cell allowed by user for the central computer;
Кі – the number of information parameters that need to be formed and stored;
і – the number of cow identification (number of cow or animal location).
Card of the functional distribution of memory cells of the selected area for і-th cow in the database of the
central computer is presenter in table 2.
The last three signs of mismatch of the cow's condition (Table 2) are entered by the machine milking
operator from the milking machine's keyboard.
The quantities of milk per milking, milk quality, the time of milking, the intensity of milk ejection, the
electrical conductivity of milk are integral indicators that characterize following the rules of milk production
technology, and especially milking. These indicators are used as the main diagnostic indicators of ACPS.
Табл. 2
The card of functional distribution of cells of database memory area per 1 cow for generating and storing of
operational information of the ACPS of machine milking
16-th code of cell number
Reference designation
РАRAМЕТER
хх00
n
The cell of cow number
хх01; хх02
∑M
Quantity of milk
хх03; хх04
∑Mi
Quantity of milk of the machine milking up
хх05
Tmax
Maximum duration of milking
хх06
tcp-1
Average milk temperature
хх07
δ
Electric conductivity of milk
хх08
HELP
Indication of the existence of a mastitis
хх09
Gpac
Calculated quantity of disposable mixed fodder
хх0А
--Indication of the cow heat period
хх0В
--Indication of the blood in the cow milk
хх0С
--Other indication of the cow disparity

The reasons of deviations are analyzed according to the algorithm with the output on the screen of the
remarks to the administrator. Information row is entered by the milking operator from the console of the
automated milking control unit or from the simplified console on the milking machine.
RESULTS
The proposed adaptive cyber-physical system of milk production process and in particular machine
milking, is capable to implement the adaptive interaction between the animal and the machine, where milk
ejection is a functional parameter.
ACPS of milk production process consists of the following subsystems - information, analytical, control,
visualization. Let us consider the peculiarities of the functioning of the main components of the developed
system, as independent elements that can operate both autonomously and within the ACPS.
The experimental laboratory installation of the ACPS (Fig. 6) and individual equipment elements were
developed (Dmytriv V.T., 2017). The nature of the milk ejection of the cow during the milking process was
reproduced by a simulator (2) of the milk ejection intensity (Fig. 6). The simulator allows creating a characteristic
of milk ejection of different types of cows (Dmytriv V., Dmytriv I., 2013).
The milk ejection curve is described by the empirical dependence of milk yield on the milking time:
a ⋅ tb
q=
,
(12)
ct

e

where a, b, c – research coefficients for a given character of milk ejection curve;
t – the time of milking, min.
The c coefficient characterizes the maximum milk ejection, the a coefficient – the milk ejection and the
time of milking. As a coefficient is increased the milk ejection and milking time are increased as well. The b
coefficient characterizes the rate of start of maximum milk ejection. As the b coefficient is decreased (b = 1.2)
the maximum milk ejection is simulated at the beginning of the first minute, as b = 2, the maximum milk ejection
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is simulated for second minute from the beginning of milking. The results of simulation of the milk ejection curve
are shown on Fig. 7.

Fig. 6 – General view of the experimental laboratory complex of АCPS
1 – the reservoir of the milk simulator; 2 – the simulator of milk ejection intensity; 3 – teat cups; 4 – sensors of the pressure in the inter
wall and under teat area of the teat cups; 5 – sensor of the pressure in the milk hose; 6 – measuring device; 7 – the electronic module of
milk ejection gauge; 8 – DAC-АDC; 9 – the control system (main computer); 10 – the system of data processing of the pressure sensors; 11
– the electronic module of visualization of data-measuring parameters; 12 – blocks of regulated voltage; 13 – the pneumo-electromagnetic
pulsator; 14 – the milk tap; 15 – the vacuum hose; 16 – the imitation of udder; 17 – the collector; 18 – the milk hose

Fig. 7 – Graphs of simulation of q milk ejection intensity and Q milk quantity by simulator of milk ejection intensity
during the cow milking period
1 – a = 5; b = 1.8; c = 0.9; 2 – a = 4.5; b = 2; c = 1

Vacuum pressure fluctuations, and in particular the vacuum pressure regulator were studied using a
sensor developed on the basis of the BMP180 sensor (Dmytriv V.T., Dmytriv I.V., Lavryk Y.M. et all, 2017). The
general view of the sensor with the microprocessor control unit is shown on fig. 8.
Pneumoelectromagnetic pulsators of two types are developed and tested: micro pulsator for each milking
cup and pairwise action (Fig. 9) with low power consumption, up to 6 W, variable pulsation frequency (shift
between the cycles of pairs of milking cup is 0.2 [sec.]). The microprocessor unit (Fig. 10) with using of singlechip Atmel microcontroller ensures working algorithm of the central computer. The designed microprocessor unit
realizes the following parameters - the step of changing the pulse rate of 0.1 [Hz], the ratio between the cycles
of 0.25%, the step of phase shift of 0.1 [sec.].
General view of the rapid analyser of milk qualitative adjectives is shown on fig. 11.
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Functional dependence of the differential sensitivity of the converter of rapid analyzer as to its execution
variant is shown on fig. 12.

Fig. 8 – General view of the measurement system of vacuum gage pressure fluctuation
1 – the sensor vacuum gage pressure of the line type; 2 – the one-port vacuum gage pressure sensor; 3 – the microprocessor measurement unit

Fig. 9 – General view of the experimental
pneumoelectromagnetic pulsator of pairwise interaction

Fig. 11 – General view of
rapid analyser of milk qualitative
adjectives

Fig. 10 – General view of the microprocessor unit
of the adaptive milking machine

Fig. 12 – Dependence of the differential sensitivity of
the converter on its Q-factor
1 – sensor with one-side electrodes (СМ = 32 [pF]); 2, 3 – sensor
with electrodes of interspersed field at frequency of 2 and 5 [МHz]
(СМ = 144 [pF] і СМ = 112 [pF])

The range of measurement of the Q-factor in the milk by sensors with isolated electrodes is in the range
of 1-2, the differential sensitivity varying from 0.5 to 0.9.
CONCLUSIONS
The tried-and-tested adaptive cyber-physical milk production system with an adaptive milking machine
with microprocessor control provides regulation of the pulsation frequency depending on the intensity of milk
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ejection, measures the conductivity of milk, regulates vacuum pressure and displays technological information.
Studies of the time characteristics of the transient processes of adaptive milking machine operation with
pneumoelectromagnetic pulsators and digital control have shown high efficiency, adaptation of the milking
machine to the physiology of milk ejection of cows, stability of technological parameters and indices
independence from fluctuations of vacuum pressure.
The use of digital control systems based on single-chip microcontrollers enables the implementation of
digital controllers by programming of microprocesses, which greatly simplifies the hardware. The optimal
parameters for adjusting the regulators are determined in advance by mathematical dependence, which reduces
the number of additional adjustments to the parameters of the regulators.
The quantization period of information parameters is chosen based on the frequency characteristics of
the machine milking process and is within 100 [Hz] ≥ Т0 ≥ 10 [Hz].
Protection against software overflow is realized by entering into the data processing algorithm of backup cells
and intermediate control. Hardware overflow protection is provided by software, limiting the duration of
measurement.
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ABSTRACT
In this paper we present the static and modal analysis of the main shaft, the static analysis of the
hydraulic universal and of the clamping system. Also, the 3D model of the turning center and of the main
kinematic chain was realized, the operation of an automatic system for fixing the parts, the construction of a
hydraulic universal in detail and the static analysis by means of the finite element method.
REZUMAT
În această lucrare se prezintă analiza statică și modală a arborelui principal, analiza statică a
universalului hidraulic și a sistemului de prindere a piesei. De asemenea s-a realizat modelul 3D al centrului de
prelucrare prin strunjire și a lanțului cinematic principal, funcționarea unui sistem automat de fixare al pieselor,
construcția unui universal hidraulic în detaliu și realizarea analizei statice prin metoda cu element finit.
INTRODUCTION
Lately, the objective need to produce as quickly as possible, with the highest productivity, has led to an
amazing evolution of the current conception of agricultural machinery, which depends largely on the
technological specificity of the various parts that are mechanically processed, as well as the volume of their
production. Especially for the unique parts or for those that are produced in small series specific to these types
of equipment, the last 15-20 years have marked the replacement of the classic universal machine tools with
numerically controlled machine tools. These allow for high processing precision, which remain constant over
long periods of time, without the intervention of the human operator to make some corrections.
According to several specialized works C. Mohora, Cr. Pupază, Cr., Zapciu, M., Popoviciu, G., RusuCasandra, A., (1997) machining centers are numerically controlled machine tools capable of processing
revolution parts by combining the main rotational movement of the semifabricated with the movement advance
of the cutting tool.
The numerical control is a set of instructions in the form of letters, numbers and symbols that control the
same kinematic chains and based on which the machine tool performs various processing operations. Dr. Eng.
Vlad Diciuc (2015)
The machining operation that underlies such a center is turning. This represents the cutting process,
with the most frequent use, being the basic method for obtaining revolution bodies, with profiles of the shape:
curvilinear, cylindrical and conical. In the construction of agricultural machines, the parts containing such
surfaces have a significant weight, which justifies the intense use of this type of processing. In general, the
types of parts that can be processed on these centers are: hub type, disc type or shaft type.
MATERIAL AND METHOD
In this paper, the ANSYS program was used for a better post-processing of the results. ANSYS is a
finite element analysis program widely used in research and industry with the aim of simulating the response of
a physically required mechanical, thermal or electromagnetic system. Each launch of the program starts with
specifying the problem. The final solution is obtained by launching the program, specifying the element type of
the constants, specifying the material properties, discretizing the model, specifying the boundary conditions,
post-processing the results and validating the results.
A modal analysis of the main shaft of the machining center was carried out to determine its own
frequencies and modes, in order to simulate the requests to which it is subjected during operation.
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Fig.1 Turning center

Fig.2 The gearbox

Legend: 1- Main kinematic chain, 2-Advance kinematic chain
3-Gearbox

The Turning Center (Fig. 1) consists of: the main kinematic chain, the kinematic feed chain and the
gearbox, placed on a work stand. The main kinematic chain consists of the 18.5 kW power electric motor, the
Poly-V belt wheels and the Poly-V belt, the gearbox that is in the housing and the universal that is actuated for
fixing the parts by means of the bays by a linear hydraulic motor. The kinematic chain of advance has in its
composition the revolver head.
The main drive is carried out with an 18.5 kW AC Siemens 200 AC motor with a maximum speed of
8000rot / min. The main shaft is mounted on 3 axial radial ball bearings (front) and 2 axial radial ball bearings
(rear). The lubrication is done with oil under pressure. The movement from the main drive is received by means
of a belt wheel (Poli V), using a solution that does not require the main shaft to bend.
The working support is provided with a longitudinal and a transverse sled for the movement on the Z
(longitudinal) and X (transverse) axes, which represents the advances. Advance operation is done with two DC
motors type SMUC-C 1A-102, by means of ball screws, with pre-tensioned nuts for eliminating the games. Each
motor is controlled by a converter. The feed engines have a minimum speed of 0.2 rpm and for fast feeds
(5000mm / min on the X axis and 1000 mm / min on the Z axis), and a maximum speed of 1000 rpm on the X
axis and 2000 rpm. min on the Z axis.
The feed speeds are controlled through a closed loop system, via an analog transducer type RD. The
advance systems are equipped with electromagnetic brakes that provide braking when the power is interrupted.
For the limitation of the movements on axes, blocks with micro-switches are used for each axis.
The gearbox (Fig. 2) consists of the input shaft, main shaft, thread transducer, housing.
The input shaft is grooved and ends with a Poly V belt wheel, the movement transmitted from the
electric motor via the belt wheels and the Poly V belt first reaches the input shaft which is well extended to the
end where the wheel is located. Poly V belt, to withstand twisting, and high speeds. The strap wheel is placed
on a body that has 2 radial ball bearings and a spacer between the two bearings, and a safety ring. Thus, the
input shaft does not take all the forces, because the belt wheel is placed on this well-widened body, and the
input shaft enters the body and is less demanded.
On this shaft there is still a group of radial ball bearings and the balador group, it has the role of
changing the rpm, being only 2 rpm.

Fig.3. - The system for tightening the bins

Fig.4. - Universal
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In the figure above you can see how the system for tightening the trays (Fig. 3) on the universal works.
The universal consists of a universal body, the actuating bushing, the tray holder, the lever, the bolt, the guide
tray and the tray.
Thus, the rods are held in position to tighten the piece with a rod that has a cage at the end and is
screwed into the universal drive bush, on this rod there is a package of 40 talar springs that rest on one
shoulder from the inside. of the main shaft and is tightened with a nut. This spring pack is meant to keep the
pods in this position.
If we want to release the part, then the linear hydraulic motor, which is made of piston, rod comes into
operation. The pressure is formed inside the MHL with the help of a hydraulic system. Thus, the pressure
pushes the piston, the rod changes its position and pushes the rod on which the talar springs are, the rod has a
cage that is screwed into the actuator bush, and on this bush there are 3 levers fixed by it, and of the tray
support. Through the movement of the MHL rod, the rod will also move where the talar springs will compress, so
with the help of the levers, the rods are detached from the piece, which can be taken. After removing the part,
the pressure in the MHL returns to normal and thus the MHL rod stops pushing the rod from the shaft, the
springs return to normal, and thus the rods return to their original position. This cycle will resume whenever it is
necessary to process a piece or to remove the part from the universal (Fig. 4).
RESULTS
Static analysis provides information on the deformations of the structure as well as the voltage state.
The analysis aimed to study the behavior of the hydraulic universal during rotation with a maximum
speed of 4000 rpm and an angular speed of 420 rad / s (mechanical or hydraulic pull force is 1500 N).
During the rotation of the universal the rods tend to weaken the part and may cause accidents, therefore
the hydraulic universal is analyzed so that the displacements are not too high because the piece can be
detached from the rods at a maximum speed.
In (Fig. 5) the maximum voltage of 981 MPa appears in the coupling between the tray and the tray
support, in conclusion they must be made from a high-quality steel σa> 1000 MPa.

Fig.5 - Maximum voltage

Fig.6 - Von Mises

It is observed in (Fig. 6) that the maximum displacements of the structure are 21 microns and do not
negatively influence the universal displacement and in terms of stresses their maximum value calculated
according to the Von Mises criterion (resulting from the stresses).
The maximum voltage of 981 MPa appears in the connection between the tank and the support of the
tank in conclusion they must be made of a high-quality steel σa> 1000 MPa.
The modal analysis of the main shaft and the part fixing system was performed to highlight the dynamic
behavior, especially by determining the frequencies and modes.
With this analysis, the frequency at which the machine tool resonates is determined. At resonance,
deformations with a large amplitude appear, which have a direct influence on the machining accuracy of
machine tools and negatively influence the strength of their structure.
The first own modes are the most dangerous being characterized by large amplitudes, so it is
recommended that the own frequency be greater than the working frequency (> 66 Hz).
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Mode 1 - Vertical bending mode =224 Hz

Mode 2 – Horizontal bending mode = 225 Hz

Mode 3 – Horizontal bending mode = 403 Hz

Mode 4 – Axial deformation mode – 1141 Hz

CONCLUSIONS
Both CNC processing and 3D simulation allow manufacturers to move from design to manufacturing
quickly. Simply put the design on a CAD file (computer-aided design) and upload it to the machine. Thus,
conventional cutting processes can be analyzed and optimized using the Finite Element Method (MEF).
The simulations represent a solution for shortening the process duration, reducing costs and ensuring
ecological conditions in the production systems.
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ABSTRACT
Within this paper will be presented the test done in order to asses the resistance state of a functional
model of drawbar according to static test previsions. The drawbar was tested in mounted state on a rig
simulating the actual montage on the tractor. The loads were produced by two hydraulic cylinders with
proportional control of the used force.
REZUMAT
În cadrul acestei lucrări va fi prezentat testul realizat in scopul evaluarii starii de rezistenta a unui model
functional de dispozitiv de cuplare in conformitate cu precriptiile pentru testul static. Dispozitivul de cuplare a
fost montat pe un stand care a simulat modul real de montare pe tractor. Sarcinile au fost produse de doi cilindri
hidrulici cu control proportional al fortei produse.

INTRODUCTION
Testing of mechanical couplings is usually done virtually through simulation and in laboratory conditions,
simulating the real operating environment [2,3].
Mechanical coupling between tractor and towed vehicle means the components installed on the tractor
and on the towed vehicle in order to provide the mechanical coupling between those vehicles [4,5]. The
mechanical coupling components may be designed to function automatically or non-automatically. All parts of
mechanical coupling components must be made of materials of a quality sufficient to withstand the dynamic or
static tests referred in regulations and must have durable strength characteristics [7]. All the couplings and their
locks must be easy to engage and release and must be so designed that under normal operating conditions no
accidental de-coupling is possible. In automatic coupling components the locked position must be secured in a
form-locking manner by two independently functioning safety devices. However, the latter may be released
using the same control device. The dimensions of the mechanical coupling components on the tractor must
comply with Figures1. Any dimensions may be chosen if not shown in this figure.

Fig. 1 Drawbar standard dimensions, [1]
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MATERIAL AND METHOD
• STATIC TEST METHOD
Test on which mechanical coupling devices has to be subjected in order to validate its design are
dynamic or static tests. The means for performing such a test in laboratory conditions usually involve a special
stand and a hydraulic installation for producing the loads [8,9,10].
The tests were carried out on a special designed testing rig, with the drawbar attached to it by means of
the same components used to mount it on the tractor.
The first test was the one in which an initial load of three times the maximum permissible vertical load
recommended by the designer was applied in a gradually increasing manner, starting from an initial load of 500
daN, to the reference centre of the coupling device. During the test, deformation of the coupling device must not
exceed 10 % of the maximum elastic deformation occurring.
The drawbar was then subjected to a pre-traction load which didn’t exceed 15 % of the traction test load
in horizontal plane.
The data recorded for plotting the load/deformation curve under traction, was based on the application of
increasing loads only, starting from 500 daN, in relation to the reference centre of the coupling device. There
were not allowed no breaks for values up to and including the traction test load which was established as 1,5
times the technically permissible trailer mass; in addition, the load/deformation curve must have shown a
smooth progression, without irregularities, in the interval between 500 daN and 1/3 of the maximum traction
load. Permanent deformation was recorded on the load/deformation curve in relation to the load of 500 daN
after the test load had been brought back to that value. The permanent deformation value recorded must not
exceed 25 % of the maximum elastic deformation occurring.
Assembly subjected to test was a functional model of drawbar together with its fixing bracket. For tests
were used two hydraulic cylinders of 100 kN, respectively 250 kN which were controlled in force using a
proportional control algorithm.
Test parameters and their calculated values are presented in table 1 and were established according to
the product technical documentation and the legal requirements provided in Regulation (EU) No 167/2013 of the
European Parliament and of the Council of 5 February 2013 on the approval and market surveillance of
agricultural and forestry vehicles [6].
Table 1
No.
crt.

Parameter name

M.U.

Values

1.

Permissible towable mass

kg

12000

2.

Vertical load on the coupling point

kg

700

3.

horizontal force, Fh

kN

180

4.

vertical load, Fv

kN

21

RESULTS
In figure 2 is presented the testing setup used for the two static tests performed on the drawbar functional
model.

Fig. 2 Testing rig a) vertical test, b) horizontal test
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Effective values of the applied forces and their corresponding deformations measured on the direction of
the hydraulic cylinder axis during tests are presented in table 2.
Table 2
Recorded elastic
deformation [mm]

Recorded
permanent
deformation [mm]

21,55

50.2

4.85

181.44

57.6

3.40

No.
crt.

Load direction

Maximum force
[kN]

1.

Vertical load

2

Horizontal load

Fig. 3 Force-deformation graph during vertical load test

Fig. 4 Force-displacement graph during horizontal load test

CONCLUSIONS
Necessary data for determination of static loads at which the product was subjected were specified by the
designer based on legal requirements provided in European regulation 167/2013.
The tests were performed on a specialized stand which simulated the mounting of the drawbar on the
tractor. After the tests there were no ruptures, cracks or visible exterior damage. The permanent deformations
recorded were of 9.6% of the maximum value recorded for elastic deformation during vertical load test,
respectively 5.9% during horizontal load test, so that the imposed limits were respected.
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ABSTRACT
The bacterial fire blight of the Rosaceae produced by the Erwinia amylovora bacteria being a dangerous
disease for orchards, producing crop and financial loss for the farmers. This bacteria attack a large number of
horticultural species from Rosaceae family. For control are used different pesticides, chemicals, antibiotics.
Alternative solutions is biological control, using antagonist bacteria like Erwinia herbicola, Pseudomonas
fluorescens, Pseudomonas syringe pv. syringe and bacteriophages. The researches for new biocontrol agents,
is performed worldwide, due to the importance of this phytopathogen, and problems caused by chemical and
antibiotic treatments, for a better solution, for a sustainable development.
REZUMAT
Focul bacterian al rosaceelor produs de bacteria Erwinia amylovora este o boală periculoasă pentru
livezi, producând pierderi de recoltă și financiare pentru agricultori. Această bacterie atacă un număr mare de
specii horticole din familia Rosaceae. Pentru control se folosesc diferite pesticide, substanțe chimice,
antibiotice. Soluțiile alternative sunt controlul biologic, utilizând bacterii antagoniste cum ar fi Erwinia herbicola,
Pseudomonas fluorescens, syringe, Pseudomonas pv. syringe și bacteriofagi. Cercetările pentru noi agenți de
control al biocarburanților se desfășoară la nivel mondial, datorită importanței acestui fitopatogen și a
problemelor cauzate de tratamente chimice și antibiotice, pentru o soluție mai bună, pentru o dezvoltare
durabilă.
INTRODUCTION
The fire blight of plants from Rosaceae family, produced by E. amylovora is practically attacking many
orchards from entire world areas where those plants are cultivated. Using chemicals and antibiotic is a hazard
for environment and humans. The bacteria colonize the hyphatium using nectar as nutrient, and under
appropriate conditions bacteria invade tissues using stomata. The authors (Farkas et al., 2012) showed the
influence of flowers age, stigma morphology and other characteristics of flower (Spinelli et al., 2005), amount of
bacterial inoculum on infection susceptibility of cultivar. In the same time we must take into account the
virulence of the different strains and analyzing them. The different strains were found to up regulating genes
involved in RNA processing following the difference in proteomic profile (Holtappels, 2018).
Identification of bacteria is based on its morphological, pathological and biochemical and molecular analysis by
BIOLOG device, and PCR assays (Mitrev, 2016). The fire blight are discussed by Isenbeck et al., (1985)
attacking some ornamental plants and its possible biological control.
One of the most discussed control methods is the biological control using antagonists, or organism able to stop,
destroy or to remove the pathogens. Some of them can be isolated from plant phyllosphere, as Pseudomonas
fluorescens Bk3, from Malus domestica cv. Holsteiner Cox. This strain is able de a release of antimicrobials and
to induce the PR proteins and plant defense gene, and reducing infections the author referring to another
pathogen the fungus Venturia ineaqualis (Schmoock et al., 2008).The biological control of pathogens and pests
of cultivated plants must be introduced in the IPM strategies (Lixandru et Fendrihan, 2017).
METHODS OF CONTROL
• Use of antagonists In vitro experiments with 9 strains (from 114 isolates) belonging to bacteria
species as Penibacillus brasiliensis, Bacillus subtilis, Pantotea agglomerans and fungi like
Aureobasidium pullulans showed results of inhibition of E. amylovora growth from 31 to 41%
(Ameur et al 2017).
• Bacterial antagonistic strains
The idea of using antagonistic bacteria is from 970’ years. Isolates of antagonstic bacteria obtained
in Marocco belonging to genera Alcaligenes, Pantoea, Serratia, Brevibacterium, Pseudomonas, Bacillus
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(Bahadou et al 2018) and then inoculated in blossoms and immature pear fruits. Most efficient, reducing
the attack with 54-95% were strains of P. agglomerans, B. amyloliquefaciens, B. halotolerans, and B.
mojarvensis. Strains as Pseudomonas fluorescens EPS62e suppose the osmoadaptation of this strain
increasing saline stress and releasing of trehalose and other osmotic stress protection substances as a
result, their cell survival increase dramatically by 10 to 100 fold (Boaters et al., 2007) increasing their
antagonistic activity. The factors of virulence is for example hrp genes encoding some of their secretion
type III and dspA/E effectors expressed when bacteria enter in flowers, and their expression –of hrp –dsp
A/E is correlated and influenced by expression of regulator hrp L, and expression is dependent to pH too
(Pester et al, 2012). Many other bacteria were discovered to have antagonistic activity. Gerami and co authors (2013) discuss of about 120 bacterial isolates and their antagonistic activities. Following laboratory
test as antibiosis and others they selected Pseudomonas fluorescens E10, Pantoea agglomerans Abp2,
Pseudomonas putida E11 and Serratia marcescens Kgh1. They were use in field trials, reducing drastically the
disease apparition (23-60%).Many bacteria which can be used in biological control, were isolated from Pyrus
communis, Cydonia oblonga, Cotoneaster bullatus, C. salicifolius floccosus, Crataegus monogyna and Rosa
canina finding about 17 strains with antagonistic activity (Isebeck , 1985) some as good as streptomycin. From
apple phyllosphere was isolated the strain 49M (Pseudomonas graminis) with antagonistic properties more
powerful than Pseudomonas fluorescens A506, and Pantoea vagans from which new biopesticides can be
developed (Mikicinski et al., 2016). The reserchers isolated from pears in Kurdistan 22 bacteria Enterobacter
,Pseudomonas, Pantoea agglomerans and Serratia, and tested on immature fruits flowers and leaves in
laborator. The strains of Ps fluorescens reduced atack on flowers with 92% and Serratia and enterobacter
strains onlz 25% reduction . It look like some strain can release antibiotics Pyrrolnitrin and Pyoluteorin
(Shaifazizi, 2017).
• Bacteriophages
Some trials were made using bacteriophages from families Podoviridae, Myoviridae, and Siphoviridae
which infects E. amylovora and by genetic analyses classified viruses infecting this bacteria in two groups L1
and M7 groups (Samoilova, 2014). Boule and collaborators (2011) isolated from apple and pear orchards
bacteria and were obtained in final 5 isolates belonging to Caudovirales, Myoviridae and Podoviridae families
characterized by restriction endonucleaze digestion and RFLP analysis obtaining their restriction pattern. Two
phages, Phages ΦEa1337-26 and ΦEa2345-6 are able to reduce infection with E. amylovora by 84% and 96%,
respectively. Another issue is that strain Pantotea agglomerans can be a carrier. Many Phages were use in
trials against phytopathogens and were successfully (Frampton et al., 2011, Jones et al. 2012). Many of them
were isolated from E amylovora (ɸ Ea100, ɸ Ea 125, ɸ Ea 116) (Schnabel ,2001).A problem is to find solutions,
because they are not able to survive on plant surface due to UV rays effects (Jones et al, 2012). There are more
and more studies in Europe and America regarding the use of bacteriophages (Nagy, 2013). The author made a
review of it. Phages isolated from phytopathogens and submitted to experiments, trials or even included in
commercial products, and can be a real solution (Frampton et al., 2011).
Another strategy is to find and to cultivar which are resistant to fire blight attack, taking into account of the
virulence of the different strains and analyzing them. The different strains were found to up regulating genes
involved in RNA processing following the difference in proteomic profile (Holtappels, 2018).
• Use of antibiotics
The use of antibiotics is usual for these bacteria, the specialists from Bangladesh isolated the bacteria
from apple, pear, lemon orange and exposed in vitro test to antibiotic and herbal extracts, finding that it is
resistant 100% to cefotaxim and chloramphenicol and the strains are very sensitive to herbal extracts. The
most of the strains are sensible to plant extracts of Allium and Syzygium cumini (Islam et al., 2014).
The infected parts can be removed by pruning if they over winter in tissues, and their pathogenesis
depends on amylovoran. The application of ox tetracycline and streptomycin can protect flowers, even some
strains are resistant. Pantoea vagans is a biocontrol strain releasing herbicolin. (Kamber, 2013).
Even some beverages rich in tannins (black and green tea, coffee and cocoa, tannic acid) were tested
against E amylovora and Curtobacterium flacum faciens , best were the tea extracts (Nas 2004). Pantoea
agglomerans E325, release an antibiotic was tested in vitro on flowers stigmas, being involved in growth
suppression on apple flowers (Pusey , 2011). Previously the same author stated that the bacteria can be spread
by bees and can be used in antagonistic biological control (Pusey, 2002) Some others discuss if the Erwinia
thacheiphila can be controlled by Pseudomonas fluorescens spreaded by the insect Acalymma vittatum
(Roberts, 2018). The application of antibiotics can affect the use of antagonists in various proportions (Stockwell
et al., 1996). Compatible mixtures of bacterial antagonists can improve control of Erwinia amylovora (Stockwell
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et al., 2011). The type of inoculum preparation is important too for the success, for example the suspension
formed with lyophilized strain has a n incidence of recovery from blossoms at the highest level (Stockwell et al.,
1998).
CONCLUSIONS
The paper is a short review of the problem of biological control of fire blight, one of the most dangerous
pathogen in agriculture. It is evident that we have some antibiotics treatments which solve partial the problem,
but it is very hard to apply, and the substances can spread in the environment, with unknown consequences.
There are strains which acquires resistance to antibiotics. Using antagonist, proved to be a better idea, and
bacterial strains with antagonistic effect are isolated and even in commercial form. Specific bacteriophages can
overcome the resistance to antibiotics. The biological control can be a solution for a sustainable agriculture in
near future.
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ABSTRACT
The paper presents the results obtained from the experimental researches conducted for tracking and
monitoring the evolution of the length of fir tree pellets obtained using an experimental single pellet installation.
The changes in pellet length represents an important quality parameter for biomass pellets used as biofuels.
The evolution of pellet length was monitored for a period of 91 days and the results showed a strong connection
between the changes in length or disintegration (rupture) of pellets and some of the input parameters
characteristic for the raw material used. The results obtained în this paper offer an understading on the factors
affecting pellet quality and their durability in time.
REZUMAT
Articolul prezintă rezultatele obţinute în urma cercetărilor experimentale desfăşurate în vederea urmăririi
şi monitorizării evoloţiei lungimii peletelor din rumeguş de brad obţinute utilizând o instalaţie experimentală
pentru o singură peletă. Schimbările produse asupra lungimea peletelor reprezintă un parametru calitativ
important pentru peletele din biomasă destinate utilizării că biocombustibili. Evoluţia lungimii peletelor a fost
monitorizată pe o perioadă de 91 de zile, iar rezultatele au arătat o legăură puternică între modificările lungimii
sau dezintegrarea (ruperea) peletelor şi unii din parametrii de intrare caracteristici materiei prime utilizate.
Rezultatele obţinute în cadrul acestui articol oferă o întelegere asupra factorilor care afectează calitatea
peletelor şi durabilitatea lor în timp.
INTRODUCTION
The evaluation of the performances of the products obtained in a technological process represents an
important stage for the appreciation of the applied technology and at the same time, for its improvement or even
optimization. In general, in this stage we analyze the quality (output) parameters of the system that models the
technological process, depending on the input and command parameters of the same system, (Cardei et al.,
2019). The analysis is performed on the experimental data obtained in observations for pellets obtained for each
combination of input and control parameters used in the 243 experiments conducted for each of the dies used
(straight circular cylindrical dies), 8 and 10 mm diameter die (Gageanu et al., 2019). The observation in time
was limited to the measurement of the length of the pellets.
According to the systemic model of the technological process of obtaining pellets from fir tree sawdust,
the quality assessment of pellets could be made by following the evolution of four quality parameters in time: the
length, the density, the moisture and the volume of the pellets. The fifth parameter of output and quality, the
energy consumed per unit mass of the pellets, is a parameter of mechanical and economic character, which is
considered in separate optimization calculations. Out of these qualitative parameters, we focused on tracking
the behavior of pellet length over time. The density of pellets was examined as a qualitative parameter at when
exiting from the working process, as well as moisture and the other qualitative parameters.
Obviously, there are other interesting features from a qualitative point of view: the variation in time and
especially with the storage conditions, the calorific power, the external and internal appearance regarding
cracks or breakages, etc.
The globalized importance of biofuels has led to the emergence of a huge volume of specialized literature
dedicated to their manufacture, conservation and exploitation, (Marian G., 2016; Berkesy et al., 2012). In
addition to a specific vocabulary, there has also been dense legislation in the field of biofuel manufacture and
exploitation, (Marian G., 2016).
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An analysis of quality parameters for pellets used as biofuels is given, for example, in (Berkesy et al.,
2012). The quality indicators considered were taken from the standard EN ISO 17225-2. The pellets studied in
this article belong to class A1, according to ISO 17225-2, table 1. In (Berkesy et al., 2012), a series of standards
were used to analyze the quality parameters: moisture, bulk density, ash, caloric power. The use of European
standards on a large scale in the quantitative evaluation of pellets for biofuels are also illustrated in (Marian et
al., 2011), where specific quality requirements for pellets from different categories are listed and the authors
examine a wide range of pellets with different compositions (energy willow, acacia, straw and mixtures).
A similar approach to the quality problem of biofuels from different biomass sources is presented in
(Gaber et al., 2014), where quality assurance systems and quality control measures for these product
categories are presented. The role of quality control of raw materials is emphasized in order to obtain superior
qualities for the final products. It also addresses a large category of wood chips: fir, beech, birch, etc. The
authors give a precise and very dense terminology, whose respect is necessary for facilitating the dialogue
between specialists in the current era.
(Smaga et al.) also deal with the description of the qualitative parameters of some biofuels, taking into
account in particular the caloric power, the humidity and the sulfur content, as well as the amount of ash
resulting by combustion. Values of these parameters are given for mowed grass, weeds, walnuts, pistachios,
miscanthus, Jerusalem artichokes, sawdust, etc.
The relation between the quality of the raw material and the quality of the finished product of biofuels is
also addressed by (Gillespie et al., 2013), in the sense of prediction, which we also also try to achieve in our
researches dedicated to fir wood pellets. Specifications and references to specialized literature on pellet
characterization, from the physical point of view (including mechanical qualities) and chemically, but also
thermally, are also conducted by (Hernandez et al., 2017). Calculation formulas for some mechanical properties,
for the gross calorific value, etc. as well as the statistical qualitative characterization of some batches of pellets,
are presented in (Artemio et al, 2018). Besides the technical aspect of pellets manufacturing and their use, the
economic aspect is a very important one, a reference work through the concrete data being represented by
(Purohit & Chaturvedi, 2016). The profitability of acquiring raw materials, but also the optimum time of storage
for sale (therefore having a controlled production), are very important aspects for the production of biofuels from
vegetable waste.
A large technical-economic stdy of wood pellet production technologies was conducted by (Sjoding et al.,
2013). In addition, because, in fact, time does not destroy the stored pellets, but the storage and handling
conditions (temperature, moisture, pressure, mechanical shocks, etc.), there are works that are especially
concerned with the storage phase of the pellet life (Stelte W., 2013).
Directly interested in the production of wood biomass pellets, the producers have a wide range of
indications for the production process. These indications, in general, are normal to be compared with the
conclusions
of
experimental
results.
An
interesting
source
in
this
regard
is
(http://www.lidapelletmill.com/newsshow-Factors-that-affect-the-pellet-quality-219-93-1.html).

MATERIALS AND METHODS
In order to determine the long-term durability of pellets obtained from the experiments conducted, each
pellet sample was allowed to cool and was then individually introduced in a closed bag, the sample number and
the values of the control and control parameters being noted. The bags were stored in a single layer in boxes, at
a temperature of 20-25 oC, an air moisture of max 75%, and a pressure between 86-106 kPa.
Samples were measured using electronic callipers with a measuring range between 0-100 mm, 0.01 mm
resolutions, 0.03 precision, action roller and depth rod.

Fig. 1 – Detail during measurements
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The measurements were performed over a period of 91 days, performing a measurement every 7 days,
thus resulting in a total of 14 measurements for each pellet sample. For the pellets that have broken during the
91 days of performing measurents, the value 0 was recorded begging with the moment of breakage.

Fig. 2 – Examples of broken pellets (in the first day – up, and in the day they broke – down)

RESULTS
Pellet length variation in time
The variation of the length of the pellets in time, from exiting the formation process (the initial zero time),
to the last day of tracking their evolution, is an important parameter to give a global picture of the tendencies of
stabilization of the pellets. In figure 3 are presented the evolution time curves for five of the two hundred and
forty-three curves in the database.

Fig. 3 – Variation in time of the length of some pellets whose production data are provided in the caption
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It is observed that most curves show a decrease in length (a longitudinal contraction) in the first 10 days,
after which some have a weak tendency to decrease or increase towards the end of the tracking period. The
curves remain bordered in the range of 25 - 40 mm. figure 3 shows a single exception from this behavior, the
curve that according to the graph reaches zero length, in the formal sense established by the experimenter for
the pellets that disintegrate during the tracking period. As a result, some of the pellets lose their consistency and
become unusable.
Observation on pellets that disintegrate completely during the tracking period
In this paragraph, we will try to characterize the causes that lead to the failure of pellets in the postformation stage, that is, after leaving the compression process. Specifically, we try to find the main possible
causes for the failure of the pellets (disintegration or irreversible deformations that make the pellets unusable for
the proposed purpose).
By applying a simple algorithm for counting the failures, in the batch of pellets from the experiments
conducted using the 10 mm diameter die, we found 25 pellets that became unusable during the 91 days during
which their behavior was tracked. Comparing to the number of 243 pellets, a failure rate of 10.288% results.
This percentage can be used to estimate the durability of the batch of manufactured pellets (without
considering the durability determination in accordance with European norms, leading to an estimated durability
value of 89.72%. In general, the durability values for marketable batches of pellets are higher than 96.5%.
Considering the experimental production mode and the non-standardized estimation method for durability, we
consider that a satisfactory approximation has been made.
Table 1
Repartition of broken pellets in the 91 days after production, on the cases used for obtaining them (according to the
input and command parameters used)
Initial moisture, %

10

13

16

Number of broken pellets

1

0

24

136.1

142.2

147.4

1

0

24

16.9

17.58

18.37

Number of broken pellets

24

0

1

Maximum compression force, kN

10

20

30

Number of broken pellets

10

8

7

70

80

90

5

9

11

1.3

2.1

2.8

6

3

16

Raw material density, kg/m3
Number of broken pellets
Initial raw material volume, cm3

Temperature,

oC

Number of broken pellets
Pelleting speed, mm/s
Number of broken pellets

The analysis of table 1 shows that the moisture of the raw material, its density and volume produce the
phenomenon of disintegration of pellets in time. The maximum moisture and density and the minimum volume
of raw materials are the most most likely causes of pellet disintegration because 24 of the 25 cases of
disintegrated pellets were formed under these conditions. The maximum pressing force, the piston
advancement speed (pelleting speed) and the die temperature do not seem to greatly influence the behaviour of
pellets after they are obtained.
A graphical representation of the occurrence of pellet failures depending on raw material moisture and
relative density is given in Figure 4.
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Fig. 4 – Elongation variation of prllets obtained depending on raw material moisture and relative density
for the 243 experiments conducted

CONCLUSIONS
Tracking the evolution of the physical characteristics of pellets over time is a mandatory test for
estimating their quality. These tests have been standardized for several years and include the characterization
of mechanical properties, caloric power, moisture, etc.
The study whose results are presented in this paper only deals with the evolution in time of one of the
dimensions that define the geometry of the pellets obtained from fir tree sawdust.
An important conclusion is that the high moisture of the raw material leads to a high moisture of the
pellets, which causes most of the pellets to disintegrate. In the same situation is the density of the raw material.
Its growth leads to pellets with higher density, but which can disintegrate more easily.
Another important conclusion is that not the direct time is the one leading to pellet depreciation after
production, but the evolution in time of physical storage and transport parameters.
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ABSTRACT
The application of the wastewater sludge progressively on the soil improves the fertility of the soil and in
particular its physical properties, due to the addition of organic matter, which is beneficial for improving the
cultivability of clay soils and also increases the degree of moisture retention in light textured soils. The paper
presents the results obtained from the experimental researches conducted following the design and construction
of a bioreactor for the valorisation of the sludge from the wastewater pre-treatment stations from the textile
industry in order to be uses as a fertilizer for agriculture. After conducting the experimental researches, it is
observed that the bioreactor is a viable solution for the valorization of the sludge and for using them in
agriculture, obtaining good results regarding the quantity of nutrients and heavy metals.
REZUMAT
Aplicarea pe sol a nămolului de epurare îmbunătățește în mod progresiv fertilitatea solului și în mod
particular proprietățile sale fizice, datorită adăugării de materie organică, lucru benefic pentru îmbunătățirea
cultivabilității solurilor argiloase și de asemenea crește gradul de retenție a umidității în solurile cu textură
ușoară. Lucrarea prezintă rezultatele obţinute în urma cercetărilor experimentale desfăşurate în urma proiectării
şi realizării unui bioreactor pentru valorificarea nămolurilor din stațiile de preepurare a apelor uzate provenite din
industria textilă în vederea utilizării ca îngrăşământ pentru agricultură. În urma realizării cercetărilor
experimentale se observă că bioreactorul reprezintă o soluţie viabilă pentru a valorifica nămolurile şi a le utiliza
în agricultură, obţinându-se rezultate bune în ceea ce priveşte cantitatea de elemente nutritive şi de metale
grele.

INTRODUCTION
The sewage sludge is a result of the treatment of waste water in the treatment plants. The sewage sludge
is reused when this proves necessary. The routes of sludge disposal should minimize the negative effects on
the environment (Directive of the Council of 21 May 1991; Ghavindel et al., 2010,
http://www.fao.org/3/T0551E/t0551e08.htm).
Sludge is basically a very good organic fertilizer. It can be used in agriculture, forestry or gardening, in
liquid or solid form, after aerobic and anaerobic stabilization (Bhola et al, 2017).
The application of the sewage sludge progressively on the soil improves the fertility of the soil and in
particular its physical properties, due to the addition of organic matter, which is beneficial for improving the
cultivability of clay soils and also increases the degree of moisture retention in light textured soils. Cereals and
industrial crops are most suitable for the use of sludge (Braguglia et al., 2015; Hudcova et al., 2019).
Sludge is rich in both macro and micro-nutrients, necessary for the healthy growth of plants: nitrogen,
phosphorus and potassium to which sulfur, magnesium, calcium, manganese, zinc and copper are added (Cho
et al., 1999).
Due to the high content of organic material, the sludge can improve clay soils and also the structure of the
sandy soils (Braguglia et al., 2015; Soler-Rovira et al., 1995).
The use of sludge in agriculture is considered as one of the most durable sludge management options,
but the preference for agriculture is reiterated in EC legislation (Directive 91/271 / EEC and Directive 86/286 /
EEC) given that the quality standard of sludge meets certain requirements and its use is controlled and
monitored to minimize the potential impact on the environment and human health. The main legislation in
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Romania in this respect is Order 344/2004, which transposes the Directive 86/278 / EEC for the protection of
the environment and especially of the soil, when the sludge is used in agriculture.
On the basis of this order, sludges resulting from wastewater treatment can be used in agriculture, if they
do not endanger the quality of the soil and of the resulting agricultural products, in compliance with all the
conditions imposed by the legislation in force.
The maximum annual quantities of heavy metals that can be introduced into agricultural soils are
presented in Table 1.
Table 1
Maximum allowable values for heavy metal concentrations in soils where sludge is applied (mg / kg of dry matter in
a representative soil sample with a pH greater than 6.5) (Order No. 344/708)
Parameters
Limit values [mg/kg]
Cadmium
0.15
Copper
12
Nickel
3
Lead
15
Zinc
30
Mercury
0.1
Chrome
12

The wastewater treatment sludge must be subjected to a biological, chemical or thermal treatment
process, a long-term storage or other suitable process, designed to reduce its degree of fermentability and
health risks before being applied to agricultural land.
The paper presents a solution for the possibility of using wastewater sludge as fertilizer in agricultural
applications.
MATERIAL AND METHOD
The objective of the researches was to develop an experimental reactor (fig. 1) for the study of the effects
of the sludge resulting from the wastewater pre-treatment stations, in combination with compost of the biological
sludge, on the physico-chemical characteristics of the agricultural soils.

Fig. 1 – Bioreactor for the capitalization of wastewater sludge in order to use it as fertilizer

The experimental model of Bioreactor for the valorisation of the sludge from the wastewater pre-treatment
stations from the textile industry for use as a fertilizer for agriculture is an equipment destined for the units
whose activity results in obtaining sludge from the wastewater treatment for stabilizing the sludge to use it in
agriculture and other activities. The equipment has the following main parts: the supporting frame - 1,
gearmotors for driving the two mixing rods - 2, the double mixing tank - 3, the shaft - 4 for driving the mixing
coils, the sludge mixing coils - 5, the mixing outlet - 6, the cover - 7, wheel drive - 8.
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The bioreactor has the following characteristics:
 Operation manner:
discontinuous with working bodies
 Stirring and uniformity of the components:
with two spires
 Mixer type:
with two helicoidal rotors
 Overall dimensions:
o Frame length
mm
1060
o Frame width
mm
710
o Height
mm
980
 Mass
kg
128
 Tank length
mm
620
 Tank width
mm
570
 Tank height
mm
480
 Reducer speer
rot/min 47
 Motors nominal power
kW
0.37
 Mixed quantity
kg
20
For testing / experimenting the experimental model of bioreactor, raw material sludge resulting from the
treatment of wastewater from the textile industry was used, mixed with compost resulting from biological
wastewater treatment plants and agricultural soil.
The sludge resulting from the pre-treatment station has the following physico-chemical characteristics,
presented in table 2.
Table 2
Characteristics of the sludge used for experiments
Constituents
Moisture
pH
Inorganic substances
Organic substances
Total organic carbon
Chlorides
Sulphates

Quantity found in the sludge
[mg/kg]
-

[%]
96.52-98.72
7.64-7.82 pH unit
96.24 -95.98
3.76 - 4.02
2982.0 – 3126.0
0.3126
5264.0-7126.0
0.7126
6982.0 -7264.0
0.6982

The compost used in the mixture has the following characteristics, shown in table 3.
Table 3
Characteristics of the compost used for experiments
Characteristics
Reasonable variation
Desired variation
Carbon / nitrogen ratio
20:1 – 40:1
25:1 – 30:1
Moisture
40 – 65 %
50 – 60 %
Oxygen content
> 6%
16 – 18.5 %
pH
5.5 – 9.0
6.5 – 8.5
Apparent density
< 640 kg/m3
–
Temperature
43 – 60 0C
54 – 60 0C
Particle size
0.3 – 5 cm diameter
Diverse

The agricultural soil used was represented by soil characteristic to the geographical area of Giurgiu
county.
The feed material was introduced in the bioreactor through the upper part, discontinuously, by
opening the lid, introducing the mix of sludge + compost + soil, in the preestablished proportion and
ensuring the closure of the lid.
For the practical demonstration of the functionality the operating version of the bioreactor, the following
proportions and parameters were used (Figure. 2):
- Sludge - 2 parts (10 kg) - 50% of the mixture;
- Soil - 1 part (5 kg) - 25% of the mixture;
- Compost - 1 part (5 kg) - 25% of the mixture;
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- Density: 1.39 kg / dm3;
- Moisture: 49.18%,

sludge

compost

soil

Fig. 2 – Sample for practical demonstration

The agricultural soil was cleaned by sifting any hard components (stones).
The sludge was first added to the bioreactor and then, in portions, the agricultural soil and the compost,
continuing to mix.

Fig. 3 - Aspects during the experiments

The addition of the components in turn, in parts, was performed in a set time period following the
experiments as optimal for the mixing.

RESULTS
The first results obtained were represented by those conducted for establishing the noise emitted by the
bioreactor. The results are presented in figure 3.
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Fig. 4- The average of the results obtained for the three frequencies chosen (30, 40, 50 Hz)

After obtaining the mixtures using the bioreactor, a series of analysis were performed to verify the content
in nutrients and heavy metals of the final product. The results of analysis are presented in table 4.
Table 4
Nutrient and heavy metal content of the mixtures obtained
Heavy metals
mg/kg dry matter
As

Cd

<1.0 <3.0

Cr
18.9

Cu

Hg

Mn

Ni

Pb

Zn

5.1 <0.01 32.8 5.3 32.0 46.8

Values complying to the provisions in the legislation
<1.0 <3.0

17.2

4.8 <0.01 31.6 4.9 30.8 45.2

Values complying to the provisions in the legislation

<1.0 <3.0 23.25 5.1 <0.01 41.1 6.7 29.6 48.2

Phosphorus
mg/kg.
dry matter

Potassium
mg/kg.
dry matter

Magnesium
mg/kg
dry matter

Total

total

24.8
Good value

87.6
Good value

65.8
High value

21.7
Good value

80.4
Good value

61.0
High value

27.7
Good value

94.0
Good value

76.0
Good value

CONCLUSIONS
Using sludge from wastewater treatment is both a way of safely disposing of it, and a way of improving
the quality of agricultural soils, without using chemical substances.
The use of the bioreactor is an easy and safe way for making it possible to use these types of sludge
safely. The results obtained show that the bioreactor represents a viable solution for using sludge in agricultural
applications, obtaining good results in terms of nutrients and heavy metal contents.
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ABSTRACT
Biomass is the biodegradable fraction of products, wastes and residues of organic origin in agriculture
(including plant and animal substances), forestry and related industries, including fisheries and aquaculture,
biodegradable industrial and municipal waste. The main use of biomass is the heating of communal buildings
(households, schools, dispensaries, kindergartens, etc.), which consume approx. 80% of the total production;
20% of biomass can be used for the production of biofuels (12%) and electricity (8%). In the paper is presented
the optimal regime of chopping willow plants with disc type cutters and the determination of the size of the inlet
and the number of blades by correlating the chopping time with the throwing time.
REZUMAT
Biomasa este fracțiunea biodegradabilă a produselor, deșeurilor și reziduurilor de origine biologică din
agricultură (inclusiv substanțe vegetale și animale), silvicultură și industriile conexe, inclusiv pescuitul și
acvacultură, precum și fracțiunea biodegradabilă a deșeurilor industriale și municipale. Principala utilizare a
biomasei o reprezintă încălzirea clădirilor din comune (locuințe, școli, dispensare, grădinițe etc.), care consumă
cca. 80% din totalul producției; 20% din biomasă poate fi utilizată pentru producția de biocarburanți (12%) și
energie electrică (8%). În lucrare este prezentat regimul optim de tocare a plantelor de salcie cu tocătoare tip
disc și determinarea dimensiunilor gurii de alimentare și a numărului de cuțite prin corelarea timpului de tocare
cu cel de aruncare.
INTRODUCTION
Sustainable development can be seen as an adaptation of society and the economy to the major challenges
faced by mankind today in addition to climate change: drinking water crisis, drought, desertification, resource
depletion, waste, biodiversity loss, population growth, poverty, migration, etc. (Directive 2009/28/EC). In order to
prevent, counteract and eliminate their repercussions and to ensure economic development, social progress and
human development, it is necessary to initiate and sustain concrete actions, synthesized into specific and
measurable objectives, which are the subject of National Strategies for Sustainable Development. The concept of
sustainable development means all the forms and methods of socio-economic development whose foundation is to
ensure the socio-economic balance and the natural potential (Manual-Renewable energy source, 2012).
But it must be considered that the use of bioenergy is tied to the impact it has on the “regenerable” terrain
and that the emission of “greenhouse gases” and “durability” are not synonymous terms and should be
considered in a separate and independent manner in the concept of biomass (Șumălan R., 2012).
Biofuels cannot be obtained on any type of terrain and especially on terrains with a large biodiversity.
Biomass cannot be obtained from primary forests or from areas of natural protection or from high biodiversity
pastures. In the view of a durable development, an important place is occupied by species selection for
obtaining a good yield (Ion V.I., 2006).
Willow crops for biomass determine an increase of habitat diversity, being located in agricultural areas and not
in the forest exploited areas. These crops can harness slopes, fix the soil and improve its quality, can play a role in
bioremediation of polluted soils by extracting excess ions and can be used to reintroduce heavily degraded lands
(dumps, saline, eroded, sandy, soils etc.) in the productive circuit (Abrahamson L. et al, 2017; Arion V. et al, 2008).
Energy willow is a source of alternative energy very similar to fossil fuels such as coal, oil, etc. The great
difference between willow and coal for example is represented by the emissions emitted into the atmosphere. Willow
combustion in raw or compacted form has almost zero emissions (Gageanu P. et al, 2016; Paun A. et al, 2015).
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Willow harvesting can be done manually or mechanized. The manual method is less used and only and
small surfaces. Mechanized harvesting is performed in the case of large surfaces, using special equipment that
are chosen depending on the size of harvested surfaces: from simple (and cheap) machines that can harvest up
50 ha/seasons up to complex and robust (but more expensive) machines that can harvest 300 – 350 ha/season
or even combines with equipment adapted for harvesting willow, which are only rentable on very large surfaces
)800 – 1000 ha/season) (Voicu E. et al., 2009; Balsari P. et al, 2002).
Equipment for harvesting energy willow in the form of chippings are self-propelled or towed. By the
manner they are constructed, they can perform willow harvesting on simple or double rows. The characteristic of
this type of machines is that after cutting the stems, they are chopped into 2-10 mm fragments, and the
chippings obtained are directly loaded in trailers (Lechausser G., Savoie P, 2005).
This paper presents a series of methods for determining the optimal chopping regime for disc type cutters
that equip machines used for harvesting energy willow.

MATERIAL AND METHOD
Choosing the cutting mechanism is important in designing willow crops. The cutting system will
simultaneously encounter stems of different diameters. The stems tend to break vertically from the trunk. That is
why some stems form a twist between the trunk and the vertical position. Cutting a bend requires more energy
than a vertical portion because the horizontal cutting area is larger.
The overlapping of branches from different plants in the same row or from different rows complicates the
process. Thin branches are cut more easily, but are more easily twisted into the cutting mechanism. Is
recommended to perform the cut at the level of the trunk. Cutting needs to be performed at 100-150 mm above
the area of branch separation in order to minimize the impact on the plant. Trunk destruction should be
minimized in order to reduce disease propagation.
Cutting speed – Cutting speed - A minimum speed of 10 m / s was suggested by Persson (1987) for
impact cutting. Dalois (1990) suggests that the circular sawing speed is between 5-50 m s-1, but high speeds
(40-50 m s-1) are more effective for cutting logs on the longitudinal axis. It even suggested a speed of 70 m / s
when the saw was designed with a small number of teeth. Quelch (1971) suggested a standard peripheral
speed of 45.7 m / s. Prototypes generally used with circular saws tend to operate at higher peripheral speeds
between 63-118 m/s (Table 1).
Table 1
Cutter type
Lydum
Hvisted
VPI/DOE
Hyd-Mech

Peripheral speeds of circular cutters [7]
Rotations per
Peripheral speed
Diameter (mm)
minute (rpm)
(m/s)
450
5000
118
500
3200
84
610
3000
96
600
2000
63

References
Sweden (IEAB1995)
Sweden (IEAB1995)
USA (IEAB 1995)
Canada (Curtin 1985)

Devices for chopping willow stems have the role to take over the willow stems transported by the feed
system, to chop (fragment) them to the desired length and to throw them due to the peripheral speed to the
evacuation system of the equipment in the transport equipment. The cutting devices used must meet the
following technological requirements:
• to ensure that the material is chopped to the prescribed length (typically between 3 mm and 100 mm,
depending on the technology adopted);
• to achieve proper uniformity of the length of the chippings;

RESULTS
The main indicators defining a chopping apparatus with disc are: inlet parameters, woody mass on
surface unit, machine’s feed rate, quantity of chopped material in one complete rotation, the volume of chippings
evacuated in one complete rotation, the chopping surface and the time for evacuating the chippings.
Inlet parameters:
Material quantity G0 that passes through the inlet is given by the following relation [9]:
[tf/h]
(1)
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where: -h is the height of the inlet, [m];
-b is the width of the inlet, [m];
-v1 is the movement speed of the material through the inlet, [m/s];
-γ is the volumetric weight of the material pushed by the rollers, [tf/m3];
Surface of the inlet is given by relation (2):
[m2]

(2)

The number of plants transported in one second is given by relation (3):
(3)
where: - n is the number of harvested rows;
- z is the number of plants in one pocket;
- v is the forwarding speed of the combine, in m/s;
- d0 is the distance between plants;
The surface of a plant is given by relation (4):
[m2]

(4)

where: d represents the plant diameter at the base.
The degree of stems overlapping is given by relation (5):
(5)
where: - L represents the height of plants
For an even feeding of the chopping device is necessary that the peripheral speed v1 of pulling rollers to
be 30-35% bigger than the combine’s forwarding speed, namely:
(6)
and
(7)
where: va is the speed of throwing the chopped material
On the basis of relations 3, 4, 5 is possible to determine the number of stems N that enter the chopping
apparatus. As the forwarding speed of the machine is bigger, the number of plants that will be chopped is
bigger. From constructive reasons of the inlet and also for meeting the possible clogging of the throwing pallets,
the forwarding speed is limited, but at the same time, the condition in relation (7) should be fulfilled.
The working speed is given by relations 8 and 9:
[m/s]

(8)
[km/h]

(9)

where: - S is the space travelled, equivalent with the thickness of the blade; In general, S=15 mm=0.015m;
- tc is the cutting time for a blade;
For a correct feeding, the speed of pushing the plants needs to be va = 1.3…1.5 vl
The machine’s feeding flow rate q, is given by relation 10:
[kg/s]

(10)

kg/m2;

where: - m is the wood mass on surface unit,
- vl is the working speed (harvesting), [m/s];
- S1 machine’s unitary space of movement, [m]
The wood mass chopped by a blade at a rotation is given by the following relation:
[kg]
where: - qc is the wood mass chopped by a blade at a complete rotation, [kg];
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The chipping length (at limit), is given by relation 12:
[m]
where: - Vl, is the working speed, (m/s);
- tc is the cutting time for a blade, [s];

(12)

[s]

(13)

- T is the time necessary for a complete rotation (T=1/ω), [s]
- z is the number of blades on the chopping disc.
The volume of chippings evacuated for one rotation is given by relation 14:
[

(14)

where: - qc is the quantity of chippings given by a blade at one rotation [kg];
- γ is the specific weight of the chipping [kg/m³];
Harvesting surface is given by relation 15:
[m2]

(15)

where: - Vl is the machine’s working speed m/s];
- t is the time necessary for a rotation [s];
- l is machine’s working width [m].
The surface of chopping plants inside the inlet
The surface of chopping plants, S [m2] is a trapeze with the height equal to the length of the inlet Lga [m],
the small base, X [m], and the large base X+W [m] where W represents the opposite side of the cutting or
friction angle “α” [⁰]. The friction angle metal/wood is α=19⁰.

, from where
[°]

(16)

[m2]

(17)

Figure 1 presents the diagram representing the surface of chopping plants entering the inlet and the
optimum chopping angle.

Fig. 1 – Surface and chopping angle

Calculation of chippings throwing
The diagram of forces acting on the chipping immediately after chopping is presented in figure 2.
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Fig. 2 - Diagram of forces acting on the chippings imediatelly after chopping

The chippings obtained after chopping willow stems is under the influence of the weight force and of the
centrifugal force.
[N]
(18)
[N]
(19)
where: -g is the gravitational acceleration, g=9.81 m/s²;
-r is the radius of the weight center of the chippings. In an ideal case, the chippings are evenly
distributed, which does not happen in reality, material chipping being uneven on the length of the blade. We will
consider that the chippings are distributed evenly.;
-m is the woody mass chopped by a blade in one rotation, equal to the blade’s flow rate in one rotation [kg];
-F is the force acting on the chippings after chopping.
Performing the necessary operations, we obtain:
[N]

(20)

where: - qc is the quantity of chippings given by a blade in one rotation [kg];
- r is the radius of the chippings’ weight center [m];
- g is the gravitational acceleration [m/s2].
The movement acceleration of the chippings immediately after chopping is given by relation 20:
[m/s2]

(21)

The time of chippings discharge is calculated using relation 21:
[s]

(22)

where: - Lp is the length of the outlet;
- v is the chippings’ speed.
But, as
performing the necessary replacements, we obtain the value of tet.

[s]

results:

(23)

Hence, the time of chippings discharge is directly proportional with the length of the evacuation profile
and inversely proportional to the radius of the chippings’ center of weight.
Condition tet<tc need to be fulfilled. In contrary, the pallets will not throw in time all the material chopped
and the machine will clog.
With all this data is possible to determine:
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- the cinematic regime of the machine: diameter and revolution speed of the chopping disc, number of chopping
blades, number and length of the evacuation pallets, peripheral speed of the pulling drum, machine’s working
width, machine’s movement speed;
- qualitative and quantitative parameters: chippings length, machine feed rate and working capacity.

CONCLUSIONS
From the results of researches conducted, the following conclusions can be drawn:

- as the machine’s forwarding speed is higher, the number of plants that need to be chopped is higher. From
constructive reasons connected to the inlet, and for preventing the possible throwing pallets clogging, the
forwarding speed is limited;

- for correct feeding, the speed of pushing the plants should be va = 1.3…1.5 vI where vi is the machine’s
working (forwarding) speed. From safety reasons, only speeds under 2.5 km/h will be used;

- the highest mass chopped by a blade was found for the disc type with one blade. In practices is avoided to
use choppers with one blade because it is difficult to dynamically equilibrate them;

- chippings length Lt is depending on the on the speed and on the cutting time of one blade;
- the value of the cutting angle is not influenced by the number of blades on the chopping disk and on the
machine’s movement speed;

- as the quantity of woody mass is higher, the value of the cutting angle is higher;
- it is important to use a disc chopper with a number of blades so that the chopping time is smaller than the
time of throwing of the pallets, otherwise the danger of clogging the pellets is imminent;

- the time of evacuating the chippings depends on the length of the pallet’s profile and on the radius of the
chipping’s weight center.
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ABSTRACT
This paper develops an analytical method for optimizing the geometrical parameters of tillage tools,
considering the reduction of the soil-tool interaction forces and implicitly of the energy consumption at soil
scarification. The mathematical model developed, includes all the factors of influence of the working process:
the physical and mechanical characteristics of the soil (density, humidity, friction and adhesion, internal friction
and cohesion) the geometric parameters of the tools and working conditions (depth and working speed). Based
on the elaborated mathematical model a PC program is described. Recommendations are made to the optimal
geometric parameters of the scarificators to reduce the soil-tool interaction forces.
REZUMAT
În lucrare se dezvoltă o metodă analitică de optimizare a parametrilor geometrici ce caracterizează
sculele de lucrat solul, având în vedere reducerea forțelor de intreracțiune sol-sculă și implicit a consumurilor de
energie în procesul de scarificare. Modelul matematic elaborat include totalitatea factorilor de influență ai
procesului de lucru: caracteristicile fizice și mecanice ale solului (densitate, umiditate, frecare și adeziune,
frecare intermă și coeziune, ...), parametrii geometrici ai sculelor, și condițiile de lucru (adâncime și viteză de
lucru ...). Se descrie programul PC elaborat pe baza modelului matematic. Se fac recomandări privind
optimizarea parametrilor geometrici ai scarificatoarelor având ca obiectiv reducerea forțelor de interacțiune solsculă.

INTRODUCTION
The soil tillage is a process that is carried out with high energy consumption. This represents up to 50%
of the energy consumed in the vegetable sector and up to 30% of the total energy used in agriculture (Akbarnia
and Farhani, 2014; Alluvione et al., 2011; Roș et al., 2006; Stănilă et al., 2013; Țenu et al., 2009).
The energy used for soil tillage and soil quality indices are influenced by the geometrical parameters of
the tools (Abbaspour-Gilandeh et al., 2018; Tong and Moayad, 2006), the soil properties (Bashar et al., 2015;
Fechete-Tutunaru et al., 2019; Gáspár et al., 2019; Machado and Trein, 2013; Vlăduț et al., 2017) and the
working regime of agricultural machinery (Gill and Vanden Berg, 2013). Thus, through the rational use of the
machines, the quality of work and the energy required for the working process depends mainly on the
geometrical parameters of the tools.
From an economic point of view, it is necessary that the working process is carried out with a minimum
energy consumption and to use with high efficiency the available power of the tractor. The research carried out
in this direction highlights the following methods of reducing the soil-tool interaction forces: the constructive
optimization of the soil working tools (Farmato et al., 2017; Kobets et al., 2018), the reduction of the frictional
forces of the soil ( Cârdei et al., 2018), the use of rotating and vibrating tools (David et al., 2014; Jun et al.,
2016), the use of tools with a technical proper condition (Fechete-Tutunaru et al., 2009; Natsis et al., 2008).
In general, the experimental research for determining the soil-tool interaction forces is based on field or
laboratory testing of the tools with known geometry. These are aimed at studying the influence of the functional
parameters and soil characteristics on the work quality and the energy requirement, by testing different tillage
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tools: moldboard plough (Ibrahmi et al., 2015), chisel-subsolier, paraplow (Askari et al., 2017), rotating tools
(Akimov et al., 2018) and vibrator tools (Biriș et al., 2016; Tanaka et al., 2007).
The difficulties of testing require the development of some research on the dynamics of the movement of
soil particles moved by the tools, which give information on the energy consumption and on the work quality.
The development of the some numerical methods (Roș et al., 1995) and the simulation of the soil-tool
interaction (Milkevych et al., 2018; Mudarisov et al., 2019; Zhang et al., 2018), allows optimization of the
geometrical parameters of the tools taking into account the reduction of soil-tool interaction forces.
The objective of the research consists in the elaboration of a numerical method for optimizing the
geometric parameters of the scarificators, considering the reduction of the resistance to soil processing and
implicitly the energy consumption.
DEVELOPMENT OF THE MATHEMATICAL MODEL
Development of the method of optimizing the geometric parameters of the scarificators is based on a
mathematical model used to study the influence of the geometric parameters of the tools on the energy
requirement for the soil processing (Gheres, 2014) and the mathematical relations for calculation of the soil-tool
interaction forces (Ghereș and Coţa, 2018). Thus, the resulting forces are determined as the sum of the forces
of weight - G, adhesion - A, cohesion - C, external and internal friction - Ff, Ff’, etc. using the relationship:
,

(1)

where, the components of the interaction forces are expressed according to the characteristics of the soil, the
geometry of the tools and the parameters of movement. e.g.:
,

(2)

where: V represents the volume of the soil that rests on the tool surface, ρ - the soil density and g - the
gravitational acceleration.
For the calculation of the forces necessary for soil fragmentation, soil breaking in prism shapes is asumed
after perpendicular planes to the surface of the tool (Fig. 1), with the dimensions b⋅a/cos (α). Also, it is
considered that the specific resistance determined by the cohesion and the internal friction of the soil is:
.

(3)

Thus, it results:
α
dy

a
TOOL

a/cos(α)

The soil
breaking plan

θ=π/2-α

Fig. 1. Idealization of the working process of the scarificators
(4)

For the determination of the force - F, a coordinate axis system is defined - tMnp (Frenet's trihedron).
Thus, the Mt direction represents the direction of the tangent to the trajectory of the soil particles on the tool
surface, Mn - the main normal direction and Mp - the binomial direction. According to research carried out by
(Callaghan, 1965), it is considered that the adhesion and frictional forces are directed by the tangent - tt, the
cohesion and internal friction forces are directed by the main normal - nn, the forces of gravity by the vertical
direction - Oz and the forces of cutting the soil are directed by Oy. For the simplification of the model, the forces
of elastic deformation of soil - Q are neglected (Fig. 2).
Based on this argument the objective function is developed:
,

(5)

and the system of restrictions imposed by the minimum and maximum limits of the physical and mechanical
characteristics of the soils (ρ - density; τa, τc - the coefficients of adhesion and cohesion; µ, µ’- the coefficients of
external and internal friction ...), of the tool geometric parameters (α, β, γ, l, h, ...) and the operating parameters
(a, b - working depth and width; vm - speed of movement of the machine ...) that ensure with quality of work.
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nn direction

pp direction

M

Soil trajectory

tt direction

n
p

t
M
Fig.2. The components of the soil - tool interaction forces.

In relation (5) the folowing notations are used (Fig. 3):
-

α - the angle measured in the yOz plane, between the movement direction - Oy and the right - AB;

β - the angle measured in the vertical plane - xOy, between the - Ox axis and the right – AC;
γ - the angle formed by the right - BC and the direction - Oy;
θ - the angle between the tool plane - ABC and the horizontal plane - xOy;
l and h – the width and height of the tool.
z
A
l
h
α
β O

B
θ

y

γ

π/2

b

C
x
Fig. 3. The geometric parameters of plane tools.

Using the relations between the angles and the edges of a triangle (Fig. 3), is developed the equation of
the plane defined by the points A (0, 0, h), B (0, h/tan(α), 0) and C (b/sin(γ), 0, 0), so:

=0.

(6)

Based on equation (6) rezults that the height - h, and the angles α and γ, which characterize the position
of the tool to the movement direction, represent the independent geometric parameters. In these conditions, the
objective function it has the form:
,

(7)

to which are attached the relations that define the dependent constructive parameters:
(8)
,

(9)
(10)

To define the tangent (tt), main normal (nn) and the binomial (pp), the equations of the soil particles
trajectories on the tool surface by integrating the equations of the velocity components v (vx, vy, vz) are
developed. For this it is considered that the tool is stationary and the soil moves in the contrary direction with the
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velocity vx = -vm and in the yOz plane, this execute a rotational movement, being permanently in contact with the
tool (Ghereș, 2001). Thus, the equations of the soil particles trajectories are:
,

(11)
,

(12)

.

(13)

For the development of the restriction system, the values of the physical and mechanical characteristics
of the soils, recommended in the specialized literature, are used. The values of density (Table 1), adhesion
(Table 2), cohesion and internal soil friction coefficient (Table 3) are presented below.
Table 1
Average density of agricultural soils on the depth 0-60 cm.
Compaction degree
Density ρ [Kg/m3]
(0,9 – 1,45) x 103
Low
(1,45 – 1,75) x 103
Moderate
> 1,75 x 103
Extreme
Source: (Canarache, 1991), Factors and indices regarding excessive compactness of agricultural soils. Soil and Tillage Res.
19(2-3)

Table 2
Soil classification according to adhesion
Name
Very low
Low
Medium
High
Extreme
6
2
0,0
–
0,2
0,2
–
0,4
0,4
–
0,6
0,6
–
0,8
> 0,8
Adhesion τa, [ x10 N/m ]
Source: (Andriucă and Macrii, 2015), Physical-mechanical indices and their use in assessing the degree of anthropogenic
soil degradation. Agricultural science, 2, 12-18

Table 3
Recommended values of soil cohesion (c) and internal friction angle (φ)
depending on the consistency index and the porosity index
Soil typ

Loam

Clay

Cohesion c [N/m2] / internal friction angle (φ) [0]
for porosity index:
0,5
0,6
0,7

Consistency
index
1,00 – 0,75

40000 / 25

28000 / 23

20000 /21

0,75 – 0,50

36000 / 23

25000 / 21

60000 / 18

1,00 – 0,75

-

60000 / 20

45000 / 17

0,75 – 0,50
50000 / 18
40000 / 15
Source: (Dron, 1987), Problems of foundations in the practice of hydro-ameliorative arrangements, Ceres Publishing House,
Bucharest.

PC PROGRAM
Based on the mathematical relations described above, the PC program presented in figure 4 (block
diagram of the program) was elaborated to optimize the geometric parameters of the plane tools using the
MathCAD software. To use the program, it is necessary to know all the parameters of the initial state of the soil,
the independent geometric parameters that characterize the tool and the operating parameters.
In order to optimize the geometric parameters of the scarificators, the program allows the calculation of
the soil-tool interaction forces according to the independent geometric parameters ((α, γ, h and l), that is:
,

,

,

respectively

,

(14)

where values of all other parameters are constant, within the limits imposed by the restriction system.
The optimum values of the independent geometric parameters of the scarificators are determined by
minimizing the interaction forces F, defined by the equations (14).
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BEGIN

Read initial dates: ρ, µ, µ’, τa, τc, α, γ, h, vm, a, b.

Computes: Soil velocity components (vx, vy, vz) and
positions (x, y, z) of the soil on the tool surface.

Computes: Cosine directors of tangent, main normal and binomial
at soil trajectory (λt, µt, νt, λn, µn, νn, λp, µp, νp)

Computes: Soil-tool interaction force components (G, A, C, F, F’, ...)
relative to the coordinate axis system tMnp.

Computes: Soil-tool interaction force components (G, A, C, F, F’, ...)
relative to the coordinate axis system xOyz

Computes: Rezultant of soil-tool interaction forces F

Write:

,

END
Fig. 4 – Bloc diagram of the PC Program

NUMERICAL APPLICATION
In order to validate the proposed method, a numerical application for optimizing the constructive
parameters of the scarificators is presented, considering the reduction of soil-tool interaction forces in three
types of soil characterized by minimum, average and maximum values of soil crushing strenght.
Data initialization
For data initialization, the values of the physical and mechanical characteristics of the soils (Table 4), the
geometrical parameters of the tools (Table 5) and the operating parameters (Table 6) are used.
Table 4
Phisical and mechanical characteristics of soil
Cohesion, τc
Soil density on 0 - 60 cm. depth, ρ
Adhesion, 𝜏𝜏a
Soil-tool friction angle, φ
Internal friction angle, φ’

Variant - 1
0,2 Mpa
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Table 5
Geometrical parameters of soil scarification tool.

z
l

Angle α:

A

α = f(z) = constant

D

TOOL

h

Angle β:
β=0

O
α

x

Angle γ:

B
vm

γ = π/2

γ = π/2
Angle θ:

y

C

θ=α
Tool surface equation:

Fig. 5. Geometric parameters of scarificators.

Table 6
Operating parameters of the agricultural machine
Working depth,
a = 0,6 m
Working width,
b = 0,08 m
Working speed,
vm = 2 m/s

Compute of soil-tool interaction forces
Based on the results obtained through the program compilation, the following are noted:
In the case of scarifiers, the edge BC being perpendicular to the direction Oy (γ = π/2), it is observed that
the soil trajectories on the tool surface are parallel and are contained in vertical planes, parallel to the plane yOz
and the soil speed is constant throughout the tool surface (Table 7);

B

vy

Table 7

z

v

The equations of speed and trajectory of soil.
vz

n

Soil speed equation
,

D
M(x,y,z)

Soil
trajectory

vm

O
p

x

TOOL

α
γ = π/2

Soil trajectory equation

A
y

,

t

C
Fig. 6. Representation of soil trajectories
on the tool surface.

-

-

,

the cosine directors that define the directions of the axis system tMnp, have constant values for any position
of the M point on the tool surface (Table 8). As the angles formed by the Mp axes and the Ox direction are
null (𝜏𝜏p = 0), it follows that the tMn planes are parallel to the yOz plane;
the soil-tool interaction forces are contained in the tMn plane, the projections at the binormal direction (pp)
are null (Table 9);
the projections of the soil-tool interaction forces on the Ox axis are null (Fx = 0). In these conditions, for
optimizing the geometric parameters of the scarificators, the horizontal component Fy parallel to the move
direction of tool and the vertical component Fz, are determined (Table 10).
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Table 8.

𝜆𝜆p
z

𝜏𝜏n

O
vm

M

𝜏𝜏t

p

x

n

𝜆𝜆n

Soil
trajectory

y

𝜈𝜈p

Cosine directors of tangent, main normal
and binomial at the soil trajectory
Cosine directors of the tangent (Mt direction)

𝜆𝜆t

𝜈𝜈n
𝜈𝜈t

t

𝜏𝜏t = π/2
𝜈𝜈t = α
𝜆𝜆t = π/2 + α
Cosine directors of the main normal (Mn direction)
𝜏𝜏n = π/2
𝜈𝜈n = π/2 - α
𝜆𝜆n = α
Cosine directors of the binomial (Mp direction)
𝜏𝜏p = 0
𝜈𝜈p = π/2
𝜆𝜆p = π/2

Fig. 7. Defining the directions
of the coordinate axis system – tMnp.

Table 9:

Components of the soil-tool interaction forces
in relation to the tMnp axis system
Components of the weight forces (G)

Traiectoria
solului

The components of the adhesion forces (A)

M

n

The components of the cohesion forces (C)

t

The normal forces (Fn)
The components of the friction forces (Ff)

M
p

Fig. 8 – System of the Soil – tools
interaction forces.

Table 10
Components of the soil-tool interaction forces
in relation to the xOyz axis system
Components of the weight forces (G)

Soil
trajectory

M

The components of the adhesion forces (A)

The components of the cohesion forces (C)
z
O

y

The components of the friction forces (Ff)

x

v
Fig. 9. The componennts
of the soil – tool interaction forces
in the Cartesian system xOyz.

The components of the resultant force

RESULTS AND DISCUSSIONS
Research on the influence of the tool height (h) shows that the forces of resistance to soil processing are
proportional to this. In practice, the tool height is set according to the maximum working depth. Usually, this is a
constant parameter.
Increasing the width of the tool (l) and implicitly of the working width (b) leads to the increase of the soil-tool
interaction forces, in particular the horizontal components Fy, which involves increasing traction forces.
This is justified by increasing the volume of procesed soil.
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In figure 10 is presented the variation of the soil-tool interaction forces for three soil types, characterized
by the cohesion coefficient τc = 0.2 MPa (light soils), 0.4 MPa (medium soils) and 0.6 MPa (heavy soils).

τc
τc
τc

a).

b).

c).

Fig. 10. Variation of soil-tool interaction forces according to angles α and soil cohesion τc:
a). the horizontal component - Fy, b). the vertical component - Fz, c). the rezultant force - F.

The horizontal component of the soil-tool interaction forces increases approximately three times, for an
increase of angles α between 150 - 750 (Fig. 10.a), for all three soil types. This is justified by the increase of the
normal components of the cohesion and internal friction forces, which represent 70-80% of the total soil-tool
interaction forces.
The vertical projection of the strength to the soil processing increases with the increase of angles α (Fig.
10.b), due to the increase of the soil breaking surfaces and due to the increase of the vertical component of the
soil velocity vz.
The resultant forces F have maximum values, about 2.0 - 2.5 times higher in the case of tools inclined at
angles of 750 with respect to the move direction (Fig. 10.c), depending on soil type.
CONCLUSIONS
The results prove the possibility of reduction of soil-tool interaction forces by reducing the inclination
angle of the scarificators with relationship to the movement direction, up to the limit at which the degree of
shredding of the soil is ensured.
The analytical model developed allows evaluation of the influence of the geometrical parameters of the
scarificators on the resistance to soil processing, only from a qualitative point of view. For a quantitative
assessment it is necessary to validate the method by testing.
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THE INFLUENCE OF MOLASSES ADDITION ON THE PROPERTIES OF ECO
FERTILIZING GRANULAR MATERIALS BASED ON PEAT
/
INFLUENȚA ADAOSULUI DE MELASĂ ÎN COMPOZIȚIA MATERIALELOR ECOFERTILIZANTE GRANULARE PE BAZĂ DE TURBĂ ASUPRA PROPRIETĂȚILOR
ACESTORA
Gyorgy Z., Coța C., Nagy, E.M., Cioica, N., Tudora C
INMA Bucharest
Tel: 0748545931; E-mail: gyorgy2zoltan@gmail.com

Keywords: peat, biocomposite, molasses, granular fertilizer.
ABSTRACT
The importance of organic farming is steadily increasing, so lately researches have been aimed at
achieving more concentrated organic fertilizers, easier to apply and more stable during plant growing periods.
Obtaining such organic fertilizers involves knowing and monitoring the constituent characteristics and identifying
some additives to optimize their formulation. The paper presents the results of the research on the influence of
molasses addition on the properties of peat-based granular eco-fertilising materials.
REZUMAT
Importanța agriculturii ecologice este în continuă creștere, astfel încât în ultima vreme cercetările au vizat
obținerea unor îngrășăminte organice mai concentrate, mai ușor de aplicat și mai stabile în timpul perioadelor
de creștere a plantelor. Obținerea unor astfel de îngrășăminte organice implică cunoașterea și monitorizarea
caracteristicilor constitutive și identificarea unor aditivi pentru a optimiza formularea acestora. Lucrarea prezintă
rezultatele cercetării privind influența adăugării de melasă asupra proprietăților materialelor granulare fertilizante
pe bază de turbă.
INTRODUCTION
Organic farming is practiced on 1% of the global agricultural area, and its importance continues to
increase, being perceived by many as having less negative effects on the environment than conventional
agriculture (K.Lorenz, R. Lal, 2016).
As a result, lately, research in the field of fertilizers has focused on reducing the negative impact of their
use on the environment and consumers and on finding new, less expensive fertilizer sources. The aim is to
make organic fertilizers more concentrated, easier to apply and more stable during the vegetation periods of the
plants (Aguilera, J., et al., 2012).
The requirements introduced by the legislation of environmental protection (Ministry of Environment and
Water Management, 2005) and of ensuring a sustainable agriculture along with modern fertilization technologies
have led to increase the diversity of organo-mineral fertilizers.
According to the European Parliament Regulation on CE marked fertilizer products, an organo-mineral
fertilizer is composed of one or more inorganic fertilizers and a material containing organic carbon and nutrients
of exclusively biological origin. (CE nr. 1069/2009 și CE nr. 1107/2009, Anexa 1, 2016).
There are concerns for the achievement of: organic enhancers, which must be added to the soil, in situ,
firstly to maintain or improve its physical properties and which may to some extent improve its chemical and / or
biological properties or activity; organic fertilizers derived from organic raw materials of animal or vegetable
origin, consisting of organic components to which the main fertilizing elements are chemically linked in organic
form or are part of the material; organo-mineral fertilizers obtained by chemical reaction or by dry mixing of one
or more organic fertilizers and / or one or more organic matrices with one or more inorganic fertilizers (Cioica,
N., et al. 2018, Nagy; M. E., et al. 2018 ).
The combined application of organo-mineral fertilizers has proved to be a better approach for increasing
and sustaining soil fertility and crop yields than applying only chemical or organic fertilizers (Blaga, Gh., et al.
2008). Organic substances from this type of fertilizer applied to agricultural land favor the development and
growth of plants because they provide macro and micronutrients, reduce soil toxicity by complexing heavy
metals, improve the physical and chemical characteristics of the soil and prevent nutrient losses through
leaching.
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Organo-mineral fertilizers are the result of an optimal blend of organic and mineral substances,
depending on plant nutritional needs, which will lead to products that release nutrients (nitrogen, phosphorus,
potassium, magnesium and other microelements) which, besides supplying deficient nutrients to plants, also
have the qualities of improving soil attributes (Blaga, Gh. et al, 2008).
Researches in the field (Ştefan, V., et al. 2015) emphasize that for the development of quality fertilizers, a
large number of characteristics of the constituents that influence the qualities and properties of the resulting
product must be taken into consideration and monitored. If the basic constituents of the fertilizer have suboptimal characteristics, other additions must be identified to optimize the formulation.
Knowing the physical, mechanical and chemical characteristics of fertilizers is of particular importance for
ensuring their proper management.
The paper presents the results of the research regarding the influence of the addition of molasses on the
properties of peat based granular fertilizing materials obtained according to a technology developed by INMA
Bucharest (Siminiceanu, I., 1980; Nagy; M. E., et al. 2018 ).
MATERIAL AND METHOD
The peat-based granular eco-fertilizer biocomposite material was made by extrusion and granulation,
the manufacturing formula being prepared without addition of molasses - Variant I, and with addition of
molasses - V II / 1 and V II / 2 variants, whose composition is shown in table 1. In fig.1. is presented the aspect
of the samples subjected to the experiments in order to characterize them, realized in the three variants.
The addition of sugar beet molasses to the formula for manufacture the peat-based biocomposite
material constitute a source of organic nitrogen, potassium and vitamins, containing 0.5-2.1% nitrogen, 2-5%
potassium, and other microelements, having a pH of 4.9-8.5. At the same time, molasses catalyzes the
enzymatic biological processes that take place at the root level in the soil and in which participate the betaine,
an amino acid with the role of growth factor and the biotin which is a vitamin. (Parent et al., 2003).
Table 1.
Composition of formulas used to produce peat-based granular fertilizer biocomposite material
No.

Percentages, %

Used substance

Version I

Version I

1

Dry peat, humidity 20%

34.11

32,01

30,71

2

Monoammoniumphosphate (MAP)

26,19

26,19

26,19

3

Urea

15,71

15,71

15,71

4

Protein hydrolyzate

18,31

18,85

18,31

5

Starch

2,10

2,10

2,10

6

Magnesium sulphate, MgSO4

3,14

3,14

3,14

7

Zinc sulphate, Zn SO4

0,08

0,08

0,08

8

Copper sulphate, CuSO4

0,05

0,05

0,05

9

Iron sulphate, FeSO4

0,10

0,10

0,10

10

Manganese sulphate, MnSO4

0,21

0,21

0,21

11

Cobalt sulphate, CoSO4

0,03

0,03

0,03

12

Orthophosphoric acid, H2PO4

0,18

0,18

0,18

13

Molasses from sugar beet

0

2,10

3.40
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Fig.1 – Eco fertilizing bio-composite material based on peat

Experiments were performed on establishing the influence of the addition of molasses in manufacturing
formula of biocomposite fertilizer material based on peat, being determined for the product resulting from the
processing of the three formula: granulometric fraction, humidity, compressive strength, bulk density, water
absorption, dry matter content, organic carbon content and C / N mass ratio.
To determine the granulometric fractions, samples of about 50 g were taken from each variant of material
made. Each sample was sifted through sieves with a mesh size of 4; 2; 1; 0.5 and 0.25 mm.
In order to determine the water content of the granules, 20 g samples were taken from the granule mass
for each variant, that were weighed with Partner precision balance, with the measuring range between 0.5 g and
max. 600 g and a 0.1g error. The samples were dried in the oven in 1 hour increments, at 60 oC, after each
round being weighed again until a minimum of 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).
The compression tests were performed with a manual press equipped with a 5 kN force transducer, the
data being retrieved and processed through a Spider 8 data acquisition plate. For measurements a pellet was
used, the measurements being repeated by 5 times to determine the average value of the compressive strength
for each formula.
To determine the bulk density of peat based granules of biocomposite material a calibrated vessel of
volume V=0,03 dm3 having a mass m = 27.56 g was used. For determinations we inserted the material from a
height of 5 cm into the vessel after which the vessel was buffered 50 times by a wooden table and weighed to
obtain the mass m1. The bulk density in the compact state was calculated with the formula:
ρ = (m1-m) / V

[1]

To determine the absorption capacity of the granules made in those 3 variants, samples of 5 g granules
(mus) were measured by weighing, over which 10 g of distilled water was added and after 5 minutes the
excedent of water was removed and weighed again the saturated sample (msa). The water absorption was
calculated based on mass (am) with the formula:
am = (msa - mus) 100 / mus

[2]

The dry matter content of the final product is determined by the dry matter content of all the ingredients in
the manufacturing recipe. The water in the manufacturing recipe is contained in peat, protein hydrolysate and
magnesium sulfate heptahydrate (peat -21,6% water, hydrolyzate -85,5% water, and MgSO4 -50% water).
The percentage of organic carbon for the biocomposite material is determined by reporting the amount of
carbon to the total dry matter in the final product.

RESULTS
The results obtained from the granulometric analysis of the biocomposite material are presented in table
2. In fig. 2. the influence of molasses addition on the granulometric structure of the biocomposite material is
presented.
Table 2
Granulometric composition
Mass of granules, percentage parts,%

Granulometric fraction
Variant I

Variant II/1

Variant II/2

between 2 and 4 mm

42,31

83.4%

35.89

71.6%

34.17

68.2%

between 1and2 mm

4,69

9.2%

9.72

19.4%

10.92

21.8%

between 0,5 and 1 mm

1,03

2.0%

0.75

1.5%

1,55

2,8%

between 0,25 and 0,5 mm

1,04

2.1%

2.81

5.6%

2.31

4.2%

< 0,25

0.74

9,5%

0.70

1.4%

0.92

1.8%

>4

0.92

1.8%

0.25

0.5%

0.23

0.2%

Total

50,73

100%

50,12

100%

50,10

100%
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Fig.2 - Influence of molasses addition on the granulometric structure of the biocomposite material.

From the analysis of the data presented in table 2 we observe that the biocomposite material obtained in
all three variants has a granulometric structure comparable to that of the granulated mineral fertilizers, based on
nitrogen or complexes with nitrogen, phosphorus and potassium, which allows their administration with specific
technical equipment. Thus, the technical requirements regarding the granulometric structure of the fertilizers
established by EC Regulation no. 2003/2003 provide: min. 90% between 1 and 4 mm and max. 10% below 1
mm or more than 4 mm. There is an increase of the percentage of granules between 1 and 2 mm in the
biocomposite material with the addition of molasses. This is due to the fact that with the increase of molasses
addition also increases the quantity of sucrose that imprints a britlle character of the obtained product. Instead,
there is a decrease in the proportion of dust (fractions with a particle diameter smaller than 0.25 mm), which can
be explained by the binder character of sugar. Material smaller than 1 mm will be reintroduced into the
manufacturing cycle by mixing with the solid component in the formula.
In Figure 3. the diagrams for measuring the compressive strength of the biocomposite granules are
presented.
Analyzing the data resulting from the measurements it is observed that the materials obtained in all three
variants, with and without the addition of molasses, have values of compressive strength between 30 and 40 N.
A slight decrease of the compressive strength is recorded as a result of the addition of molasses, Variant II / 1
and II / 2 of the formula.

Fig.-3. Determination of the compressive strength for the three variants
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The results obtained from the determination of water content, bulk density, water absorption capacity,
dry matter content, percentage of organic carbon and mass ratio C / N are presented in table 3.
Table 3
Experimental results
Nr.

Characteristic

crt.
1

Water content

Peat based biocomposite material

U.M.

Variant I

Variant II/1

Variant II/2

%

6,8%

5,2%

5,6%

kg/m3

747,6

650,6

644,3

2

Bulk density

3

Water absorption capacity

%

41.0

55

60

4

Dry matter content,

%

78.0

78,11

78,25

5

Organic carbon

%

22,05

22,57

22,85

6

C / N mass ratio

12,14

12,42

12,58

From the analysis of data it was found that, in all three variants of the formula, the water content of the
biocomposite material falls within normal limits, lower values being registered in the case of variants with added
molasses, in which case the water absorption capacity is higher.
The bulk density has small relative values, between 650 and 750 kg / m3, as a result of the organic
component in the form of peat characterized by low specific weight.
Both the organic carbon content and the C / N mass ratio have corresponding values for the organomineral fertilizers (EC no. 1069/2009 and EC no. 1107/2009, Annex 1, 2016, Ministry of Environment and Water
Management, 2005), a slight increase of these indicators is recorded in the variants with the addition of
molasses.
CONCLUSIONS
An important component of the researches in the field of new fertilizers development less expensive and
with less impact on the toxicity of soil and agri-food products is the most accurate knowledge of their
characteristics. This allows, if the basic constituents of the fertilizer have sub-optimal characteristics, to identify
other additions to optimize the formulation.
The addition of molasses from sugar beet to manufacturing formula of peat-based biocomposite material,
constituting an additional source of organic nitrogen, potassium, vitamins, and other microelements, having the
role of catalyzing enzymatic biological processes at the root level in soil, leads to an increase in the quality of
the fertilizer bicomposite.
Research has shown that the addition of sugar beet molasses in the manufacturing recipe does not
negatively influence the properties of peat-based biocomposite material, which are within the requirements for
organo-mineral fertilizers.
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ABSTRACT
In 2018 - 2019 period at A.R.D.S. Secuieni were initiated studies on improving the cultivation technology
of the sweet sorghum. Thus, it has been observed that the choice of the hybrid is of great importance for the
area, some of them have produced biomass up to 79.4 to ha-1, with an amount of sugar in stems up to 16.6 brix
(SASM 1 and SASM 2). Also, biomass production showed significant increases with increasing fertilization dose
and sowing rate, in variants sown with a 20 b.g. sqm-1 density and fertilized with doses of N100-N150 on the
agrofound P80K80, have achieved the highest yields, respectively 79.8 - 81.6 to ha-1.
REZUMAT
În perioada 2018 - 2019 la S.C.D.A. Secuieni au fost inițiate studii privind îmbunătățirea tehnologiei de
cultivare a sorgului zaharat. Astfel, s-a observat că alegerea hibridului prezintă o mare importanță pentru zonă,
unii dintre aceștia au realizat producții de biomasă de până la 79,4 t/ha, cu o cantitate de zahăr în tulpini de
până la 16,6 brix (SASM 1 și SASM 2). De asemenea, producția de biomasă a prezentat creșteri importante
odată cu creșterea dozei de fertilizare și a desimii de semănat, în variantele semănate cu o desime de 20
b.g./mp și fertilizate cu doze de N100-N150 pe agrofond de P80K80, s-au realizat cele mai ridicate producții,
respectiv 79,8 - 81,6 t/ha.

INTRODUCTION
Sweet sorghum (Sorghum bicolor L. Moench) is an annual species, which due to its high ecological
plasticity, can be cultivated in all areas of the globe, respectively in tropical, subtropical, temperate and semiarid regions (Lukow and McVetty, 2004; Taylor and Anyango, 2011).
The genus Sorghum belongs to the grass family Poaceae (Gramineae), subfamily Panicoideae, tribe
Andropogoneae, subtribe Sorghinae (Clayton and Renvoize, 1986). The Andropogoneae also contains
important crops such as sugarcane (Saccharum spp.) and maize (Zea mays).
The genus Sorghum is a very diverse group which has made the classification of domesticated and wild
sorghums difficult (Wiersema and Dahlberg, 2007). It consists of 25 recognised species that are classified
morphologically into five subgenera: Chaetosorghum, Heterosorghum, Parasorghum, Stiposorghum and
Eusorghum (Price et al., 2005a; USDA ARS, 2015). Cultivated sorghum belongs to the subgenus Eusorghum.
The centre of origin and domestication for cultivated sorghum is considered to be the north - eastern part
of Africa, most likely in the modern Ethiopia and Sudan regions where cultivation started approximately 4000 3000 BC (Dillon et al., 2007b). Cultivated sorghums of today arose from the wild Sorghum bicolor subsp.
arundinaceum (Doggett,1988).
Sorghum is the fifth largest and most important cereal crop in the world after wheat, maize, rice and
barley (Ejeta and Grenier, 2005). Uses of sorghum are diverse and a number of in-depth reviews are available
(Taylor, 2003). Sorghum is an important crop that serves as human staple and is a major livestock feed in
intensive production systems. Sorghum may be seen as one of the crops best suited to future climate change
due to its ability to adapt to conditions such as drought, salinity and high temperatures (ICRISAT, 2015).
Different races or cultivars of S. bicolor may be described as grain sorghum, fodder sorghum or sweet
sorghum depending on their morphology or end use (Purseglove, 1972). In some cases, sorghum is used as a
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dual purpose crop; after the grain is harvested, cattle are grazed on the stubble. Its potential as a biofuel crop
has been identified and is gaining in importance (CGIAR, 2015).
It is known in the specialty literature as "cane sugar from desert" or "vegetable camel" because of its
resistance to drought (Olugbemi, 2017) and atmospheric heat (Basavaraj et al., 2016). For these reasons,
sorghum should be considered as one of the most suitable cultures for fighting with the climate change
(ICRISAT, 2015).
Sweet sorghum presents high importance in animal nutrition, giving biomass yields up to 120 - 130 to ha1 (CGIAR, 2015), these crops being obtained with much smaller investments compared to the maize (FAO,
2015).
More recently, the researchers around the world have turned their attention to the extremely high
potential of sorghum in obtaining biogas. The sugars accumulated in the sweet sorghum stems represents an
extremely important raw material for the production of ethanol (Almodares and Hadi, 2009; O'Hara et al., 2013).
The high starch content of sorghum grain (70% per grain weight) and the ability of sorghum to withstand
hot dry cultivation conditions makes it suitable as a feedstock for ethanol production (Wylie, 2008).
Following the process of producing ethanol from sorghum, there are two co-products but which are
important for animal nutrition, namely "wet cake" and syrup, which are important sources of protein (RIRDC,
2013).
Improvements in the adaptability of sorghum to modern farming methods are continuing worldwide and
several biotic and abiotic factors have been identified as breeding targets for improved commercial outcomes
(QDAF, 2011c).
The current studies in sorghum area are aimed at improving the cultivation technology, so as to obtain the
high yields of biomass rich in sugars and to find methods for using the juice from the stems (Srinivasa Rao și
colab., 2011 a). In Romania, there is no market for sugar sorghum, because the benefits of this species are not
yet known, but through research initiated at A.R.D.S. Secuieni want to promote this culture and at the same time
establish the technology for cultivating it for the pedoclimatic conditions in the Center of Moldova.

MATERIAL AND METHOD
In order to promote the sweet sorghum and establish an innovative cultivation technology, in the period
2018 - 2019, in the experimental field from A.R.D.S. Secuieni were located three experiences, which aimed:
1. The study of an assortment of sugary sorghum hybrids, in order to identify hybrids with the highest
adaptability to climate change;
2. The establishing with high efficiency of technological parameters for the sugar sorghum, to create an
innovative technology in relation with new climatic conditions.
The factor pursuedet in the first (monofactorial) experience was the hybrid represented by BMR Gold,
Athena and Supersille from the Euralis Seeds company, and SASM 1 and SASM 2 from the Institute of
Phytotechnics Porumbeni. The technology performed in the experimental field was the one specific for the
pedoclimatic conditions in the Center of Moldavia. The density at sowing was 200000 g.s. ha-1, and the preplanting was soybean.
The second experience was an bifactorial type A x B, where the A factor was the sowing density with
three graduations: a1 - 10 germinable seeds sqm-1, a2 - 15 germinable seeds sqm-1 and a3 - 20 germinable
seeds sqm-1, and the B factor with fertilization with 7 graduations: b1 - Unfertilized, b2 - N50, b3 - N40P40K40, b4 N50P40K40, b5 - N75P80K80, b6 - N100P80K80 și b7 - N150P80K80. The experimentation was carried on Athena hybrid,
and the technology applied in the experimental field was one specific for the pedoclimatic conditions in the
Center of Moldavia, with respecting the experimentation protocol. The location of the experiments was
performed on a soil of typical cambic faeoziom (cernoziom), characterized as normally supplied with mobile
phosphorus (P2O5 - 39 ppm) and mobile potassium (K2O - 161 ppm), moderately supplied with nitrogen weak
acid (pH: 6.29) and weak fertile (humus content 2.3%).
In these two agricultural years, the climatic conditions were extremely unfavorable to all the field crops
and especially sorghum. The sowing of the crop was done in dry soil, in a poor quality germinating bed,
because of the droughts that occurred in the spring. The emergence of the culture was made later, with goals,
but the sorghum quickly had managed to fill these goals by issuing shoots. The summers were also droughty
and extremely hot, but the species continued to develop under these conditions, reachinging maturity, however,
with a slight delay.
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In the laboratory, the sugar content was determined by using the Kruss digital refractometer, a DR101-60
model, and during the vegetation period of the sorghum, have been made biometric and specific
measurements.
The obtained data were processed and statistically interpreted according to the method of analysis of
variance (ANOVA, 2013).

RESULTS
1. The influence of the hybrid on its production and quality under the pedoclimatic conditions
from A.R.D.S. Secuieni
From the morphological point of view, the studied hybrids were differentiated between them. Thus, the
size of the plant was between 286 cm (BMR Gold) and 332 cm (SASM 1), and the stem diameter was between
13.8 mm (Athena) and 17.8 mm (SASM 1). The number of the leaves/plant was between 10.2 (Supersille) and
11.7 (SASM 1). The longest leaf was observed in the variant sown with the Supersille hybrid (1006.3 mm), and
the shortest variant with the Athena hybrid (924.0 mm). The BMR Gold hybrid had showed the narrowest leaf,
and the SASM 1 hybrid showed the most width of the leaf (table 1).
Table 1
The morphological characteristics of the sugar sorghum hybrids studied under the pedoclimatic conditions from
A.R.D.S. Secuieni
Stem
Height plant
Number of
Leaf length
The width of the
No.
Hybrid
diameter
cm
leaves/plant
(mm)
leaf (mm)
(mm)
1
SAȘM 1
332
17.8
11.7
969.0
105.3
2
SAȘM 2
314
16.4
10.8
998.3
85.3
3
ES Athena
304
13.8
11.3
924.0
89.7
4
5

BMR Gold
Supersile
Average

286
318
311

17.2
14.2
15.9

10.4
10.2
10.9

926.3
1006.3
964.8

77.0
83.3
88.1

Given the climatic conditions of these two agricultural years (2018 and 2019), when the risened of the
culture was long delayed and uneven, the species had managed to compensate the goals by forming a high
number of shoots. Thus, the Athena hybrid was noted by the highest number of formed shoots/plant (1.68), and
BMR Gold and SASM 2 hybrids with the lowest number (1.43). By analyzing the data from table 2, we notice
that the number of shoots formed in the field are negatively influenced by the presence of the main plants and
the hybrid less influencing this.
Table 2
The number of plants harvested under pedoclimatic conditions of
A.R.D.S. Secuieni
Thousands of plants harvested/ha
Number of
No.
Hybrid
shoots/plant
Main
Shoots
Total
1
2
3
4
5

BMR Gold
SASM 1
SASM 2
Athena
Supersille

69
102
98
65
81

99
157
140
109
133

168
259
238
174
214

1.43
1.54
1.43
1.68
1.64

The sugar content has varied in according to the experimented hybrid and depending on the phenophase
of the plant. The Athena hybrid who has been harvested at physiological maturity achieved the highest sugar
content, namely 17.6 brix. This hybrid showed higher concentrations of sugar, indifferent of the harvesting
phenophase, accumulating from flowering to maturity 5.3 brix. With the exception of the SASM 2 hybrid (13.5
brix), all experienced hybrids achieved greater sugar concentrations than 16 brix at physiological maturity (fig.
1).
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Fig. 1 - The sugar content (brix) of some sugar sorghum genotypes experimented under
pedoclimatic conditions from A.R.D.S. Secuieni

The biomass production varied widely depending on the cultivated hybrid. The minimum level of
production was recorded in the variant sown with the BMR Gold hybrid and the maximum level from the variant
sown with the hybrid SASM 1 (79.4 to ha-1). Compared with the average of the experience (control), statistically
assured production obtained in the variants sown with SASM 1 hybrids (very significant), SASM 2 (distinctly
significant) and Athena (distinctly significant). The hybrids SASM 1 and SASM 2, they were also noted in
production of stems and leaves, achieving very significant or distinctly significant increases, however, the
panicle productions were small with very significant negative differences compared to the control (table 3).
Table 3
The influence of the hybrid on the biomass production obtained at the sugar sorghum
under the pedoclimatic conditions from A.R.D.S. Secuieni
No.

Hybrid

Stem
***

Biomass production (to ha-1)
Leaves
Panicle
1.8

Total

OOO

79.4 ***

1

SASM 1

66.7

2

SASM 2

64.2 ***

11.2 ***

3.0 OOO

78.4 **

3

Athena

53.2

10.3 *

12.7 ***

76.2 **

4

BMR Gold

35.6 OOO

6.5 OOO

2.0 OOO

44.1 OOO

5

Supersille

47.6 O

7.6 OO

11.0 ***

66.2

Average hybrids

53.5

9.3

6.1

68.9

LSD 5% (to ha-1)

4.8

1.0

0.7

5.2

-1)

6.4

1.4

0.9

7.0

LSD 1% (to ha

10.9

**

Note: *significant, **distinctly significant, ***very significant; negativ significant, negativ distinctly significant, negativ very significant

2. The influence of some technological factors on the biomass production in the pedoclimatic
conditions in the Center of Moldavia
Both sowing density and applied fertilization had major influences on the morphological characteristics of
the sugar sorghum. From table 4, it is observed that the applied fertilization had positive influences on the
morphological characteristics of the sugar sorghum, but the sowing density had negatively influenced their
values.
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Table 4
The influence of technological factors on the morphological properties of sugar sorghum
A Factor
B Factor
Stem
Leaf
Height
Number of
The width of
Density at sowing
Fertilization
diameter
length
plant (cm)
leaves/plant
the leaf (mm)
-1
-1
g.s. sqm )
(kg a.s. ha )
(mm)
(mm)
Nefert.
298
15.3
10.0
966.7
74.3
N50
303
16.4
9.0
933.7
81.7
N40P40K40
306
17.6
10.3
932.7
88.7
10
N50P40K40
305
18.0
9.3
883.0
83.3
N75P80K80
311
18.6
9.7
873.7
90.0
N100P80K80
314
18.9
10.0
877.7
77.7
N150P80K80
317
19.9
9.3
907.0
78.7
Nefert.
291
14.3
9.3
925.7
85.7
N50
296
15.8
9.3
907.7
90.7
N40P40K40
301
16.3
9.7
929.7
82.3
15
N50P40K40
303
18.0
9.3
856.7
77.3
N75P80K80
306
17.8
10.7
915.0
97.3
N100P80K80
309
18.4
9.3
853.3
81.7
N150P80K80
312
19.2
9.7
935.3
87.7
Nefert.
282
14.5
11.0
917.0
74.7
N50
295
15.7
9.3
897.3
86.0
N40P40K40
295
16.5
9.0
849.7
77.3
20
N50P40K40
299
16.7
9.0
787.0
69.7
N75P80K80
301
18.3
10.7
848.3
80.7
N100P80K80
301
18.9
9.0
844.0
77.0
N150P80K80
307
19.5
9.7
911.3
78.3

From table 5 it shows that the studied factors influenced the number of plants harvested, both on the
main ones and on the shoots. Thus, the number of main plants was higher at the sowing density of 20 g.s. sqm1, as is normal, and the number of shoots has evolved positively with the increase of the fertilizer dose and
negative with the increase of the sowing density. The highest number of shoots/plant was made by the variant
sown with 10 g.s. sqm-1 and fertilized with N150P80K80.
Table 5
The number of plants harvested under the pedoclimatic conditions of A.R.D.S. Secuieni
Thousands of plants harvested
A Factor
B Factor
Number of
ha-1
Density at sowing g.s.
Fertilization (kg
shoots/plant
sqm-1)
a.s. ha-1)
Main
Shoots
Total
Nefert.
52
58
110
1.12
N50
54
62
116
1.15
N40P40K40
50
66
116
1.32
10
N50P40K40
59
70
129
1.19
N75P80K80
53
70
123
1.32
N100P80K80
54
70
124
1.30
N150P80K80
53
71
124
1.34
Nefert.
75
56
131
0.75
N50
80
61
141
0.76
N40P40K40
75
57
132
0.76
15
N50P40K40
69
55
124
0.80
N75P80K80
79
65
144
0.82
N100P80K80
71
60
131
0.85
N150P80K80
71
61
132
0.86
Nefert.
94
47
141
0.50
N50
100
53
153
0.53
N40P40K40
87
46
133
0.53
N50P40K40
86
47
133
0.55
20
N75P80K80
95
54
149
0.57
N100P80K80
95
55
150
0.58
N150P80K80
105
63
168
0.60
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In the Table 6 is observed an increase of sugar content directly proportional with the fertilization until the
applied dose of N100P80K80 when it begins to decrease. At the same time, it was observed that the density of
sowing of 15 g.s. sqm-1 is favorable for obtaining a higher sugar content.
At flowering, the sugar content ranged from 10.3 brix (Unfertilized x 10 g.s. sqm-1) to 13.5 brix (N75P80K80
x 15 g.s. sqm-1), and in the milk phase of the grain it ranged from 12.2 brix (Unfertilized x 30 g.s. sqm-1) to 15.4
brix (N75P80K80 x 15 g.s. sqm-1).
The maximum level of sugar content was recorded at physiological maturity, when it varied between the
limits from 15.3 brix (Unfertilized x 10 g.s. sqm-1) to 18.8 brix (N75P80K80 x 15 g.s. sqm-1) (table 6) .
Table 6
The influence of some technological factors on the sugar content of sugar sorghum stems
A Factor
B Factor
Harvested at
Harvested at
Harvested in the
Density at sowing g.s.
Fertilization (kg
physiological
bloom (brix)
milk phase (brix)
sqm-1)
a.s. ha-1)
maturity (brix)
Nefert.
10.3
11.6
15.3
N50
11.1
12.6
16.2
N40P40K40
11.8
13.4
17.1
10
N50P40K40
12.2
13.8
17.4
N75P80K80
13.2
14.8
18.3
N100P80K80
12.5
14.2
17.4
N150P80K80
12.8
14.6
17.7
Nefert.
10.7
12.3
15.8
N50
11.7
13.4
16.8
N40P40K40
12.5
14.7
18.2
15
N50P40K40
12.8
14.9
18.3
N75P80K80
13.5
15.4
18.8
N100P80K80
12.7
14.6
18.7
N150P80K80
13.0
14.8
18.0
Nefert.
10.6
12.2
15.6
N50
11.6
13.3
16.7
N40P40K40
12.5
14.4
17.9
20
N50P40K40
12.5
14.3
17.8
N75P80K80
13.4
15.1
18.6
N100P80K80
12.6
14.2
18.2
N150P80K80
13.0
14.7
18.0

The factors studied in this year have greatly influenced the biomass production achieved, which had
varied in very wide limits, ranging from 31.5 to ha-1 (Unfertilized x 10 g.s. sqm-1) to 81.6 to ha-1 (N150P80K80 x 20
g.s. sqm-1). Biomass production had significant increases with increasing fertilization dose and the sowing
density. Thus, in the variants sown with 20 g.s. sqm-1 and fertilized with doses of N75P80K80, N100P80K80 and
N150P80K80, they were very significant production increases compared with the control (average experience)
(table 7).
In contrast, in the variants planted with 10 g.s. sqm-1 had realized negative production differences very
significant and were achieved until the dose of N100P80K80 had been applied. This aspect indicates that the sugar
sorghum prefers both high doses of fertilizers and even use a high density for sowing. The same aspect was
observed for biomass productions made on components (stems, leaves and panicles) (table 7).
Table 7
The influence of technological factors on biomass production at sugar sorghum
A Factor
B Factor
Biomass production (to ha-1)
Density at sowing g.s.
Fertilization (kg
Stems
Leaves
Panicles
Total
sqm-1)
a.s. ha-1)
OOO
OOO
OOO
Nefert.
22.0
4.1
5.4
31.5OOO
OOO
OOO
OOO
N50
25.5
4.8
6.3
36.6OOO
10
OOO
OOO
OOO
N40P40K40
23.6
4.4
5.8
33.8 OOO
N50P40K40
27.4 OOO
5.3 OOO
6.8 OOO
39.5 OOO
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15

20

N75P80K80
N100P80K80
N150P80K80
Nefert.
N50
N40P40K40
N50P40K40
N75P80K80
N100P80K80
N150P80K80
Nefert.
N50
N40P40K40
N50P40K40
N75P80K80
N100P80K80
N150P80K80

Media
LSD 5% (to ha-1)
LSD 1% (to ha-1)
LSD 0,1 % (to ha-1)

29.2 OOO
38.8
38.3
35.9 O
39.4
38.0
36.8
41.7
45.6**
46.4***
44.6**
48.0***
43.6*
43.6*
48.5***
55.4***
56.8***
39.5
3.3
4.6
6.7

5.8 OOO
7.7
7.5
7.0 O
7.8
7.5
7.3
8.3
9.1***
9.3***
8.8**
9.5***
8.6*
8.8**
9.7***
11.1***
11.4***
7.8
0.6
0.9
1.3

7.2 OOO
9.6
9.4
8.8
9.7
9.3
8.8
10.1
11.0**
11.2**
10.7*
11.5***
10.5*
10.3
11.8***
13.3
13.4
9.6
0.9
1.2
1.8

42.2 OOO
56.1
55.2
51.7 O
56.9
54.8
52.9
60.1
65.7**
66.9***
64.1**
69.0***
62.7*
62.7*
70.0***
79.8***
81.6***
56.8
4.6
6.6
9.5

CONCLUSIONS
The sweet sorghum is now having a great importance because of its use in animal nutrition and the
production of biofuels.
Following the results obtained at A.R.D.S. Secuieni regarding the improvement of sugar sorghum
technology, it had been concluded that:
- A great importance for the area is by choosing the hybrid ,which will have possibilities of lifting the
pedoclimatic conditions in the Center of Moldavia of the hybrids SASM 1 and SASM 2, which had produced
biomass production of up to 79.4 to ha-1 and presented sugar in stems up to 16.6 brix;
- The technological factors applied in the sorghum culture determine the biomass production and even his
quality. The sowing density and applying mineral fertilization it had major influences on biomass production,
which showed significant increases with increasing fertilization but even with the sowing density. In variants
sown with a tenth of 20 g.s. sqm-1 and fertilized with doses of N100 - N150 on agrofound of P80K80, had realized
the highest production, respectively 79.8 - 81.6 to ha-1, which denotes that sugar sorghum prefers the density
and doses of nitrogen higher.
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ABSTRACT
The safety of the car passengers is an important issue that must be achieved in the structural design of
the vehicles. To increase the safety of the passengers, it is intended to design and build the bodywork structure
that have a geometry who can reduce the car damage and the passenger’s injury in the crash impact. The
shock absorber used for automotive structure are intermediate body elements placed between the front bumper
and the chassis structure. The study presented on this paper shows the behavior in the case of a frontal impact
of a shock absorber structure. In the first part of the paper are presented the latest research and methods used
for virtual testing, using finite element methods. Second part of the paper presents the geometrical design and
finite element analysis of the proposed shock absorber geometry. Each model is simulated in concordance with
the real work condition, with same loading case. Obtained result are analyzed, determining the von Mises stress
and displacement.
REZUMAT
Siguranța pasagerilor auto este un aspect important care trebuie realizat în proiectarea structurală a
vehiculelor. Pentru a crește siguranța pasagerilor, se intenționează proiectarea și construirea structurii
caroseriei având o geometrie care poate reduce daunele autoturismului și vătămarea pasagerului la impactul
din timpul accidentului. Amortizoarele de șoc utilizate pentru structura automobilelor sunt elemente intermediare
ale caroseriei plasate între bara de protecție față și structura șasiului. Studiul prezentat în această lucrare arată
comportamentul în cazul unui impact frontal al structurii amortizorului de șoc. În prima parte a lucrării sunt
prezentate cele mai recente cercetări și metode utilizate pentru testarea virtuală, folosind metoda elementului
finit. A doua parte a lucrării prezintă designul geometric și analiza geometriei propuse de amortizor. Fiecare
model este simulat în conformitate cu condițiile reale impuse, cu același caz de încărcare. Rezultatul obținut
este analizat, determinând tensiunile von Mises care apar și deformația.

INTRODUCTION
In recent years, the rapid development of the automotive industry and required standards regarding the
safety of the traffic participants involves the development of new structural parts that can increase the safety in
the event of a crash. Current design, simulation and validation techniques improve the comfort and safety of the
car passengers. Some of the studies from this research field are presented in the following paragraphs. An
extensive study described in eight chapter present the base steps that determine the design, modelling, finite
element crash simulation and results interpretation. With the purpose of shock absorber structure optimization
for increase the passenger safety are presented various frontal bumper crash scenarios. After simulation, the
resulting deformation and the absorbed energy it is observed [7]. The behavior of a chassis structure is crashed
from a rigid wall and from a rigid pole at a velocity of 15 m/s. The chassis structure is solved in Radioss solver
from both cases. The obtained results show the chassis structure have a better impact behavior of the rigid wall
than the case of the rigid pole impact [4]. Another crash analysis that investigates the ways to improve the
design of the frontal bumper is presented in [1]. The simulation of the crash is performed at a velocity of 30 m/s.
The effect of the thin-walled structure in automotive crashworthiness are studies in [3]. The objective of this
study is to optimize a thin-walled structure to attenuate the frontal impact. Are tested five structure models using
the explicit finite element method of Ls-Dyna. Praveenkumar present the study of the frontal impact for three
different bumpers. The simulation is done at the 17.778 m/s initial speed of the structure and the distance
between the bumper and the barrier is 100 mm. The bumper material is an aluminum alloy [2].
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FINITE ELEMENT METHOD
Currently the finite element analysis is a numerical simulation method implemented in engineering. In the
next paragraphs is presented the base steps that must be follow in order to perform a crash finite element
analysis. In figure 1 is presented the flowchart of the crash analysis process [6].

Fig. 1 - Flowchart of the crash analysis process

CAD GEOMETRY
The study of the geometry is performed in order to obtain a shock absorber design that have a better
performance in case of the frontal crash. The first step of this study is given by the conception and create the
CAD model of the shock absorber. In figure 2 is presented the orthogonal and isometric projection of the shock
absorber model.

Fig. 2 - CAD model of the shock absorber

Using the advanced modelling techniques in SolidWorks [9] software the proposed geometry of the shock
absorber is generated. The model is created from a rectangular shape from 60 mm and a 4 mm thickness. The
shock absorber geometry is exported from SolidWorks in IGES format.
GEOMETRY DISCRETIZATION
The structure geometry is imported into Hypermesh environment, where is prepared for meshing. After
the cleanup surface process, the midsurface of the solid geometry is extracted by using the software
commands. Geometry discretization is the fundamental steps required by finite element method and consist in
transition from the continue structure to a discrete model with a finite number of points. The surface geometry is
meshed automatically according to the pre-determined the quality criterion of the elements.
The property definition, material assigning, contact between surface, imposing the simulation condition
and creating rigid elements are done in HyperCrashTM. In order to set an imposed velocity of the meshed
structure on the rear side of the absorber are created a rigid body element. The mass is attached from the
master node in the center of mass of a slave node group. The resulted model is run in Radioss solver and the
obtained results are performed in HyperView and HyperGraph [10].
MATERIAL MODEL
The assigned materials from both crash study from the shock absorber are steel and aluminum. The
chosen material model from HyperCrash is an elastoplastic material Johnson Cook (Law 2). This material type
includes strain rates and the temperature effect.
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The mechanical properties of the assigned materials are shown in table 1. In law 2, the material behaves
as linear elastic when the equivalent effort is less than yield stress. For high values of the strain, the material’s
behavior becomes plastic.
Table 1
Mechanical properties of the materials [8]
Steel

Aluminum

Initial density

7.85e-6

Initial density

2.7e-6kg/m3

Poisson ratio

0.3

Poisson ratio

0.33

Hardening exponent

0.5

Hardening exponent

0.374618

Young modulus

210 GPa

Young modulus

60.04 GPa

Hardening parameter 0.5 GPa

Hardening parameter

0.22313

Failure plastic strain

Failure plastic strain

0.75

0.3

kg/m3

PROCESSING SETUP
To perform a higher accuracy finite element simulation, the shock absorber geometry is fine meshed and
it is chosen QEPH shell formulation, which is recommended for crash analysis, and for plastic behavior of the
material, five integration points are used.

Fig. 3 - Steps to create the symmetric mesh

The finite elements used in this crash simulation study are shell type that have a target length of 2 mm
and a thickness of 4 mm. In figure 3 is presented the technique to meshing the symmetric geometry part. In this
case is necessary to mesh just only one quarter of the part. After the quarter FEM model is mirrored from
vertical and horizontal plane in order to create the completed model of the shock absorber. The surface contact
between the shock absorber and rigid wall is “Type 7” with a Coulomb friction of 0.2. This contact interface is
used for the most general types of crash analysis. For imitates the real work condition a mass of 300 kg is
attached of shock absorber model. The imposed velocity of the model is 15m/s.

RESULTS
The crash result is presented in figures below for three thickness cases: 4 mm, 1 mm and 0.5 mm for
both materials used.
This crash study is done on a graphic workstation, with an Intel Xeon CPU E5-2609v2, 2.5 GHz, and a 32
GB RAM and NVidia Quadro K620 graphical card.
In the figure 4 are presented the deformed model of the absorber, vonMises stress and displacement
values from a thickness of 4 mm of the steel shock absorber.
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Fig. 4 - Stress and displacement for 4 mm thickness of steel absorber

In figure 5 is presented the vonMises stress and displacement values of the aluminium shock absorber
whit a 4 mm thickness.

Fig. 5 - Stress and displacement for 4 mm thickness of aluminum absorber

The stress and the displacement of the steel shock absorber are presented in figure 6.

Fig. 6 - Stress and displacement for 1 mm thickness of steel absorber

The stress and displacement resulted for an aluminum absorber with a 1 mm thickness are presented in
figure 7.
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Fig. 7 - Stress and displacement for 1 mm thickness of aluminum absorber

In figure 8 the vonMises stress and the displacement resulted for steel absorber are presented. It can be
observed that the shock absorber model is totally destroyed.

Fig. 8 - Stress and displacement for 0.5 mm thickness of steel absorber

In figure 9 are presented the vonMises stress and the displacement of the aluminum shock absorber.
The model is totally destroyed.

Fig. 9 - Stress and displacement for 0.5 mm thickness of aluminum absorber

To a better view a buckling effect of the shock absorber in figure 10 are presented the phase during the
crash simulations for a 4 mm from steel.
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0 ms

30 ms

50 ms

80 ms

Fig. 10 - Buckling effect of the shock absorber during the simulation

CONCLUSIONS
In this paper is present the crash behavior of the shock absorber used in construction of the vehicle’s
chassis. Are studied two cases of crash collision of a shock absorber from a rigid wall: in the first case, the
attenuator is made from steel and the second case, the attenuator is made from aluminum.
During this study are presented all steps in order to create a crash simulation, from the geometrical design
until the simulation results. An advantage of using the finite simulation analysis is that depending on the
obtained simulation results it is possible to propose the final shape of the analyzed part. The protrusions from
the model geometry allow a good axial compression of the model during the crash simulation process. It can
be observed that the first simulation case with 4 mm thickness of the absorber takes over the internal energy
better than in the other cases.

REFERENCES
[1] Yedukondalu, G., Srinath, A., Suresh Kumar, J., (2015), Crash Analysis of Car Cross Member Bumper
Beam, Altair Tehnology Conference, Altair Technology Conference, pp. 1-9, India;
[2] Praveenkumar, A., Saran, V., Kavi Pradhap, M., (2016). Analysis of Typical Cross-Sectional Bumper
Beam, International Journal of Modern Engineering Research, ISSN: 2249-6645, vol. 6(11), pp. 46-50;
[3] Sahzabi, Balaei, A., Esfahanian, Mohsen. (2017); The Effects of Thin-Walled Structure on Vehicle
Occupants’ Safety and Vehicle Crashworthiness, International Journal of Automotive Engineering,
vol.7(2), pp. 2393-2403;
[4] Scurtu, I-L., Lupea, I. (2014), Frontal Crash Simulation of a Chassis Frame, Acta Technica Napocensis
Series: Applied Mathematics, Mechanics, and Engineering, ISSN: 1221 – 5872, vol. 57(3), pp. 411-414;
[5] Scurtu I-L., Balcau M-C., Jurco A-N. (2019), Topography Optimization of a Bracket Used for Car
Bodywork Reinforcement, Proceedings of the 4th International Congress of Automotive and Transport
Engineering (AMMA 2018), Proceedings in Automotive Engineering. Springer, Cham;
[6] Tiago Miguel Encarnação Nunes, (2017), Multi-objective Design Optimization of a Frontal Crash Energy
Absorption System for a Road-safe Vehicle, Thesis to obtain the Master of Science Degree in Aerospace
Engineering;
[7] Vandanapu, Manideep, Kumar., Pandu, Ratnakar, (2015), Design Optimization of Passenger Car Front
Bumper, International Journal of Science and Research (IJSR), ISSN (Online): 2319-7064, vol. 4(11), pp.
1411-1417;
[8] Altair Hyperworks user guide, (2017).
[9] SolidWorks user guide, (2018).
[10] Radioss tutorials, (2018).

223

INTERNATIONAL SYMPOSIUM

ECOLOGICAL RIPPER FOR SEEDBED PREPARATION
/
ЭКОЛОГО-МЕЛИОРАТИВНЫЙ РЫХЛИТЕЛЬ ДЛЯ ПРЕДПОСЕВНОЙ
ОБРАБОТКИ ПОЧВЫ
Karpenko V. D.1, Tarasenko B. F.1, Chebotarev M. I.1, Oskin S. V.1
1)

FSBEI of HE "Kuban State Agrarian University named after I.T. Trubilin
Tel: 8 918 276-94-89; E-mail: b.tarasenko@inbox.ru

Keywords: pre-sowing tillage, moisture reserves, diesel fuel, brackets, working bodies, cylindrical spring
ABSTRACT
The article describes the factors that ensure the creation of the necessary conditions for seeding and their
rapid germination, as well as the formation of microbiological activity of soils and the creation of conditions for
rapid sowing. In the Kuban agrarian University to reduce energy costs and ensure a more rational use of soil
moisture reserves and removal of plant materials to the soil surface developed and protected by the patent
"Device for pre-tillage". Then the methods of research of the new device are offered. Further carried out the
field testing of the prototype of the upgraded according to the patent, and the base of the cultivator for seedbed
preparation. Fuel consumption was determined by measuring tanks installed on the tractor. The results of the
test confirmed the effectiveness of innovative ecological and reclamation means for pre-sowing tillage. The pilot
unit for pre-sowing tillage provides diesel fuel savings of an average of 0.37 kg/ha or 12% and a more rational
use of soil moisture reserves.
РЕФЕРАТ
В статье изложены факторы обеспечивающие создание необходимых условий для заделки семян и
быстрого их прорастания, а также формированию микробиологической деятельности почв и
создания условий для быстрого проведения посева. В Кубанском аграрном университете для
снижения затрат энергии и обеспечения более рационального использование запасов почвенной
влаги и выноса растительных материалов на поверхность почвы разработано и защищено
патентом «Устройство для предпосевной обработки почвы». Затем предложены методы исследований
нового устройства. Далее проведены полевые испытания опытного модернизированного согласно
патенту и базового культиватора для предпосевной обработки почвы. Расход топлива определялся
с помощью мерных емкостей установленных на тракторе. Результаты испытания подтвердили
эффективность инновационного эколого-мелиоративное средство для предпосевной обработки
почвы. Опытный агрегат для предпосевной обработки почвы обеспечивает экономию дизельного
топлива в среднем 0,37 кг/га или 12% и более рациональное использование запасов почвенной влаги.
INTRODUCTION
In agrolandscape technological system of cultivation of crops plays an important role presowing tillage,
including continuous presowing cultivation and harrowing. Its main task is the destruction of weeds, loosening
and leveling the soil without wrapping it in preparation for sowing or when caring for crops. Loosening of the soil
contributes to the accumulation and preservation of moisture and nutrients in an accessible form for plants
(Oskin S. V., Tarasenko B. F., 2014). In addition, pre-sowing tillage provides the necessary conditions for
seeding and their rapid germination, as well as the formation of microbiological activity of soils and creating
conditions for rapid sowing.
The following agrotechnical requirements are applied to pre-sowing tillage (Karpenko V. D., 1998). The
depth of loosening of the soil should correspond to the depth of seeding with a deviation of ± 1 cm, and with dry
soil at 1...1.5 cm less. After cultivation, the top layer of soil should be fine-grained, and weeds are completely
pruned. The bottom of the furrow after cultivation should be flat. Here it should be noted that the smooth and
dense bed for seeds allows to exclude undermining of the root system of plants during their vegetation. The
height of the ridges of the loosened layer should not exceed 3...4 cm, so at the same time with the cultivation of
harrowing is often carried out. The working bodies of the cultivator should not carry the lower layer of soil to the
surface. In the process of continuous cultivation, the tillage unit should be directed across the previous
treatment or at an angle to it at a speed of 9...12 km/h. it was Found that with an increase in the speed of the
tillage unit during cultivation, the alignment of the field surface improves and optimal conditions for the operation
of sowing machines are created. Adjacent passages of the unit should overlap by 15...20 cm. Headland
cultivated after processing the main body. Omissions and flaws are not allowed. The quality of the cultivators is
determined by the depth of processing, leveling the bottom of the furrow, ridging and clumping surface of the
field and the degree of pruning of weeds.
The study of the experience of cultivation of winter wheat in the Northern zone of Krasnodar region
(Karpenko V. D., etc., 1991) allowed to establish that after tillage predecessors (corn for silage, grain, sunflower,
etc.) the main soil treatment is carried out with disk tools (brands' BDT-3M, BD-10, BD-10B, BDT-7A, etc. –
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harrow, disc, heavy). At the same time tillage units make multiple passes on the field (along and across the field
and diagonally field). As a result, the soil is unevenly re-compacted both in depth and in width and length of the
field, which reduces its water permeability. With uneven soil over-compaction, subsequent continuous cultivation
with basic tools (brand KPS-4A – сultivator, trailed, high-speed, upgraded; brands KSHU-4, KSHU-12 –
сultivators, wide-reaching, universal ) does not provide the required quality of pre-sowing treatment in depth,
equalization of the bottom of the furrow, crest, clumpiness and the degree of pruning of weed vegetation. We
have also established (Oskin S., Tarasenko B., 2017), in soils with different density in depth of treatment and
width of capture tillage tools rigid fastening racks working bodies to the bars of the frame leads to unstable
movement in the soil of the working bodies and increased fuel consumption. The bottom of the furrow is not
smooth, which does not meet agricultural standards.
Therefore, there is a problem of necessity of development of innovative technical means to ensure the
accumulation and preservation of moisture and nutrients, reducing fuel consumption and the sustainable
movement of the working bodies in the soils having different density.
To solve the problem in the Kuban state agrarian University set the following tasks of research.
1. Conduct exploratory research.
2. To develop an ecological-meliorative Ripper for pre-sowing tillage.
3. To propose a research methodology and determine its effectiveness.
The implementation of the research tasks is carried out as follows.
EXPLORATORY RESEARCH AND DEVELOPMENT OF TECHNICAL MEANS FOR PRE-SOWING TILLAGE
At search researches the review of scientific works (Tarasenko B. F., Medovnik A.N., Karpenko V. D., etc.,
2008; Tarasenko B. F., Medovnik A.N., Karpenko V. D., etc., 2010; Tarasenko B. F., Medovnik A.N.,
Chebotarev M. I., etc., 2010), the means applied in practice is executed and it is revealed that devices for
presowing processing of the soil in the form of cultivators, for example, the cultivator garden hinged (model
KSG-5) consists of a frame on which by means of racks working bodies are established. A significant
disadvantage of such a cultivator is that its working bodies are fixed on racks that have high rigidity, so when the
working bodies meet with foreign objects in the soil or stones, they are permanently deformed, which ultimately
further requires the corresponding costs for their restoration and repair.
For example, the cultivator KPS-4, also includes paws, racks, holders, rods, springs, ridge-whether, rods
with springs, hydraulic cylinder, supports, depth control, frame, square, wheel, step-down, spring boron.
However, a significant disadvantage is that the Flexural rigidity of S-shaped forms of the pillars has a
constant value, and therefore, the latter is designed to narrow the cultivation of the soil, having a preselected
density, and therefore to use them on other types of soil where variation of the density of the latter is quite
broad, it is not possible. So, for example, at high density of the soil of the S-shaped form of a rack will receive
higher angular turn, than at processing of soils with smaller density, and it will cause unevenness of processing
of the last. The patent search revealed, among other things, that the cultivator (Tarasenko B. F., Chebotarev M.
I., Shuvaev Yu. P., etc., 2005) is the closest in technical essence and achieved economic effect, including a
two-tiered frame with staggered brackets in the form of paired with two through holes of plates, between which
the working bodies are fixed in the form of vertical with a rectangular cross-section racks containing angled
pointed paws. The disadvantages are high energy costs due to the rigid mounting of the racks to the frame bars,
as well as the instability of the movement of the working bodies of the device in soils with different density. In
this regard, we have proposed a new design solution for mechanization of pre-sowing tillage, which is protected
by a patent for the invention (Tarasenko B. F., Karpenko V. D., Kurzin N. N., 2018).
The essence of the proposed means is schematically shown in figure 1, where: a – General view of the
device (side view), b – General view of the device (top view), c – working body and spring suspension of the
plane-cutting rack (side view), d –working body (top view), g – frontal section A-A of the working body.

a
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b

c

d

g
Fig. 1 – Scheme of innovative means for pre-sowing tillage
1 – two-tiered frame, 2 – support wheels, 3 – link age system, 4 – brackets, 5 – cups, 6, 9 – holes, 7 – racks,
8 – shanks, 10 – cylindrical springs, 11 – pointed paws, 12 – clearances
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The operation of the device is as follows. When processing the soil by the working body, it is subjected to a
load P, arising from the overcoming of the soil in which the paw is buried 11. To simplify the problem, we believe
that such a load is constant, i.e. P=const, and does not cause elastic deformation of springs 10, and therefore
racks 7, while the paw 11 is at a given depth in the soil and moves together with the frame 1 of the cultivator is
sufficiently stable. Let us now imagine that this load increased due to the fact that the cultivator began to treat
the soil with a density much greater than in the first case and so much that it caused an angular elastic
deformation of the springs 10 along with the pillars 7. In this case, the elastic cylindrical springs 10 allow the
paw 11 of the device to deviate in the direction opposite to the soil seals. The deviation of the paws occurs due
to the movement of the shank 8 relative to the brackets 4 in all planes by the amount of the gap 12, as a result
of the spring 10 experience elastic deformation, by attaching them to the shank 8 and cups 5, which provides
free running of the rack 7 in all directions.
The new elements of the proposed tool are that the brackets are made in the form of a pipe with a square
profile with cross-shaped cutouts at the end and are equipped with bolted cups with holes, while the racks are
equipped with cross-shaped shanks with screw-styles and connected to the cups by means of cross-shaped
cutouts in the brackets and cylindrical springs so that the shank is installed in the vertical and horizontal planes
relative to the crown-matte with a gap that provides free running of the rack.
The novelty lies in the fact that due to the design features of the stand, fixed through the holes in three
places on a rectangular bracket, can be deflected by external resistance in three planes, which allows for the
stability of the movement of the working bodies of the device in soils with different densities.
The technical and economic advantage of the proposed technical solution in comparison with the known is
obvious, because it allows you to expand the performance of the cultivator operating on different soils with
different densities.
MATERIAL AND METHOD
To determine the effectiveness of this development, we have upgraded the basic cultivator model KPS-4A
with boron model BZSS-1,0 (4 PCs.) which worked in the unit with the tractor model MTZ-1221. The essence
of modernization was as follows. On the frame of the cultivator in a staggered manner were fixed special
brackets made of a pipe with a square profile and having cross-shaped cutouts at the ends. Them with bolts
were fixed glasses with holes. Stand with pointed legs equipped with a shank of cruciform shape with holes.
Then they were connected to the cups by means of cross-shaped cutouts and cylindrical springs so that the
shanks were installed in the vertical and horizontal planes relative to the brackets with a gap ensuring the free
movement of the racks
To determine the effectiveness of the upgraded cultivator, we conducted field tests in production conditions
in the Northern zone of the Krasnodar territory. Tests were carried out on a field of 40 hectares after harvesting
corn for grain. The soil was heavily compacted by multiple passes of corn harvesting equipment and vehicles.
Her primary treatment was conducted with a disc harrow model BDT-7 in four passes: along and across the
field, and on the diagonals of the field.
After the main tillage the field was divided into two equal parts. Pre-sowing treatment of the first part was
carried out by an upgraded cultivator model KPS-4 A with a harrow tooth average speed model BZSS-1,0 (4
PCs.) in agre-gate with a tractor model MTZ-1221 (experience). The second part of the field was processed by
the basic cultivator KPS-4 with harrow BZSS-1,0 (4 PCs.) in the unit with the same tractor (control).
Before starting work, we conducted the preparation of measuring equipment and equipment and the
preparation of modernized and basic cultivators. The preparation of the units for work consisted in the
implementation of all technological adjustments, including the installation of tools to a certain depth of
processing. According to the standard (GOST 20915-2011, 2013; Tarasenko B., Oskin S., 2018), the tractor
skidding was determined, it did not exceed the permissible value (17%), the hardness and soil moisture before
and after the passes of the aggregates were determined. Soil hardness was determined using a hardness tester
PP design developed in the All-Union Scientific Research Institute of Agricultural Engineering in layers 0 - 0.08;
0.08 - 0.11 m. The depth of treatment (loosened layer) was measured with a metal ruler, immersing it in the soil
to the untreated layer (25 measurements for each pass) with an interval of 1 m in the direction of travel of the
unit. The crumbling of the soil was determined by samples taken at four points of the site from sites at a depth
of treatment no earlier than one hour after the passage of the unit. Pruning of weed plants was determined by
the number of non-pruned weeds in the accounting sites, limited to pegs. Humidity samples were taken in
duplicate at three points, and they were taken at the same points as before the passage.
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During the operation of the unit, the fuel consumption was measured using the measuring tanks installed on
the tractor, as well as the quality control of the unit.
THE RESULTS OF THE RESEARCH
Production experience has shown the following:
- upgraded cultivator model KPS-4A with harrow model BZSS-1,0 (4 PCs) aggregated with tractors model MTZ1221 fully ensure compliance with agrotechnical requirements for the seedbed. At the same time, the bottom of
the furrow and the surface of the field were flat, and the weed vegetation was completely cut. Equalization of the
surface provides a more rational use of soil moisture reserves. At the same time, diesel fuel consumption at the
unit speed of 7.9 -11.5 km/h averaged 2.73 kg/ha in the experimental section of the field.
-the basic cultivator model KPS-4 with harrows BZSS-1,0 (4 PCs.) in the same unit with a tractor did not provide
the agrotechnical requirements for equalization of the field surface, while the fuel consumption of this unit at a
speed of 9.7...11.5 km/h averaged 3.1 kg/ha
That is, the pilot unit for pre-sowing tillage provides diesel fuel savings of an average of 0.37 kg/ha or 12%
and a more rational use of soil moisture reserves.
SUMMARY
Thus, the tasks have been completed. A new design tool has been developed. Fuel consumption was
determined by measuring tanks installed on the tractor. Efficiency check, which showed that the reduction of
energy costs for pre-sowing tillage due to the steady movement of working bodies of soils with different density
and more rational use of soil moisture reserves.
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DIFERRENT SOURCE OF NITROGEN FERTILIZERS CHANGE PHYSIOLOGICAL TRAITS
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ABSTRACT
One of the biggest challenges for the current and future generations is to produce sufficient food for the
world population with the existing limited available water resources. Peppermint is a specialty crop used for food
and medicinal purposes. Its main component is menthol. It is used predominantly for oral hygiene,
pharmaceuticals, and foods. Although drought stress is considered as a negative factor in agriculture, being
responsible for severe yield losses but medicinal plants grown under semi-arid conditions usually produce higher
concentrations of active substances than same species grown under moderate climates. Nitrogen (N) fertilizer
management is central to the profitability and sustainability of forage crop production. Sub-optimal N supply will
result in poor yields and excess N application can lead to nitrate leaching and environmental pollution. In order to
determine the response of peppermint to drought stress and different fertilizer treatments a field experiment with
peppermint was conducted in a sandy loam soil at a site of the Tarbiat Modares University, Agriculture Faculty,
Tehran, Iran. The experiment used a complete randomized block design, with six rates of fertilizer strategies (F1:
control, F2: Urea, F3: 75% urea + 25% vermicompost, F4: 50% urea + 50% vermicompost, F5: 25% urea + 75%
vermicompost and F6: vermicompost) and three irrigation regime (S1: 45%, S2: 60% and S3: 75% FC) with three
replication. The traits such as nitrogen, chlorophyll, carotenoids, anthocyanin, flavonoid and fresh biomass were
studied. The results showed that the treatments had a significant effect on the studied traits as drought stress
reduced photosynthetic pigment concentration. Also, drought stress reduced fresh yield of peppermint. Non
stress condition had the greater amount of chlorophyll and fresh yield more than other irrigation treatments. The
highest concentration of chlorophyll and the fresh biomass was obtained in F2 fertilizing treatments. Sever water
stress (S1) produced decreased photosynthetic pigment content fresh yield of peppermint. Supply of N could
improve photosynthetic capacity by enhancing photosynthetic pigment content. Perhaps application of
vermicompost significantly improved the organic carbon, available N, P and K content in soil over urea fertilization
alone. To get sustainable production of peppermint, application of vermicompost along with N through synthetic
fertilizer is recommended for light textured sandy loam soils.
INTRODUCTION
One of the major limiting factors that affecting plant growth is water particularly in arid and semi-arid
regions like Iran due to the high variability of rainfall. Drought stress is defined as a negative factor in agriculture,
being accountable for intensive yield loss. Drought stress adversely affects crop quality and final yield. A usual
impact of drought stress is to excess formation of reactive oxygen species (ROS). The majority of the ROS
being generated in the chloroplasts, mitochondria and peroxisomes in plants exposed to stress. These ROS
cause photosynthetic pigments and membrane lipids damage that may contributed to electric leakage and many
cellular defect functions. To deactive the adverse effect of ROS, plant cells prosses enzymes and non enzymes
system (Sairam and Saxena, 2000; Sairam and Srivastava, 2001). Recently reported that cartenoids,
anthocyanin and flavonoids are induced in plants in response to different abiotic stress (Kovinich et al., 2014;
Munné-Bosch and Alegre, 2000; Nakabayashi et al., 2014). Among the adverse impact of drought on physiology
and morphology of plant and crop yield are commonly discussed (Agnew and Warren, 1996).
Composting is converting of organic biodegradable to hygienic and hums rich product by a biological way for
using in soil as a conditioner and organic fertilizer (Popkin, 1995). It has also reported that aqueous extracts of
compost replace synthetic fungicides (Zhang et al., 1998). The addition any kind of compost to agriculture soil has
advantageous effect on crop growth, development and yield by melioration soil physical chemical and biological
properties (Zheljazkov and Warman, 2004). Vermicompost contains high amount of nutrient such as nitrates,
phosphates, potassium, calcium and magnesium in plant-available forms. Because of high particulate area of
vermicompost, many microsites have provided for microbial activity. Hence, in this situation, strong absorbability
and conservation of nutrients retain for a longer period of time. There are numerous reports of production of
cytokinins and auxins in vermicompost that were produced in composting process by earthworms (Gederts
Ievinsh, 2011). Therefore, availability of most nutrients and plant growth regulation, improving the states of the soil
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properties and effect of these substances on plant, are responsible of plant growth and crop yield (Roy et al.,
2010). The advantage effects of vermicompost have been shown in many crops (Dalvand et al., 2011; Daramol,
2011). Sheykholeslami et al. (2015) shows that vermicompost have stimulatory effects on the growth, flower yield
and essential oil content of chamomile. Azizi et al. (2009) has found the positive influence of vermicompost on the
essential oil and chamazulene contents of chamomile. Other researchers consider that vermicompost increased
dry weight (Saha et al., 2008) and nitrogen uptake efficiency (Hendawy and Khalid, 2011). In sweet fennel, the
highest essential oil quality were achieved in vermicompost treatment (Moradi et al., 2011).
Yet, there is little information on the use of different urea and vermicompost integrate under field
conditions for improving peppermint yield and quality in semi-arid regions. This study investigates five different
integrate of vermicompost and urea, investigating their efficiency under three different conditions of drought
stress, by quantifying peppermint photosynthetic pigments, nitrogen uptake, fresh yield and leaf area index.
There is hope that the objective of this review is to provide information to help in future research and
development in organic medicinal plants cultivation.
MATERIAL AND METHODS
Field experiments were conducted at the Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran,
during the summers and autumn of 2016. The average yearly precipitation (over a 30 year period), which occurs
mostly during the autumn and winter months, is 298 mm for the site. Before beginning the experiment, a
component soil sample was collected at depths of 0–30, air-dried, relents and examined for various physical and
chemical properties. The soil is classified as with a sandy loam texture with pH 7.72 and EC 1.76 ds.m-1 and
0.6% organic matter. The initial available N, P and K status was 0.06, 24.6 and 240, respectively. Vermicompost
was provided from KODSA Corporation, Karaj, Iran. Vermicompost contained 1.8% N, 2.08% P and 1.51% K on
dry weight basis and was prepared from cow dung.
According to the recommended N requirements (120 kg/ha) and soil N content for peppermint, 60 kg ha−1
N was supplied from fertilizer, using urea as its N source, at two time points, before rhizome planting and
remaining half of the urea was applied at fourth stage. The study carried out as a factorial experiment based in
randomized complete block design within three replications. Peppermint plants for this experiment were
obtained from medicinal plant institute, Karaj, Iran. These plants initiated from rhizome cutting (7 cm long). Each
entry of plant was transferred in six rows of 2.5 m length with 25 cm spacing between the rows (plot size 3.125
m2). There was a 1 m path between all of the plots, to eliminate the influence of lateral water movement. The
plant received normal intercultural operations. Weeds between the rows were controlled by hand using a hoe
or/and rototiller. Weed that grown between the plots were controlled by chemical herbicides.
Two Factors were examined A: various integrated fertilizer treatment in six levels: 1- Control (none
fertilizer), 2- urea (120 Kg/ha), 3- 75% urea+25% vermicompost, 4- 50% urea+50% vermicompost, 5- 25%
urea+75% vermicompost and 6- vermicompost (13 ton/ha). B: Water stress irrigation regimes were initiated after
the sixth leaves appeared. Irrigation after 25% of the water was depleted (normal irrigation, S3), irrigation after
40% of the water was depleted (mild stress, S2) and irrigation after 55% of the water was depleted (severe
stress, S1). In order to determine soil moisture used TDR and according to soil moisture curve water given to
plots. The treatments consists vermicompost or urea, vermicompost and half of urea treated were spread by
hand and merged instantly into the soil using rottiller before transferring. Plants were watered as necessary to
maintain soil moisture with drip irrigation tubing where placed between rows on the soil surface. The plants were
harvested in flowering phase from experimental field in Sep 2016.
Before harvesting, for physiology assay, from each treatment leaves were sampled. After sampling,
leaves per plant were washed and frozen in liquid N2 immediately. The following nitrogen percentage have been
assayed by using Kjeldahl method after extraction with diethylene triamine pentaacetic acid (Tandon 1995).
Determination of chlorophyll and carotenoids content using Lichtenthaler method (Lichtenthaler, 1987).
Chlorophyll and carotenoids extracted in 80 % acetone from the leaf samples and expressed in mg.g-1 fresh
weight (FW). Leaves anthocyanin and flavonoids content was determined according to the method of Krizek
(Krizek et al., 1993). After harvesting plant, samples brought to the laboratory and after harvesting, fresh weight
measured. The data were analyzed by analysis of variance using the general linear model procedure in the
Statistical Analysis System (SAS). Duncan’s Multiple Range Tests was used to measure statistical differences
between means.
RESULTS AND DISCUSSION
Regardless of drought stress, soil supplemented with vermicompost and chemical urea showed better plant
growth compared to soil treated with urea and vermicompost fertilizer alone. The data presented in tables 1 shows
that photosynthetic pigments were significantly affected by application urea alone and associated with vermicompost.
There was a notable increase in chlorophyll a and total chlorophyll at N applied through 13 t/ha vermicompost alone
(F6) up to 2.55 and 3.35 (mg/FW), respectively. Drought stress significantly decrease chlorophyll a,b, total chlorophyll
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and forage fresh weight, increased the content of carotenoids and had no effect on flavonoids concentration (table 1).
When compared with normal irrigation, mild and severe drought stress decreased the content of total chlorophyll by
35 and 16%. The main effect of integrate fertilizer showed that the content of carotenoids, flavonoids and forage fresh
weight did not affected by fertilizer treatment. Furthermore, anthocyanin concentration was superior in control
treatment, which means fertilizer treatment reduced anthocyanin content. Although, the interaction between drought
stress and various fertilizer was significant in all traits except flavonoids content. A comparison between the combined
treatment illustrated that under normal condition compare to drought stress, vermicompost treatment (F6) had the
highest content of chlorophyll a and total chlorophyll. However, comination of 75% urea and 25% vermicompost (F3)
had the highest content of chlorophyll a and total chlorophyll in mild (28 and 23%, respectively) and sever stress (42
and 33%, respectively) with regards to non stressed plant. Under normal water irrigation the highest content of
chlorophyll b was achieved in 100% urea fertilization (F2) but in drought stress F3 treatment (75%
urea+20%vermicompost) showed the higher chlorophyll b than did plants under normal condition.
Analysis of variance showed that both drought stress and fertilizer treatment remarkably influenced the
carotenoids and anthocyanin content (table 1). The results demonstrated that drought stress significantly
increased carto and anthocyanin concentration. There were decreased of 34 and 55% in carotenoids and
anthocyanin, respectively. When compared with plants that had the normal irrigation regimes. Generally,
induction of drought stress (mild or severe) constantly resulted in higher carotenoids and anthocyanin than that
observed in normal plants. Table 1 shows that, drought stress and treatment with 100% urea had greater
carotenoids content than the other treatment. In other word, carotenoids concentration increased during
condition of limiting water. Plant treated with severe drought stress and non fertilizer treatment showed
maximum anthocyanin content, however there was no considerable different between other fertilizer treatment
under severe stress conditions. Under both normal and mild drought stress conditions, plants treated with 100%
urea (F2) showed the greatest anthocyanin concentration (table 1).
Drought stress and various fertilizer treatments significantly affected the fresh yield (table 1). By the way,
no significant was observed in main effect of fertilizer methods. Comparisons of means announced that severe
drought stress seriously detracted yield in fresh weight, so that diversity between none stress with severe and
mile stress was 34 and 58%, respectively. The effect of various fertilizers treatment demonstrated that under
normal irrigation, application of 25% urea and 75% vermicompost (F5) showed the greatest fresh weight
compared to the other treatment (table 1). In mile and severe stress, F2 and F6 achieved the highest content of
fresh weight, respectively. In the present study, drought stress decreased the chlorophyll a, b and total
chlorophyll, which is supported results of other peppermint investigation (Izadi et al., 2009; Marely et al., 2014).
In general, plants showed a reduction in photosynthetic pigments due to generation of ROS causing chlorophyll
degradation and induction some enzymes like chlorophyllase that decrease the content of chlorophyll to prevent
future oxidative stress. In addition, reduction in chlorophyll content might be explained by injury to the guard cell
membrane and peroxidation of chloroplast.
Water stress conditions increased ROS production in different cellular section, conduction to the
activation of the antioxidant system, which synthesizes cart, anthocyanin and flavonoids these results
compound with our recent finding show that this antioxidant pigments persuaded in response to drought stress
to protect photosynthetic mesophyll cell from antioxidant damage, motivated by the generation of excess ROS.
Along with destruction of chlorophyll, generation of these pigments in the leaves help to absorb excess sunlight.
When there is no chlorophyll to continue photosynthesizing during stress condition, these compounds absorb
the light to prevent photosynthetic system from oxidative stress.
Results show that water stress reduced fresh yield. This case relevant to cell division decreasing,
reduction in photosynthesis rate and reduction in growth and development of plant due to imbalance in water
status. It has reported that water deficit stress is parallel with photosynthesis and growth reduction resulted to
decreasing in dry matter production (Mwanamwenge et al., 1999).
Application of vermicompost in combination with urea decreased the adverse impact of water deficit stress on
chlorophyll content. This reduction may be due to specific characteristics of vermicompost. Usage of organic fertilizer
improve soil physical and chemical future that resulted increases root activity conducting to more water and nutrient
absorption. Besides, the unrivaled properties of vermicompost such as CEC and high N content has been reported
(Uz et al., 2016). Probably with using vermicompost mix it into the soil, moisture and essential nutrients such as
ammonium are gradually exchange, and added to the soil. On the other hand, previous finding suggested that
phosphorus in vermicompost is released more gradually in available form in soil (Lazcano et al., 2013).
CONCLUSION
The results of this study show that various content of vermicompost can improve soil conditions in a way
that made plants tolerant to drought conditions. Vermicompost treatment significantly increased evaluations for
chlorophyll under stress condition.
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Table 1
Mean comparisons on interactions and main effects of water stress and fertilizer treatments on photosynthetic pigments content and fresh weight of plant
Treatments
Traits
Drought stress

Fertilizer

Drought stress × Fertilizer
S1
S1
S1
S1
S1
S1
S2
S2
S2
S2
S2
S2
S3
S3
S3
S3
S3
S3
P-value

FR1
FR2
FR3
FR4
FR5
FR6
FR1
FR2
FR3
FR4
FR5
FR6
FR1
FR2
FR3
FR4
FR5
FR6

Main effect of drought Stress
S1
S2
S3
P-value

Chlorophyll a
(mg/FW)

Chlorophyll b
(mg/FW)

Total chlorophyll
(mg/FW)

Carotenoids
(mg/FW)

Anthocyanin
(mg/FW)

Flavonoids
(mg/FW)

Fresh weight
(Kg/ha)

1.15g
1.70f
1.94def
1.59f
1.65f
1.91ef
2.29cde
2.32cd
2.39c
1.90ef
1.83f
2.38c
2.39c
2.89b
2.81b
3.01ab
3.04ab
3.36 a
**

0.78888cde
0.82143bcde
0.88898bc
0.70388ef
0.87526bcd
0.7863cde
0.63899f
0.81657cde
0.90112bc
0.81696cde
0.84851bcde
0.73503def
0.92428bc
1.08813a
0.80304cde
0.97049ab
0.70687ef
0.88685bcd

1.9411j
2.5256hi
2.8325efgh
2.3034ij
2.532hi

1.4831ab
b
1.6523a

0.10563a
0.10563a
0.09347a
0.11406a
0.12113a
0.07743a
0.09972a
0.12101a
0.12116a
0.09002a
0.12226a
0.09931a
0.12349a
0.10349a
0.1137a
0.1185a
0.11383a
0.11562a

3460fgh
2696.7h
h
3671.3fgh
f4552efg
f
3950fgh

1.0184e

1.34727a
1.17987b
1.1353b
1.17583bc
b
1.03267bcd
1.134b
0.8836de
d
1.0517bc
0.86097ef
0.88897de
0.9465cde
0.8637ef
0.7845ef
0.71443f
0.70977f
0.55457g
0.78457ef
0.93323cde

**

**

*

**

ns

**

1.66 c
2.18b
2.92a
**

0.81b
0.79b
0.89a
**

2.47c
2.97b
3.81a
**

1.47a
1.18b
0.96c
**

1.67a
0.91b
0.74c
**

0.10a
0.10a
0.11a
ns

3601.9c
5241.7b
7973.6a
**

2.6995ghi
2.9383defgh
3.1431def
3.2621cde
2.7268fghi
2.6862ghi
3.1156defg
3.3192cd
3.9866ab
3.6175bc
3.9827ab
3.7542b
4.2545a

1.4468abc
1.4276abcd
b d
1.6489a
1.1874bcde
1.0125e
1.207bcde
1.1055cde
1.2849bcde
1.2716bcde
1.2083bcde
1.0682de
1.0114e
0.9267ef
f
1.1102cde
d
0.6556f

3281.3gh
6049.3cde
6960bcd
5298.7def
4324.7efgh
4626efg
4191.3fgh
7849.3ab
7366abc
7536.7abc
7592.7abc
8953.3a
8543.3ab

Main effect of Fertilizer
FR1
1.94c
0.78b
2.73d
1.18a
1.00a
0.10a
5786.2a
FR2
2.30b
0.90a
3.21abc
1.29a
0.98ab
0.11a
5674.2a
FR3
2.37ab
0.86ab
3.23ab
1.15a
0.90bc
0.10a
5502.2a
FR4
2.17b
0.83ab
3.00bc
1.27a
0.87c
0.10a
5489.8a
FR5
2.18b
0.81b
2.99c
1.19a
0.92abc
0.11a
5843.1a
FR6
2.55a
0.80b
3.35a
1.13a
0.97ab
0.09a
5338.7a
P-value
**
*
**
ns
*
ns
ns
Ns: not significant, *: significant at the 0.05 probability level, **: significant at the 0.01 probability level; S3; non stress, S2: mild drought stress, S1, severe drought stress;
FR1: Control, FR2: urea (120 Kg/ha), FR3: 75% urea+25% vermicompost, FR4: 50% urea+50% vermicompost, FR5: 25% urea+75% vermicompost and FR6: vermicompost
(13 ton/ha). Means within each column of each section followed by the same letter are not significantly different (P ≤0.05).
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OPTIMISED MASS-REARING LABORATORY METHOD FOR THE WAX MOTH LARVAE
GALLERIA MELLONELLA (LINNAEUS, 1758) (LEPIDOPTERA: PYRALIDAE)
/
METODĂ OPTIMIZATĂ DE CREŞTERE ÎN MASĂ ÎN CONDIŢII DE LABORATOR A
LARVELOR DE GALLERIA MELLONELLA (LINNAEUS, 1758) (LEPIDOPTERA:
PYRALIDAE)
Kurzeluk D.K.
Research-Development Institute for Plant Protection, Bucharest / Romania
Tel: 0724475435; E-mail: kurzelukdaniel@yahoo.com

Keywords: wax moth larvae, mass-rearing
ABSTRACT
Actually, the wax moth is a test organisms used in many studies, both theoretical and practical, in a wide array
of domains, from pharmacology and neurophysiology to laboratory testing of entomopathogenic agents. The
adults have been used in population genetics studies, influence of the pollutants and of some biological
aggresion agents on the reproductive capacity. Also, the larvae are currently used as food for predatory insects
reared in order to be used as BCAs (Biological Control Agents). Its’ biological cycle has been intensively
studied, so, actually more mass-rearing methods are used. Also, the economical part of the problem have been
investigated, in order to balance the efficcacity of a given rearing method with the efective cost aspect.Various
rearing media recipes have been proposed, all of them containing some ingredients in a formulation or
proportion more or less similar to the natural ones (e.g. beeswax and sugars). More rearing media recipes have
been selected, including the one used currently in our laboratory. Some aspects concerning the ethological and
ecological peculiarities of the larvae (e.g. intraspecific cannibalism and population density) and their influence of
the general yield have been also investigated.
REZUMAT
La ora actuală, Galleria mellonella este un organism-test utilizat în multiple studii, atât teoretice cât şi aplicate,
într-o paletă largă de domenii, de la farmacologie şi neurofiziologie până la testarea în condiţii de laborator a
agenţilor entomopatogeni. Adulţii au fost utilizaţi în studii de genetica populaţiilor, influenţa poluanţilor precum şi
a unor agenţi agresivi asupra capacităţii reproductive. De asemenea, larvele sunt utilizate în mod curent ca
hrană pentru insecte prădătoare crescute pentru a fi utilizate ca ACB (Agenţi de Control Biologic). Ciclul biologic
a fost studiat în mod intensiv, astfel, la ora actuală fiind utilizate mai multe metode de creştere în masă. De
asemenea, partea economică a problemei a fost analizată, în scopul obţinerii unui echilibru între eficacitatea
unei metode de creştere date şi între costul efectiv. S-au propus mai multe reţete pentru mediul de creştere,
toate conţinând unele ingrediente într-o formulare sau proporţie mai mult sau mai puţin asemănătoare celor
naturale (de ex. ceară de albine şi zaharuri). Au fost selecţionate mai multe reţete de metode de creştere,
inclusiv cea utilizată în mod curent în laboratorul nostru. De asemenea au fost analizate unele aspecte privind
particularităţile etologice şi ecologice ale larvelor (de ex. canibalismul intraspecific şi densitatea populaţiei)
precum şi influenţa acestora asupra randamentului general.

MATERIAL AND METHODS
The biological material used within this study have been reared in the R.D.I.P.P. insect rearing facility,
belonging to the Useful Organisms Laboratory. Three rearing medium recipes have been used, from which one
is the current method used in the author’s laboratory, while the other two were selected from the specialized
literature, as comparison.
A number of two egg masses obtained from G. mellonella adults during three to four days, consisting of
195, respectively 180 eggs have been used. The eggs have been kept in glass jars provided with a gaze top
(Figure 1), in order to prevent the escape of the hatched larvae until the ecclosion moment. The larvae ecclosed
from the eggs after 10 to 12 days at 220C, in a rough delay of 1 and ½ days. From 375 eggs hatched a umber
of 350 larvae (93,3 % survival percent).
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Fig. 1 Egg-laying recipient

Fig. 2. Aspect of the rearing medium with larvae galleries

The 1st instar larvae were anaesthesised by the means of cold temperatures (the jars were kept in the
refrigerator at 50C for 15 minutes), collected from the jars and repartised in 15 recipients containing the rearing
medium.
The recipients used for rearing consisted of 850 cubic centimeters glass jars provided with metal caps.
The caps beared one hole, 15 cm in diameter, on which it was glued a fine metal sieve (10 holes/square cm) in
order to provide an accurate ventilation of the interior and also to prevent the escape of the larvae.
In each recipient was introduced a quantity of roughly 100 g of rearing medium (a 3,5 to 4 cm high layer),
easily packed (Fig. 2). After the introduction of 10 larvae per recipient, the lid was closed and the recipients
were exposed to a natural light cycle (8 to 10h light, 16 to 14h dark). Various rearing media recipes have been
proposed, tested and reviewed (Warren and Huddleston, 1962, Marston and Campbell., 1973, Mohamed and
Coppel, 1983, Eischen and Dietz, 1990, van Zyl et al., 2015, Kwadha et al., 2017, Kumar and Khan, 2018). The
selected rearing media, prepared according to the literature (Dinu et al., 2014 cf. Haydak, M.H. , 1936, Jorjao et
al., 2017, Mohamed et al, 1983) (Table nr. 1) was repartised in 5 jars each, as in the final 3 experimental
variants with 5 repetitions each were used. In the author’s laboratory, the recipe given by Dinu is an adaptation
of an older recipe (Haydak, 1936).
Table nr. 1
Diet composition

(
Variant/diet

Ingredients
(g /mL)

1*

2**

3***

4***

5***

Cholesterol

-

1

-

-

Yeast (dry)

100

-

120

60

150

Deionized water

-

100

-

-

-

Milk (powdered)

200

-

400

-

100

Honey

350

150

-

120

200

Glycerol

350

50

80

120

200

Vitamin complex

-

4

-

-

Baby food (corn
flakes)

-

454

-

Integral flour

200

-

200

300

-

Wheat germs

-

-

200

-

-

Brown sugar

-

-

20

-

-

Beeswax

+/- 300

-

unspecified

unspecified

unspecified

Horn flakes

-

-

-

300

-

Corn flakes

-

-

-

-

250

Soy flour

-

-

-

-

100

Wheat

200

-

-

-

-

1700

762

1020

900

1000

Total volume

Legend: 1 = Dinu et al., 2014; 2 = Mohamed, Coppel, 1983, 3,4,5 = Jorjao et al.,2017 (Diet 1,2 and 3)
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The rearing media was changed weekly, in order to provide fresh nutrients. The larvae were isolated from
the media with the aid of a soft pair of foreps, care being take not to damage the larvae during the manipulation.
The ingredients used in the preparation of the meadia were purchased from local sources. The ones
whom properties couldn’t be quantified (as the natural beeswax) were used as such.
Remarks concerning the rearing media recipes:
„Cholesterol” – „E.Merck”, pro analysi, 99.8% purity
„Yeast” – Dry baking yeast, „Pakmaya”
„Deionised water” – obtained through passing distilled water through exchange-ion resin
„Milk, powdered” – „Darling” lyophylised cow milk, 3,5% standardised fat contain
„Honey” – „Roua florilor” polyfloral bee honey
„Glycerol” – „Reactivul Bucuresti”, anhydrous, pro analysi, 99% purity
„Vitamin complex” – as the specified trademark („Polyvisol”) were not available, after obtaining an approximate
contents from the internet, a „Wallmark A to Zinc” preparation were selected, as its’ composition were the most
similar to „Polyvisol”
„Baby food” – As it was not specified by the original author, „Hipp” organic baby cereal – Multi Grain, no sugar
added was used
„Integral flour” – „Băneasa 650 integral flour”
„Wheat germs” – „Băneasa wheat germs, natural”
„Brown sugar” – „SOLARIS organic brown sugar, granulated”
„Beeswax” – Crude beeswax, obtained from a local beekeeper. The quantity used in our recipe was not
specified accurately, because it can wary, according to the dryness quotient of the other ingredients used – after
mixing all the ingredients with the exception of the beeswax, the latter is melted and poured in a thin stream,
mixing thoroughly until the ingredients are mixed and the final consistency is attained. As for the „unspecified”
quantity indicated by the other autors, the same working method was used.
„Horn flakes” – „SOLARIS horn flakes, organic”
„Corn flakes” – „Viva corn flakes for breakfast”
„Soy flour” – „Paradisia soy flour, organic, GMO-free guaranteed”
„Wheat bran” – Obtained from a local bakery

Life cycle and ethology
At high individual densities (population stress) and correlated with the scarcity of the food source,
intraspecific cannibalism can occur. In normal laboratory conditions (50 to 60 or even more larvae / rearing
recipient) canibalism can occur at various rates (mortality from 10 to 20 percent). In the present study after the
ecclosion, larvae were counted and separated as quick as the ecclosion was observed. Every time the rearing
medium was changed, after transferring the living larvae, the remaining of the rearing medium was carefully
inspected, in order to observe any sign of canibalism (detached cephalic capsulae with tissue remainings or not,
or parts of dried tegument). For this, parts of the used medium, in which feeding galleries were made was
detached under magnification (10x) under the stereomicroscope, and the remainings were isolated with forceps
and / or identified in situ. The number of the remainings identified in the used medium are presented in the table
nr. 2:
Table nr. 2
Compared larvae mortality
Variant/diet

Mortality per
week
1
2
3
4
Total
Percent

1
3
1
0
0
4
40

2
2
0
0
1
3
30

3
2
1
3
0
3
60

4
2
1
0
1
3
40

5
2
1
0
0
30
30

Legend: 1,2,3 = Jorjao et al.,2017 (Diet 1,2 and 3); 4 = Mohamed, Coppel, 1983; 5 = Dinu et al., 2014
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As a rule, the larvae tend to separate as much as possible from each other. Providing enough food
minimizes the losses due to canibalism. But, in the present study, apart from the self-isolation, the insufficiency
of the nutrients provided can’t be blamed per se for the canibalism, because the food supply was more than
sufficient for the number of the larvae obtained. So, the inital presumption that the composition of the rearing
medium could influence the rate of canibalism can’t be assumed.
Ambiental conditions
The constancy of the ambiental conditions during the entire period of the development cycle is a
prerequisite. In the present study, the temperature varied in between close limits (from 21,8 to 22,20C), so it can
be considered as remaining +/- constant thorough all the period of the experiment.
Mensurations
Each day, a number of 5 larvae were randomly extracted from each jar. In this way, the statistical
significance of the measurings was assured. In order to reduce the mobility of the larvae, they were kept for 5
minutes at 50C in the refrigerator, and afterwards the measurings were made as quick as possible, as the larvae
recovered quite fast.
The total length of the larvae (measured from the anterior part of the cephalic capsule to the posterior end
of the body), was measured with the aid of a micrometric net attached to the eyepiece of a Carl Zeiss
stereomicroscope, at a magnification of 10x. As the micrometric net total length at the used magnification
measured 10 cm divided in mm, the measurings were quickly done. The obtained data were inscribed in a table,
containing the name of the variant and of the repetition used, the day and a median of the values. A median was
calculated for the numerical values obtained for each of the 5 larvae measured daily.
The length of the larvae was considered as being a representative value for the efficacity quotient of the
tested rearing media, the growth being approxiamte as being +/- uniform. From the table containing the
measured lenghts for the first instar larvae (2 to 5-days old larvae at the beginning of the measuring) (Table nr.
3) the growth tendency of the larvae for each of the rearing medium used can be observed.
The fastest growth rate was observed in the case of the medium cuurently used in our laboratory, at least
in the case of the studied population of G. mellonella.
Table no. 3
Growth tendency of the larvae
Variant/Diet (body length in mm)
Week/day
1

2

3

4

5

1.1

99,6

99,7

99,9

99,8

99,9

1.2

106,0

99,9

101,2

104,0

109,0

1.3

107,2

104,1

101,9

106,0

111,2

1.4

109,9

106,2

102,4

109,9

113,9

1.5

114,7

108,5

103,2

111,4

118,7

2.1

125,9

114,2

105,5

123,8

128,9

2.2

127,5

115,9

106,0

127,1

131,5

2.3

131,4

117,3

106,9

131,5

133,4

2.4

134,2

119,1

107,3

133,9

136,2

2.5

142,9

122,8

108,0

136,2

142,2

3.1

151,0

150,3

111,2

145,1

154,0

3.2

156,9

155,3

112,2

149,1

159,9

3.3

163,5

163,5

112,9

152,4

164,5

3.4

165,2

164,1

113,2

154,8

168,2

3.5

174,4

174,2

113,9

162,3

175,4

239

INTERNATIONAL SYMPOSIUM

4.1

192,1

191,2

115,0

172,1

210,1

4.2

194,9

192,1

115,8

174,0

220,9

4.3

199,2

195,0

116,2

177,8

229,2

4.4

209,4

200,9

116,9

182,1

239,4

4.5

229,1

203,1

117,8

189,1

249,8

Legend: 1,2,3 = Jorjao et al.,2017 (Diet 1,2 and 3); 4 = Mohamed, Coppel, 1983; 5 = Dinu et al., 2014

The data were represented as a graphic in Fig. 1
300
250
200
150
100
50
0
S1 Z1 S1 Z2 S1 Z3 S1 Z4 S1 Z5 S2 Z1 S2 Z2 S2 Z3 S2 Z4 S2 Z5 S3 Z1 S3 Z2 S3 Z3 S3 Z4 S3 Z5 S4 Z1 S4 Z2 S4 Z3 S4 Z4 S4 Z5

Fig. 1. The compared growth rates of the larvae for each of the rearing media used
Legend: Pale blue =Jorjao et al.,2017 (Diet 1); Orange = Jorjao et al.,2017 (Diet 2); Grey = Jorjao et al.,2017 (Diet 3); Yellow = Mohamed,
Coppel, 1983; Deep blue = Dinu et al., 2014

DISCUSSIONS
Using the rearing medium as prepared in our laboratory presented the optimal efficacity compared to the
other media tested. The metabolic turnover of the components prooved to be superior, as deduced from the
growth speed of the larvae length. The positive implications of the presented method are the ingredients’
relative cheapness and availability and the greater similarity of the artificial rearing medium and of the natural
ingredients chemical composition. The obtained results can be applied in theory to every population of G.
mellonella in controlled-medium conditions, but the final results obtained on other such populations can vary
from the presented ones because of the intraspecific variability of diferent wax-moth populations used in
different institutions. The use of the described method is highly reccomended in order to obtain a
morphologically (and genetically) uniform population of wax moths which can be used as a test insect in
laboratory conditions.
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ABSTRACT
In this paper are presented the results of the analyses performed on the soil, as part of the experimental model
of eco-sustainable technology for preventing and reducing the aggression of diseases and pests on vegetable
crops following the application of diatomite. The experimental model aims to highlight the efficiency of using the
ecological method in environmentally friendly conditions. Soil samples from onion, bean and pepper crops were
analysed, before and after the application of diatomite, in terms of physical properties. This analysis consists in
determining the texture of the soil based on the particle size. The results were analysed comparatively, to
determine the effect of diatomite on the soil.
REZUMAT
În cadrul acestei lucrări sunt prezentate rezultatele analizelor efectuate asupra solului, ca parte din modelul
experimental de tehnologie eco-sustenabilă pentru prevenirea și reducerea agresivității bolilor și dăunătorilor
asupra culturilor legumicole în urma aplicării diatomitei. Modelul experimental are ca scop evidențierea eficienței
utilizării metodei ecologice în condiții prietenoase de mediu. Au fost analizate probele de sol din culturile de
ceapă, fasole și ardei, înainte și după aplicarea diatomitei, din punct de vedere al proprietăților fizice. Această
analiză constă în determinarea texturii solului pe baza compoziției granulometrice. Rezultatele au fost analizate
comparativ, pentru stabilirea efectului diatomitei asupra solului.

INTRODUCTION
Organic farming uses both conventional and new techniques, developed to replace intensive ones. As
far as diseases and pests are concerned, organic vegetable production is based on the use of preventive,
curative, mechanical and biological methods. Diseases and pests in agricultural crops generally occur in the
context of stress factors over the crops (Rentrop et al., 2014). These threats can diminish the harvest of
vegetables, both quantitatively and qualitatively, but can be reached until the total culture is compromised
(Toncea and Alecu, 1999).
Soil plays an important role in agriculture, it is a complex heterogeneous environment (aqueous,
gaseous and solid components) that provides support for living organisms, containing mineral constituents,
organic matter and constitutes support for living organisms (Radu M.et al, 2019), (Boajă Popescu, I. et al, 2014).
For this reason, it must be kept under observation and analyze each procedure that applies to it, in order not to
be affected.
Diatomite is a sedimentary silica mineral that composed of the fossilized skeletal remains of the
microscopic single-celled aquatic plants called diatoms. Over 10,000 species of these microscopic algae have
been recognized, each with its own distinct morphology. Accordingly, diatomite is multifaceted and varies from
micro to macro-meter in size. It is naturally very porous that makes it selective in the filtration of beverages, oils,
waters, chemicals, pharmaceuticals, metallurgy, agro-food intermediates, and sugars. Its porosity contributes
also to its ability to draw water, while moving water and nutrients laterally throughout the agricultural medium
making it ideal for hydroponics (Ibrahim S., 2012).
Insect damage has always been a serious problem. In recent decades, mankind has resorted to toxic
chemicals to control these pests. These chemicals can cause human illness and environmental damage. Over
time, insects can develop resistance to these chemicals (Abdalla, 2009; Ashraf, 2008; Bernal, 2008). To protect
the environment, ecological variants have been developed.
Within the experimental model of eco-sustainable technology for preventing and reducing the
aggression of diseases and pests on vegetable crops, diatomite was used as an ecological variant of insecticide
(Deák et al.2018). This is chemically neutral, and one of the most efficient due to its porous nature. It acts on the
insect exoskeleton, causing drying and death by water loss. The quality of the diatomite as an insecticide varies
depending on the geological and geographical origin, as well as the chemical characteristic of SiO2 and the pH,
and the effectiveness on insects depends on their species (Chiriloaie A., 2014).
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According to the research works there are two theories as to why diatomite is effective against internal
parasites:
• The sharp edges of the diatoms scratch and pierce the waxy or oily outer layer of the parasites, causing
death by dehydration (desiccation);
•

Diatoms act as a buffer in the stomach creating a constantly neutral pH which results in an unsuitable
environment for the feeding and reproduction of the parasites. Conversely, it creates an optimum
environment for the animals’ digestive systems (Abdalla, 2009; Ashraf, 2008; Bernal, 2008).

Many organic farmers and pet owners use diatomite powders as they know by experience their health
benefits as they help in reduction in parasites, flies, veterinary bills, and overall animal stress (Abdalla, 2009;
Ashraf, 2008; Bernal, 2008).
Following the biological screening performed by the Institute for Research and Development for Plant
Protection (ICDPP), regarding the insecticidal effect of diatomite, extracted from three quarries in Romania
(Pătârlagele, Adamclisi Factory and Adamclisi Urluia), it was selected the diatomite from Pătârlagele as having
the highest insecticidal effect.
Changing the physical properties of the soil is one of the effects of applying diatomite. This effect has
been demonstrated in the laboratory, with changes in the particle size composition depending on the amount of
diatomite administered (Ekrem et al, 2011).
Therefore, the objective of this study was to determine the effects of diatomite application on soil
physical properties by the analysis of samples collected from urban terrains planted with vegetable crops in the
location owned by SCDL Buzau.

MATERIAL AND METHOD
The study area is located at the Vegetable Research and Development Station Buzău, in Buzau County
(Fig. 1.), located in the South-eastern Romania, between Lat. 44°44’ and 45°49’ N and between 26°04’ and
27°26’ E Long. The county overlaps almost entirely with hydrographic basin of the Buzau River, which springs
from the Curved Carpathians (Eastern Carpathians). In this county occurs the three relief contours,
harmoniously gathered: to the North there are the Buzau Mountains, part of the Curved Carpathians; to the
South, there is the field which belongs to the Romanian Plain; and in the middle, a hilly area, with altitudes from
400 and 800 meters (Ungureanu V. et al, 2008).

Fig. 1 - Location of the study area in Romania

The experimental field was divided according to the vegetable crops, namely onion, beans and pepper
(Figure 2). The experimental groups were divided according to the amount of applied diatomite, 4 versions (V1V4), V1 represents the control sample, which does not contain diatomite. This amount of diatomite in each
version was applied in powder form (Table 1), in 4 repetitions for each crop (Figure 2). The used diatomite is the
one from the diatomite quarry Pătârlagele, Buzău County, due to the high insecticidal effect (ICDPP, 2014).
Table1 - The amount of diatomite administered
Version
Diatomite mass / V
V1
Without diatomite
V2
52,5 g
V3
112,5 g
V4
210 g
243

INTERNATIONAL SYMPOSIUM

In the following figure it can be seen the vegetable parcels of beans, onions and peppers from the
experimental field, as well as their dimensions. It also highlights the location of the plots where the diatomite
was administered in different quantities depending on the versions mentioned in table 1.

Fig. 2 - Representation of the experimental field and vegetable parcels

The experimental soil samples analyzed were collected from the 0 to 30 cm depth, using the same
probe and sampling method in two campaigns: first campaign realized in 29.05.2019 by collecting the samples
before applying diatomite but after the onion and beans were cultivated (the works for pepper plantation being
made after this campaign) and the second campaign realised in 24.07.2019 (at a difference of about 2 months
from the first campaign) by collecting soil samples after the application of diatomite as result in table 1 and
figure 2. In order to observe the effect that the diatomite powder has on the physical characteristics of the soil,
respectively texture, the granulometric analysis was performed by sieving.
The analysis is carried out with a number of sieves of decreasing mesh width by passing from 2 mm
sieve to 0.09 mm sieve of the soil sample of known weight. The results are represented as grain size curve,
subsequently being examined to determine their contents of sand, silt and clay.
The results of grain size were compared between the samples of the first campaign for each crop. The
deviation from the average of those results from first campaign was compared with the differences between the
two campaigns (before and after application of diatomite). By this comparison the effect of diatomite on the
structural parameters of soil is verified.
RESULTS
The grain size of soil samples from onion, beans and pepper crops were analysed. The results of the
grain size analysis are presented through the curves for the samples taken on 29/05/2019 and after the
administration of the diatomite (V1 and V4 for the three parcels with onion, beans and pepper) on 24/07/2019.
For the grain size curve was used the Udden-Wentworth particle size scale, which is the most used scale in
sedimentology (Mateescu C., 1961).
The data used for the grain size curves are presented in the following table (Table 2) for a clearer
highlighting of the values resulting from the laboratory analysis of the samples taken in the first stage (before
application of diatomite) by representing their average and of the samples collected after applying the diatomite
(V1 without diatomite and V4 with maximum quantity of diatomite).
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Sieve
(mesh
diameter)
[mm]

2
1
0.5
0.25
0.09

Table 2 - Graphical points of the values obtained from soil analysed for vegetable crops
Onion Crop
Bean Crop
Pepper Crop
Average
V1
V4
Average
V1
V4
Average
V1
V4
soil
soil
soil
samples
samples
samples
(before
(before
(before
diatomite)
diatomite)
diatomite)
97.79
97.35
97.61
96.76
97.76
97.15
93.60
95.65
93.58
87.32
83.46
82.74
82.49
85.56
86.26
67.67
83.05
80.14
69.31
65.00
64.31
64.58
66.72
66.54
46.89
66.24
64.62
52.65
47.31
48.63
47.45
48.79
48.72
34.63
49.50
48.43
17.87
20.18
22.77
19.05
21.27
22.09
10.42
22.72
21.37

These values were obtained taking into account the soil debris remaining on the sieves, based on which
the gravimetric percentage was obtained. And by summing these results the values used for the representation
of the particle size curves were obtained.
Also, these values were used to obtain and graphically represent the differences between the values
from the first campaign and the average of these values without diatomite from the first sampling(deviations
from the mean), as well as differences between the average of the values from the first sampling (without
diatomite) and the values from the last sampling (with diatomite). The differences between the values of the last
phase (V1 without diatomite and V4 with the maximum quantity of diatomite) were highlighted and we compared
it with the V1 and V4 deviations from the average of the first campaign (before applying diatomite).

Fig.3 - Granulometric curve for onion crop, Buzău

According to the grain size curves for the onion crop, silt and sand soil texture was indentified. In Fig.3,
the average of the granulometric analyzes for the samples taken in the first phase, without diatomite, was
represented and highlighted. Thus, it was represented the deviations of the values from the first and last phase
against this average of the first phase through Figure 4

Fig. 4 - The deviations from the average of the first phase samples (before diatomite, on the left) and of the
last phase samples (V1 without diatomite and V4 with diatomite-on the right) for the onion crop
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For onion cultures of the first phase, before diatomite, it can be observed that deviations from the
average are considered up to 6%. Taking into account also the grain size curve, some samples indicate a finer
soil texture than others, this fact being represented on the graph by negative values. For example, onion
batches 1 and 4 indicate a finer texture than the average and compared to batches 2 and 3 which indicate a
coarser texture by about 5%.
Regarding the samples from the second phase, V1 and V4, the deviation from the average of the results
from the first phase (without diatomite) is positive, which indicates a coarser soil texture by about 5%, the only
exception being for 0.09 mm sieve, where there was a negative deviation of about 5%, which indicates a finer
texture. Regarding the differences between the samples from the last phase (V1 without diatomite and V4 with
diatomite), they indicate both positive and negative values, but without important significance on soil texture.
The largest difference being recorded at 0.09 mm sieve, about 3%, indicating a finer texture of the soil with
diatomite compared to the one without diatomite.
Regarding the crops of beans, the soil texture also falls in the silt and sand category (fig.5), being
represented also the average of the results of the first phase, on the basis of which the deviations were
analyzed.

Fig. 5 - Granulometric curve for bean crop, Buzău

For bean samples of the first phase, both negative and positive deviations can be observed, which
indicates a finer and also a coarser texture depending on the shieve size, but the differences are not significant.
In contrast, in the diatomite samples from the last phase, the deviations are negative for each sieve, which
indicates a finer soil texture of maximum 4% (1 mm sieve) after applying the diatomite (fig.6).

Fig. 6 - The deviations from the average of the first phase samples (before diatomite, on the left) and of the
last phase samples (V1 without diatomite and V4 with diatomite-on the right) for the bean crop

The differences between the samples from the last phase (V1 without diatomite and V4 with diatomite),
indicate both positive and negative values, but without important significance on soil texture, which can be seen
in the second graph of figure 6 by the green color.
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For the pepper culture, the soil texture also falls into the silt and sand category (fig.7), being
represented also the average of the results without diatomite, on the basis of which the deviations will be
analyzed.

Fig. 7 - Granulometric curve for pepper crop, Buzău

Fig. 8 - The deviations from the average of the first phase samples (before diatomite, on the left) and of the
last phase samples (V1 without diatomite and V4 with diatomite-on the right) for the pepper crop

In the pepper crops, the deviations from the average are much lower than the other crops represented
above, the differences being more pronounced with the sieve of 0.09 mm, by about 4% finer in lot 3, and about
6% courser in lot 1. In contrast, significant differences are observed in the graph where the deviations of the
results of the last phase (V1 without diatomite and V4 with diatomite) are represented, differences reaching up
to 20% (fig.8), which indicates a much finer soil texture compared to the results of the first phase of samples.
Regarding the differences between the samples from the last phase (V1 without diatomite and V4 with
diatomite), they indicate only pozitive values, which represents that the soil without diatomite is finer than the
one with the maximum quantity of diatomite, by about 3%.
The larger differences between the first sampling and the last sampling may be due to the fact that the
pepper was not yet planted, as a result the soil was crumbled after the preliminary agricultural works that were
carried out. This can be observed by the difference between samples collected from beans and onion,
compared with samples from pepper where the soil were courser since the first campaign. This assumption is
sustained also by the difference between the samples collected in the second campaign, where the parcels of
pepper where was applied diatomite presented a coarser texture compared with the control probe, in opposition
with the differences of 20% between campaigns where the soil particles become finer.
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CONCLUSIONS
The impact of diatomite on vegetable crops is fully understood, and there are many studies that
demonstrate that changing the physical properties of the soil is one of the effects of applying diatomite. This
effect has been demonstrated in the laboratory, with changes in the particle size composition depending on the
amount of diatomite administered.
The objective of this study was to verify and to determine the effects of diatomite application on soil
physical properties, especially texture, between the samples collected before the application of diatomite in the
first phase and the samples collected in the second phase where diatomite was applied (V1 without diatomite
and V4 with the maximum quantity of diatomite). The results obtained after laboratory analyzes and
representation of grain size curves indicated that the changes in soil texture were not significant for onion and
bean crops, but for pepper crops the values were more explicit and indicated a finer soil texture. However, the
finer soil texture for pepper crops in the second campaign can not be attributed exclusively to diatomite, as the
differences between the samples in second campaign (with and without diatomite) is of maximum 3%. All the
modification are in the courser direction for the samples collected from parcels with diatomite in comparison with
the control parcel (without diatomite). Moreover the grain size analysis indicate the finer soil texture (with the
maximum changes in the opposite direction as in the presence of diatomite) for the samples collected in second
campaign from the control parcels (without diatomite) in comparison with samples collected in first campaign,
before the administration of diatomite. Those differences cannot be attribute to the application of diatomite but to
another cause as the fact that the pepper was not yet planted, the soil being crumbled after the preliminary
planting works that were carried out between the two campaigns.
The maximum quantity of diatomite applied in version 4 (210 g) was not enough to demonstrates
significant changes in soil texture. Also, taking into account the results presented above, the difference between
the samples taken in the last phase, namely V1 – control sample (without diatomite) and V4 with maximum
quantity of diatomite, was also insignificant. The results indicated a finer but also a coarser texture, which
demonstrates that diatomite applied in the quantities used in this case study did not change in any significant
way or by a specific pattern the physical properties of the soil, especially its texture. Further researches are in
progress for the verification and demonstration of the agricultural practices effects in relation with environmental
conditions and ecosystems status.
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ABSTRACT
The plants for dehydration of vegetables and fruits aim to remove some of the total water contained in
them, in order to preserve them for a longer period or for further processing. Also, dried fruits and vegetables
have the advantage that they require less storage space, easier and cheaper packaging, and the handling
operations simplify and reduce transport costs.
REZUMAT
Instalaţiile de deshidratare a legumelor şi fructelor au scopul de a îndepărta o parte din apa totală
conţinută de acestea, în vederea păstrării lor o perioadă mai îndelungată sau a prelucrării ulterioare. De
asemenea, fructele şi legumele uscate au avantajul că necesită mai puţin spaţiu pentru depozitare, un ambalaj
mai simplu şi mai ieftin, iar operaţiile de manipulare se simplifică şi scad cheltuielile de transport.

INTRODUCTION
Worldwide, there is an increasing concern for the dehydration of fruits and vegetables with the highest
yields, leading to specific low energy consumption and being able to use appropriate technological processes,
depending on nature of the raw material processed. From this point of view, the quality of the finished product
and the reduction of the specific consumption of thermal energy used for each kg of evaporated water are
essential (David P., 2001, Dănescu A.1967).
From the quantitative point of view, for the fresh state of the horticultural products water is the main
component. In fruits and vegetables, it is in a free state, bound and in the form of constituti Free water is found
in cells and contains different substances such as sugars, salts, acids, etc. The free water is held mechanically,
or by capillarity and can be easily transferred to the pressing, centrifuging, evaporation, etc. on water
(Enăchescu M., 1974, Mănescu S. 1979, David P., 2001).
Bound water represents the amount required to hydrate the ions of colloidal molecules or particles that
have hydrophilic properties. The bound water is not active and can only be released by holding sliced
horticultural products for a certain time (8 ÷ 12 hours) at a temperature of 100 ÷ 105 °C (Gherghi A.,
Iordăchescu C., Burzo I., 1979; Jurubiţă J., Paraschiv A., 1979; David P. 2001; Popa Secreţeanu E.,1975).
Another form under which water is present in the structure of fruits and vegetables is constitutive water.
This represents the amount of hydrogen and oxygen in the ratio of 2: 1 contained in the molecule of the
considered substances. Removal of this form of water leads to the destruction of the respective substances
(David P.2001; Radu I.F., Armean E., Enăchescu M., 1979; Radu I.F., Enăchescu M., Panaitescu Gr.,1972).
Total water is the sum of free and bound water that can be removed without harming the food value and
organoleptic qualities (color, odor, taste) of the respective fruits and vegetables. The content of the horticultural
products in the total water varies within very wide limits, not only with the nature of the product, but also with the
degree of maturity consid In order to obtain a finished product of superior quality, the fruits and vegetables that
are subject to dehydration must have certain specific properties, depending on their nature (Ioancea L., 1988;
David P.2001).
The physical state of the horticultural raw material is characterized by organoleptic properties and by
physical constitution.Among the organoleptic properties we can remember: the shape, size, mass, color, taste
and aroma, smell and health. These characteristics condition not only the quality of the finished product, but
also the development of the complex of technical operations that constitute the drying process (Mihăilă C.,
1982; David P.2001).
The physical constitution, that is, the size and the way in which the biological elements (cells), known as
structure and texture, are grouped together, characterizing each variety separately (Radu I.F., Armean E.,
Enăchescu M.;1979 David P.2001).
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The type and number of preliminary drying operations (sorting, washing, etc.) are dependent on the
shape, volume and mass of the raw material, while the pre-treatment duration (scraping, boiling) is conditioned
by the color, taste, aroma and odor of the raw material, and the harvesting. , packaging, transport and
temporary storage until processing are influenced by structure and texture (Dăscălescu D. 1964; David P 2001).
When examining the structure it will be taken into account that in some varieties the epidermis may be
different modified by cerification, cutinization or suberification. The size of the cells, their content in different
organic substances and water, the grouping of tissues with different functions and the nature of the epidermal
changes, make the fruits and vegetables have a firmer or looser structure. The firmness of the structure and
texture and the modification of the epidermis influence both the process of removing the excess water and the
quality of the finished product (Dăscălescu D. 1964; David P 2001; Mihăilă C. 1982; Popa Secreteanu E. 1975).
The chemical composition of fruits and vegetables influences the drying process. The determining
components are: water, carbohydrates (starch, sugar, cellulose, pectic substances), protein, tannin, acids,
aromatic substances, vitamins and mineral substances. (Gherghi A., Iordăchescu C., Burzo I., 1979; Dănescu
A.; David P.2001)
Fruits and vegetables contain significant amounts of vitamins. Drying should be done in such a way that
the vitamins are least influenced. Vitamins are very sensitive to temperature and the presence of oxygen in the
air. The contribution of vitamins in human food is special and for this reason technologies must be chosen
carefully because the dehydrated fruits and vegetables resulting from the drying process must retain certain
initial qualities such as taste, smell, color, amount of nutrient, etc. The product must also have other features,
such as the easy rehydration (David P. 2001; Dănescu A.1967; Radu I.F., Armean E., Enăchescu M., 1979).

MATERIALS AND METHODS
The products that have been dehydrated in this plant are a wide range of fruits and vegetables, but
because the time of product placement in the drying chamber can be varied to a very large extent, the raw
materials that are recommended for drying are especially those sensitive to high temperatures and which, for
this reason, require a longer drying time, su The dryer is composed of the following main parts: hot air
generator, trolleys with grils, drying enclosure, electric control panel and automation.ch as plums, apples, pears
and onions.
The hot air generator provides the drying agent necessary for the operation of the dehydration system,
being made up of several parts, respectively:
The heat exchanger (fig. 1), which allows the transfer of part of the heat energy contained in the
combustion gases to the air that is in the dryer.

Fig.1 – Heat exchanger

The axial fan (fig.2) Has the role of transporting the air through the pipe and through the heat exchanger
in order to insert it into the drying tunnel enclosure. It is driven by an electric motor through a set of four
trapezoidal belts.
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Fig.2 - Fan with drive motor

The mixing chamber (fig.3) Allows the mixing of the heated air (which has passed through the heat
exchanger) with the fresh or recirculated air, in order to obtain optimal parameters (temperature, humidity) of the
working agent.

Fig.3 - The mixing chamber

The pipe (fig.4), connects the fan, the heat exchanger and the mixing chamber. It consists of several
sections joined together with flanges, through which, as the case may be, atmospheric air, recirculating agent or
heated air.

Fig.4 - Hot and cold air piping

The burner (fig.5), which is equipped with the hot air generator, is two-stage in operation. The fuel used is
liquefied petroleum gas (LPG), but the burner can be easily adapted for operation with methane gas.
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Fig.5 - The burner

For dimensional checks of the main subassemblies of the installation and of the most important parts, as
well as for determining the dimensional, kinematic (speed), thermodynamic (pressure, temperature, air and flue
gas) and electrical parameters (supply voltage, current absorbed) by the electric fan motor) the instruments
presented in the table 1 were used.
Table 1.

1
2
3
4
5
6
7
8
9
10
11
12
13

Instruments used for experimentation
Name of the instrument or device
Measuring range
Metallic roulette
0÷2m
Metallic roulette
0 ÷ 10 m
Gauge 200 × 0,1 STAS 1373/2-73
0 ÷ 200 mm
Gauge 500 × 0,1 STAS 1373/2-73
0 ÷ 500 mm
Depth gauge 200 × 0
0 ÷ 200 mm
S 1373/3-73
Graduated ruler
0 ÷ 500 mm
Technical thermometer with massive capillary
- 20 ÷ +30 oC
STAS 8374/1-69
Speedometer with indicator needle
0...4000 min-1
Measuring device (Multimeter)
type HC – 3500 T
Voltameter clamp (Clamp Meter)
0…700 V c.a.
DT - 266, would be 99096079
0...200 A
- minutes
Chronometer
- seconds
vibrometer sound level meter type 2237B
30 ÷ 140 dB
0,4 ÷ 40 m/s
TESTOTERM 4000 (Testovent)
- 120 ÷ +1300 oC
(for speeds, temperatures and air flows)

Remarks
C.P. 3
C.P. 3
accuracy 1/10
accuracy 1/10
accuracy 1/10
C.P. 1
C.P. 2
display of results

C.P. 2
field of linearity 70 dB
display of results

In order to carry out the experiments on the drying plant of fruits and vegetables, plums of the varieties of
Agen and Stanley were used as raw material
RESULTS
As mentioned above, the raw material used for the experimentation was plums from the Agen and
Stanley varieties with an initial humidity Ui = 80%.
At the end of the process the final plum moisture reached Uf = 20%. These data were obtained by
weighing the product before and after drying. The drying period in the stabilized operating regime of the
installation was 20 hours.
The construction data of the drying tunnel are:
- Number of strollers..............................................................................................................12 pieces
- Number of trays...................................................................................................................24 pieces
- Quantity of fresh plums on a tray........................................................................................12 kg
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• The amount of fresh plums that fit in the tunnel……………………………………………. Mi = 3.456 kg
• The drying ration……………………………….......................... ………………………..……Ru = 4 %
• The initial humidity……………………………………………………………………….………Ui = 4 %
• The final plum moisture reached………………………………………………….……………Uf =0,25%
• The quantity of dried plums that results after 20 hours of operation……………………. Mf = 864 kg
• The total amount of water removed ………………………………………………………Gwater =2.592 kg
• The amount of water removed from the product in one hour…………………………. g=129, 6 Kg/hour
The data recorded during the tests were the following:
• Atmospheric air temperature........................................................................................ta = 19 °C
• Air temperature at the tunnel entrance…......................................................................t1 = 72 °C
• Air temperature at tunnel exit.......................................................................................t2 = 51°C
• Humidity of atmospheric air..........................................................................................φa = 78 %
• Air humidity at the exit of the tunnel..............................................................................φ2 = 40 %
• The amount of air introduced into the tunnel.......................................................L = 22.000 m3/h
With this data it was calculated the amount of energy (q) consumed for the evaporation of one kg of
water q= 9.405 kJ/kg water
By properly adjusting the air valves it is possible to recirculate an air quantity from the exit of the drying
tunnel, with the temperature t2 = 51 °C.
In this way, a fuel consumption of 8.5 m3 / h was reached, resulting in a specific energy consumption qrec=
7.402 kJ/kg water
The speed of the working agent over the plum layer varied between 3.8 m / s and 4.5 m / s.
CONCLUSIONS
In order to eliminate the surplus of water from the horticultural products, in order to keep them longer or
their subsequent processing, it is necessary to use dehydration plants. Water content varies between fruits and
vegetables within 75-90%, and sugar within 3-24%. These two components decisively influence the smooth
running of the drying process.
The high water content is an environment favorable to the development of microorganisms that have a
harmful effect on the quality of fruits and vegetables, significantly reducing their retention time. Through
dehydration, the percentage of water is reduced to 13 ÷ 18%, sometimes even below these values, which
determines a high concentration of the other components (the dry substance), thus forming an environment
unfavorable to the development of microorganisms. This creates the conditions for keeping fruits and
vegetables for a much longer period.
These plants are used both in agriculture, by the fruit and vegetable reception units, to allow the products
to be stored for a longer period, as well as in the food industry, for further processing.
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ABSTRACT
Beekeeping farms from the region of Ruse do not have disposable the specialized logistics equipment.
The production is realized with low added value, which makes them highly dependent on realistic market
conditions of conjuncture and intermediaries. Logistics bee products require investment in expensive equipment
machines, with which individual beekeeping farms from Ruse region do not have available. This requires
strengthening of the horizontal integration between beekeeping farms, as well as vertical connections. Decisions
in the field of logistics strongly influence strongly on the self-price, quantity and quality of produced bee
products. They may change substantially and materially the marketing, manufacturing and other processes of
the beekeeping farms, and their competitiveness.
РЕЗЮМЕ
Пчеларските стопанства от област Русе не разполагат със специализирана логистична
техника. Продукцията се реализира с ниска добавена стойност, което ги прави силно зависими от
пазарната конюнктура и посредниците. Логистиката на пчелни продукти изисква инвестиции в
скъпи съоръжения, с които отделните пчеларски стопанства от област Русе не разполагат. Това
налага засилване на хоризонталната интеграция между пчеларските стопанства, както и на
вертикалните връзки. Решенията в областта на логистиката оказват силно влияние върху
себестойността, количеството и качеството на произвежданите пчелни продукти. Те могат да
променят съществено маркетинговите, производствените и др. процеси на пчеларските
стопанства и тяхната конкурентоспособност.

INTRODUCTION
The overall process of programmed and reasonable movement of tangible material values in the course
of development of the complete reproduction cycle is called business logistics (specific terminology: ”logistic
business”). Within this process there are present two main phases - resource-production logistics (also known
as materials management – “materials managements”) and marketing logistics (marketing logistic, or even
physical distribution – “physical distribution”) (Любенов, 2018). Marketing and logistics cover a significant part of
the beekeeping business processes (Lyubenov, 2019). Resource-production logistics of beekeeping farms
covers two inter-related areas - resources and production. The supplies of resources provide beekeeping farms
production of bee products. The production itself includes the processes of transformation of the received
resources into the bee products. Marketing Logistics covers logistics processes after production to buyers’
consumption.
MATERIAL AND METHOD
The Bulgarian studies on logistic of bee products are only a few. This is why the practical experience, the
theoretical experience and individual long-term observations and studies done by the authors for the logistic of
bee products are used. The research methods include the complex combination of induction, deduction,
grouping, comparison, analysis, synthesis, abstraction, concretization, analogy, modelling, formalization,
observation and experiment.

RESULTS
The survey covers the two main parts of logistics of beekeeping farms in the region of Ruse - Resource
and production logistics and Marketing logistics.
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Resource and production logistics
Beekeeping is based on the use of biological resources of plants - nectar, pollen and others. It is therefore
necessary to think of planned planting of honey-giving and pollen plants in Ruse District. Beekeeping farms in
the area should be located as close as possible to those biological resources. Their functioning requires the
provision of hives, veterinary medicines, water and feed (Atanasov A., I. Hristakov, L. Lyubenov, etc., 2014).
Production logistics should be based on appropriate breeds of bees as genetic resources that transform with the
highest efficiency the potential of plants. The main activities in resource-production logistics of beekeeping
farms include providing and maintaining the necessary resources and transforming them into bee products.
Honeybees in the course of evolution have developed to perfection its resource-production logistics. An
important role it has transportation that bees perform. They find out the sources of raw materials (nectar,
mildew, pollen, water) and transport them to the hive. By dancing scout bees called intelligence officers are
showing the exact location and type of raw materials, other bees carry them into the hive, third part process
them as preserved and stored in the form of honey, Perga, etc., by this division of logistic activities. In different
regions, seasons and years, there are periods in which there is not enough nectar, pollen and water, which
requires beekeepers to provide the necessary raw materials through mobile beekeeping or provide adequate
feed.
In the bee hives the honeybees sort incoming raw materials and then process them, rearrange, store and,
performing a range of logistics activities arising from their own needs. Beekeepers should support honeybees in
the performance of their production logistics (Atanasov A., L. Lyubenov, I. Hristakov, etc., 2019), providing
optimal conditions for its implementation in swarms and families through the selection of appropriate breeds of
bees, hives, frames, comb foundations veterinary treatment medicines. Regularly replacing of old with new
cakes, ensuring good ventilation of hives, prevention and fight against diseases, pests and unfriends of
honeybees, maintaining healthy, strong and industrious bees and families.
Marketing logistics of the bee keeping farms
Marketing Logistics of the beekeeping farms from Rousse region cannot be separated from the overall
process of development of the business logistics, because its efficiency is correlated with the quality of
implementation of resource-production logistics. Even the slightest beekeeping sector knows perfectly what is
the meaning of the quantity and quality of resources for the production of bee products, their distance location
from the apiary, the timing of flowering of honey and pollen plants, the power of bee colonies for qualitative
transformation in various bee products ensuring the reliability and safety of products on their way to the market.
One of the main problems for beekeeping farms from Ruse region are hampered possibilities for
processing and storage of bee products. Some, such as bee pollen require drying and other cold chain - royal
jelly, drone larvae and bee venom when it is not dried. Regional bee farms for the most part do not have a
modern and professional logistics equipment and use old technologies for the processing and storage of bee
products, therefore thus the achieved quality, safety and export potential are low. They sell their production to
low-processed, respectively, and low added value (Lyubenov L., Atanasov A., Hristakov I. 2018), which makes
them highly dependent on market conditions of the conjuncture and independent intermediaries.
Food taste industry in the region of Ruse for the purpose of processing of honey and bee products is
poorly developed. There is only one workshop registered under Regulation 9 of a conventional plant in Svalenik
village, as in the community there is no bio-licensed workshop under this Ordinance. The nearest one is in the
city of Loznitsa of 73 km from the city of Rousse, in the neighbouring area - Razgrad. Under Regulation 26 in
Ruse region has been registered only 24 bee farms, which is 2% of the total number of apiaries in the area 1185 pieces (Bulgarian Food Safety Agency Ruse, 2019). This limits the possibilities for realization of the
produced in biological and conventional honey and the rest of the bee products to regional, national and
international markets. Rousse district is a netto exporter of honey, but net importer of capital goods - hives,
centrifuges, chemicals, equipment.
Regulations 26 and 9 are subject to the Food Act and other types of laws to ensure the veterinary and
sanitary health and hygiene requirements for the production, storage, processing and unpack aging of bee
products. The first relates to the small retail and the second for the wholesale bee products. The registered in
these physical objects - buildings, premises, equipment and technologies for packaging, labelling, etc., provide
for control and traceability, safety and quality of bee products incl. and online marketing. Satisfying the
requirements of Regulation 26 requires the investment of tens of thousands levas from every beekeeping
economy, and by the way the building of a plant for processing of bee products under Regulation 9 requires
investments of hundreds of thousands Bulgarian levas.
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The specificities of beekeeping a significant have an impact on the logistics activities. Part of the
produced honey production (over 20%) remains on the farms for use in their production activity, while another
part is stored for later utilization. Beekeeping farms produce also a part of the necessary resources – feed,
mother bees, etc., which indicates the presence of functional and technological links between resources,
production and marketing logistics in beekeeping, which cannot be broken apart. Bee products are diverse, and
this requires the use of various logistical equipment and technologies, which leads to greatly increase the
necessary investments. For de-crystallization of honey it is necessary heating up to temperature of 46 °C, bee
pollen is so being dried, and royal jelly is being cooled down.
To ensure the safety and quality of bee products require specialized premises, houses spaces, equipment
and techniques and technologies for the processing, storage and control to meet the high veterinary - sanitary
and hygiene requirements. Bee products are needed to be sorted and cleaned of impurities, contaminants and
foreign bodies, as well as to be subjected to heating, cooling, drying and grading, which requires expensive
equipment and consumables. The Marketing Logistics of bee products requires investment in expensive
equipment with which individual beekeeping farms do not have, so it is necessary to take a step to integration of
beekeeping farms. Therefore, these operations are undertook mainly by units outside the beekeeping sector processors, wholesalers and small retailers.
The Marketing Logistics of bee products uses a powerful arsenal of technical tools, human resources,
financial instruments and information systems in five main activities (Любенов, 2016):
• transport operations - require specialized transport by type and durability of bee products. For example
the transport of some bee products requiring refrigerated containers or a controlled atmosphere by which must
ensure complete cooling chain from the manufacturer to the user. Regardless of the type of transport (air, road,
rail, water, pipeline) is looking for optimization and cost reduction;
• warehouse operations - in terms of physical distribution should not be considered in terms of
warehousing and storage of bee products, but as a set of activities to form a marketing appearance - sorting,
cutting, unpack aging, labelling, arrangement, assembling and others. The main problems related to the
management of these activities are limited to a choice between private and / or foreign stocks, suitable territorial
location of warehouses, technical and technological assuring of the storage operations, etc.;
• stocks - ensuring the availability of bee products effects on their market prices. They have as an
important marketing role in providing certain market volumes and to satisfy customers in certain statutorily and
required period in offline and online marketing;
• clearance of goods - in the way of movement of bee products are required number of manipulations
associated with the very small details like moving, loading, unloading and reloading, arranging and rearranging,
packing and re-packing, unseperating, etc.;
• order processing - overall monitoring and control of bee products from the reception and processing to
execution. For this purpose is used specialized software programs and hardware (barcodes, sensors, etc.). For
the management of processing plants and logistics bases for bee products.
The above activities require specialized and expensive equipment and technologies to which wider
access have those units outside the beekeeping sector. Beekeeping producers for the most part do not have
their own processing plants, because they process less and at lower technological level with seemingly less
cost but with worse conditions, which reduces the quality and price, respectively, and opportunities to access
larger target markets. Finding decisions for the discussed logistical problems in beekeeping requires
strengthening horizontal integration between beekeeping farms at regional and sectoral level (Любенов, Л.,
2018a), as well as their vertical inter-branch and inter-sectoral links in the distribution channels.
Decisions in the field of marketing logistics strongly influence the self -cost, quantity and quality of
produced bee products. They may vary and change materially marketing, manufacturing and other processes in
beekeeping farms and their liquidity and profitability, thus also influence the choice of a distribution channel.
Decisions in the field of marketing logistics have an impact on product pricing and communication policies and
as well as on the construction of bee products with high added value, branding and positioning. Logistics
activities require significant investments, which puts demand on integration between beekeeping farms.
CONCLUSIONS
Beekeeping farms from Ruse region do not have the specialized logistics equipment and technologies
for the processing and storage of production and therefore the quality, safety and export potential are low and
easily granted. The production is realized with a low degree of processing, i.e. with low added value, which
makes them highly dependent on market conditions of the conjuncture and independent intermediaries.
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Marketing Logistics of the bee products require investment in expensive equipment with which
individual bee farms from Ruse region do not have and are not entitled to buy. This requires strengthening
horizontal integration between beekeeping holdings at regional and sectoral level, as well as their vertical
inter-branch and inter-sectoral links in the distribution channels.
Decisions in the field of marketing logistics strongly influence on the self-price and cost, quantity and
quality of produced bee products. They may change effectively and materially marketing, manufacturing and
other processes of the beekeeping farms from Rousse region, and their liquidity, profitability and
competitiveness.
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ABSTRACT
Multifunctionality, or multifunctional agriculture are terms used to indicate generally that agriculture can
produce various non-commodity outputs in addition to food. The working definition of multifunctionality used by
the OECD associates multifunctionality with particular characteristics of the agricultural production process and
its outputs: (i) the existence of multiple commodity and non-commodity outputs that are jointly produced by
agriculture; and that (ii) some of the non-commodity outputs may exhibit the characteristics of externalities or
public goods, such that markets for these goods function poorly or are non-existent.The idea of multifunctionality
in agriculture emerged from a complex and long-term analysis of the interactions between the structural and
functional units, differentiated on a scale of species and time within the ecological hierarchy, consisting of a
socio-economic construction (agroindustrial complex, village ) a regional or national socio-economic system,
with all the production infrastructure and related social organization and the foundation that supports it
(ecosystems, complexes of natural ecosystems, semi-natural and anthropogenic ecosystems). In the Romanian
agriculture, these dynamic socio-ecological complexes represent, by approaching ecosystem and adaptive
management, the support and the object of sustainable development. The present paper proposes a new
concept of management of the socio-economic model of sustainable development based on the principles of
multifunctional agriculture and on an ecosystem approach, ecosystem management and adaptive development.
REZUMAT
Multifuncționalitatea sau agricultura multifuncțională sunt termeni folosiți pentru a indica, în general, că
agricultura poate produce diferite produse non-marfă, în plus față de produsele alimentare. Definiția de lucru a
multifuncționalității utilizată de OCDE asociază multifuncționalitatea cu caracteristicile specifice ale procesului
de producție agricolă și rezultatele sale: (i) existența mai multor producții de produse de bază și de mărfuri care
sunt produse în comun de agricultură; și că (ii) unele dintre rezultatele obținute în afara materiilor prime pot
prezenta caracteristicile externalităților sau bunurilor publice, astfel încât piețele pentru aceste bunuri
funcționează prost sau sunt inexistente. Ideea multifuncționalității în agricultură a apărut dintr-o analiză
complexă și pe termen lung a interacțiunilor dintre unitățile structurale și funcționale, diferențiate pe o scară de
specii și timp în ierarhia ecologică, constând dintr-o construcție socio-economică (complex agroindustrial, sat )
un sistem socio-economic regional sau național, cu toată infrastructura de producție și organizarea socială
aferentă și fundația care o sprijină (ecosisteme, complexe ale ecosistemelor naturale, ecosisteme semi-naturale
și antropice). În agricultura românească, aceste complexe socio-ecologice dinamice reprezintă, prin abordarea
managementului ecosistemic și adaptiv, sprijinul și obiectul dezvoltării durabile.Lucrarea de față propune un nou
concept de management al modelului socio-economic de dezvoltare durabilă bazat pe principiile agriculturii
multifuncționale și pe o abordare ecosistemică, managementul ecosistemic și adaptativ al dezvoltării.

INTRODUCTION
Spatial-temporal relations between socio-economic constructions and their foundations (for example,
spatial relationships, mass and energy changes) have remained, at least apparently until the mid-20th century,
at a level that did not exceed the limits of support capacity and the resilience of the entire ecological hierarchy.
Since the second half of the twentieth century the process of awareness of the crisis in the ”humannature” relationship has led to a series of actions and studies on the relationship between the paths and the rate
of socio-economic development in developed and developing countries, on the one hand and the speed, the
forms, respectively the magnitude of the phenomena of deterioration of the structure and the quality of the
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environment (by environment understanding the nature as a whole), on the other hand.After 1950, a dichotomy
between the national, regional and global socio-economic systems, on the one hand and the components of
natural capital, on the other hand, became increasingly apparent. In order to evaluate and sample such
phenomena of decoupling and divergent evolution of erosion, restriction and diminution of the resilience of the
foundations that had to support and serve (to feed with resources, to process the waste in solid phase, gaseous
and liquid) the socio-economic constructions, a wide range of international research and monitoring programs
have been launched and realized. Among them, the programs coordinated and sponsored by UNESCO have
made major contributions. These programs focused on: i) geological resources, water resources and biological
resources; ii) human needs; iii) the climate system and the planetary ocean and iv) human-nature interaction (Di
Castri, 2000).The development of these programs has generated a wide range of data and information that
showed that in the last centuries, the main forces that had a major impact on nature were those of human origin.
After Brundtland report (1987), perceived from the beginning as one of the most consistent and
convincing arguments in favor of a new model of socio-economic development, it was possible to mobilize
political structures at national, regional and global level and then involved in the a broad, complex and very
difficult preparatory process for the UN Conference on Environment and Development, held in June 1992 in Rio
de Janeiro, Brazil. All the activities carried out during the preparatory period and the conference proceedings
themselves focused on the ways and means of intersectoral integration: environment (nature), society and
economy, in a new development model finalized at the UN summit in September 2000 in a report adopted as
the "Millennium Declaration", Millenium Ecosystem Assesssment (MA). This document, which reaffirms the
attachment of the community of 189 states, defines the general framework for the long-term social and
economic development of humanity. MA is at the same time the most comprehensive assessment of the global
resources of Tera's natural capital and management of sustainable directions, meaning eight general objectives,
18 specific objectives and a set of 48 indicators. Summarizing dramatically the huge quantity of this report (5
volumes, more then one tousend and half pages), it is indicates the main human impact of the nature such as: i)
demographic growth rate of human population; ii) overexploitation of ecological ecosystems (ore, forests, soil,
water; iii) pollution with renewable and non- renewable pollutants, including CO2 emisions and iv) alien invasive
species introductions.
The present paper proposes a new concept of management of the socio-economic model of sustainable
development based on the principles of multifunctional agriculture and on an ecosystem approach, ecosystem
management and adaptive development.

MATERIAL AND METHOD
Conceptual strategy of the sustainable development model based on the principles of multifunctionality
and systemic ecology
After Brundtland report the socio-economic model of sustainable development, although it was
unanimously perceived as one of the most consistent and compelling models of development, it turned out to
be one difficult process, requiring a whole series of clarifications and completions that were brought after the
publication of the WCED report by UNESCO, UNEP or ICSU and IUCN, following critical analysis, continuation
or the promotion of new research programs and application of this model. Derived on the theory was two main
directions to follow: i) the continous progress of theoretical base, which should underpin the understanding of
the complexity of the development process and address its specific problems, and ii) the continous need to develop
and materialize strategies and policies focused on applying sustainable management systems by adapting economic
development cycles and paths to the development and evolution cycles of natural capital components.
Theoretically, the research directions were aimed at eliminating the high degree of ambiguity in
interpreting the concept of sustainability, understanding that the ecosystem approach involves admitting that the
physical and biological environment has a hierarchical organization in which the socio-economic systems are
integrated and the absence of an operational infrastructure or due to the fact that the social component was
neglected in the process of intersectoral integration (Figure 1) (Vădineanu, 2004; Costanza et al., 2014). What
defines the actual ecological crisis is in fact the decoupling or erosion of the spatio-temporal connections
between the socio-economic constructions and their foundation (natural capital), and the capacity to support of
the components of the natural capital reflects, on the one hand, the stability and the resilience of the ecological
systems, and on the other hand, their capacity to supply socio-economic systems with resources and services
(Musters et al., 1998; Vădineanu, 1998; De Groot,1987; De Groot, 1992; De Groot et al., 2010; Costanza, 1997,
1992, 2008, 2014). Following the numerous theoretical
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Fig.1 - Interaction between built, social, human and natural capital (© Costanza et al., 2014)

researches, a whole series of extensive theoretical works have appeared which have led to guaranteeing the
operationalization of the sustainable development model on a conceptual framework associated with the holistic
and adaptive management system that will promote an ambitious and strictly necessary political project for
ensuring social security, as a result of economic development and guarantee of ecological security (WSSD /
2002). It is necessary to mention also the fundamental works of Vădineanu, 1998 and 2004 in Romania and
Costanza & Daly, 1992; Costanza, 1995; Gunderson & Holling, 2002; Schmitz, 2007; Gunderson et al., 2010,
abroad. Many new ecological concepts were introduced like ”panarchy” which are invention of a new term to
replace the rigid term of hierarchy, term that captures the adaptive and evolutionary nature of adaptive cycles
that coexists one within the other across space and time scales (Holling et al., 2002). Another important gain of
this period of research, at the beginning of the 8th decade of the 20th century, starting from the recognition that
natural resources must be considered as a factor of production in the systems created and controlled by man,
together with the stocks of capital and the power of work has been shaped by a new discipline, the economics
of the environment or, later, the eco-economy, a term introduced by Lester Brown in 2001 and theoretically
substantiated by a number of economists, among which a number of important contributions were made by the
American economist of Romanian origin, Nicholas Georgescu-Roegen in 1997 and 2008 and Brown 2007,
2010. But, unfortunately, despite of such theoretical progresses the model applications has been done on a
small scale at local and regional level, being often considered inefficient, primarily due to conceptual and
decision-making limitations and not to the means and instruments of operation. In this context it could be placed
the model applications which was the concept of permaculture created by Bill Mollison and Reny Mia Slay in
1991. After Mollison, permaculture is a design system for creating sustainable human environments. The word
itself is a contraction not only of permanent agriculture but also of permanent culture, as cultures cannot survive
for long without a sustainable agricultural base and landuse ethic. Later the term was completed by Holmgren,
co-originator of the permaculture concept (Holmgren, 2002). About Holmgren, permaculture is defined like
integrated, evolving system of perennial or self-perpetuating plant and animal specie useful to man or
consciously designed landscapes which mimic the patterns and relationships found in nature, while yielding an
abundance of fond, fibre and energy for provision of local needs.
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The case study approach of multifunctional agriculture
The term ‘multifunctional agriculture’ was ‘officially’ used for the first time in 1993 by the European Council for
Agricultural Law in an effort to harmonise agricultural legislation across Europe and to provide a legal basis for
sustainable agriculture (Losch, 2004; Garzon, 2005) – emphasising the EU-centrism of early multifunctionality
debates. In the EU, meanwhile, the commitment of the European Commission to multifunctionality was formally
articulated in the Cork Declaration in 1996 (European Commission, 1996; Potter and Tilzey, 2005). This
Declaration recognised the declining economic role of conventional agriculture in marginal rural areas and the
need to find other rationales for public subvention (Lowe et al., 2002). It also emphasised that agriculture should
be seen as a major interface between people and the environment, and that farmers have a responsibility as
‘stewards of the countryside’ (Gorman et al., 2001; Losch, 2004). The Cork Declaration suggested that
“integrated rural policy must be multifunctional in effect, with a clear territorial dimension. It must apply to all
rural areas in the Union. It must be based on an integrated approach, encompassing within the same legal and
policy framework: agricultural adjustment and development, economic diversification the management of natural
resources, the enhancement of environmental functions, and the promotion of culture, tourism and recreation”
(CEC, 1996). This formed the basis for the establishment of the 2nd pillar of the CAP (Lowe et al., 2002).
However, there are continuing debates about the introduction of the notion of multifunctionality at the Cork
meeting, in particular linked to criticisms of Commissioner Fischler’s personal interests based on his Austrian
background – a country in which implementation of multifunctional farm development pathways may be easier
than in others. Nonetheless, many have described the Cork Declaration as marking “a new and decisive stage
in European rural policy” (Delgado et al., 2003).
The notion of multifunctional agriculture refers to the fact that agricultural production provides not only
food and fibre but also different non-market commodities. These non-commodity outputs include the impacts of
agriculture on environmental quality, such as rural landscape, biodiversity and water quality (Ollikainen &
Lankoski, 2005). OECD (2001) provides a “working definition” of multifunctionality. This definition gives as the
fundamentals of multifunctionality i) the existence of joint production of commodity and noncommodity outputs
and ii) the fact that some of the non-commodity outputs exhibit the characteristics of externalities or public
goods (OECD, 2001: 13). OECD emphasizes that in developing the notion, it is useful in the first phase focus
predominantly on positive and negative agricultural environmental non-commodity outputs. Also, it is
acknowledged that including food security and rural viability to multifunctionality is disputed and they do not fit
well the framework of multifunctionality (OECD, 2001: 31). Boisvert, 2001, Romstad et al., 2000, Guyomard et
al., 2004, Anderson, 2002, Paarlberg et al., 2002, Vatn 2002, Peterson et al., 2002 and Lankoski and Ollikainen
2003, focus on the properties and policy design of multifunctional agriculture either in a closed economy or in an
international trade framework.Studying many years after the beginning of the reorganization of the property of
the agricultural land I found like many other experts that Despite the unanimous recognition of the need to
reorganize agriculture following the principles of sustainable development, understanding how this complex
process of reform must take place remains extremely confusing and often dependent on old approaches,
specific to outdated historical periods (Vădineanu, 2004). Notions of multifunctionality have not been restricted
to forestry and agriculture. A fruitful debate has also emerged in multifunctional urban planning, and although
the linkages between this body of literature and multifunctional agriculture are not explicit, debates about the
changing functions of urban spaces have also influenced debates on multifunctional agriculture. Of particular
relevance have been debates on multifunctional urban land use that emerged in the late 1990s, with a recent
issue of the journal Built Environment, for example, entirely dedicated to the subject (Priemus et al., 2004)
So, in the present paper I propose a new model of farms organization based on the principles of main
guidelines of Communitary Agricultural Policy (CAP) and the model of multifunctionality which could combine
both of the traditional agricultural practices and the managerial trend of the European model of agriculture.The
model was presented in the diagram from the Figure 2.

DISCUSSIONS
It was quite clear during this transitional period after 1990 that the reform of the agricultural policy in
Romania is a process that depends not only on the internal situation but also on the evolution of the CAP and
the international situation on a global level as a result of the increasingly intense process of
globalization.Vădineanu, (2004), made a realistic analysis of the first period of transition in which a lot of time
and resources have been wasted in the wrong direction, which continues today. Terms have been circulated
with which the specialized literature has been enriched especially in the last decade and which would define the
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coordinates of the sustainable development model in agriculture, but which are often attributed to limited and
even erroneous meanings.It speaks of the necessity of the clear option of the transition to capitalism (Alecu and
Cazac, 2003; Oancea M., 2003), of the transition from state and cooperative ownership to private property, of
the restoration of large agricultural holdings, of organic farming, of ecologic farming, of alternative agricultural
practices, of multifunctional agriculture, of agrotourism or even sustainable intensive agriculture (Manole, 2013;
Antonie, 2013).There are also, frequent debates on the issue of choice between liberalism and interventionism,
two seemingly opposing concepts of agricultural activity management, the need to improve agricultural
structures (including land ownership and cooperation), the need to increase investment effort and the need of
promoting performance management (Vădineanu, 2004). An increased degree of multifunctionality may result
from the addition of functions to the area (notion of ‘multifunctionality by diversity’), from an increase in
dispersion of the number of functions (‘multifunctionality by interweaving’), or from an increase in spatial
functions (‘multifunctionality by spatial heterogeneity’).
In my vision the only realistic option of the holistic model (Figure 2) it includes beside the constructed
infrastructure, part on the socio-economic system and the foundation including soil, water, climate and
biodiversity.The physical structure includes (Figure 2):
a) administrative buildings;
b) zootechnical and veterinary sector;
c) machinery park;
d) recycling sector (manure, compost etc.);
e) repair shop;
f) the storage sector;
g) the recreation area;
h) the guest house;
i) green energy producing systems (wind systems, solar panels);
Natural capital of such model involves the structure and crop rotation of anthropic ecosystem (such as
cereal crops) and seminatural ecosystem (such as pastures, gardens, orchards, shelter belts, forests and so
on). The evaluation of the functioning of the socio-economic systems of the type of the multifunctional farm and
of their performances in relation to the impact exerted on the structure, quality and productive capacity and
support of the foundations that support and feed them can be carried out in a coherent and useful form
ecosystem and adaptive management, using the process of quantifying the ecological balance (O'Neill et al.,
1997; Clark J., 2003; Vădineanu, 2004).
Approaching such a model of the multifunctional farm within the MEA implies an adequate
management plan based on an analysis and estimation that establish in monetary terms the balance and the
ecological efficiency of such a socio-economic system.After the building of the farm and implementing of the
multifunctional model the inputs flows in mass, energy and human staff will be quickly cleared by benefits of
ecosystem services converted in monetary flow (Ayres, 1998).The quantification and estimation of the impact of
economic activities on the environment, occurred as a result of an extension of the neoclassical economic
theory, based on the monetary flows in the field of resources and environment economics and focused on the
economic evaluation in monetary terms of the main resources and services by which the natural capital was
defined. The flows of materials and energy in, through and outside the socio-economic systems are basically
the expression of the functioning of the socio-economic systems, the supplier and the material support of the
production cycles and, therefore, the material/physical foundation of the economic activities.
These are essential not only for the elaboration and application of the decisions and for the behaviors
that underpin the maximization of profits and the competitiveness of the costs, but they are increasingly
recognized as agents or control factors through which human activities have an impact on the components of
natural capital and on of the socio-economic system itself (Arrow et al., 1995; Daly and Cobb, 1989; Adriaanse
et al., 1997; Vădineanu, 1998, 1999; Daniels and Moore, 2002).Part of the basic components of such
multifunctional system are presented in the Figure 3, 4, 5 and 6.
Vădineanu, (2004) shows that the transition from intensive agricultural production farms, whose
potential seems to have reached the limits of performance and which is the main cause of the deterioration of
the natural capital from agriculture, to the multifunctional farms capable of exploiting the multifunctional potential
of the rural areas, is also imposed by one of the basic directions of their activity, namely the rehabilitation and
conservation of biodiversity as well as the control of diffuse pollution. The proposed agricultural model responds
to the basic principles of sustainable development through: rapid and sustainable balancing of the structural and
functional parameters of the ecosystem and, in the same time while reducing energy and matter inputs to the
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system as a result of the use of renewable resources as well as due to a wide range of services (regulation,
support, agrotourism, ecotourism) that the multifunctional farm can provide to the adjacent socio-economic
system.

Fig. 2 – Physical and spatial model of multifunctional farming system of sustainable agriculture

Fig. 3 - Model of agriculture organized on the principles of the multifunctional farm in the United Kingdom
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Fig.4 – Multifunctional farm in UK (Millington farm) build on the multifunctional model

Fig.5 – Main components of the multifunctional farm furnished by ecosystem services: building for rural
tourism and wellfare (left) and sustainable exploit of system resources (right)

Fig.6 – Intercropping system of multifunctional farm based on enhancing the heterogeneity of rural farm land

The designing of such model of multifunctional farm need to keep in attention some functional
characteristics like:
1) density and efficiency of energy flows (ratio of diffused/concentrated energy inputs);
2) density and quality of nutrient, pesticide, etc. flows;
3 dynamics and internal stability for adjacent or integrating systems;
Thus, the main problems regarding the structural organization of the multifunctional farms will have to include:
the dimensions, the connectivity of the ecological structures, the hydrogeomorphological complexity and the
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trophodynamic modules, the complexity of the functional activities and compartments (production, processing,
harvesting, marketing, services, agrotourism, etc.), the relations between farm compartments.
CONCLUSIONS
The multifunctionality and the model of organization of the Romanian agriculture on these principles imply a
whole series of advantages that give priority to a sustainable development of the rural space, preserving and
conserving all its structural characteristics;
A multifunctional model allows the creation of a competitive agricultural sector that can cope without the
competition subsidies on international markets;
It allows different forms of agriculture, healthy production methods, rich in traditional practices, which protect the
environment, are oriented towards an increased level of production but that preserves rural diversity and
dynamic and active rural communities, capable of ensuring quality products, in the varieties required by the
population by generating and maintaining a high level of employment;
It also allows the resizing of semi-intensive agricultural practices in relation to the productive and supportive
capacity of the biophysical infrastructure of natural capital and, on this basis, a simpler and more flexible
agricultural policy that clearly sets out what decisions need to be taken;
Modelul permite, de asemenea gestionarea relațiilor funcționale dintre componentele organizatorice ale fermei
cu triplu scop: i) reabilitarea, conservarea și valorificarea componentelor capitalului natural, inclusiv a speciilor
sălbatice și a structurilor ecologice seminaturale; ii) creșterea eficienței activităților pe plan local , cu accent pe
satisfacerea cerințelor și implicarea comunităților locale, și instrumentarea măsurilor de conservare a
biodiversității și de control al poluării pe plan macroregional precum și de a contribui la controlul modificării
climatului global
The model also allows the management of the functional relationships between the organizational components
of the farm for three purposes: i) rehabilitation, conservation and capitalization of the components of the natural
capital, including the wild species and the semi-natural ecological structures; ii) increasing the efficiency of
activities at local level, with emphasis on meeting the needs and involvement of local communities, and
instrumentation of measures for biodiversity conservation and pollution control at the macro-regional level and
to contribute to the control of the global climate change.
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ABSTRACT
The mechanization of agricultural works is a basic activity in agriculture and works in close dependence
with biological factors, with soil potential, with chiming and irrigation, and has a favorable influence on the
growth of agricultural productions.
The development of technical equipment for the development of soil treatment processes, especially
those of high capacity and heavy, has resulted in the occurrence and intensification of physical soil degradation
processes, especially of destruction and anthropic compacting. These processes are even more intense in
areas with a dry climate, where intensive soil cultivation and the removal of vegetal remains contribute to the
intensification of soil water loss processes, exacerbating desertification.
Strong technical equipment is seen as a symbol of progress, both in large farms and in peasant
households. Thus, the mechanization of agricultural work is associated with progress, but the excessive
intensification of mechanization can lead to a conflict between positive and negative effects in the long run. In
order to prevent the degradation of the cultivated lands, it is necessary to preserve a good structure by avoiding
a large number of passes and the use of adequate machinery and equipment systems which in a passage
should execute several technological operations.
REZUMAT
Mecanizarea lucrărilor agricole constituie o activitate de bază în agricultură şi acţionează în strânsă
dependenţă cu factorii biologici, cu potenţialul solului, cu chimizarea şi irigaţiile, executând o influenţă favorabilă
asupra creşterii producţiilor agricole.
Dezvoltarea echipamentelor tehnice pentru desfășurarea proceselor de prelucrare a solului, în special
cele de mare capacitate și grele, a dus în timp la apariția și intensificarea unor procese de degradare fizică a
solului, în special a destructurării și compactării antropice. Aceste procese sunt și mai intense în zonele cu
climat mai uscat, unde lucrarea intensivă a solului și îndepărtarea resturilor vegetale contribuie la intensificarea
proceselor de pierdere a apei din sol, accentuând deșertificarea.
Echipamentele tehnice puternice sunt considerate ca un simbol al progresului, atât în fermele mari, dar
și în cazul gospodăriilor țărănești. Astfel, mecanizarea lucrărilor în agricultură se asociază cu progresul, însă
intensificarea excesivă a mecanizării poate duce la apariția unei stări conflictuale între efectele pozitive și
negative pe termen lung. Pentru prevenirea proceselor de degradare a terenurilor cultivate, este obligatoriu
conservarea unei bune structuri prin evitarea unui număr mare de treceri şi folosirea unor sisteme adecvate de
maşini şi utilaje care la o trecere să execute mai multe operaţii tehnologice.
INTRODUCTION
The soil processing process is among the biggest energy and labor-intensive processes. On the other
hand, these processes are also accompanied by large wear of the working organs of the soil-working machines,
but also of the tractors that are used for towing and driving these types of machines. These processes also
cause other negative phenomena, namely the compaction of the soil. The phenomenon is caused by the heavy
weight of the used equipment, along with the excessive humidity and floods.
Taking into account these negative phenomena that accompany the soil processing processes, various
researches have been carried out over the past decades, which, even if not definitively eliminate, at least
improves the degradation processes. Efforts in this direction have demonstrated that the action on some
parameters of degradation may lead to alteration of others beyond acceptable limits.
The parameters characterizing the process of soil processing are those that describe its state, namely
those that characterize its physic - mechanical and biological properties. The state of the soil is a crucial
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requirement in ensuring the success of agricultural technologies and in protecting the environment by being
linked to its resilience capability. The soil being a mineral-organic entity has the ability to restore its vital
properties that have been degraded by some anthropic activities if they are not drastic and if the period of time
spent, after their action ceases, is not very high.
The soil resilience capacity depends on the ratio that is established between its recovery and
degradation capacity. In turn, they depend on the intensity of natural recovery processes, the activity of the
organisms found in the soil.
The physical properties of the soil are strongly influenced by the system of works that are used, either
conventional or conservative.
A. The system of conventional or traditional works includes primary or main soil work and secondary and
deep-lying works.
The primary soil work is done annually by plowing with the total or partial return of the furrow. This ensures
weed fight by incorporating them and plant debris under the furrow. Excessive loosening and the absence of
vegetal remains at the surface of the soil leave the ground uncovered for different periods of time and exposed to
the aggressive action of natural factors, causing increased vulnerability to destruction, erosion, and compaction.
Secondary soil work is usually carried out by several operations and consists of fragmentation,
shredding of the clods and leveling of the land, that means obtaining a germinated bed, “loosened, wellchopped and uniform”. Although these operations facilitate sowing, in the long run it increases the vulnerability
of soil through destruction.
Deep loosening work is required at certain periods of time in order to improve compacted soil layers at
high depths due to natural and / or anthropic factors.
B. The system of conservative works is based on the less intense loosening of the soil, without the turning of
the furrow, and only with the preservation of a certain amount of vegetal debris at the surface of the soil, for this
reason being considered as an ecological protection strategy.
Among the physical properties of the soil that greatly influence fertility, the structure is of particular
importance. It influences the water, air and soil nutrients. Given the importance of the structure for soil fertility, it
must be maintained, rebuilt or continuously improved. In order to prevent soil degradation processes, it is
necessary to avoid the large number of passes and the use of agricultural machinery that simultaneously
perform several operations.
Apparent density is a function of structure, texture and humus content. For each type of soil, there is
an apparent density of equilibrium. The soil, after being processed, sits in time (due to its own weight, rainfall,
etc.), and if it does not suffer from exaggerated interventions it reaches the apparent density of equilibrium.
Total porosity depends on texture, structure and is important because it determines the simultaneous
and optimal presence of water and air in the soil, which results in good fertility of the soil. Also, total porosity
along with apparent density influences the weight of the layer that is mobilized to perform soil work. The total
soil porosity changes in close correlation with apparent density and the ratio of capillary and non-capillary
porosity largely depends on the size of the structural aggregates.
In order to assess the condition of the soil, absolute values of apparent density or total porosity cannot be
properly interpreted, since they differ from one soil to another according to its texture. The indicator, which includes
both apparent density and total porosity and which also takes into account soil texture, is the degree of compaction.
The variation of moisture in the processed soil layer, especially at the top, is characterized by a stronger
dynamics. Humidity modification occurs both due to weather changes, but also due to inadequate physical state
of the soil or work done unreasonably.
MATERIALS AND METHODS
The main features of the soil that can be influenced by the type of work system are:
1. The structure - represents the way of grouping the elementary particles into aggregates of different shapes and
sizes. It greatly influences soil fertility because it influences the water, air and nutrient regime. Given the importance
of the structure on soil fertility, it needs to be maintained, restored and improved. For this purpose, soil work must be
done rationally so as not to destroy structural aggregates. In soil lacking structure, the elementary particles unrelated
to each other form a dense network of capillary spaces. If there is air in the soil, but not water, and even if there are
minerals, they cannot reach the roots of the plants. Thus, in soil lacking structure, the soil water reserve is small and
short-lived. Also, soils without structure are more easily scattered and eroded by water. In soil with structure, water
and air act simultaneously and so fertility factors, water and nutrients are permanently ensured. Therefore, soils with
a corresponding structure oppose the formation of crust, splintering and erosion.
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Intensive works carry significant demands on the soil with the following effects:
• immediate effects with a positive role
• immediate, negative effects
• long lasting effects that accumulate from one year to the next: physicochemical processes, biological
and mechanical complex processes affecting the humus content, the colloidal complex and the physicchemical binders of the structural elements, producing effects on the structure and dispersion
At the degradation of the structure under the influence of the system of works it contributes:
• the direct action of striking, grinding produced by the active organs of agricultural machinery;
degradation is accentuated when the work is done on too wet or too dry soil, when the number of
passes is high, when there is no adequate crop rotation
• the action of modification of soil chemistry following the processing process
2. Apparent density - indicates the state of the soil settlement, being defined by the ratio between the dry soil
mass in the unchanged settlement and the total soil volume.
Apparent density is a function of structure, texture and humus content. Once the soil is processed, it sits down
(due to precipitation, its own weight, etc.) and, if there are no exaggerated interventions, it reaches the apparent
density of equilibrium. The apparent density value is closely related to the degree of soil compaction. It
oscillates between 1-2 g / cm³, being smaller on humus-rich and well-structured soils. For most crop plants,
there is an optimal apparent density that influences the growth of roots, generally ranging from 1-1.4 g / cm³.
Soil compaction, other than natural soil, especially that produced by groundless soil work, is the main cause of
the destruction of the pores network with negative effects over long periods of time.
The evolution of apparent density (g / cm³) depending on soil working system (Haţegan, M., 2003)
Classical
Reversible
Paraplow
Chisel
Depth
plough
plough +
+
+
Type of soil
(cm)
+
Rotary
Rotary
Rotary
disk
harrow
harrow
harrow
Black earth

0 – 10
10 – 20
20 – 30
30 – 40

1,10
1,27
1,39
1,43

1,15
1,22
1,32
1,37

1,32
1,35
1,38
1,42

Table 1

1,26
1,34
1,42
1,42

Fig. 1 - Depth diagram – apparent density

3.Total porosity - consists of the total capillary pores (diameter below 1mm) and non-capillaries (diameter
above 1mm) of the soil mass.
Soil work loosens the soil and causes it to increase its volume by 25-40% and temporarily raising the
land level by 10-20%. Total porosity depends on the texture and soil structure and also with apparent density
influences the weight of the soil layer that is mobilized at the execution of the soil works.
Table 2
Evolution of the total porosity (%) according to the system of soil works (Haţegan, M., 2003)
Classical
Reversible
Paraplow
Chisel
Depth
Type of soil
plough +
plough +
+
+
(cm)
disk
Rotary harrow
Rotary harrow
Rotary harrow
Black earth

0 – 10
10 – 20
20 – 30
30 - 40

58
52
47
46

57
54
46
48
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50
49
42
46

52
49
46
46
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Fig. 2 - Depth diagram – total porosity

4. The degree of compaction - is the indicator that includes apparent density as well as total porosity and
which also takes into account the texture of the soil.
Compaction of the soil occurs under the influence of two categories of factors: natural (natural
compaction) and artificial (anthropogenic compaction). Anthropogenic compaction occurs as a result of
excessive, unreasonable trafficking on agricultural land and is specific to intensive agriculture.
Methods of reducing the compaction of agricultural soils are: soil processing at optimal humidity,
reduction in the number of passes on the soil surface, variation in working depth etc.
Table 3

The evolution of the degree of compaction (%) according to the system of soil works (Haţegan, M., 2003)
Classical
Reversible
Paraplow
chisel
Depth
Type of soil
plough +
plough +
+
+
(cm)
disk
Rotary harrow
Rotary harrow
Rotary harrow

Black earth

0 – 10

-11,5

-9,6

3,8

0,0

10 – 20

0,0

-3,8

5,8

5,8

20 – 30

9,6

11,5

0,0

11,5

30 – 40

11,5

7,7

11,5

11,5

Fig. 3 - Depth diagram – degree of compaction

RESULTS
When choosing the system of works, account must be taken of the technological features of the soil
caused by: texture, structure, humus content, climatic conditions, the range of agricultural machinery available.
Account must also be taken of the way in which the soil responds to the demands of modern, intensive farming
so that its potential is not diminished.
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Table 4
The influence of the system of works on the soil
Influence on soil
•

Modifies the natural structure, soil morphogenesis

•

Reduces biological activity by lowering humus content

•

The total turning of the furrow may result in soil layers with unfavorable physical and chemical
characteristics, which have immediate negative consequences on seed germination, breeding,
growth and development of plants

•
Conventional
work system

Allows good control of diseases and pests through the deep incorporation of various pathogen
agents

•

Favors the loss of water by evaporation resulting in increased soil vulnerability to destructuring,
erosion, compaction

•

Excessive loosening, which is often carried out under certain conditions, intensifies the processes
of decomposition and mineralization of organic matter, leading to a reduction in carbon content

•

The large number of passes and especially the high-capacity machines, exerts on soils demands
with negative consequences on the structure and compaction

•

Reduces soil structure destruction

•

It does not expose the soil to wind and water erosion due to the presence of vegetal debris on the
ground

The system of
conservative
works

•

Reforms the soil structure and reduces depth and surface compaction

•

By using vegetal remains from pre-culture, it helps to conserve moisture and store organic matter
in soil

•

Provides a benefic environment for soil microorganisms with an important role in biological
loosening

•

In sensibly increases the indicators that characterize the state of compactness (apparent density,
penetration resistance) in the superficial layer

•

It cannot be applied to degraded and compacted soils with poor texture and drainage , strongly
eroded and compacted

The system of works chosen must ensure the prevention of all degradation processes, the preservation
of the structure, by avoiding repeated passes using suitable machinery, which through a single passage
performs several technological operations.

CONCLUSIONS

In view of the advantages and disadvantages of the two systems of soil works, it is recommended that
the conventional systems alternate with the conservative systems, and that the latter will gradually expand

In the concept of sustainable agriculture development it is unanimously accepted that there is no
universally valid system due to climatic differences, soil types, technological features of cultivated plants

Soil properties: apparent density, total porosity, degree of compaction are influenced by the action of
natural factors of pedogenesis, but also by the action of the anthropic factor, respectively the system of
executed works

The system of works chosen must ensure the prevention of degradation processes, the preservation of
a good structure by avoiding repeated crossings and the use of machine systems that perform multiple
operations in one pass.

Minimal soil cultivation systems are alternatives to the conventional soil working system through the
effects of preservation of soil characteristics and assured productions
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ABSTRACT
This paper presents the actual state of the art regarding maintenance works of agricultural crops, using
machine vision for crop characterization. Image recognition algorithms are used in order to identify different crop
diseases and to select the right treatment scheme with phytosanitary substances or the right hoeing technique.
REZUMAT
În cadrul acestei lucrări va fi prezentat stadiul actual referitor la lucrările de întreținere a culturilor agricole,
folosind machine vision pentru caracterizarea culturii. Algoritmii de recunoaștere a imaginilor sunt folosite în
scopul identificării diferitelor boli ale culturii şi al selectării schemei potrivite de tratament cu substanțe
fitosanitare sau a tehnicii de prăşire potrivite.
INTRODUCTION
In the context of practicing a precision agriculture, which according to the European Union Horizon 2020
Programme must incorporate the significance of the SMART concept, more and more researchers are turning
their attention to implementing the latest technological achievements in the agricultural machines they create.
The development of equipment for maintaining agricultural crops with low consumption of pesticides,
herbicides, fuel and with minimal effect on soil organic matter is in accordance with European legislation and
with the H2020 requirements for reducing the consumption of plant protection substances for environmental
protection. Organic farming is also an important market for this equipment.
Among the new technologies that have begun to be used in agriculture, we mention GPS auto-guidance,
land mapping in order to create maps with soil properties (such as its electroconductivity, PH, nutrient quantity,
etc.) to be used by specialists in order to achieve a good crop management, the use of intelligent algorithms of
image recognition to characterize the degree of crop weed encroachment, to evaluate the health degree of the
crops, to identify possible attacks of pests [2,5].
An important topic of agricultural works to be performed in order to obtain healthy crops and increasing
productivity is the maintenance works of agricultural crops.
The development of precision agriculture is one of the basic priorities for achieving crops with productivity
that will satisfy the demand on the market, in environmentally friendly conditions and with minimal consumption
of resources.
Precision agriculture involves the very precise regulation of the inputs to the agricultural system (seeds,
fertilizers, pesticides) so that they are distributed where it is needed exactly when it is needed. The
measurement of the different working parameters by sensors and transducers, the analysis of the information
received through the specific computer systems and software and the sending of orders for the modification of
other parameters on tractors and agricultural machines created the Intelligent Agriculture system which is based
on the use of logical schemes and very well defined process programs, aiming at increasing the quality indices
of the works carried out concurrently with reducing the errors induced by the human factor. Most aggregates are
driven using GPS systems, and for each operation, mapping can be done using the GIS method.
Some of the advantages obtained through the development of Intelligent Agriculture are:
• self-driving of aggregates or of self-propelled machines using GPS;
• automatic maintenance of a pre-set adhesive force;
• modification of the working depth in real time for the soil works depending on the amount of plant debris
existing on the surface;
• modification of the working depth in real time when sowing and placement of seeds in the area with
optimum humidity;
• detecting plants and weeds and distinguishing them;
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•

automatic correlation of the movement speed according to the needs (material flow, ripeness degree,
plant density, etc.);
• monitoring and control for each nozzle separately in case of phytosanitary treatments;
• optimization of fillings and management of solution residues for phytosanitary treatments;
Further we present a synthesis of the current state of research regarding the use of intelligent
algorithms of image recognition within agricultural crop maintenance works.
MATERIAL AND METHOD
Identification of crop diseases using visual methods. Crops treatment works with plant protection substances
One method of using vision systems in agriculture is to assess the quality of work of certain equipment
during work process. In [3] the author used a vision system in order to evaluate the coverage degree obtained
by a orchard sprayer machine. They designed a specialized stand, especially for simulation of the tree height
levels and the vehicle speed. They used water-sensitive material, which maintained the initial position and form
of the sprayed droplets. After the tests were taken high resolution pictures of the material and analysed using
custom designed vision software. The analysis results represented the covering degree.

Fig. 1. Coverage degree evaluation by counting blue pixels surface, [3]

One of the objectives of precision agriculture is to reduce the volume of herbicides applied by using a
weed management system according to their geographical distribution. In order to achieve this goal, we must
take into account the physical characteristics of the weeds (shape, colour, texture, similarities between crops
and weeds) and the unequal distribution of weeds in the crop.
In [4] the authors used a smart camera system in order to assess the weeds degree within a maize
crop. The vision algorithm for weed area identification consisted in real time image sampling, identification of
crop rows for each interest area analysed, identification of the space between crop rows for each interest area
analysed and determination of the percentage degree of weed infestation, by conducting an analysis on the
colour difference between the surface covered by weeds, the soil and crop rows. In figure 2 is presented the
original image and the identified crop rows after processing.

a)

b)

Fig. 2. a) original image, b) Identified crop rows – blue coloured, [4]

In [7] the authors propose an automatic method using the computer and image recognition to detect a
specific weed Avena sterilis in cereal crops and a differential method of spraying treatment. By means of an
image acquisition system a digital image of the crop is created, it is rasterized and then, by means of a decision
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algorithm on the fuzzy-type spraying operation, it is automatically decided whether or not a particular segment of
the crop will be treated.
The images used for the paper were collected from an experimental land of 1.7 ha, cultivated with
barley, in the research resort La Poveda, Arganda del rey, Madrid. Target weed, A. Sterilis showed densities
between 10 to 400 plants per m2. Although other weed species were present in the field, at the time of image
acquisition, most were destroyed by herbicide treatment.
The method proposed by the authors involved two stages: image segmentation and decision making.
The segmentation of the image consisted of dividing the image into cells that made it possible to distinguish the
weeds from the crop plants. Based on this information, the decision-making process determines whether the cell
will be sprayed or not. For this purpose, a database containing weeds form was created prior to the spraying
work, so that there is a reference. The decision was made by comparing the samples from the database with
those taken in real time.
Figure 3 shows the initial image of the crop, acquired in real time and the image processed by
segmentation. The concept of segmentation involves the acquisition and binarization of images, the detection of
crop rows, the rasterization of images in cells and the extraction of the attributes corresponding to each cell.
After the implementation of the command algorithm proposed by the authors, the general image in figure 4 is
obtained, in which the cells marked with S need to be treated.

Fig. 3. a) Original imagine, b) Segmented image, [7]

Fig. 4 Processed image, [7]

In [1] the authors present another application of the technology of image acquisition and form
recognition, this time in a chili crop, a vegetable recognized for its gastronomic properties. Figure 5 shows the
image of the chili plant, the target crop and 5 harmful weeds.

Fig. 5. Acquired images (a) Capsicum frutescens L. (b) Amaranthus viridis L. (c) Enhydra fluctuans Lour. (d)
Chenopodium album L. (e) Imperata cylindrica (L.) P. Beauv.; (f) Sicyos angulatus L., [1]
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The technique used by the authors to process the images also in the segmentation of the images, this
time in order to separate them from the ground. Figure 6 shows the final result obtained after image processing.

Fig. 6. Images a A. viridis L.; (a) RGB image (b) grayscale image (c) segmented binary image, [1]

The information thus obtained is used for the purpose of determining the weed encroachment degree of
the chili culture.
Other authors decided to use image recognition technology to control an agricultural robot, which
independently decides whether or not to spray a cereal crop.
Thus, in [6] the authors present such a robot that differentiates the different cells in which the culture
was divided following the analysis of the images acquired by it. Figure 7 shows the autonomous robot specially
designed to perform chemical weeding in cereal crops.

Fig. 7. Robot – that acquires images and processes them for the purpose of weed monitoring and spraying
A = box with camera and xenon lighting; B = box with computer, GPS and memory disk; C = GPS antenna; D = herbicide tank; E = spraying ramp, [6]

Another approach is that of Trimble, which developed a system called WeedSeeker spot spray which
senses if a weed is present and signals a spray nozzle to deliver a precise amount of chemical — spraying only
the weed and not the bare ground, most effective in areas where weeds occur intermittently [8]. This system can
be mounted even on traditional spraying machines with some modifications.
Crop mechanical maintenance works
The research on the mechanized hoeing technology on a row was started, worldwide, in 2001 by
Garford Farm Machinery under the name - Robocrop MK2 - using the electronic part from Robydome [9]. This
technology uses on-board computers to identify and locate crop plants in real-time with digital video images on
crop scenes. Following a successful research project in collaboration with Garfords, they are now on the market
at a high technology level, regarding weed control between crop plants.
Robocrop uses two technologies, one of GPS type, to guide the technical equipment on the cultivated
rows to perform the hoeing operation on the interval, with precision and high speed range. The technology
relieves the mechanizer of the need to focus on the forward direction, allowing him to monitor operations without
a high level of stress. A camcorder mounted on the machine sees the crop first and passes images to a
computer that processes the images and calculates the lateral position relative to the crop rows, activating a
lateral displacement mechanism so as to minimize any non-alignment.
The second technology refers to hoeing in the row, between plants, in which each row plant is identified.
The computerized system then synchronizes the rotation of a cyclic disc for soil processing between plants on a
row. The result is a significant increase in the cultivated area eliminating the need for manual weeding of crops.
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The maximum productivity of the Robocrop system when hoeing on the interval between crops, as well as in the
row between plants, has reached a rate of up to 2 plants per second.
The differences between mechanical and manual hoeing between plants are very large, according to a
research study done on green salad, the Robocrop MK2 machine was used to thin the crop and to remove the
weeds and the operation lasted 8.4 h/ha compared to the same procedure performed manually that lasted 23.2
h/ha, and the plant density was 62000 plants/ha compared to only 56000 plants/ha. The technology for tracking
and tracing the crop was developed by the THTechnology team in 12 years of research.
The active parts for hoeing in the interval between the plants are classic, while those for hoeing
between the plants in a row have a special construction. They consist of a special crescent-shaped disc,
mounted parallel to the ground, working at a reduced depth (typically 10 to 20 mm) in the crops’ row. It is
mounted on a vertical support and on a flange on the axis of a hydraulic motor operated by a proportional
hydraulic valve controlled and synchronized with the speed of the Robocrop computer according to the
information taken from the camera.
The crescent profile of the disc is designed to maximize the precisely worked surface (up to 10 mm from
the average position of the detected plant leaves) around the plants and in the area between plants.
Nanne Kooiman Robovator
The robot is equipped with a special plant detection camera, placed on the frame of each working
section. It has a mechanical instrument that is operated by the hydraulic system. The hydraulic components are
very robust and designed for high speed operation and long service life [10].
The cameras, specially designed to detect plants, mounted on each parallelogram continuously monitor
the plants. If a plant passes through the range of the camera, the computer will send a signal to the hydraulic
instrument which, at the time specified by the camera, will be moved out of the row. When the crop plant has
passed, the instrument is moved again in the row.
If there is a discrepancy of the rows, for example one or more plants are missing, the hoeing active
parts will only remain in a row. The automatic side control ensures that the machine remains in the exact
position, even if the tractor leaves the path.
Features: Automatic side control of the machine, can operate in the dark, high capacity, low energy
requirement, low maintenance.
Working field:
size of plants
2 cm to 30 cm;
plant spacing
5 cm to infinity;
working speed
1-4 km/h
In table 1 are presented the 2 machines created, which perform mechanical hoeing in the row and
between the plants.
Table 1
Mechanical hoeing machines
Firm
1.

Tractor power

Working width

80 HP

2m

100 HP

3m

150 HP

6m

100 HP

3m

Garford Robocrop MK2 [9]

Nanne Kooiman Robovator [10]
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CONCLUSIONS
Throughout the development of mankind, a main branch of economic activity was represented by
agriculture. Agricultural research has played a particularly important role in increasing production and in the
most rational exploitation of existing resources, with the population of the planet constantly increasing and the
exploited agricultural fund is limited and with clear trends of deterioration. In this context, the mechanization of
agriculture has played a fundamental role from the technical, economic and social point of view, especially in
the highly industrialized countries, offering substantial possibilities to reduce costs, increase the quality of works,
as well as the creation of new products especially in the energy field. Another important aspect is the one
related to energy consumption for the production and processing of agricultural products. It is widely recognised
that, at present, agricultural processes have high energy consumption and cause environmental damage, which
has led to the search for alternative working methods and has determined the research orientation towards the
optimization of energy consumption and the reduction of the negative impact on natural resources (water, soil, air).
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ABSTRACT
This paper presents researches done in order to assess the human exposure level to hand transmitted
vibrations during tillage works performed with rototillers. The experiments were performed on the experimental
plots from INMA Bucharest using a gas engine rototiller at three working speeds in the same soil conditions.
The equivalent vibration was measured at both right and left handles level and the biggest value was used for
calculation of the human exposure level to vibrations.
REZUMAT
În cadrul acestei lucrări se prezinta cercetările realizate în scopul evaluării expunerii umane la vibrații
transmise prin mână în timpul lucrării de frezare efectuată cu motosape. Experimentele au fost efectuate pe
ploturile experimentale ale INMA București folosind o motosapă cu motor cu aprindere prin scânteie la trei
viteze de lucru în aceleași condiții de sol. Vibrația echivalentă a fost măsurată la nivelul ambelor mânere, drept
și stâng, și cea mai mare valoare a fost folosită pentru calculul expunerii umane la vibrații.
INTRODUCTION
The human exposure level to vibrations measuring method is based on EN ISO 5341 Mechanical
vibration- Measurement and evaluation of human exposure to hand-transmitted vibration [6]. At international
level there are various scientific works regarding measurement of vibration level and human exposure,
performed in specific conditions. Thus, [1] has realized a study about complete vibrations generated by
agricultural vehicles during various agricultural works. The aim of the study was to quantify the vibration level for
a wide range of modern tractors. Also, [3,5] have studied the vibrations transmission of handheld equipment to
the operator according to ISO 5349: foggers, chainsaws and trimmers. In [2], a dissertation thesis, the author
has realised a study about one axle tractors vibrations emitted during ploughing, tilling and transportation works
for the specific condition in Tanzania.
Within this paper are presented experiments performed on Romanian soil, on a rototiller powered by a gas
engine, during tillage works, for different working parameters.
Measurements were done for assessment of exposure level during a typical day of work.
MATERIAL AND METHOD
Tests were performed on DAC 6000K rototiller, a semi-professional rototiller [10]. It is powered by a
gasoline motor, in 2 strokes. Vibrations were measured by measurements of acceleration. The unit of
measurement was m/s2. The weighted accelerations on the three perpendicular directions of the orthogonal
measuring system: ahwx, ahwy, ahwz were measured using two 3-axis accelerometers for both right and left
handles. The total vibration value, ahw was calculated for each handle of the tested rototiller.

(1)
The weighing filter [7,8] is used because the importance of various vibration frequencies given in hand
lesions occurrence. The nominal frequency domain is limited between 5.6 and 1400 Hz for all threemeasurement axis even though as it appears frequency dependences of vibration response is not the same on
all axis.
The daily exposure to vibrations A(8) for a reference value T0 of 8 hours was obtained from total
vibration values ahv and the daily exposure time T.
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(2)
Because during tillage works operators use different rotational speeds which will have as direct consequences
different vibration levels, the daily exposure level was calculated using formula (3):

(3)
where ahvi is the total vibration value for operation at i speed, n is the total number of individual exposers
and Ti is the time period of i operation.
The accelerometers were mounted on the right handle and on the left handle of the rototiller and a custom
program for the acquisition of the raw acceleration on the three orthogonal axes was used [4].The weighing filter
to the vibration data was later applied for all three axis and formula (1) was used to calculate the total vibration
level for each performed operation. For experiments we used first gear of the rototiller at 75%, first gear at
100%, second gear at 75% and 100% of the rotational nominal speed of the engine.
The profiling mission method was used for assessment of daily time periods during which each operation
(different rotational speed) was performed.
RESULTS
In figure 1 are presented the raw vibrations measured for right handle of the rototiller, at 75% of the
engine speed. The oz axis corresponds to the longitudinal median plane of the machine, oy axis is
perpendicular on the median plane and ox axis is perpendicular on the surface of the soil (figure 2).
Fig. 1. Raw vibrations on the rototiller’s right

handle

Fig. 2. Measuring axis [1]
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Further on, after applying the weighing filter on the raw data and introducing in formula (1) the results, the
following data were recorded. In table 1 are presented the data obtained for the right handle.

Conditions

Table 1: Weighted vibration data for right handle
No. Repetitions
Calculated equivalent
Measurement error
vibration
1
2
3 Mean
(%)
3.4 3.4 3.4

First gear, 75% engine speed

2

3

8

3.6 3.6 3.5

First gear, 100% engine speed

9

9

3

3.7 3.7 3.6

Second gear, 75% engine speed

2

Second gear, 100% engine

9

1

3.8 3.7 3.8

speed

6

5

9

3.44

1.5

3.64

1.5

3.70

1.5

3.83

1.5

In table 2 is presented the data obtained for the left handle during the tests.
Table 2: Weighted vibration data for left handle
No. Repetitions

Calculated equivalent

Conditions

vibration

1

2

3 Mean

3.1 3.1 3.1

First gear, 75% engine speed

2

0

2

3.4 3.4 3.5

First gear, 100% engine speed

5

4

0

3.5 3.4 3.5

Second gear, 75% engine speed

2

Second gear, 100% engine

9

1

3.6 3.6 3.6

speed

6

5

8

Measurement error
(%)

3.11

1.5

3.46

1.5

3.54

1.5

3.66

1.5

As observed, weighted vibrations on left handle are slightly lower than those on right handle, fact which
is explainable by the positioning of the engine on the right side of the rototiller.
In table 3 are presented the daily exposure time T corresponding to the four working conditions.
Table 3: Daily exposure time
Daily exposure time

Conditions

(h)

First gear, 75% engine speed

2

First gear, 100% engine speed

2.6

Second gear, 75% engine speed

1.6

Second gear, 100% engine speed

1.1
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Applying formula (3) for calculation of daily exposure level, we obtained 3.47 m/s2 for the right handle
and 3.26 m/s2 for the left handle, values which are in the intermediate situations between the level of action and
the exposure limit values (2,5 m/s2 < A(8) < 5,0 m/s2) [9].

CONCLUSIONS
The paper presented measurements performed for assessment of human exposure to hand transmitted
vibrations for operators of rototillers in various working conditions which allow for improving of safety conditions
that has to be assured in order to mitigate vibration effects.
The obtained results for the daily exposure level for both handles were between the daily exposure action
value on the hand-arm system, standardised to an eight hour reference period, A(8) = 2,5 m/s2 r.m.s., and the
daily exposure limit value, standardised to an eight-hour reference period, of 5 m/s2 r.m.s, imposed by European
Directive 2002/44/CE.
The results obtained for the maximum weighted acceleration on the handle of the rototiller show values
which could affect on long term the operator’s health and which determine the need of intervention and health
monitoring. The first evident solution is limitation of the daily exposure time and avoiding using the rototiller at
full throttle.
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ABSTRACT
Sorghum is the first grain where the genome has been wholly deciphered, which will give new directions
of progress in improving the species in the years to come. Sweet sorghum is one of the four major groups of
sorghum grown for its sweet strains. The importance of sorghum is reflected in studies of the structure, content
of phenolic compounds and antifungal proteins in its kernels. The economic importance of sorghum is quite
significant given that about 16% of the total cereal consumption in the world is represented by sorghum. Also,
through the industrialization of sorghum, the following can be obtained: bioethanol, syrup, vinegar and food
alcohol, cellulose and paper, acetic acid and ethylene, natural fibers, vegetable proteins, animal feed, etc.
Currently there are high-performance equipment by default advanced technologies for extraction and
processing of juice from sugar-bearing strains. The paper presents an analysis of juice from sweet sorghum
strains, juice extracted with mechanical roller presses. The technological line for extracting raw juice from the
fragmented strains of sweet sorghum ensures the storage, dosing and feeding of the raw material by means of
the conveyors, squeezing the juice into the roller presses, evacuating the juice and bagasse in the means of
transport. The characteristics of juice from sweet sorghum strains will be highlighted by physicochemical
analysis: determination of sugar percentage, refractive index, dynamic viscosity, density and microbiological
analysis: total aerobic microbial count, yeasts and moulds, enterobacteriaceae, Salmonella, Listeria
monocytogenes.
REZUMAT
Sorgul este prima cereală unde genomul a fost în întregime descifrat, ceea ce va conferi ritmuri noi de
progres în ameliorarea speciei în anii ce vin. Sorgul zaharat este una din cele patru grupe majore de sorg
cultivate pentru tulpinile sale dulci. Importanța sorgului este redată în studii ale structurii, conținutului în compuși
fenolici și proteine antifungice din cariopsele acestuia. Importanța economică a sorgului este destul de
însemnată având în vedere că aproximativ 16% din totalul consumului de cereale din lume este reprezentat de
către sorg. De asemenea, prin industrializarea sorgului se pot obține următoarele: bioetanol, sirop, oțet și alcool
alimentar, celuloză și hârtie, acid acetic și etilenă, fibre naturale, proteine vegetale, furaje pentru animale, etc.
Sorgul zaharat este interesant în primul rând pentru conținutul în glucide din sucul obținut prin presarea
tulpinilor dar și pentru acizii grași.
În prezent există echipamente de înaltă performanță, implicit tehnologii avansate, pentru extracția și
prelucrarea sucului din tulpini de sorg zaharat. Lucrarea prezintă o analiză a sucului din tulpini de sorg zaharat,
suc extras cu ajutorul preselor mecanice cu role. Linia tehnologică pentru extragerea sucului crud din tulpinile
fragmentate ale sorgului zaharat asigură stocarea, dozarea și alimentarea materiei prime cu ajutorul
transportoarelor, stoarcerea sucului în blocuri de presare cu valțuri, evacuarea sucului și a bagasei în mijloacele
de transport. Caracteristicile sucului din tulpini de sorg zaharat vor fi evidențiate prin analize fizico-chimice:
determinarea zahărului, indicele de refracție, vâscozitatea dinamică, densitatea și microbiologice: număr total
de germeni, drojdii și mucegaiuri, enterobacteriaceae, Salmonella, Listeria monocytogenes.

INTRODUCTION
Sorghum (Sorghum bicolor) is the fifth most important cereal crop in the world (AlRabadi et al., 2011).
India is the second largest producer and consumer in the world (Charyulu et al., 2013). Sorghum is composed
of carbohydrate (84.0%), protein (11%), fat (2.5%), crude fiber (2.2%), and ash (1.6%) and has an energy value
of approximately 3.29 kcal g-1 (Shobha et al., 2008).
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Sweet Sorghum [Sorghum bicolor (L.) Moench] belongs to kingdom Plantae, family Poaceae and genus
Sorghum. Sweet sorghum is a smart crop as it has multiple uses. Cultivation of sweet sorghum and further
value addition offers farmers an excellent opportunity to improve farm income and productivity in the semi-aridtropics.
Sweet sorghum (Sorghum bicolor L. Moench) has been widely recognized as a promising sugar
feedstock crop because it: (i) is among the plants giving the highest yields of carbohydrates per hectare; (ii) is
easily cultivated from seed; (iii) has low input requirements and wide geographic suitability; and (iv) has huge
breeding potential.

MATERIALS AND METHODS
Physico-chemical characteristics
Total soluble solids (°Brix), refractive index, dynamic viscosity and density of juice were measured with a digital
pocket refractometer, dynamic viscosity with “VIBRO VISCOMETER”. ().
Table 1
Total soluble solids (°Brix), refractive index, dynamic viscosity and density of juice
Dynamic
Date of
Type of
Refractive
Density
viscosity
Obs.
º Brix
harvest
sample
index
[g/cm3]
[mP·s]
sorghum
I*

19,0

1,3622

2,81

1,0830

stem without seeds
and leaves

sorghum
II**

18,6

1,3615

3,10

1,0830

stem without seeds
and leaves

sorghum
II**

16,5

1,3580

3,53

1,0600

stem without seeds
and leaves

05.11. 2018

19.04. 2019

The temperature at which the measurements were made is 17.5 ºC; ** The temperature at which the
measurements were made is 17.4 ºC;
Microbiological characteristics:
Test Suspension Preparation
(a) Weigh 10 g test portion into 90 mL sterile diluent [e.g., peptone salt solution
(ISO method)]. This is a 1:10 dilution. Macerate mixture.
(b) Weigh 25 g or 25 ml test portion into 225 mL sterile diluent [e.g., Buffered peptone water-BPW for
Salmonella or Demi-Fraser for Listeria monocytogenes (ISO method)]. This is a 1:10 dilution. Macerate mixture.
(c) If necessary, prepare 10-fold serial dilutions appropriate for anticipated population of test portion.
Terms and definitions
Enterobacteriaceae- microorganism that forms characteristic colonies on violet red bile glucose agar
and that ferment glucose and show a negative oxidase reaction.
Yeast- mesophilic aerobic microorganism which, at 25˚C using mycological agar medium develops matt
or shiny round colonies on the surface of the medium, usually having a regular outine and a more or less
convex surface.
Mould- mesophilic aerobic filamentous microorganism which, on the surface of mycological agar
medium, usually develops flat or fluffy spreading propagules/germs or colonies often with colored fruiting or
sporing structures.
Number of Microorganism entity of microscopic size, encompassing bacteria, fungi, protozoa and
viruses.
Salmonella- microorganism which forms typical or less typical colonies on solid selective media.
Listeria monocytogenes- microorganism which forms typical or less typical colonies on solid selective
media and which display the morphological, physiological and biochemical.
Take one sterile petri dish. Using a sterile pipette, transfer to the dish 1 ml of the test sample if the
product is liquid, or 1 ml of the initial suspension in case of other products.
Enterobacteriaceae- add into each petri dish approximately 15 ml of the violet red bile glucose (VRBG) agar.
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After complete solidification of the mixture, add a covering layer of approximately 5 ml to 10 ml of the
VRBG agar. Invert the prepared dishes and incubate them at 37˚C for 24h ±2h.
On the three DRBC agar plate, using a sterile pipette transfer 1 ml of the test sample if liquid. The plates
are then aerobically incubated at 25˚C±1˚C for 5 days.

RESULTS
Table 2
Parameter
Sorg I
ENT
NTG
DM
SLM
LST

Results for the juice harvested in 05.11. 2018
Dilutions
ml
-1
-2
-3
157
15
1
0
>300
>300
46
5
68/72/79
6/7/8
atypical colonies
atypical colonies

Results
1,6x102
4,6x103
2,2x102
absent
absent
Table 3

Parameter
Sorg II
ENT
NTG
DM
SLM
LST

a)

Results for the juice harvested in 19.04.2019
Dilutions
ml
-1
-2
0
0
0
>300
248
26
1/1/1
0/0/0
atypical colonies
atypical colonies

b)

Results
<1
2,5x10^3
3
Absent
Absent

c)

Fig.1. Colonies of microorganisms on culture media: a) entero analysis; b) germs; c) yeasts and moulds

CONCLUSION
This study analyzed the effect of the variable values on the physico-chemical and microbiological
analyzes, in the 2 stages of obtaining the juice from the sorghum strains of sugar, pressed immediately after
harvesting and at interval of 5 months.
Following the study, it was found that the juice extracted from the sorghum stems, as close to the time
of harvesting has superior qualities. According to table 1, the sugar content decreases with the increase of the
juice squeezing time.
From a microbiological point of view, the quality of the sweet sorghum juice is influenced by the storage
conditions and the processes applied later.
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ABSTRACT:
Hemp (Cannabis sativa L.) is a multifunctional crop that can provide raw material for many non-food
industries. The minimal exploitation of the technological and natural resources for cultivation and the
sustainability of its products are the main factors for a future expansion of the hemp culture. In this paper we will
address the main technical problems encountered along the production chain, from cultivation to processing for
use. in the textile and non-textile industries.
REZUMAT:
Cânepa (Cannabis sativa L.) este o plantă multifuncțională care poate furniza materii prime pentru multe
industrii non-alimentare. Exploatarea minimă a resurselor tehnologice și naturale pentru cultivare și durabilitatea
produselor sale sunt principalii factori pentru o viitoare extindere a culturii de cânepă. În această lucrare vom
aborda principalele probleme tehnice întâlnite de-a lungul lanțului de producție, de la cultivare la prelucrare
pentru utilizare. în industria textilă și non-textilă.
INTRODUCTION
Cannabis sativa L. is an important herbaceous species originating in Central Asia, which is used in folk
medicine but also as a source of textile fibers since the dawn of time.( Christelle M Andre,Jean-Francois
Hausman, Gea Guerriero,2016)
The history of hemp cultivation is very old, being recorded from the early Neolithic (12,000 years ago)
as a source for obtaining textile fibers, oil, food, as a medium in spiritual and religious practices or as a
medicinal plant. Each part of the hemp has a different use and is processed according to its use.

Fig 1.Cannabis architecture

Typical architecture cultivated by Cannabis sativa. Figure 1 shows on the top left: narcotic plants, with
rich branches, being distanced. On the top right plants cultivated for oil, having a medium density and a strong
branching. At the bottom are varieties of fiber ,tall , with moderate branches. The degree of branching and the
height are determined both by the density of the plants and by their genetic background.
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The tall forms of the genus have characteristics that maximize the production of fibers as the knots tend
to disrupt the length of the fiber bundles, thus limiting the quality, being selected tall plants with long internodes.
(Small, E and D.Marcus .2002)
Selection for fiber has resulted in strains that have much more bark fiber tissues and much less woody
core than encountered in narcotic strains, oilseed strains, and wild plants (Fig. 2). In non-fiber strains of
Cannabis, bark can be less than one quarter of the stem tissues (i.e. more than three quarters can be woody
core). By contrast, in fiber strains half of the stem tissues can be bark, and more than half of this can be the
desirable long primary fibers . Non-fiber strains rarely have as much as 15% fiber in the bark.

Fig.2. Plant section

Other desirable features of hemp fibers are strength and durability (particularly resistance to decay),
which made hemp useful in the past for rope, nets, sail-cloth, oakum for caulking and for the clothing
industry.Nowadays hemp constitutes only about 1% of the natural fiber market opposed to the 19th wich had a
large use. At least some production of hemp for fiber still occurs in Russia, China, the Ukraine, Poland,
Hungary, the countries of the former Yugoslavia, Romania, Korea, Chile, and Peru. There has been renewed
interest in England, Australia, and South Africa in cultivating fiber hemp. Italy has an outstanding reputation for
high-quality hemp, but productivity has waned for the last several decades. In France, a market for high-quality
paper, ironically largely cigarette paper, has developed (such paper is completely free of the intoxicating resin).(
Small, E and D.Marcus .2002)
Starting with 1938 in Romania, hemp was cultivated on an area of 39,000 ha, which decreased to
23,000 ha in 1970; after 1980 the hemp was cultivated on surfaces that ranged from 40,000 to 50,000 ha
(46,100 in 1989), and since 1990 have decreased drastically to 16,600, 14,000 in 1991, 9,900 in 1992, 1,960 ha
in 1993-1997, the maximum decline reaching 1,300 ha in 2001 and 1,600 ha in 2008.( Aglaia Mogarzan 2002)
The current climate and economic stage impels towards the use of sustainable resources to reduce
dependence on petrochemicals and to reduce the impact on the environment. Plants are precious natural
resources, as they can provide both phytochemicals and lignocellulosic biomass.( Christelle M Andre,JeanFrancois Hausman, Gea Guerriero,.et al 2016)
The production and quality of hemp biomass are largely determined by the genetic background of the
hemp cultivator, but they are also strongly affected by environmental factors such as temperature and
photoperiod. Hemp is a short-lived optional plant characterized by a strong adaptation to photoperiod and a
large influence of environmental factors on important agronomic traits such as flowering time and sex
determination. This hemp sensitivity can cause a considerable degree of heterogeneity, leading to unforeseen
reductions in yield. (Elma M. J.Salentijn, and Luisa M. Trinidade ,et al 2019)

MATERIALS AND METHODS
Hemp is a short-day plant. Short-day plants develop flowers when the day length is less than about 12
hours. For best results, early planting will promote greater vegetative growth, resulting in more robust plants for
seeds and in higher plants with a higher fiber yield. The days begin to decrease after June 21 and at about four
to five weeks from this date, the vegetative growth slows down and the flower development is triggered (Fig. 3)
(Aglaia Mogarzan 2002)
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Hemp is dioecious, which means that the plants can be male or female. The differences between male
and female plants in terms of growth and development rate are large. (Van der Werf, H.M.G. and W.Van den
Berg,et al.1995)
Male plants tend to bloom and die earlier. To minimize the impact of this on production, many cultivars
are grown to be monoecious, resulting in plants that are largely female (a small percentage of male plants are
included for pollination. ), to harvest more seeds (because male plants do not produce seeds) and higher fiber
production.
Hemp grows best on well aerated soil with high fertility and abundant organic matter, with a Ph of 6.07.5. Although the seedlings will germinate and survive at temperatures close to freezing, soil temperatures
between 7-9 ° C are preferred, with precipitation having a very important role in the first 6 weeks to develop
properly, the need being 400-450 mm.
Fiber crops need about 50-80 kg of seed per hectare. This value can be influenced if germination is low
or if the seeds are high. High density is required to produce high quality primary fibers.
Hemp sown on drained soil, fertile with adequate conditions of temperature and humidity, the seeds will
germinate quickly and the plant will reach 12 centimeters in 3-4 weeks. In this stage the soil will be shaded in
proportion of 90%, the growth of the weeds being suppressed. (https://dev.purduehemp.org/hemp-production/)
Among the macroelements, nitrogen has the main role in the development of hemp, which conditions
the rapid growth of the strain, making good use of both organic and chemical fertilizers with nitrogen.
Phosphorus and potassium play a role in increasing the percentage of fibers and improving their technological
properties. what causes important hemp growth is the manure that can be applied directly without risk. (Aglaia
Mogarzan 2002)
Harvesting is traditionally done at full flowering of male plants, when primary fiber production reaches its
maximum.
Fiber quality, for example, is influenced by the stage of development of hemp at harvest. Also, male and
female plants differ in stature and produce fibers with different properties and qualities. In addition to these
causes, there is evidence for a specific genotypic variation of fiber qualities among hemp adhesions. Prior to
this, improved hemp crops with flowering times and specific fiber qualities adapted to different geographical
regions could be better. Understanding the molecular mechanisms that control important phenological traits
such as flowering time and determining sex in relation to hemp fiber quality is required. It is known that genetic
factors play a major role in both phenological traits, but major molecular factors involved in this mechanism is
not hemp specific.
Hemp oil is extracted from hemp seeds.Typically, it is taken from hemp seed varaties that containt
around 30% oil by weight and containt no cannabinoids at all (THC or CBD) represented in Figure 4.
Cold pressing required the seeds to be de-shelled; the outer husk must be removed. Then, after some
scientific chilling and squeezing, hemp seed oil is extracted. Hemp oil may be then slightly refined for increasing
the stability and shelf life in some applications such as cosmetics and food supliments.( https://fyllde.com/hempoil-cbd-oil-differences/)

Fig 3. Cannabis sativa-Canepa pentru fibra
www.textileschool.com
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RESULTS
Hemp has been used since the beginning of time in various applications due to its special mechanical
and physical properties such as tensile strength and good thermal insulation. ( Kozlowski,R. 2000) Examples of
applications include textile, cellulose and paper, biocomposites, car accessories and thermal insulation
materials (Fortenbery,T.R.and M.Bennet 2004). It has the potential to replace carbon fiber and glass fiber.
Peeling is the mechanical process by which the outer fiber is separated from the inner core of the stem.
Different types of equipment have been used to peel the hemp, including the harvesters with harvester rollers,
mills with chisels and mills with balls. For these types of shelling equipment , hammers and shredders are the
most used for fiber processing. Hammer mills are more suitable for the production of short fibers that can be
used in industrial composites or in the manufacture of cellulose, while roller shutters are suitable for the
production of long fibers needed in the textile industry. Compared with the concentrators, hammer mills require
relatively low maintenance costs and can process to high capacity, material to different humidity.
Based on scientific research, a prototype factory was developed and built at the Institute of Agricultural
Engineering in Potsdam-Bornim, Germany in the early 2000s (Fig. 5).
The main innovation is a decorticator based on the working principle of a hammer mill having for the first
time an integrated cleaning effect. The decorticator is equipped with a sieve at the bottom of the process room
to remove the already dislodged roots of the plant. Specifics from the upper part of the machine improve the
disintegration effect and reduce the effect of applied stress on fiber bundles. (Munder, F. and C. Fürll. (2004)
In general, both conventional and adapted milling systems are less affected by the degree of shrinkage
of the stems and, within certain limits, by the moisture content of the straw. The improved effect of detaching the
fiber bundles and fragments allows an effort and an effort. reduced complexity in the next stages of cleaning
processes. By decortication of the green stems results in a semi-finished product,which is subsequently dried
and can be subjected to an ennobling process, biological, chemical, or physical, and the fibrous material
obtained can be spun directly in this state, bearing even the name of processed green fibe.

Fig.5 – Decorticator
1.Magazine feeder ; 2.Bale cutter ; 3. Metal detector; 4.Stone eliminator; 5. Straw metering system; 6.Conveyer;
7.Condenser; 8.Multiple ultracleaner; 9. Sawtooth opener; 10. Condenser; 11.Fibre baler

Pressing is the operation of separating the liquid component (oil) from a liquid-solit mixture.The final
product is a viscous,clear, green, aromatic liquid. An advantage of cold pressing of oil plants is that besides the
production of cold pressed vegetable oil there are also valuable fodder cakes,successfully in animal
husbandry.Below is presented a figure (6) of a standard pressing machine (Găgeanu, 2009).

293

INTERNATIONAL SYMPOSIUM

Fig. 6. Oil pressing machine
1.Framework; 2. Spiral shaft; 3.Feeding funnel; 4.Electric motor; 5.Reducer; 6.Clutch coupling;
7.Claw sidewall; 8.Evacuation funnel

The final product is a viscous,clear, green, aromatic liquid. Between the intensity of the color and the
aroma of the oil there is a biunivocal correlation, the intesity of the aroma increasing with the intensity of the
color.

CONCLUSIONS
Hemp is a valuable crop, with positive agronomic characteristics that offer raw materials suitable for
industrial applications, such as insulation and composite products. More blockages prevent the development of
the production chain, especially in the case of "longitudinal" hemp and major limitations are found in the
harvesting and processing stages. Recently, the harvesting equipment and the industrial lines for the processing
of the "messy" hemp have been developed and are now used, while the technologies for the longitudinal
processing of the hemp are present only at the prototype stage. Optimization of the real production and hemp
potential is possible through industrial research to define the stages of production, from cultivation to
processing, to fiber production and to quality. Environmental sustainability and improved quality are the key to
the success and expansion of the many applications for industrial hemp that are already available. in the whole
world.
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ABSTRACT
The transportation of the liquids agro-food cargo in bulk form over large distance is a high potential risk
of catastrophic accidents, which can cause loss of human life, property damage and environmental hazards.
This paper presents an analysis of the influence of the structural geometric shape of the baffles; on the
dynamics of liquid sloshing inside a tanker with ellipsoidal cross-section, partially filled and to constant braking
deceleration. The study tanker was modeled using Finite Element Method (FEM), used to storage and transport
of agro-food liquids under atmospheric pressure like oil products, water, e.g. The FEM modeling was done with
the ANSYS CFX program. The tanker consisted of three chambers separated by swash plates (baffles). Baffles
divided tank volume into three approximately equal parts and due to single filling and emptying system it
allowed liquid flowing between chambers. According to standard recommendations the baffles had a cross
section of 75% of the section tank. The paper shows velocity distributions, sloshing stabilization, and contours of
turbulent kinetic, which are of high importance in choosing the best design of baffles. Also, the analysis allows to
determine pressure changes depending on excitation condition (acceleration value, direction, duration) and its
influence on tank structure.
REZUMAT
Transportarea lichidelor agro-alimentare sub formă vrac pe distanţe mari reprezintă un risc cu potenţial
de accidente ridicat, ce pot provoca pierderi de vieţii omeneşti, daune materiale şi afectarea mediului
înconjurător. În această lucrare se prezintă o analiză a influenţei formei geometrice constructive a şicanelor
asupra dinamicii lichidului din interiorul rezervorului cisternei, cu secţiune elipsoidală, parţial umplută şi supusă
unei decelerații constante la frânare. Pentru studiu cisterna a fost modelată utilizând Finite Element Method
(FEM), ce transportă şi stochează lichide agro-alimentare la presiune atmosferică cum ar fi produse uleioase,
apă, etc. Modelarea FEM a fost realizată cu ajutorul programului ANSYS-CFX. Rezervorul cisternei, este
alcătuit din trei compartimente separate prin pereţi perforaţi (şicane). Şicanele împart volumul rezervorului în trei
părți, aproximativ egale datorită sistemului unic de umplere și golire ce permite curgerea (mişcarea) lichidului
între compartimente. Conform recomandărilor din standarde, șicanele au o secțiune transversală de 75% din
secţiunea rezervorului. In lucrare sunt prezentate distribuțiile de viteză, stabilizarea sloshing-ului și contururile
energiei cinetice turbulente, care au o mare importanță în obținerea celui mai bun design al șicanelor. De
asemenea, analiza permite determinarea modificărilor de presiune în funcție de condiția excitației (valoarea
accelerației, direcția, durata) și influența sa asupra structurii rezervorului.

INTRODUCTION
The transportation of the liquids agro-food cargo in bulk form over large distance is a high potential risk
of catastrophic accidents, which can cause loss of human life, property damage and environmental hazards.
Researchers D. Chaudhari et al. [1] into the 2014 explain sloshing as dynamic load acting over a tank
structure as a result the motion of a fluid with free surface confined inside the tank. Under external excitations,
with large amplitude or near the natural frequency of sloshing, the fluid inside a partially filled tank is in violent
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oscillations. They showed that violent oscillations are caused by external excitations with a large amplitude or
near the natural frequency of sliding, the fluid inside a partially filled tank. Their conclusion was that different
methods to design the tanker is one of the criteria to reduce the sloshing and is necessary to analyse the
sloshing phenomenon since is one of the prominent aspects for reducing detrimental effects over structure of
tanker.
Bautista-Jocobo et al. [2-4], present a comparative numerical study of the effect of using baffles and
design on the behaviour of sloshing in a partially filled road tanker. They show as velocity distributions, sloshing
stabilization times, and contours of turbulent kinetic energy, which are of high importance in choosing the best
design of baffles.
Thundil Karuppa Raj et al. [2] simulated a fuel tank of a car, reporting that the height and location of one
baffle are important parameters to decrease sloshing.
From a large number of recent studies, it appears that the problems related to the effects of the
dynamics of the flow in a partially filled tank, with a ellipsoidal cross section, have been of particular interest to
the researchers using the CFD (computerized fluid dynamics - Computational Fluid Dynamic) method.
Brar and Singh studied the behavior of a fluid in a 1:3 scale tank with a 2D approximation and show
curves of pressure on the walls of the tank when baffles are placed in vertical and horizontal position inside of
the tank [2], [5], [7].
Domagala et al. studied the simulation of the fluid-structure interaction for a two plates-shaped baffles’
array sharing a road tanker in three compartments, showing action of pressure the fluid on the tanker wall and
on the baffles [5], [6].
Scurtu et al. Studied the liquid behaviour on the tank using advanced tehniques of CAD design and SPH
graphic simulation for tanker with two baffles, obtained results for give a complete view of the slosh phenomena
[8].
In the thesis of the researcher R.Suyal shows that the phenomenon of sloshing can be understood as
any motion of liquid surface, when any partially filled container is disturbed by any external forces. He study the
design of different types of transverse baffles and their effects in reducing the magnitudes and variation of
forces and moments generated in a tank [9], [10].

MATERIAL AND METHOD
In this paper one tanker with ellipsoidal cross-section, cargo with crude oil son-flower at atmospheric
pressure, is studied and the design modification with baffles, is considered to minimize the sloshing
phenomena.
The study is done for a tanker moving with a velocity of 20 m / s, which is fill level 75%. The tank model is
presented in Figure1. It consists of a 3-dimensional fluids storage, with length 5370 mm and diameter 1300mm,
with ellipsoidal cross-section tank, and two baffles (height 1300mm) in Figure 2.
The FEM modeling was done with the ANSYS CFX program. The tanker consisted of three chambers
separated by swash plates (baffles). Baffles divided tank volume into three approximately equal parts and due
to single filling and emptying system it allowed liquid flowing between chambers. She is presented in Figure 1.
the baffles are mounted at a distance of 1630mm, with a thickness of 3mm, and their geometrical constructive
form can be seen in the Figure 3.
The geometrical design with advanced modeling techniques SolidWorks software is presented in Figure
2. CFD model presented on Figure 4 was prepared by ANSYS mesh tool and consist of 74377 nodes, of
tetrahedral cell elements 36641.

Fig.1.Physical model tanker

Fig.2. Geometrical design of the tank
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Fig.3. Bafflles shape

Fig.4. Mesh tanker and fluids

In this paper the fluid it is studied the liquid behaviour and simulated the modelled structure of the tank
with the fill level of 75%, at the imposed velocity that decreases at 20-0m/s in 10 sec. Thus in these cases, the
deceleration simulates sudden braking and the stop of the tanker. The tanker accelerates for first 5sec, such
that the velocity goes up to 80km/h, and last 5-sec deceleration (braking). The properties of the fluid are
investigated in Table 1.
Table 1
S.NO
1

The specifications of the fluid agro-food simulation
NAME OF FLUID NAME OF PROPERTY
VALUE
UNITS
Density
920
Kg/m3
Oil sun-flower
Viscosity
0004956 Kg/m -1s -1

In this study, oil sun-flower fill level in tank is 75% of total height of tank and the rest part is occupied with
air. The simulation with CFD is based on Volume Fraction (VOF) formulation when two phases (oil sun-flower –
air) don’t penetrate each other.
The fluid flow (oil sun-flower) during sloshing can be represented in the form of mathematical equations
using continuity equations, the Navier-Stokes equations and turbulence modeling.
Continuity equation represents that mass is conserved in a flow when the fluid is incompressible
following:
(1)
(2)

(3)

(4)
where u, v, w is fluid velocity components for the three x, y, z directions in a chosen arbitrary domain; p
is fluid pressure; γ - kinematic viscosity; ax, ay, az - the force of the body of the fluid particle acting in the x, y, z
direction.
The Navier-Stokes equations results of applying Newton’s law of motion, can be applied for turbulent
flow:

(5)

(6)
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(7)
where ρgx, ρgy, ρgz is the gravitational forces of the fluid in the tank in the x, y, z direction.
In order to perform the fluid simulation in ANSYS, the following conditions were taken into account:
- liquids is oil sun-flower with properties at normal ambient temperature (20oC);
- pressure based transient solver is used with explicit formulation and gravitational field is enabled;
- multiphase model with volume of fluid (VOF) method is used, and turbulent model is considered.
- flow is two phase (oil sun-flower and air), homogenous with standard model of free surface ;
- tank walls are ideal smooth with thickness 3mm;
- model is in thermal equilibrium, there is no heat exchange between fluids and environment and simulation
is in transient conditions with acceleration peak 1g in longitudinal direction;
- operating conditions: pressure (101325Pa); gravitational acceleration: gx= 0m/s2, gy= -9.81m/s2, gz= 0m/s2;
density air (1.225kg/m3).
- material is according to the standards

RESULTS
In this chapter the simulations for velocity (v=20m/s) were given, the tank being partially filled 75% with
oil sun-flower. The simulation of the fluid being made only in the longitudinal direction gives the following
pressures, and the behaviour of the fluid in the tank can be seen in the Fig.5, 6 - a), b)
The action of the pressures exercised by the fluid on the tank walls was analyzed both in static and
transient structural for all speeds and filling levels.

Fig.5. The behavior of the fluid in the tank in static structural at v=20m/s and partially filled 75% of constructive
form’s the baffles
a) total deformation static structural carbon steel; b) equivalent stress static structural carbon steel.

Fig.6. The behavior of the fluid in the tank in transient structural at v=20m/s and partially filled 75% of constructive
form’s the baffles
a) total deformation transient structural carbon steel; b) equivalent transient structural carbon steel.
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The paper shows velocity distributions, sloshing stabilization, and contours of turbulent kinetic, which
are of high importance in choosing the best design of baffles. Also, the analysis allows to determine pressure
changes depending on excitation condition (acceleration value, direction, duration) and its influence on tank
structure. These can be seen in the figures below Fig.9 - a), b)

Fig.9. The behavior of the fluid in the tank in transient structural at v=20m/s and partially filled 75% of constructive
form’s the baffles
a) directional acceleration(X axis-longitudinal direction); b) total velocity.

CONCLUSIONS
 Optimization methods have become indispensable in making the right decision on the solution to be
adopted when designing a product.
 The paper shows velocity distributions, sloshing stabilization, and contours of turbulent kinetic, which
are of high importance in choosing the best design of baffles. Also, the analysis allows to determine pressure
changes depending on excitation condition (acceleration value, direction, duration) and its influence on tank
structure.
 The design form’s constructive of the baffles leads to minimize the sloshing phenomena.
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ABSTRACT
In this paper an analysis is made of the various types of cylindrical sieves, of the constructive and functional
parameters of the cylindrical sieves, a description of the working process, means used to increase the working
speeds of the cylindrical sieves, used for cleaning cereals, process that represents the last stage of the
harvesting process. The stage involves the elimination of impurities from the cereal mass, the purpose being the
efficiency of the processes to which the product will be subjected further (drying, storage, sale). The machines
described in this paper use cylindrical sieves with rotational motion, for cleaning purposes, having cylindrical,
hexagonal, truncated and corrugated shapes.
REZUMAT
În prezenta lucrare se face o analiză a diverselor tipuri constructive de site cilindrice, a parametrilor constructivi
și funcționali ai sitelor cilindrice, o descriere a procesului de lucru, mijloace folosite pentru mărirea vitezelor de
lucru a sitelor cilindrice, folosite la curățirea cerealelor, procesare ce reprezintă ultima etapă al procesului de
recoltare. Etapa presupune eliminarea impurităților din masă de cereale, scopul fiind eficientizarea proceselor
la care va fi supus produsul în continuare (uscare, stocare, vânzare). Utilajele descrise în această lucrare,
folosesc site cilindrice cu mișcare de rotație, în vederea curățirii, având formă: cilindrică, hexagonală, tronconică
și ondulată.
INTRODUCTION
The rotary cylindrical sieves are used in the process of cleaning and sorting the seeds having the shape
of the working cylindrical (fig.1) prismatic polygonal (fig.2) truncated (fig.3) or wavy (fig.4).

Fig.1 - Rotary cylindrical sieve with cylindrical working body (https://www.mgtrade.ro/curatitoare-cereale/tambur)

Fig.2 - Rotary cylindrical sieve with hexagonal working body (Stefanescu, 2003)

Fig.3 - Rotary cylindrical sieve with truncated working body
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(http://www.rasfoiesc.com/business/agricultura/SORTAREA-AMESTECURILOR-POLIDIS66.php)

Fig.4 - Rotary cylindrical sieves with wavy working body

These sieves are made from perforated sheets with rounded holes (fig. 5) or rectangular (fig. 6)
ensuring separation of seed mixtures by width and thickness (Stefanescu, 2003).

Fig.5 - Sieves with round holes-separation by width (Stefanescu, 2003)

Fig.6 - Sieves with rectangular holes-separation by thickness (Stefanescu, 2003)

The cylindrical sieves can be executed:
• to have holes of the same size throughout the length;
• in the form of sections in which the holes are of different sizes separating the mixture of seeds
into several types (Stefanescu, 2003).
The rotating screen drums are largely used in most processing industries (Lin et al., 2018). Segregation
and mixing of granular materials are complex processes and are not fully understood.
MATERIAL AND METHOD
The movement of the particle on the inner surface of the cylindrical sieve has the following three states
(fig.7). (Stefanescu, 2003):
• relative rest (on the surface of the sieve);
• relative movement (sliding on the surface of the sieve);
• free movement (independent of the surface of the sieve);
ω 2 r , the complete cycle
For a kinematic regime of a cylindrical surface, corresponding to the index
k=

g

has all these three states.

Fig.7- Movement states of a particle on the inner surface of the cylindrical sieve (with detachment) (Stefanescu, 2003)
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The order of transition from one state to another will be as follows:
• relative rest (phase 4-1);
• slide (phase 1-2);
• free movement (phase 2-3);
• slide (phase 3-4).
In the general cycle, four characteristic points of passing from one phase to another can be determined
(fig. 8) (Stefanescu, 2003):
• point 1- determined by angle β1- indicates the passage from relative rest to sliding on the surface of
the sieve;
• point 2 - dterminated by angle β2 - indicates the moment of detachment of the particle from the
surface of the sieve, i.e. the passing from sliding to free movement;
•

point 3 - determined by angle β3= πψ 3 - indicates the moment of meeting of the particle with the

surface of the sieve;
• point 4 - determined by angle ψ4 - indicates the beginning of relative rest.
By increasing the index k, the phase of the free movement is reduced due to points 2 and 3 getting closer to
each other, and the phase of relative rest is increased due to points 1 and 4 getting further away from each
other(fig.8) (Stefanescu, 2003).
At a certain value k = k0, the phase of the free movement disappears (points 2 and 3 approach until they
coincide) and there remain 2 phases: the phase of relative rest (points 1-4) and the phase of sliding {points 1(2-3) -4}.

Fig. 8 - States of motion of a particle on the inner surface of cylindrical sieve (without detachment) (Stefanescu, 2003)

In the phase of sliding the angular velocity Ω of the particle is <than the angular velocity ω of the sieve.
The mechanism of sorting with cylindrical sieves with rotational motion goes as follows: a particle on the
wall of the sieve at point M, (fig. 9) is subjected to a system of forces:
•
G=mg- gravity;
•
Fc=mω2r-centrifugal force;
•
N=the reaction, the normal;
•
Ff=Μn- force of friction, tangent to the surface and oriented in the
direction of rotation of the cylinder.

Fig. 9-The forces acting on a particle are located on the inner surface of a rotating cylindrical sieve (Stefanescu, 2003)

The resultant normal force N acting on the particle is (Stefanescu, 2003):

N = m( g ⋅ cos α + ω 2 ⋅ r );

(1)

For the particular mass "m" to detach from the surface of the cylinder it is necessary that (Stefanescu I,
2003):
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m( g ⋅ cos α + ω 2 ⋅ r ) = 0;

(2)

or:

cos α = −

ω2 ⋅r
g

;

(3)

and:

α=

π
2

+ arccos(−

ω2 ⋅r
g

);

(4)

It is observed that the detachment of the particle from the surface of the cylinder takes place in frame II,
so above the horizontal diameter.
If m ⋅

f ⋅ ( g ⋅ cos α + ω 2 ⋅ r )  m ⋅ g ⋅ sin α

, then the particle moves along with the cylinder and the

separation does not take place.
At the limit one can write:

m ⋅ f ⋅ ( g ⋅ cos α + ω 2 ⋅ r ) = m ⋅ g ⋅ sin α
For: f=tgφ
From here:

n=

sin(α − ϕ )
;
r ⋅ sin ϕ

(5)

In practice it is appreciated (Stefanescu, 2003):

n=

10 ÷ 15
r

; [rot/min]

(6)

The productivity of the cylindrical sieve is calculated with the relation (Stefanescu, 2003):

Q = 0,72 ⋅ψ ⋅ ρ ⋅ n ⋅ tg 2 (α ) ⋅ (r 3 ⋅ h 3 );
•
•
•
•
•

[kg/h]

(7)

In which:
Ρ-specific mass of the particles, in kg / m3;
α- the angle of inclination of the sieve with respect to the horizontal, in degrees;
h-maximum height of the material layer in cross section on the sieve, in m;
n-speed in rpm / min;
the radius of the sieve, in m.

RESULTS AND DISCUTIONS
I. The constructive and functional parameters of the cylindrical sieve.
According to the constructive particularities and the nature of the processes that take place, rotary
sieves are classified in 6 important groups (Stefanescu, 2003):
1. cylindrical sieves without internal devices for the destruction of relative rest - they are low speed screens;
2. cylindrical sieves without internal devices for destroying the rest relative with longitudinal or perpendicular
oscillatory movement on the rotational movement;
3. cylindrical sieves without internal devices for the destruction of relative rest, with transport devices along
the fixed axis (screw, seed mixer);
4. cylindrical sieves with internal devices for seed movement and mixing, operated independently of the
screen or fixed screen;
5. cylindrical sieves with interior devices for the destruction of relative rest (inclined planes, screens, etc.);
6. truncated sieves.
The geometric dimensions of the cylindrical sieves are chosen according to the specific load allowed qs,
specific to each type of seed. The specific load value qs (kg/m2h) is 3...4 times higher than for flat sieves. The ratio
between the length of the cylinder (L) and the diameter (D) is recommended within the limits: L/D = 3.75...4. The
peripheral speed of the cylindrical sieve correlated with the diameter D and the kinematic regime k is recommended
within the limits v = 0.65 ... 0.75 m/s. The inclination angle of the cylindrical sieve is taken α = (4-5)o. (Stefanescu,
2003).
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II. Means for increasing the working speeds of cylindrical sieves
The effective functioning of any cylindrical sieve is determined in principle by the general character of
the movement of the grains on the active surface of the sieve that is by the relative movement of the grains; this
movement can be:
• type 1 movement - includes only the sliding phase;
• type 2 movement - includes only the sliding and relative resting phases.
A cylindrical sieve will not separate the seeds if they are at relative rest to the rotating sieve. The only
possible type of movement in the case of cylindrical sieve operation is the first type of movement, determined by
the index k <k*, because in this case the material moves on the sieve only by sliding, (a single phase), thus
ensuring the working capacity of the sieve. In this case, the productivity of the sieve is low (Stefanescu, 2003).
Any attempt to increase the working speed of the cylindrical sieve in order to increase its productivity, implicitly
leads to the second type of movement, the appearance of the relative rest phase and consequently to the
complete annihilation of the working capacity of the sieve. We need to find the method for removing the cause
that produces the relative rest phase to the sieves that exceed the boundary regions. It is considered that the
material moves according to the index k > k* executing the second type of movement and passes - in the closed
cycle - all the investigated phases: relative rest, sliding, free movement, etc. (Fig. 10 a). In the relative resting
phase (arc 4-1) the particle (the seed) moves along with the cylindrical surface, having the same speed (Ω=ω).
Starting from point 1, the weight of the seed will decrease its velocity, it starting to slide on the surface of the
sieve, remaining behind it (Ω<ω).

Fig. 10. High speed cylindrical sieve scheme of operation
a-type II movement for high speeds, b-The screen transforms the movement from type II to type I

In point 2, where the seed leaves the surface, if the sliding phase is taken into consideration, the
difference between the surface velocity and that of the seed will be maximum. The phase of the free movement
started in point 2 will end in point 3, where the particle will meet the moving surface again. The movement from
point 2 to point 3 takes place under the influence of gravitational acceleration. Reaching the surface again, the
particle will be found not only under the influence of weight, but also of the frictional force, which will give it an
additional acceleration, directed in the same sense as the gravitational acceleration(Fig. 10 a). In this way,
under the influence of two forces directed in the same direction, in a short time, the speed of the seed will be
equal to the speed of the surface. This will happen in point 4, where the relative rest phase begins.
In order to eliminate the relative resting phase, without modifying the kinematic regime we can influence
the frictional force, changing the direction of its action. For this, a fixed cylindrical surface, located inside the
moving cylinder, should be used, where the grain ends the phase of free movement (fig. 10 b) (Stefanescu,
2003).
Arriving at point 3 on the fixed surface, the seed will move under the action of the gravitational force, but
the frictional force will act in the opposite direction and will decrease the gravitational acceleration. Further, if the
fixed surface will be limited so that its lower edge is below point 4, then the seed, coming in contact with the
surface of the screen, will obviously have a lower speed than the screen speed; in other words, in point 4 there
will be no relative rest. By gradually lowering the screen and fixing it every time, you can easily find the position
where the relative rest phase is completely excluded. The use of the screen allows to increase the working
speed of the cylindrical sieve two to three times in comparison with the simple cylindrical sieve.
In Fig. 11, there are presented other constructive variants that lead to the elimination of the relative rest
that allow to increase the speed of the cylindrical sieve. Thus, in Fig. 11a, a variant with a fixed inclined plane is
shown. Productivity increases a few times. In Fig.11 c - a variant with screen and inclined plane at which the
kinematic regime can reach the values k = 1.6... 1.65, and in fig. 11 b - variant with inclined plane, inclined
screen and brush cleaning system. High speed and high productivity cylindrical sieves have a number of
advantages over flat sieves. In general, for high productivity, the flat sieves have large dimensions; requiring
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quite complex drive mechanisms whose forces of inertia that appear in their oscillatory movement must be
balanced. The cylindrical sieve doesn't need to be balanced and is characterized by compactness, uniform
movement and simple transmission. Removing the main disadvantages of the cylindrical sieve - the speed and
low productivity - will in the future allow in many cases the cylindrical sieve to be preferred instead of the flat
sieve.

Fig. 11. Constructive types of cylindrical sieves
1- inclined plane; 2- curved sieve; 3- seed collector; 4- brush; 5- screen

1. Centrifugal sifter
It is used for cleaning flax and hemp seeds, as well as for sifting flour. It consists of a frame(1) and a
cylindrical casing, on which are the sieves with round holes. In the first section there are the sieves with 1 mm
(3) holes and then 3 mm (4) holes. The particles are fed through the feed hole (2) and pass successively over
the rotary sieves, the small impurities falling into a screw conveyor (5) with double direction which directs them
towards the end near the feeding hole. Large impurities move in the opposite side of the feed hole. The cleaned
base particles fall into the conveyor (5) with the opposite direction of displacement from the direction of small
impurities (Stefanescu, 2003).

Fig. 12 – Centrifugal Sifter (Stefanescu, 2003):
1 - frame; 2 - feed hole; 3 - sieve with small holes; 4 - sieve with large holes; 5 - screw conveyor

The centrifugal sifter, built in our country has a productivity of 5 t/h, a length of the sieve casing of 5,500
mm and a diameter of 750 mm. It is powered by a 2.75 kW electric motor (Stefanescu, 2003).
2. Hexagonal centrifugal sifter

Fig.13 – Hexagonal centrifugal sifter (Stefanescu, 2003)
1-supply connection; 2-drive wheel, 3-the housing; 4- support legs; 5- screw conveyor; 6-suction discharge hole;7- collector hopper; 8refuse outlet connection; 9-belt transmission; 10-hexagonal sieve; 11-drive shaft; 12-suction connection; 13-beaters; 14-holes for inspection
and control; 15- textile surface; 16-spokes
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Hexagonal centrifugal sifter belongs to the category of machines with hexagonal surface in rotational
motion. It can be used to clean cereals, to control waste resulting from cleaning cereals, or even to sift products
resulting from grinding corn or wheat (fig. 13). It consists of a supply connection (1); drive wheel (2); the housing
(3); support legs (4); screw conveyor (5); suction discharge hole(6); collector hopper (7); refuse outlet
connection (8); belt transmission (9); hexagonal sieve (10); drive shaft (11); suction connection (12); beaters
(13); holes for inspection and control (14); textile surface (15); spokes (16). The main working body of the
separator is the hexagonal prism (10).
From a dimensional point of view, the circle in which the hexagonal prism is inscribed has a diameter
between 500 and 1000 mm. The speed of the shaft will have to ensure a peripheral prism speed of 1.1 - 1.5 m/s
for proper operation. Depending on the size of the sides of the hexagon, the shaft speed varies between 23 and
46 rpm. The specific loading of the sifter, depending on the nature of the processed product, is: - 500-700
kg/m2h - cleaning of cereals or large foreign bodies; - 100-300 kg/m2h - separation of small particles. The sifter
has the disadvantage of using during operation only 1/4 to 1/6 of the total separation surface (Stefanescu,
2003).
3. The cylindrical screen
The diameter of cylindrical sieve has a large influence on the axial average velocity of grains and short
stalks (Jianbo,Chongyou, 2018). The results indicate that, in the longer drums, the radial segregation ratio is
higher (Ke S., 2009). Separation through the cylindrical screen is performed to eliminate impurities of smaller
size than wheat grains. Thus, the impurities pass through the holes of the sieve (as sifted), and the wheat grains
slip as a refuse (Bellocq, Ruiz, 2017).

Fig.14 - The cylindrical screen (Stefanescu I, 2003)

The cylindrical screen (fig. 14) is composed of the following main parts: 2 - 3 sections, having sieves
with holes of a certain size (1), the feed hole (wheat and impurities) (2), the evacuation hole of the wheat ( 3),
the collecting basket for impurities (4), the mechanism for cleaning the separation surfaces (5), the drive
mechanism (6).
The technical characteristics of the separator are presented in table 1 (Stefanescu, 2003).
Table 1
Cylinder diameter,
mm

Characteristics of the separator
Cylinder length,
Section
Flow,
mm
dimensions, mm
t/h

Speed,
tot/min

Power,
CPI

630

1125

2x475

1.5

30

1.5

630

1605

2x750

2.4

30

1.5

630

2115

3x630

3.2

30

1.5
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4. The cylindrical separator
The cylindrical separator belongs to the category of separators with cylindrical separation surface in
rotational motion. It is used both for cleaning cereals and as a control sieve for flour and bran.
The cylindrical separator, type MKZM BUHLER, is composed of the metal housing (5), supported on
three legs (11), in which the cylindrical sieves (3) and (4) rotate. The sieve (3) has holes smaller than (4), and
has a helical spiral (9) inside, to evacuate the refusal. The cereal feed is made by the inclined pipe (13), which
can be disassembled when removing the cylindrical sieves (3) and (4). Two windows (14) allow you to visit the
cylindrical sieves. The shaft (7), fixed to the console, holds the cylindrical sieves (3) and (4) through a concave
disc. The drive is provided by the gear motor (6), and the suction of the dust inside the housing is made by
means of the inlet (2). Cleaning the cylindrical sieves is done with the brush (15). The metal cover (12) allows
access to the inside of the cylindrical separating sieves. The construction company produces three dimensional
types whose characteristics are presented in table 2 (Stefanescu, 2003).

Fig.14 - The cylindrical separator MKZM (Stefanescu, 2003):
1-feed inlet; 2-aspiration inlet; 3, 4 - cylindrical sieves; 5- metal housing; 6- gear motor;7- shaft; 8- the collecting outlet; 9-screw conveyor;
10-evacuation outlet; 11- support legs; 12-cover; 13-inclined pipe; 14-windows for inspection and control; 15- brush

Table 2
Characteristics of the separator MKZM
Dimensions, m

Mass,
kg

Work
capacity,
t/h
wheat

Length

Diameter

1.242

0.778

0.63

8

0.37

300

25-100

1.105

1.665

1.078

0.95

12

0.37

440

100-200

1.450

2.070

1.190

1.25

16

0.55

640

200-500

Type
MKZM
6375
MKZM
9510
MKZM
1211

Motor
Power,
kW

Air
Flow,
m3/min

Mantle
Length

Width

Height

1.705

0.840

2.142
2.460

They are characterized by a high processing capacity with low energy consumption, simplicity and
safety in operation.
The hourly productivity of the machine is 25 t when using the sieve with square hole dimensions of 16
mm. At 20 mm dimensions, productivity increases to 50 t / h. The sieve has a length of 1050 mm and a diameter
of 950 mm. The speed is 19 rpm. Air consumption is 12 m3/min. It is powered by a 1.5 kW electric motor, in IP54
protection, by means of a gear motor. Overall dimensions: 2230 x 1230 x 1290 mm.
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Velocities of irregular particles are difficult to measure and analyze owing to their irregular shapes
(Zhang, Yang, 2019) Sieving or screening has been the oldest yet most important unit operation for industrial
separation of solid particles (Zdzisław, Jerzy, 2013).

CONCLUSIONS
The machines described in this work use cylindrical sieves with rotational motion, for cleaning
purposes, having the following shapes: cylindrical, hexagonal, truncated and corrugated.
The effective functioning of any cylindrical sieve is determined in principle by the general character of
the movement of the grains on the active surface of the screen that is by the relative movement of the grains;
this movement can be:
• type 1 movement - includes only the sliding phase;
• type 2 movement - includes only the sliding and resting phases.
In order to eliminate the relative resting phase, without modifying the kinematic regime we can influence
the frictional force, changing the direction of its action. For this, a fixed cylindrical surface, located inside the
moving cylinder, should be used, where the grain ends the phase of free movement.
As constructive types of cylindrical sieves we can enumerate: the centrifugal sifter, the hexagonal
centrifugal sifter, the cylindrical screen and the cylindrical separator.
The machines that use rotary cylindrical sieves, compared to other machines, have the advantage of
achieving an intense mixing of the particles, in a simple construction, with a small size and low electricity
consumption.
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ABSTRACT
During the time, an irrational management of pastures induced their degradation because of invasion with nonvalue vegetation, hummocks and mole-hills. One of main operation for maintenance of degraded grasslands
consists in clearing the surfaces of earth hummocks and mole-hills. In according with this requirement, in our
institute has been designed, manufactured and tried one equipment suitable for this grassland farming work,
called levelling-greder equipment for grassland, RGP-2,0 type. In this paper, the experimental trials results of
agricultural aggregate consisting of a wheeled tractor and the levelling-greder equipment for grassland, RGP2,0 type are presented.
REZUMAT
Gospodărirea irațională în ultima perioadă a pajiștilor a condus la degradarea acestora datorită invaziei cu
vegetație nevaloroasă, mușuroaie multianuale ș/sau anuale. Una din lucrările principale pentru întreținerea
pajiștilor o reprezintă curățarea de mușuroaie anuale și multianuale. În concordanță cu aceste cerințe, în
institutul nostru s-a proiectat, executat și testat un echipament special pentru lucrările de întreținere a pajiștilor
și anume rindeaua-greder de pajiști, tip RGP-2,0. În lucrare sunt prezentate rezultatele încercărilor agregatului
agricol format din tractor pe roți și rindeaua-greder de pajiști, tip RGP-2,0.

INTRODUCTION
Regarding the covering of the grassland with earth hummocks, mole-hills, stones, invasive non-value
vegetation and manure, depending on the pedoclimatic and operating conditions, different situations can be met.
The grassland cleaning of hillocks, mole-hills etc., requires cutting, shredding and spreading the soil and
plant materials on the ground (Hermenean and Mocanu, 2009; Mocanu et al. 2009; Mocanu and Hermenean
2013). For the aeration of the sward it is necessary to comb the old vegetation and to remove the resulting
residues (muscles, lichens, dry vegetation etc.) (Mocanu et al. 2009; Mocanu et al. 2009; Mocanu and
Hermenean 2013).
For this purpose, at the Research-Development Institute for Grassland Brasov, a special levelling
machine, RGP-2,0 type, was designed, realized and tested. It works in aggregate with wheeled tractors of 59-81
kW (80-110 HP) and it is a semi-mounted agricultural machine during transport and respectively trailed during
the operation.

MATERIAL AND METHOD
The main components of the levelling-greder equipment, RGP-2,0 type (Fig.1 and Fig. 2), are: assembly
frame (1), left levelling blades (2), right levelling blade (3), posterior levelling blade (4), front disc battery (5), left
side disc battery (6), right side disc battery (7) the mechanism of lifting-descending for posterior leveling blade
(8), hydraulic installation (9), wheel system (10), traction bar (11).
The assembled frame (1) is rectangular shape and is made of welded steel profiles. The other
components of the machine are mounted on the frame. In front side is provided with a towing hitch that attaches
to the tractor traction bar. In the rear, by two cylindrical joints is mounted the frame of the rear leveling blade (4).
The left leveling blades (2) are of plain blade type, mounted by screws on a U180 profile, which is fixed
rigidly to the frame by two metal locks.
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Fig. 1 Side view of the aggregate tractor and levelling-greder equipment

The right leveling blade (3) is also of the plain blade type, mounted by screws on a U180 profile, this
being rigidly fixed to the frame by two metal plates.

Fig. 2 Side view of levelling-greder equipment

The rear leveling blade (4) consists of: a profiled blade provided with slots, (1.8 m long) and it is
continued with a plane blade (0.35 m long), mounted on a U180 profile.
For transport, the descent of the running train is raised simultaneously by the lift-down mechanism (8).
The front disc battery (5) consists of 12 notched discs with a diameter of 460 mm. Depending on the
stationary working conditions, the battery can move, with the help of the hydraulic cylinder, in the vertical- plane
with ± 100 mm, compared to the ground zero position.
The left side disc battery (6) consists of 4 plain discs with a diameter of 460 mm. In the transport
position, by a hydraulic cylinder, pivots over the assembled frame.
The right side disc battery (7), is also made up of 4 plain discs with a diameter of 460 mm. In the
transport position, it works like the left battery.
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The rear lifting-descending mechanism (8) for posterior levelling blade consists in a pulley, a chain and
a lever system, which helps to raise the rear blade in transport position and descending the blade in working
position respectively.
The hydraulic system (9) consists of four hydraulic cylinders, hoses and hiraulic fittings, connected in
two independent circuits. A circuit for front disc battery and one for side disc batteries and the drive train.
The drive train (10) is provided with two tires wheels, mounted on the rear of the equipment frame by
cylindrical joints. It is operated by a hydraulic cylinder in transport and working positions.
The traction bar (11) is a triangular shape and it has a coupling device on traction bar of the tractor. It is
mounted on front of the frame-greder by two cylindrical joints with restricted mobility. It is also equipped with a
useful support for parking.
Table 1 presents some technical characteristics of levelling-greder equipment for grassland, RGP-2.0
type.
Table 1
Technical characteristics of levelling-greder equipment for grassland
- energy source
- type of the machine
- overall dimensions:
- length
-width
-height
- the number of discs:
- type of disc:
- disc diameter:
- distance between disc:
- working width
- weight

- Wheeled or caterpillar tractors of 59-81 kW
(80-110 HP)
Semi-mounted agricultural machine during
transport and trailed during the work.
7000 mm
2110 mm
1150 mm
-12 at front battery;
- 4 at each lateral batteries
- notched discs on the front battery;
- plane discs on the side batteries
460 mm
180 mm
2,0 m
1500 kg

Operation mode
During operating, the aggregate formed by the tractor and the levelling-greder equipment for grassland, the
battery with frontal discs fragment in vertical-longitudinal plane the annual, multiannual earth hummocks, molehills and the animal manure.

Fig. 3 Aspects of degraded grassland by mole-hills

Alternative left and right movement of the fragmented material, thanks to leveling blades, and under the
action of the lateral disc batteries, intensifies the process of cutting it, being evenly distributed on the surface of
the ground by the rear leveling blade.
The working conditions during the trials are presented in Table 2, 3 and 4.
Table 2
Working conditions
Specification
Soil type
Slope of the land

Plot 1
Cernoziomoid
0...2o
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The determination of the dimensions of the hummocks and mole-hills (diameter and height) was done
with the help of the roulette and the level ruler (Fig. 4).

Fig. 4 Aspects regarding the determination of the dimensions of the hummocks and mole-hills

Table 3 shows the data resulting from the determination of the size and number of mole-hills on plot 1 (6
blocks of 100 m2 each), and table 4 for plot 2 (4 blocks of 100 m2 each).
Table 3

Bloc

Number,
buc/100m2

A1
A2
A3
B1
B2
B3
* multi-annually

40
23
17
27
30
25

Size and number of earth hummocks and mole-hills - Plot 1
Coverage
Size (diameter x high, mm) / number
degree,
%
1
2
3
4
15,6
450x90/5
450x130/3
800x140/26
500x150/4
10,6
600x80*/1
650x140/1
510x180/1
800x155/18
3,4
500x200/5
520x195/6
500x120*/3
480x110/2
8,5
430x160/2
400x135/2
700x80*/19
350x120/2
10,5
700x160/24
430x150/1
480x150/2
600x110/2
8,7
800x145/6
600x160/4
600x80*/8
650x80*/4

5
550x140/2
700x130/2
450x130/1
520x100/2
500x190/1
650x110/3

Table 4

Bloc

Number,
buc/100m2

A1
A2
B1
B2
* multi-annually

25
28
25
32

Size and number of earth hummocks and mole-hills - Plot 2
Coverage
Size (diameter x high, mm) / number
degree,
%
1
2
3
4
9,5
900x160*/12
300x130*/4
300x120/2
400x150/2
9,3
480x190//2
650x170*/7
600x160/3
700x130*/14
7,4
370x180/2
550x180*/6
280x105/1
650x120*/8
13,9
1100x150*/5
650x250/11
550x160/5
500x170/4

5
550x220/5
440x150/2
700x100*/8
800x125*/7

RESULTS
The exploitation experiments of the levelling-greder equipment were performed in an aggregate with a 4
WD tractor of 100 HP (Fig. 5).
The data obtained from the tests are presented in Table 5.
Table 5
Trials results
Specification

UM

The determined value

Real work speed
Real working width
Effective working capacity

km/h
m
ha/h

3,6
1,98
0,72

5,2
1,95
1,02

6,1
1,92
1,17

Working capacity at production time

ha/8h

4,30

6,10

7,00

l/ha

16,0...18,0

15,3...16,7

14,3...15,8

Specific fuel consumption
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Fig. 5 Aspects of the trial operations
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From the analysis of the data in Table 5 it can be noticed that, under the given working conditions
characterized by size of the slope, the level of coverage, origin and the size of the hillocks, different gears and
different speeds of the energy source can be used.
With increasing work speed, fuel consumption (power consumption) also increases, but specific fuel
consumption decreases due to increased working capacity at the production time (8 hours).
Also, with increasing work speed, the effective work width decreases.

CONCLUSIONS
On the basis of the results obtained during the field trials of the experimental model of levelling-greder
equipment, it can be seen that the indices regarding the agronomic requirements imposed on the clearing of
the grasslands have values within the limits allowed by the specialty literature;
- experimental trials have led to the determination of specific fuel consumption, working capacity at the
production time, effective working width etc.
- with increasing the work speed, fuel consumption (power consumption) is also increased, but specific fuel
consumption decreases due to increased working capacity at production time.
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ABSTRACT
The aeration process for a biological wastewater treatment plant is the main electrical energy consumer.
The paper presents an innovative aeration system to be used in Mobile Bed Biofilm Reactors. It is known that
this technology uses metallic air diffusers with medium bubbles, so an increased air quantity is required. The
authors propose an innovative aeration system based on metallic diffusers with micro-orifices equipped with an
ultrasound anti-clogging system. In this way smaller quantities of air will be introduced inside the bioreactors.
REZUMAT
Procesul de aerare pentru o stație de epurare biologică a apelor uzate este principalul consumator de
energie electrică. Lucrarea prezintă un sistem inovator de aerare pentru a fi utilizat în reactoarele cu suport
artificial mobil pentru biofilm. Se știe că această tehnologie utilizează difuzoare de aer metalice cu bule medii,
astfel încât este necesară o cantitate crescută de aer. Autorii propun un sistem inovator de aerare bazat pe
difuzori metalici cu micro-orificii echipat cu un sistem anti-colmatare cu ultrasunete. În acest fel va fi introdusă o
cantitare mai redusă de aer în interiorul bioreactoarelor.
INTRODUCTION
The aerobic biological treatment stage needs important quantity of electrical energy. The aeration
efficiency is higher in the case of the smaller air bubbles (Alex et al, 2016; Alkhalidi and Amano, 2015).
Depending on the size of the air bubbles entering the water tank, the bubble generators are divided as follows:
fine bubble diffusers with diameter smaller than 1 mm; medium bubble diffusers with diameter, situated between
1 and 3 mm; large bubble generators with diameter bigger than 3 mm (Metcalf and Eddy, 2003). The
dimensions of the bubbles depend on the diameter of the air outlet, the pressure and the air flow in the
distribution network. Due to the presence of the biofilm carries inside the Mobile Bed Biofilm Reactor, the
aeration system has to be very robust, which is why are used the metallic diffusers, especially perforated pipes
are preferred (Boltz at al, 2019). More than this, small orifices are difficult to be realized in metallic pipes.
The technical solutions for the construction of the air diffusers made up to now are not unitary, the
porosities and material characteristics of the diffusers used in biological wastewater treatment are different. The
most used fine bubble air diffusers are:
a)
Fine bubble diffusers with ceramic plates. Ceramic
materials are the oldest materials used for the realization of the fine
bubble generators. The ceramic plates are made of alumina,
aluminium, silicate or silicon. The generators of fine bubbles with
ceramic materials are in operation for a long period of time and are
Fig.1 - Ceramic diffuser plate
very well known both the advantages and the problems in
(Patulea A, 2012)
operation.
b) Fine bubble diffusers with porous plastic plates. Recent
discoveries among the realization of fine bubble generators lead to
the use of plastics in their construction because they have much
better technical-economic properties than ceramic materials. Due
to the properties of the plastic materials, the size of the gas outlet
Fig.2 - Porous plastic diffusers
holes can be controlled.
(Patulea A, 2012)
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c)
Fine
bubble
generators
with
perforated
membranes. They differ from those previously presented as they
do not have a network of interconnected ports through which the
air must flow. The speakers are materials with very high elastic
properties such as rubber, latex, silicone materials.

Fig.3 - Fine bubble diffusers with
perforated membranes (Patulea A, 2012)

d) Fine bubble generators with perforated plates. These
diffusers have the same mode of operation as perforated
membranes, but this time the materials from which they are
executed are rigid metal or plastic materials in which individual
holes are executed that cross the material from one face to another
and allow air to be dispersed in the water.

Fig.4 - Perforated plate for fine bubble
generators (Patulea A, 2012)

MATERIAL AND METHOD
The micro-orifices are realised using CNC machining centres. The diffusers will have a different shape,
like a box instead of a perforated pipe. Parts of the air differs can be realised by additive manufacturing. Additive
manufacturing, also known as 3D printing, realize different components into layers directly from a digital file
(Ngo et al, 2018). 3D printing is a rapidly growing field having an important impact on different industries by
simplifying the several processes to go from designing to a finished product (Tofail et al, 2018). Additive
manufacturing can advantageously fabricate complex geometries with no part-specific tooling and much less
waste material, filling a gap left by the other manufacturing processes (Camacho et al, 2018).
The numerical simulations were obtained with the help of FlexPDE software. FlexPDE is a scripted finite
element model builder and numerical solver (Liu, 2018). The script is entirely written by the user and FlexPDE
performs the operations necessary to turn a description of a partial differential equations system into a finite
element model, solve the system, and present graphical and tabular output of the results (Liu, 2018). To write
the script, the user will use: an editor for preparing scripts, a mesh generator for building finite element meshes,
a finite element solver to find solutions, and a graphics system to plot results.
FlexPDE has no pre-defined problem domain or equation list, so the authors made the mathematical
modeling of the aeration process. The general dispersion equation was simplified and adapted.
RESULTS
Were realized some air diffusers for the biological wastewater treatment consisting from plates with
micro-orifices with diameters between 0.1 and 1.1 mm. For the execution of the plate holes on the CNC
machining centres it is necessary to generate the program in machine language. This technological process
was chosen due to the superior execution accuracy compared to the electro-erosion processing process, the
short execution time, the reduced costs and the existence in the laboratory equipment of a CNC machining
centre. The Romanian researchers have made the following plates (Figure 5), to be tested in laboratory
conditions: 1 plate with 0.3 mm holes - 50 holes; 1 plate with holes of 0.3 mm - 18 holes; 1 plate with holes of
0.4 mm - 18 holes; 1 plate with holes of 0.4 mm - 34 holes; 1 plate with 0.4 mm holes - 50 holes; 1 plate with
holes 0.5 mm - 18 holes; 1 plate with 0.5 mm holes - 50 holes; 1 plate with holes of 0.7 mm - 9 holes; 1 plate
with holes 0.9 mm - 6 holes; 1 plate with 1.1 mm holes - 4 holes. The technology used was subtractive one, and
namely CNC drilling and milling, because it has significant advantages over unconventional EDM process that
are extremely expensive.
The micro-orifices and the microstructure obtained were investigated microscopically by several specialized
optical devices at University “Politehnica” of Bucharest labs (Fig. 6) and the results being satisfactory.

Fig.5 - Plates with holes obtained
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The accuracy of the resulted micro-holes and the surface condition are acceptable. The next step in the
diffusers realization was to obtain the cassettes that will integrate the plates.

Fig.6 - Optical investigations of the plates (Besnea et al, 2018)

On the cassettes, practically, will be fitted the plates with micro-holes through which the air will be blown
to oxygenate the wastewater. A new and viable method for this purpose has been proven to be the use of
additive technologies. The cassettes were realized by additive technologies and namely the thermoplastic
extrusion technology (Fused Deposition Modeling). Some steps of the realization of these cassettes are
presented in the figure 7. As materials, the polylactic acid and acrylonitrile butadiene styrene was used. Apart
from the relatively low costs, these materials have quite good mechanical properties.

Fig.7 - 3D printing of the cassettes

Manufacturing time is also relatively low. Among the main manufacturing stages of the cassettes are:
design of the cassette in specialized software, converting to .stl format, generating a special code for the 3D
printer, which will follow the trajectories described by the program to materialize layer by layer the entire volume,
the proper printing – and the post-processing stages, which consist in the elimination of the sacrificial layers and
the cleaning of the resulting piece. Special materials were used for the realization of different cassettes, namely,
Polylactic acid and Acrylonitrile butadiene styrene (Figure 8).

Fig.8 - Resulted 3D printed cassettes from
PLA and ABS

Fig.9 - The assembly of the plates with
cassettes (Besnea et al, 2018)

Finally, the assembly was made between the perforated plates and the cassettes (Figure 9). The
developed aeration system was tested (Figure 10) in a water basin, demonstrating the efficiency of these
combinations of methods used.
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Fig.10 - The testing of the developed system (Moraru et al, 2019)

For the production of the designed boxes, the additive manufacturing was used. Additive technologies
allow the manufacturing of products of any geometry in layers based on a designed 3D model. If in case of
conventional processing technologies, the piece is made by removing material, in the case of Rapid Prototyping
manufacturing technologies the piece is made by adding material, as much as necessary and where necessary.
Apart from the advantage of material savings, these technologies also have the following benefits: the
possibility of obtaining complex geometries, which cannot be achieved by other technologies; improved
properties of the finished pieces; relatively low cost.
Also, metallic cassettes for the perforated plates were realized by the Romanian authors of the present
paper. Pictures taken during the production of the diffusers are shown in figure 11. It can be seen how an air
diffuser is connected to the rest of the aeration system. The flexible hose is used to be easy to insert and
remove from the experimental basin. To check the air pressure inside the diffuser, a socket is provided of which
a manometer is connected via a hose.

Fig.11 – Metallic diffusers

Fig.12 – Experimental installation
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The efficiency of each one of the 10-air diffuser realised will be established. The principle method is to
measure the modification of the dissolved oxygen (DO) concentration in time, from 0 mg/l to the saturation
concentration. Zero oxygen concentration will be achieved by adding excess of chemicals. In this way, the initial
DO in the water will be consumed. Sodium sulfide can be used for water deoxygenating. The moment when DO
reach 0 mg/l is considered the measurements’ baseline. A constant air flow will be introduced by the aeration
during one set of measurements. Tap water will be introduced inside the bioreactor. A system of data collection
and distance transmission will be provided for the laboratory set-up. The data measured by the DO sensor and
water temperature values are recorded and sent with the help of a special modem. Following a certain modem
configuration, the recorded data can be seen live on the internet by accessing a specific web address. The
results are stored in the format ".csv", which are easily converted in Excel format. So, the oxygenation curves
can be easily plotted and the aeration efficiency will be determined. It is desirable that the experiments take
place in tanks with the height close to the real one found in the wastewater treatment plants. An example of an
experimental tank is presented in Figure 12.
The experiments will be realised in 2 conditions without and with biofilm carriers. It was demonstrated,
with the help of the numerical simulation (figure 13) that the presence of the biofilm carries increase the aeration
efficiency.

a. Aerobic tank without biofilm carriers – DO profiles

b. Aerobic tank with biofilm carriers – DO profiles

Fig.13 - Numerical simulations of the aeration process in biological treatment tanks

Numerical simulations of the aeration process were performed considering a basin with the following
dimensions: 1,000 x 1,000 x 2,500 mm. It is observed that when using the biofilm carriers, the dissolved oxygen
concentration in the basin is higher than the case the biofilm carriers are not used. This fact is explained by the
increase of the retention time of the air bubbles inside the basin, which on their way to the surface are slowed
by the biofilm carriers.

CONCLUSIONS
The authors propose a new aeration system mainly used for MBBR technology, where currently
medium bubble diffusers are uses. The technologies for making the new metal diffusers is an innovative one,
the devices are made in two major parts: the cassette and the perforated plate with holes smaller than 1 mm.
In order to prevent the clogging of these air diffusers, the authors from the Polytechnic University of
Bucharest have developed an ultrasonic system that will be tested with the aeration system.
The new aeration system can be made with reduced costs, with the possibility that the cassettes can
be made of different materials, including anticorrosive metals or plastics. Also, 3D printing technologies can
be used to create the boxes of the air diffusers.
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The authors will continue the researches by testing the efficiency of the 10 types diffusers, by
establishing the optimum amount of air to be introduced into the aerobic treatment tanks and by testing the
ultrasound system to prevent clogging.
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ABSTRACT
In the paper is done the kinetic analysis of the mechanism of municipal solid waste takeover and
precompacting, from specific equipment for its collection and transport.
The corresponding dimensioning of the actuation mechanism elements shall be made only after the
determination of the forces and moments acting on them. The determination of the forces and moments acting
on the elements of the mechanism is done by kinetic analysis. For the kinetic analysis of the mechanism,
proceed to reduce the applied and inertial forces in the centres of gravity of the elements, after which the
procedures carried out for each structural group in the composition of the mechanism are made. Finally, the
driving forces are obtained to be applied in the translational couplings (hydraulic cylinders) for the movement of
the mechanism. For the accuracy of the calculation, the driving forces are also determined by the virtual
exponents’ method.
REZUMAT
În lucrare se face analiza cinetostatică a mecanismului de preluare și precompactare a reziduurilor menajere,
de la o maşină specifică pentru colectarea și transportul acestora. Dimensionarea corespunzătoare a
elementelor mecanismului de acționare se face numai după stabilirea forțelor şi momentelor care acționează
asupra acestora. Determinarea forțelor şi momentelor care acționează asupra elementelor mecanismului se
face prin analiza cinetostatică. Pentru analiza cinetostatică a mecanismului se procedează la reducerea forțelor
aplicate și a forțelor de inerție în centrele de greutate ale elementelor, după care se apelează procedurile
realizate pentru fiecare grupă structurală din componența mecanismului. În final se obțin forțele motoare care
trebuie aplicate în cuplele de translație (cilindrii hidraulici), pentru punerea în mișcare a mecanismului. Pentru
corectitudinea calculului se determină forțele motoare și prin metoda puterilor virtuale.

INTRODUCTION
Garbage trucks for the collection of municipal solid waste shall be
equipped with mechanisms to retrieve and pre-compaction the residues
discharged from the special pre-collection containers. Most mechanisms
of this kind are located at the back of the machines, realizing, together
with the compaction plate inside the equipment collection container, the
compaction of the loaded residues. This compaction occurs
progressively as the pickup mechanism brings material to the loading
area. Most of the pickup and precompacting mechanisms are flat
mechanisms with articulated bars, the elements of which are operated
with hydraulic cylinders. In figure 1, the kinematic scheme of the system
of collecting and precompacting the household material introduced into
the collection tank in the pre-collection containers is presented (Voicu et
all, 2019).
After the structural and kinematic analysis of the mechanism, we
pass to the kinetostatic analysis, that is, the determination of the forces
and moments acting on the kinematic elements.
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The kinetostatic analysis of the mechanism comprises several stages, namely:
a) Kinetostatic study of each modular group in part;
b) Elaborating the calculation program for determining the reactions of all kinematic joints of the mechanism,
as well as the driving forces in active B and I elements (Demidovitch B., Maron I., 1987; Dorn W.S., Mc
Cracken D.D., 1976; Moise V., Maican E., Moise Şt. I., 2003; Moise V., Maican E., Moise Şt.I., 2016).
c) Drawing of the corresponding reaction hodographs of joints A and D;
d) Drawing of driving forces diagrams of the B and I translation kinematic coupling;
e) The tabular presentation of the shares in the joints A, D and H for 81 positions of the elements of the
mechanism.
MATERIAL AND METHODS
1. Kinetostatic analysis of the mechanism
The kinetostatic analysis of the mechanism starts from the initial position, that is, from the position in
which hydraulic cylinders 2-3 and 5-6 are in initial position (Fig. 2).
For the kinetic analysis of the mechanism, proceed to reduce the
applied and inertial forces in the centres of gravity of the elements, after
A
E
which the functions corresponding to each structural group are used. It
8
F
is noted that the kinetostatic analysis is done in inverse kinematic
3
7
analysis, i.e. from the last kinematic analyzed structural group (RRTaR
B
motor dyad (4, 5, 6)) and ending with the first group (RRTaR motor
D
group (1, 2.3)), (Artobolevski I.I., 1977; et al, 2003; Moise V.,
1
2
Simionescu I., Ene M. et al, 2008; Moise V., Simionescu I., Ene M. et al,
2015; Moise V., Simionescu I., Ene M., 2018; Pelecudi Chr., Maroş D.,
C
4
6 H Merticaru V., et al, 1985; Simionescu I., Moise V., 1999).
G I 5
Motor group RRTaR (4,5,6)
On the element of the motor dyad RRTaR(4,5,6) actions
T
(Fig.3,a):
- Gravity forces:
G 4 = − m4 g , G 5 = − m5 g , G 6 = − m6 g ……………….(1)
- Inertial forces:

F i 4 = − m 4 a G 4 , F i 5 = − m5 a G 5 ; F i 6 = − m 6 a G 6 ;

(2)

Fig. 2 – Kinematic scheme of the mechanism
in the initial position

- The resultant moments of the inertial forces:
- M i 4 = − IG4 ⋅ ε 4 , M i 5 = − IG5 ⋅ ε 6 , M i 6 = − IG6 ⋅ ε 6

(3)

- Technological forces: Q .
Points of reduction of forces systems shall be considered in the centres of gravity G4, G5, and G6,
corresponding to the elements 4, 5 and 6. Kinematic parameters of the points G4, G5, and G6 are calculated
using the procedure A1R, (Pelecudi Chr., 1975; Pelecudi Chr., Simionescu I., Moise V., Ene M., 1981).
The resulting inertial, gravity and reaction forces have the following form (Fig.3,b):
_

F R4

_
_
_
_
_
_
_
_
= F 4 X + F 4Y , F R5 = F 5 X + F 5Y , F R 6 = F 6 X + F 6Y

(4)

where:

F4 X = − m4 ⋅ aG 4 X + Q X ⋅ ; F4 Y = − m 4 ⋅ (a G 4Y + g ) + QY

F5X = − m5 ⋅ aG 5 X ; F5Y = − m5 ⋅ (aG 5Y + g )

………

F6 X = − m6 ⋅ a G 6 X ; F6 Y = − m6 ⋅ (aG 6Y + g )

(5)
…….(6)
(7)

In relation to the reduction points, the resulting moments are:

CM 4 = − IG 4 ⋅ ε 4 ; CM 5 = − IG5 ⋅ ε 6 ; CM 6 = − IG6 ⋅ ε 6 ………………………..(8)
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Fig.3 – Motor groups RRTaR (4,5,6)

a) highlight of the forces and moments acting on the elements of the structural group
b) kinetostatic scheme of the motor group RRTaR (4,5,6)

The reactions in the kinematic couplings of the motor groups, together with the acting force in the
hydraulic cylinder, form the exist data of the procedure A2RC.
Dyad RRR (7,8)
On the elements of the dyad RRR(7,8) acts (Fig. 4,a):
- gravity forces:

G 7 = − m7 g , G 8 = − m8 g

(9)

- inertial forces:

F i 7 = − m7 aG 7 , F i8 = − m8 aG 8

(10)

- the resultant moments of the inertial forces:

M i 7 = − IG7 ⋅ ε 7 , M i8 = − IG8 ⋅ ε 8

(11)
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8M

F7 X

7M

7
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R7 X8
F7Y

G8

M i7

F8 X

8

E

F

G7

R1

7
C

C

a)

Y7

R1
b)

Fig. 4 - Dyad RRR (7,8)
a) highlighting the forces and moments acting on the elements of the structural group;
b) kinetostatic scheme of the dyad RRR(7,8)
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The reduction points of the force systems shall be considered in the G7 and G8 gravity centres, elements
7 and 8. The kinematic parameters of these points are calculated using the A1R procedure.
The accelerations of the G7 and G8 reduction points, the force systems being known by the components
on the coordinate axes, the inertial forces are:
_
_
_
_

_

_

F i 7 = Fi 7 X i + Fi 7Y j , F i8 = Fi8 X i + Fi8Y j

(12)

The results of the applied, inertial and gravity forces are:

_
_
_
_
_
_
F R 7 = F 7 X + F 7Y , F R8 = F 8 X + F 8Y (Fig. 3.6.9.b)

(13)

F7 X = − m7 ⋅ aG 7 X ; F8Y = − m8 ⋅ (a G8Y + g )

(14)

F8X = − m8 ⋅ aG8 X ; F8Y = − m8 ⋅ (aG8Y + g )

(15)

where:

Relative to the reduction points, the resulting moments are:

CM 7 = − IG7 ⋅ ε 7 , CM 8 = − IG8 ⋅ ε8

(16)

The reactions of the C, E and F kinematic couplings form the output data of the D1RC procedure.
Motor group RRTaR (1,2,3)
On the elements of the motor dyad RRTaR (1,2,3) act (Fig. 5.a):
- gravity forces:

G1 = − m1 g , G 2 = − m2 g , G 3 = − m3 g

(17)

- inertial forces:

F i1 = − m1aG1 , F i 2 = −m2 aG 2 , F i 3 = −m3 aG 3

(18)

- the resultant moments of the inertial forces:

M i1 = − IG1 ⋅ ε1 , M i 2 = − IG2 ⋅ ε1 , M i 3 = − IG3 ⋅ ε3

(19)

- reactions of elements 4 and 7 on item 1 of the motor group RRTaR(1,2,3), namely : R41 X = − R14 X ,

R41Y = − R14Y , R71 X = − R17 X , R71Y = − R17Y .
Points of reduction of system forces shall be considered in the centres of gravity G1, G2 and G3,
corresponding to the elements 1, 2 and 3. Kinematic parameters of the points G1, G2 and G3 shall be calculated
using the procedures A1R and A1RALFA.
The resultant inertial, gravity and reaction forces have the following form:

_
_
_
_
_
_
F R1 = F 1 X + F 1Y , F R 2 = F 2 X + F 2Y

,

_
_
_
F R 3 = F 3 X + F 3Y

(20)

where:

F1X = − m1 ⋅ aG1 X + R41 X + R71 X ; F1Y = − m1 ⋅ (aG1Y + g ) + R41Y + R71Y

(21)

F2 X = −m2 ⋅ aG 2 X ; F2 Y = −m2 ⋅ (aG 2Y + g )

(22)

F3X = −m3 ⋅ aG 3 X ; F3Y = −m3 ⋅ (aG 3Y + g )

(23)

Relatively to the reduction points, the resulting moments are:

CM 1 = − IG1 ⋅ ε1 + G1C × ( R 41 X + R 41Y ) + G1C × ( R 71 X + R 71Y )

(24)

CM 2 = − IG 2 ⋅ ε 3 ; CM 3 = − IG3 ⋅ ε 3

(25)

The reactions in the kinematic couplings of the motor groups, together with the driving force in the
hydraulic cylinder, form the existing data of procedure A2RC.
For the phases in which the hydraulic cylinder consisting of elements 2 and 3 is in action, the balancing
force (driving force) in the active coupling B can also be calculated using the virtual exponent equation, namely:
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∑ P ⋅ v = FE

32

× v32 +( F i1 + G1 ) ⋅ vG1 + ( F i 2 + G 2 ) ⋅ vG 2 +

+ ( F i 3 + G 3 ) ⋅ vG 3 + ( F i 4 + G 4 ) ⋅ vG 4 + ( F i 5 + G 5 ) ⋅ vG 5 +
+ ( F i 6 + G 6 ) ⋅ vG 6 + ( F i 7 + G 7 ) ⋅ vG 7 + ( F i 8 + G 8 ) ⋅ vG 8 +

(26)

+ M i1 ⋅ ω1 + M i 2 ⋅ ω 2 + M i 3 ⋅ ω3 + M i 4 ⋅ ω 4 + M i 5 ⋅ ω5 +
+ M i 6 ⋅ ω 6 + M i 7 ⋅ ω 7 + M i 8 ⋅ ω8 = 0
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Fig. 5 - Motor group RRTaR (1,2,3)
a) highlight of the forces and moments acting on the elements structural group;
b) kinetostatic scheme of the motor dyad RRTaR (1,2,3)

Using the above relationship, it results:

FE32 = (m1 (aG1 X ⋅ vG1 X + (aG1Y + g ) ⋅ vG1Y + IG1 ⋅ ω1 ⋅ ε 1 +
+ m2 (a AG 2 X ⋅ vVG 2 X + (a AG 2Y + g ) ⋅ v BY + IG2 ⋅ ω 2 ⋅ ε 2 +
+ m3 (aG 3 X ⋅ vG 3 X + (aG 3Y + g ) ⋅ vG 3Y + IG3 ⋅ ω 2 ⋅ ε 2 +
+ m4 (aG 4 X ⋅ vG 4 X + (aG 4Y + g ) ⋅ vG 4Y + IG4 ⋅ ω 4 ⋅ ε 4 +
+ m5 (aG 5 X ⋅ vG 5 X + (aG 5Y + g ) ⋅ vG 5Y + IG5 ⋅ ω5 ⋅ ε 5 +

(27)

+ m6 (aG 6 X ⋅ vG 6 X + (aG 6Y + g ) ⋅ vG 6Y + IG6 ⋅ ω6 ⋅ ε 6 +
+ m7 (aG 7 X ⋅ vG 7 X + (aG 7Y + g ) ⋅ vG 7Y + IG7 ⋅ ω7 ⋅ ε 7 +
+ m8 (aG 8 X ⋅ vG 8 X + (aG 8Y + g ) ⋅ vG 8Y + IG8 ⋅ ω8 ⋅ ε 87 −
− Q * cos(ϕ 4 + pi/2) * v G4X - Q * sin(ϕ 4 + pi/2) * v G4Y ))/v32 .
For phases in which the hydraulic cylinder consisting of elements 5 and 6 is in action, the balancing force
(driving force) in the active coupling may be calculated using the relationship:

∑ P ⋅ v = FE

65

× v65 +( F i1 + G1 ) ⋅ vG1 + ( F i 2 + G 2 ) ⋅ vG 2 +

+ ( F i 3 + G 3 ) ⋅ vG 3 + ( F i 4 + G 4 ) ⋅ vG 4 + ( F i 5 + G 5 ) ⋅ vG 5 +
+ ( F i 6 + G 6 ) ⋅ vG 6 + ( F i 7 + G 7 ) ⋅ vG 7 + ( F i 8 + G 8 ) ⋅ vG 8 +
+ M i1 ⋅ ω1 + M i 2 ⋅ ω2 + M i 3 ⋅ ω3 + M i 4 ⋅ ω4 + M i 5 ⋅ ω5 +
+ M i 6 ⋅ ω 6 + M i 7 ⋅ ω 7 + M i 8 ⋅ ω8 = 0
Using the above relationship, it results:
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=
FE65 (m1 (aG1 X ⋅ vG1 X + (aG1Y + g ) ⋅ vG1Y + IG1 ⋅ ω1 ⋅ ε1 +
+ m2 (a AG 2 X ⋅ vVG 2 X + (a AG 2Y + g ) ⋅ vBY + IG2 ⋅ ω2 ⋅ ε 2 +
+ m3 (aG 3 X ⋅ vG 3 X + (aG 3Y + g ) ⋅ vG 3Y + IG3 ⋅ ω2 ⋅ ε 2 +
+ m4 (aG 4 X ⋅ vG 4 X + (aG 4Y + g ) ⋅ vG 4Y + IG4 ⋅ ω4 ⋅ ε 4 +
+ m5 (aG 5 X ⋅ vG 5 X + (aG 5Y + g ) ⋅ vG 5Y + IG5 ⋅ ω5 ⋅ ε 5 +

(29)

+ m6 (aG 6 X ⋅ vG 6 X + (aG 6Y + g ) ⋅ vG 6Y + IG6 ⋅ ω6 ⋅ ε 6 +
+ m7 (aG 7 X ⋅ vG 7 X + (aG 7Y + g ) ⋅ vG 7Y + IG7 ⋅ ω7 ⋅ ε 7 +
+ m8 (aG 8 X ⋅ vG 8 X + (aG 8Y + g ) ⋅ vG 8Y + IG8 ⋅ ω8 ⋅ ε 87 −
− Q ⋅ cos( φ4 +π /2) ⋅ vG4X -Q ⋅ sin( φ4 +π /2) ⋅ vG4Y ))/v65 .

RESULTS
Applying the theoretical method described below, by simulating the working process of a machine,
designed to collect the municipal garbage, for appropriate constructive dimensions, the results obtained are
presented.
For the kinetostatic analysis of the mechanism we have used:
a) The kinematic scheme of the mechanism (Fig.1);
b) The positions of the coupling adjacent to the base and dimensions of the elements as follows:
XA = 0 m, YA = 0 m, XD = 1.000 m, YD = –0.733 m, XF = 0.800 m, YF = –0.270 m, XH = 1.100 m,
YH = –0.800 m, CE = 0.770 m, CD = 0.870 m, EF = 0.900 m; CG = 0.330 m;
c) Phase working times: t1 = 5 sec, t2 = 5 sec, t3 = 5 sec, t4 = 5 sec,
d) Initial position of the mechanism: S230 = 0.833 m, S560 = 0.667 m;
e) Hydraulic cylinder piston work: stroke 23 = 0.600 m, stroke 56 = 0.400 m;
f) Hydraulic cylinder piston road lengths: d2 = 0.700 m, d5 = 0.550 m;
g) Transmission function used for hydraulic cylinder actuation: sinusoidal function lsin ;
h) The masses of the mechanism elements: m1 = 10.0 kg, m2 = 5.0 kg, m3 = 10.0 kg, m4 = 20.0 kg, m5 =
5.0 kg, m6 = 10.0 kg, m7 = 20 kg; m8 = 20 kg;
i) Position of the mass centres: DG1 = CD/2, CG2 = d2/2 m, AG3 = 0.4 m, CG4 = CG/2 m, CG5 = d5 / 2 m,
AG6 = AD/2 m, FG7 = 0.3 m, EG8 = 0.3 m;
j) Inertial moments of elements: IG1 = 0.6 kgm2, IG2 = 0.2 kgm2, IG3 = 1.1 kgm2, IG4 = 0.2 kgm2, IG5 = 0.3 kg
m2; IG6 = 0.35 kg, IG7 = 1.0 kg; IG8 = 0.9 kg;
k) Technological strength:
- Q = 1000 N, for branches cb and cd of the diagram in figure 2;
- Q = 0 N, for branches ab and da of the diagram in figure 2;
In figures 6 and 7, the reaction hodographs are presented in the D and A joints.
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The diagrams of the driving forces in hydraulic cylinders formed with elements 2 and 3, respectively 5 and
6, depending on the position of the mechanism, are shown in figure 8a and figure 8b.
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Fig. 8 – Driving forces diagram
(a) from the hydraulic cylinder 2-3 ; (b) – from the hydraulic cylinder 5-6

Table 1 shows the size of the components on the coordinate axes of the reactions in the D and H
kinematic couplings, depending on the position of the mechanism.
Tab 1
POZ R03X
R03Y
R01X
R01Y
R06X
R06Y
===============================================================
0 -109.94 741.26 -270.33 21.23 319.51 133.34
1 -109.47 738.49 -269.12 21.12 318.27 133.21
2 -108.83 735.68 -267.31 20.18 316.04 134.08
3 -107.95 732.80 -264.33 17.71 311.97 136.80
4 -106.91 729.80 -259.54 13.26 305.42 141.96
5 -106.03 726.56 -252.32
6.71 296.07 149.74
6 -105.84 722.86 -242.13 -1.57 283.88 159.90
7 -106.92 718.33 -228.63 -10.84 269.10 171.86
8 -109.70 712.50 -211.86 -20.03 252.22 184.80
9 -114.27 704.89 -192.29 -27.98 233.84 197.85
10 -120.37 695.14 -170.84 -33.67 214.68 210.20
11 -127.38 683.21 -148.70 -36.45 195.53 221.19
12 -134.53 669.45 -127.21 -36.18 177.19 230.38
………………………………………………………………………………………………………………………………………
59 -171.60 1118.15 -329.85 14.84 -550.33 -111.01
60 -172.11 1121.07 -329.41 15.15 -550.80 -110.73
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61 -114.07 766.47 75.80 56.85 -21.98 72.42
62 -114.00 766.04 74.42 56.71 -20.20 72.94
…………………………………………………………………………………………………………………………………….
79 -109.81 740.44 -267.56 21.52 316.33 132.87
80 -109.94 741.26 -270.33 21.23 319.51 133.34

CONCLUSIONS
The values obtained for the reaction forces, by the kinematic analysis of the mechanism, allows to
proceed to the next stage, i.e. the real design of the kinematic elements.
To verify the results obtained by kinematic analysis, the driving forces in hydraulic cylinders and the
method of virtual exponents were determined and the results were identical to those in the kinetostatic
calculations. Depending on the driving forces in the hydraulic cylinders, we can choose the cylinders from the
producers’ constructive offer.
For collecting and compacting waste, the constructive form of the kinematic elements can be chosen by
machine designers.
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ABSTRACT
Vegetables play an important role in ensuring food safety and human health, due to the high content of
vitamins and minerals. Some of the vegetable species (onion, pepper, bean) are sensitive to climate change,
which limits the development of plants, the quantity and quality of productions, as well as the income of
vegetable growers. Within the specific culture technologies, weed control is an important operation. The specific
consumption of water and nutrients of the weeds competes with that of the vegetables.
The paper presents the innovative technologies for the protection of vegetable crops that INMA develops
within the complex project LEGCLIM, in collaboration with the other partners.
REZUMAT
Legumele ocupa un loc important în asigurarea siguranței alimentare și a sănătății oamenilor, datorită
conținutului ridicat de vitamine și minerale. Unele dintre speciile legumicole (ceapă, ardei, fasole) sunt sensibile
la schimbările climatice, care limitează dezvoltarea plantelor, cantitatea și calitatea producțiilor, cât și veniturile
legumicultorilor. In cadrul tehnologiilor de cultura specifice, combaterea buruienilor reprezintă o operație
importanta. Consumul specific de apă și substanțe nutritive al buruienilor intră in competiție cu cel al legumelor.
Lucrarea prezintă tehnologiile inovative de protecție a culturilor de legume pe care INMA le dezvoltă in
cadrul proiectului complex LEGCLIM, in colaborare cu ceilalți parteneri.
INTRODUCTION
Due to the interest shown by consumers for organic agricultural products, the market for these products
has grown significantly in recent years. Thus, the area of organic farming in the EU continued to grow, covering
12.6 million hectares in 2017, representing 7% of the total used agricultural land (Eurostat Organic farming
statistics).
Organic vegetables are a rich source of vitamins, carbohydrates, salts, proteins and microelements,
having both nutritional and therapeutic effects on the human body (Slavin J.L and Lloyd B. 2012, Abewoy D.
2018). The products are important for the national economies, because they contribute to the sustainable
agricultural productivity as well as to the food security, through the supply of varied and quality foods (Pannacci
et al. 2017, Asad et al. 2019). Organic cultivation of vegetables is among the so-called “minor” or niche crops, in
Europe, this is practiced mainly in small and medium-sized farms, due to the higher incomes that can be
obtained, compared to other conventional crops (Peruzzi A., 2017). Weed control in organic crops is carried out
with mechanical and thermal weed control equipment, which are the traditional physical means accepted for this
type of agriculture (Shaner and Beckie 2014). These devices are increasingly used, due to the strict EU
legislation on chemical herbicides and the reduced availability of active ingredients for organic vegetable crops,
as well as to the benefits for the environment and human health (Martelloni et al., 2016). In general, vegetable
growers still do not have the financial strength to invest in expensive, high-tech solutions for non-chemical weed
control. (Peruzzi A., 2017).
Climate change is the main cause of the low production of most vegetables in the world. In addition,
increasing temperatures, reduced availability of irrigation water, floods and salinity are the main limiting factors
in sustaining and increasing vegetable productivity (Abewoy D. 2018, Scheelbeek et al., 2018).
The hail storms are severe convective weather systems that occur frequently in Central Europe during the
summer. Most events are confined to continental Europe, where convective energy is the highest (Mohr and
Kunz 2013).
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Agricultural crops, plants in general, can be severely affected by hail with a diameter of 1.0 cm, which fall
into the smallest sizes and categories of damage caused by it. Depending on the growth phase of the plants
and the type of crops affected, hail can cause not only a decrease, but a complete loss of crops (Punge et al.
2014).
Lately, due to the high efficiency, for the protection against hail of crops, especially the horticultural ones,
the protection systems are increasingly used. The basic components of these systems are the protection nets,
which are part of the range of agricultural textile products, briefly called agro textiles. These are innovative
products, specially designed for agricultural applications and practices. In general, agro textiles in the form of
woven, nonwoven, knitted, knotted, twine, braided, etc. are used differently, depending on the application. Thus,
for example, woven and nonwoven structures are generally used for ground covers, mulch mats, shades, while
warp knitted structures are used for screens, nets and packaging materials. (Bhavani et al. 2017). In addition to
texture, agro textiles must also have certain specific properties: resistance to solar and UV radiation, resistance
to weather, high potential for water retention, ease in transport and storage, so reduced mass, biodegradability,
stability of the structure, resistance to microorganisms , etc. (Cărpus et al. 2018).
The paper briefly presents the innovative technologies for the protection of onion, pepper and bean crops,
developed by INMA, together with the partners within the complex project LEGCLIM, which refers to the
development of an anti-hail system as well as a weed control technology, which is based on the use of
specialized equipment.
MATERIAL AND METHOD
Generally the anti-hail systems are made up of the protection net, the support poles, the rope network, to
which are added the specific elements of anchoring and fixing.
Within the complex project, the proposed anti-hail system for the protection of onion, bean and pepper
crops, is constituted from a constructive point of view, according to the scheme in fig. 1.

Fig.1. Constructive scheme of the protection system
1 – Pole; 2 – Anti-hail net; 3 – Main rope: 4 – Secondary rope; 5 – Pole guy; 6 – Stay tightener; 7 – Pole cover; 8 – Pole clamp;
9 –Clamps for joining the net strips

Considering the constraints imposed by the planting schemes of the three crops: onion, bean, pepper
(fig. 2) as well as the need to ensure the maintenance possibilities, respectively of harvesting these crops,
the requirement regarding the distance between the pole rows can be established: a = 4.2 m. This distance
a, also depends on the surface of the experimental crops in rotation, their location on the field, as well as
the height from the ground at which the net will be placed.
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Fig.2 The related planting schemes

Within the project, anti-hail net (agro-textiles) with high technical and functional performances are
designed and tested, intended to protect crops against the destructive effects generated by climatic factors,
which will satisfy acute practical needs, aiming at reducing the losses caused by extreme climatic phenomena.
The other main components of the anti-hail system (fig. 1) are made adapted to the specific conditions in
the field. Thus, the poles (1) made of spruce or pine wood, impregnated with TANALITH E in the 10 bar
pressure autoclave for long-term protection against fungi, rot and insects, are mounted perpendicular to the
surface of the land. Exceptions are the perimeter poles that are mounted at an angle of 100-110 degrees. The
main rope (3) and the secondary rope (4) are made of galvanized multi-wire steel, covered with plastic material,
having a diameter of 4-6mm, respectively 3-4mm. The main rope is mounted on the poles, along the length of
the rows and is anchored at the ends of the plot on the perimeter poles. The secondary rope is mounted on
poles, in a direction perpendicular to the main rope and is anchored at the end of the plot on the perimeter
poles. The pole guy (5) is a metallic construction, provided at the extremity that enters the ground with a helical
plate to allow screwing and anchoring in the ground and at the other end with an eye made of galvanized steel,
having a rod diameter of 12 - 16 mm, the diameter of the helical plate of 120 - 140 mm and a length of 60 - 80
cm. The pole guy is inserted into the ground, at a distance c = 2-3 m from the perimeter poles, on the alignment
of the pole rows.
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The ecological weed control technology in vegetable crops is based on the use of an experimental model
of equipment (fig. 3) that combines the mechanical and the thermal methods.

Fig. 3. Organic weed control equipment ECE-0
1 - Fixed frame; 2 – Mobile frame; 3 – Thermal agent heating and distribution installation: A – tank frame, B – preheating system, C –
heat recovery system, D – electrical resistance, E- nozzle holder, F – nozzles, G – water tank, H – electric drive system; 4 – Finger
weeder

The equipment is intended to control weeds from experimental crops of onion, pepper and bean, made on
modelled or flat ground. Weeding active parts (4) are environmentally friendly, because by their configuration
and the material from which they are made, they protect the soil and the plants from the crop. For thermal
control, warm/hot water is used, recommended by its physical properties (gravitational flow, high thermal
conductivity). The heating process is carried out in stages starting in the preheating system (B), where the heat
exchange between the control agent and the water in the tractor radiator takes place. The process is continued
by the heat agent taking over the heat of the flue gas, in the heat recovery system (C), designed as a muffler,
consisting of a spiral made of copper pipe, protected by an insulated body. The flue gases that “wash” the spiral
have a very high temperature when exiting the engine. This heat is recovered and reused especially in the
automotive industry (Orr and all. 2016). In order for the temperature of the thermal agent to be as high as
possible when it is distributed on the weeds, its heating is completed with the help of boiler type electrical
resistances (D), placed on the mobile frame, to be as close to the nozzles as possible.
For high efficiency the nozzles (F) are arranged in pair holders, placed one after the other. The nozzle
holder systems (E) allow the adaptation to the specific features of the onion, pepper and bean crops. The
heating and distribution installation also contains specific hydraulic elements: the pump, pressure regulator,
check valve. The electric drive system (H) ensures the actuation of the pump as well as the electrical valves,
which control the operation of the boiler type resistances. It also includes the thermal resistance, pressure
transducer, flow transducer, SMC (automatic monitoring and control system for temperature, pressure and
water flow).
The working process of the experimental model of organic control equipment ECE-0
The tank is filled with water and then it is put in the transport position. The distance from the ground to the
nozzles is established, adjusting accordingly the position of the mobile frame as well as of the nozzle holder
device. Also, the working depth is established for the active organ parts, executing the necessary adjustments.
After checking the tightness of the water circuit and the tightening of the assembly elements, the tractor starts.
The operation of the equipment is controlled by the electric drive system described above. After starting the
heating and distribution system, the operator positions the organic control equipment, so that the thermal agent
acts on the weeds located in the space between the rows and the active parts act as close as possible to the
plants in the culture, without harming them. The working speed is adopted according to the regulated pressure
of the thermal agent.
RESULTS
The technical and functional characteristics of the experimental model of organic weed control equipment
in vegetable crops are presented in table 1.
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Table 1
Technical characteristics of organic control equipment
Units of
measurement
-

Vegetable tractor 445 L

Equipment type

-

Mounted

Control type

-

Thermal agent type

-

Combination of mechanical and thermal
control
Hot water

Active part type

-

Finger weeder (Kress type)

Drive system

-

Electric

Pump supply voltage

Vcc

12

Installation fluid pressure

bar

max.2

Tank capacity

litre

300

No. of operating intervals

pc.

1-2 spaces between the plant rows

Total no. of nozzles

pc.

4

No. of nozzle holder devices

pc.

2

Working width

mm

215-600

Mobile frame adjustment height

mm

400

No. of active parts

pc.

2-4

Working depth

cm

2-4

Overall dimensions (Lxlxh)

mm

approx. 4552x1326x1512

Characteristic name
Power source

Type / Value

CONCLUSIONS
The high efficiency of the protection systems with anti-hail nets has made, lately, for them to be more and
more used. The main element of these systems is the anti-hail net, due to the specific texture and properties,
adapted in this case, to the requirements of onion, bean and pepper crops.
The equipment for the organic control of weeds from vegetable crops contributes to the protection of the
environment by the fact that the heat agent is heated by the use of recovered thermal energy, which is usually
lost in the atmosphere, supplemented by electric energy. To these were added the active parts friendly to plants
and soil.
The integrated technology for the protection of vegetable crops aims to create new varieties of vegetables
adapted to drought, extreme temperatures, etc., anti-hail net (agro textiles) with high protection performances,
as well as equipment for organic weed control.
The technologies presented above are within the current tendency of vegetable crops protection against
extreme weather phenomena (drought, hail, etc.) in the context of climate change.
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ABSTRACT
The duration of the fresh preservation of fruits and vegetables, with the maintenance of commercial,
food, technological qualities, is limited by the physiological processes occurring during storage, in various
thermohydric and aerokinetic conditions. In order to avoid quantitative and qualitative losses and to achieve
minimal profitability, fresh fruit and vegetables may be dried (industrially dehydrated). This old conservation
method has been continuously studied and developed to improve the quality of products (colour, flavour,
texture, vitamin content, etc.) but also of storage resistance, by using new efficient technologies based on
modern, efficient and environmentally friendly equipment.
This article presents a brief synthesis of the new technologies used for drying vegetables and fruits,
especially those of the “bio” type, beneficial for health, due to the content of essential nutrients, phytochemical
and antioxidant compounds, to which the special taste and flavour are added.
REZUMAT
Durata păstrării în stare proaspătă a fructelor si legumelor, cu menţinerea calităților comerciale,
alimentare, tehnologice, este limitată de procesele fiziologice care au loc în timpul depozitării, în diferite condiţii
termohidrice şi aerocinetice. Pentru a se evita pierderile cantitative și calitative, cât și pentru obținerea unei
rentabilități minime, fructele și legumele proaspete pot fi uscate (deshidratate industrial). Aceasta veche metodă
de conservare a fost studiată și dezvoltată continuu pentru îmbunătățirea calității produselor (culoare, aromă,
textură, conținut vitamine, etc.) dar si a rezistenței la păstrare, prin utilizarea unor noi tehnologii eficiente, bazate
pe echipamente moderne, performante și ecologice.
Acest articol prezintă o scurtă sinteză a noilor tehnologii folosite pentru uscarea legumelor si fructelor,
mai ales a celor de tip ,, bio’’, benefice pentru sănătate, datorită conținutului în nutrienți esențiali, compuși
fitochimici și antioxidanți, la care se adaugă gustul și aroma deosebite.

INTRODUCTION
Nutrition plays a major role in the primary and secondary prevention of non-communicable diseases
(NCD), with the consumption of fruits and vegetables being essential, as they contain a variety of micronutrients
critical for physical and mental function (Chang et al 2016, Kaplan et al. 2007). The body is protected by
antioxidants (vitamin C and carotenoids) against oxidative stress, responsible for the causality and evolution of
several types of serious diseases such as: neurodegenerative diseases, chronic inflammatory diseases,
atherosclerosis, some cancers and some forms of depression (Brookie et al. 2018). In addition, vitamins C and
B, soluble in water together with certain minerals (calcium, magnesium and zinc) are important for optimal
cognitive and emotional functioning (Huskisson et al., 2007).
Drying is one of the oldest physical methods of storing and preserving fruits and vegetables. As a result
of this process, compared to the fresh products, the dried ones have a much longer life, they can be stored in a
limited space, and the handling and transport costs are reduced (Moses et.al. 2014).
Fresh fruits and vegetables have high water content, up to 80% and sometimes even more. After the
drying process, the maximum moisture of the fruits can reach up to approx. 20%, and of the vegetables up to
10%, thus ensuring the microbiological stability of these products during storage (Singh R. 2012). The drying
process is a complex phenomenon, based on mass and heat transfer. The choice of drying method depends on
the type of product, and the energy consumption and the quality of the dehydrated product represent the
selection criteria of a dryer (Dev and Raghavan 2012). Quality refers to the ability of dehydrated fruits and
vegetables to maintain their properties, which during their preparation for consumption will favour their return to
a state close to the natural one.
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The classic drying of fruits and vegetables refers to a convective drying process, the product layer is
crossed by a hot air stream, which provides the heat needed for evaporation, taking over and transporting water
vapour, which involves high energy consumption (Baker 2005).
Taking into account the general context regarding global warming, the energy crisis, in the last years
the older drying techniques have been much improved and the alternative ones or various combinations
between them have been developed, using clean energy from renewable sources. The research-developmentinnovation directions for the new drying techniques of fruits and vegetables were dictated by the need to
maintain the quality of the finished product and to reduce energy consumption, plus: shortening the drying time,
lower costs, high working capacity, operational safety, better process control, environment protection (Moses et
al. 2014).
The most applied methods for drying fruits and vegetables are by: convection (in cabinet/ cabin/
enclosure or tunnel dryers), freezing, vacuum, osmosis, microwave drying, ultrasonic, infrared, etc. or
combinations (osmosis - microwave, vacuum - osmosis, fluidized bed, etc.) (Dev and Raghavan 2012, Singh R.
2012).
The paper presents a brief synthesis of the new technologies for drying fruits and vegetables, as well as
of the installations with which they are made.
MATERIALS AND METHODS
Some of the unconventional methods of drying fruits and vegetables are based on so-called emerging
drying techniques that include heating due to electromagnetic waves, inductive heating, ohmic heating or
heating in the presence of external fields (high intensity pulsed electric field, ultrasounds and UV light) (ElMesery and Mwithiga 2015).
Microwaves (MW) are electromagnetic oscillations with frequencies between 3x108 ... 3x1010 Hz. Of the
ISM frequency bands (for industrial, scientific and medical applications) authorized in the EU, the most used is
the 2450 MHz frequency. The phenomenon of microwave processing commonly encountered is the heating of
dielectric materials, due to the hysteresis in time-varying electric fields, which has the effect of converting
electromagnetic energy into thermal energy. Dielectric loss is the source of energy. Microwave heating is
volumetric heating, the efficiency of which depends on the characteristics of the processed material. The
thermal process evolves rapidly, the heat transfer inside the material being independent of the air flow speed
(Raghavan et al. 2005).
Infrared radiation (IR) is electromagnetic radiation with wavelengths between MW and visible light, the
processing phenomenon being the so-called electromagnetic heating (Celma et al. 2009). The combination of
the infrared radiation with a hot air flow results in an efficient drying process. Infrared radiation acts on the
exposed material, affecting its surface and penetrating it. Due to the absorption of radiation, the molecular
vibration increases generating heat in the material both at the inner layers level and at the surface one. The
rapid heating of the material determines the movement of moisture to the surface, where it is removed by the
convective air flow. At the same time, it also causes a decrease in surface temperature, which leads to an
increased mass transfer (El-Mesery and Mwithiga 2015).
When a high intensity ultrasound wave moves through a solid substance are created alternate expansions
and compressions (called sponge effect) and intense forces that move the moisture from the capillaries of the
material, facilitating its depletion. Cavitation produced by acoustic drying is a mechanism for removing bound
moisture. Dehydration occurs through induced mechanical changes that exceed surface stresses, which
maintain moisture inside the substance. (Dehnad et al. 2016)
Generally, the drying process of fruits and vegetables is carried out in accordance with the preset flow
technology and includes the following operational phases:
a) preparation of the material for drying - this stage generally involves more complex operations, such as:
reception (qualitative separation of foreign components and bodies), washing, cleaning, chopping, bleaching or
soaking in hot water, cooling after washing and sulfitation, if necessary.
b) supplying the installation with the material to be dried (slices/pieces of vegetables/fruits or whole fruits),
placed in a layer the thickness of which varies according to its physico-chemical characteristics as well as to the
technical/constructive characteristics of the dryer;
c) drying, according to certain technical conditions, depending on the characteristics of the raw material
and of the finished product;
d) dry material evacuation, cooling, packing, transport and storage (Supecar 2017);
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The drying installations are classified according to certain technical parameters or different constructive or
functional criteria:
• atmospheric pressure or vacuum dryers (working pressure);
• dryers with continuous or discontinuous operation (type of operation);
• convective, conductive, radiation or dielectric dryers (heat transfer);
• chamber type dryers, tunnel type, drum, belt, column, pneumatic, spray, fluidization dryer (constructive
type); (Marin A.L. 2012)
• dryers powered electrically, by methane gas, pellets, briquettes, wood etc. (fuel type).
The drying chamber type dryers are part of the classic ones, very used for drying fruits and vegetables.
The manufacturing companies have continuously improved their technical performance, to reduce energy
consumption and to be easily adapted to various heat sources.
Firm Yancheng Hopebond Electric Industries Co.Ltd, (China) produces several models of chamber-type
dryers, which use hot air as a drying agent. They are equipped with a centrifugal fan and an automatic
temperature control system. (Figure 1). Most of the hot air is recirculated inside the enclosure, achieving an
energy saving of 33-45%. These types of dryers use increased ventilation, being equipped with an adjustable
system for hot air distribution inside the drying room, for uniform drying of the raw material. It is distributed
evenly in trays or on grills, placed on special, movable racks, which allow easy handling. The interior of the
drying chamber and everything that comes in contact with the fruits or vegetables that are dried, are made of
stainless steel. The heat source can be electric, with infrared radiation or powered by another type of fuel (e.g.
coal), depending on the user’s possibilities (https://hopebond.en.alibaba.com).

a)
Fig.1. Chamber-type dryer model
XTDQ-101-4
(https://hopebond.en.alibaba.com)

b)

Fig.2. JT Heat pump chamber-type dryer
(https://www.alibaba.com/product-detail/Heat-pump-electric-commercialmushroom- )

Some companies make this type of dryers, chamber-type, also in the modulated version, which allows
adapting the drying surface, implicitly of the drying capacity, to the requirements of the users.
(www.internavytec.ro).
In order to achieve substantial energy savings, while ensuring the protection of the environment, by
eliminating pollution and the impact on the climate, profile companies have developed heat pump chamber-type
dryers. Firm Gongyi Jintai Trading Co., Ltd, (China) produces several types of dryers of this type, each
consisting of a dryer heat pump and a drying chamber (fig.2a). The dryer heat pump uses the reversed Carnot
cycle (counter clockwise) generator type, absorbing the surrounding heat and transferring it to the drying room.
It has a complex composition being equipped with an air dehumidification system, a cooled air elimination
system, as well as one for removing the evaporated water from the plant product undergoing drying. It
consumes a small amount of electricity but can absorb a large amount of heat from the air. It is equipped with
an automatic temperature control device. Figure 2b shows the circulation of hot air in the drying room, due to
the
forced
ventilation,
the
dehydration
of
the
products
being
uniformly
achieved.
https://www.alibaba.com/product-detail/Heat-pump-electric-commercial-mushroomhot_60811684060.html?spm=a2700.details.maylikeexp.3.7bb243d76Fpnco
Firm Changzhou Fanqun Drying Equipment Co., Ltd. (China) produces several types of dryers, including
those with DW belt (fig. 3), which can also be used for processing fruits and vegetables. The raw material to be
dried is evenly distributed on the belt, in a layer up to 60 mm. The belt passes through the drying tunnel, divided
into several areas, depending on its length. The drying agent is warm, steam-heated air. Thus, each drying area
is equipped with a heating and hot air recirculation unit. The drying tunnel has one or more humidity evacuation
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systems. When the belt crosses each drying area, the hot air passes through the raw material, dispersing heat,
and then it re-enters the circuit. The dryer can have 4-5 drying areas with a total length of 8-10m. The belt width
can be: 1.2; 1.6; 2m. The drying temperature can vary between 50-1400C, depending on the product, and the
steam pressure for heating the air is between 0.2-0.8MPa (http://en.fanqun.com/content/?935.html).

Fig.3. Belt dryer with several drying units
(http://en.fanqun.com/content/?935.html)

Fig.4. Tunnel-type dryer (Hestya)
https://uscatoare-hestya.ro/

Firm Hestya (Romania) produces tunnel type dryers, convective with hot air in counter current, having a
semi-continuous work flow. The drying agent is provided by a HESTYA model hot air generator which is
attached to the drying chamber. It can work using several types of fuel: solid (wood, coal, wood waste,
briquettes, etc.), pellets, walnut shells, chopped matter up to 30mm in diameter, gas or electricity. The racks on
which the trays/grills containing the raw material (fruits or vegetables) are placed are inserted through the back.
After moving counter-current through the dryer tunnel, time when the plant material dries, they are removed
through the front of it, from the side of the hot air generator. The first ones that dry are the front racks, so on the
back door other racks with raw product are introduced, thus obtaining a semi-continuous drying flow
(https://uscatoare-hestya.ro/).
Firm Amisy Group (China) produces a microwave conveyor dryer for fruits (fig.5).

a
Fig.5. Microwave fruit drying machine
https://www.amisyfoodmachine.com/vegetablefruit-equipment/microwave-fruit-dryer.html

b

Fig.6. μWaveVac0150 model dryer
1. Infra-Red Camera (0-250°C) 2. Fibre-optical temperature measurement
system 3. Microwave antenna 4. Pressure measurement 5. Circulator
(magnetron protection) incl. Measurement of the reflected power
6. 1-6kW/2450MHz Magnetron incl. DC high voltage power supply. 7. Vacuum
vessel ca. 200l 8) 10kg load cell, 10.000 digits 9) wall heating
(Püschner and Hoon 2007).

Firm Püschner (Germany) produces microwave vacuum dryers for industrial applications in the
μWaveVacxx50 series. The microwave vacuum dryer, µWaveVac0150 (6a) model, is equipped with necessary
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measuring devices as well as the microwave applicator or/and microwave antenna system for monitoring
parameters (fig. 6b). The process parameters are graphically transposed by the process computer.
Agricultural products (fruits, vegetables, medicinal and aromatic plants) drying with vacuum microwaves
gives the products a higher quality. As the air pressure decreases, the boiling temperature of the water
decreases. The water boils at 1000C under the atmospheric pressure conditions p=101.3 KPa, but it boils at
400C under the pressure of p=0.073 KPa. Vacuum reduces heat stress, products having better colour and
texture characteristics than the products dried with hot air. Reducing the drying time in the microwave oven is
beneficial for the colour, porosity, aroma, rehydration capacity and contraction of the product (Püschner and
Hoon 2007).
Freeze drying at cryogenic temperature and extremely low pressure offers the advantage of high
product quality, but at very high costs. Freeze drying, coupled with a microwave heat source, accelerates the
drying rate, resulting in good quality products (Fan et al, 2018). A microwave freeze dryer, in simple terms, is a
conventional freeze dryer, with the additional ability to allow applying microwaves in the drying chamber (Duan
et al, 2008). The entire drying process is performed under vacuum (p = 0.5 - 2.5mbar), by sublimation.
Compared to a conventional freeze drying system, which dries layer after layer from the outside, the microwave
system generates heat in the product itself, sublimation taking place in the entire volume of the product. Due to
the high costs involved, so far, fruits and vegetables drying by applying this method is done on a small scale.
(Fan et al, 2018). Firm Püschner produces low pressure freeze dryers with reduced capacity microwaves. Thus,
the Lab µWaveVacxx50 installation (fig. 7) can have different configurations (fig. 8): with turntable, with open or
closed rotating drum (V=50 l) (Püschner 2011).

Fig. 7. Lab µWaveVacxx50 - 2kW/2450MHz Mw FD with
2kW @ -50°C chiller/condenser for vacuum levels of
1mbar (Püschner 2011)

Fig.8. Different configurations of
Lab µWaveVacxx50
(Püschner 2011)

Firm Kreyenborg (Germany) manufactures infrared dryers (IRD) with rotary drum, which ensures a
constant movement of the material and an optimum mixing, without hitting, due to the spiral screws and the
mixing elements. The product is heated uniformly and does not disperse due to the low rotation speed of the
drum, on which also depends the continuous retention time of the infrared radiation, which expresses the
performance of the radiator. The process parameters are automatically adjusted by a monitoring and control
system controlled by a PLC. The temperatures of the air and exhaust gas as well as the filling levels are
constantly monitored by sensors and pyrometers, the deviations being adjusted automatically. Recipes and
process parameters can be stored in the control system to ensure optimal and reproducible results
(https://www.kreyenborg.com/en/ ).

Fig.9. Kreyenborg infrared dryer for fruits and vegetables
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(https://www.kreyenborg.com/en/)

In accordance with the research directions, combinations of drying methods or situations in which
certain pre-treatments were applied to fruits or vegetables were studied, with effects on the quality of products
and energy consumption.
The subatmospheric pressure microwave drying method was applied for Cranberries (Vacccinium
macrocarpon). First, the fruits were cut into quarters and osmotic dehydration treatment was applied using High
Fructose Corn Syrup (HFCS) for 24 h at 230±10C. As a result of this pre-treatment, the initial humidity of the
fruits of 88% was reduced to 55%. Three variants of MW application modes were tested: continuous, pulsed 30
s on/ 30 s off and respectively pulsed 30 s on/ 45 s off. For these three power levels of MW were used: 100 W,
125W and 150 W under three vacuum levels of 3.4, 18.6 and 33.8 kPa absolute pressure (Sunjka et al. 2008).
The method of drying with infrared radiation was applied for drying apples cut into cylindrical pieces with
a thickness of 5mm, with an initial humidity of 82%. An infrared radiation belt dryer was used, with two drying
chambers. The dryer was equipped with infrared heater halogen lamps (Philips, tube type) of 1000 W (0.6 cm x
35.5 cm), mounted on the upper wall of the drying chambers, parallel to the belt at a distance of 15 cm. The hot
air is introduced into the drying chambers, with the help of fans, from the side being electrically heated. There
were tested 3 variants of drying: convective hot air (HA), infrared radiation combined with cold air (unheated)
(IR-CA), infrared radiation and hot air (IR-HA). Distributed in continuous flow, with a speed of 0.6m/s, the hot air
temperature was 600C for the HA and IR-HA variants, and the unheated one was 300C for the IR-CA (ElMesery and Mwithiga 2015).
The effect of direct contact of high-powered ultrasonic vibration (at 20 kHz and 100 W) in combination
with an air flow having a temperature T= 200C-550C and a velocity v=1.7-2 m s-1, on the drying rate of some
plant products (apples, carrots, mushrooms) was researched (Dehnad et al. 2016).

RESULTS
For each product that dries, a curve can be drawn that describes the characteristics of drying under
specific conditions of temperature, speed and pressure. In figure 10 the parameters characterizing a drying
process are highlighted according to time: the temperature (°C), humidity (%); desiccation speed (%
humidity/min.). Their values are influenced by: air speed, air flow direction, dryer type, species and size of the
plant product. Also, the drying curve shows the 3 running times of the drying process: initial rate period (heating
of equipment and the product to be dried occurs), constant rate period (free moisture is removed easily and
unbound moisture will come-off at constant rate), falling rate period (Rate of moisture removal decreases with
time) (Singh 2012).

Fig.10. Typical curve of a drying process (Singh 2012)
(green-humidity; orange-product temperature; blue-drying speed)

The drying process of vegetables and fruits has been studied for a long time, with the typical drying
curves for these plant products being known under certain working conditions, for which the appropriate
technological schemes have been drawn up.
To evaluate the process of microwave drying under subatmospheric pressure for different conditions,
several process parameters as well as product quality were measured and calculated: drying time, colour,
texture properties and rehydration ratio. The highest quality products, with colour parameters similar to those of
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fresh fruits, soft chewy texture, juicy and good rehydration properties were obtained for: high MW input (125 and
150W), longer standby time of 45s and high vacuum 3.4 kPa. (Sunjka et al. 2008).
To evaluate the drying process with infrared radiation combined with hot air, for the three working
variants, were determined: specific energy consumption, thermal efficiency, contraction ratio, rehydration ratio,
colour retention. Figure 11 shows the variation of specific energy consumption, and Figure 12 shows the
rehydration ratio for the three drying variants considered. Specific energy consumption for convective drying HA
was the highest. For the IR-CA and IR-HA variants, the consumption was much lower, for the last variant being
the lowest, due to the ability of the hot air to absorb and remove the vapour from the dry material, compared to
the cold air. Regarding the rehydration ratio, this is advantageous for the IR-HA variant (El-Mesery and Mwithiga
2015).

Fig.11 Specific energy consumption
(El-Mesery and Mwithiga 2015).

Fig.12 Rehydration ratio
(El-Mesery and Mwithiga 2015).

Following the application of the combined treatment between ultrasound and air flow on some plant
products it was found that the process was very fast and powerful. Using 30 min ultrasound (20 kHz and 100 W)
in combination with a hot air flow (T = 550C) the sample weight reached 6% (Dehnad et al. 2016).
CONCLUSIONS
Tests for various methods of drying fruits and vegetables try to prove their feasibility for certain species,
under certain conditions. In order to select a certain drying process for fruits and vegetables, it must be taken
into account: the plant species that undergoes drying, its susceptibility to heat, the desired functional properties
of the final product and the cost of processing. Since the functional properties of the product are those of
interest, the best conditions for them during the process represent a compromise between temperature and
drying time. The drying equipment pieces are becoming more and more efficient, due to the fact that the
process parameters are increasingly controlled, the current techniques being developed or combined in this
regard. It is important to develop new drying techniques that maintain the functional properties of the final
products in the highest proportion possible.
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ABSTRACT
Beet pulp resulting in sugar production is an important source of animal feed due to its carbohydrate
content. In order to maintain the nutritional value, optimum storage and transport conditions, the producing
process of beet pulp based animal feed also requires a drying operation. The paper presents the results of
researches on drying the beet pulp obtained before pressing.
REZUMAT
Pulpa de sfecla rezultata la fabricarea zaharului constituie o sursa importanta de furaj pentru animale
datorita continutului de carbohidrati. Pentru a asigura mentinerea valorii nutritive, conditii optime de depozitare
si transport, procesul de realizare a furajului pe baza de pulpa de sfecla necesita si o operatie de uscare. In
lucrare sunt prezentate rezultatele cercetarilor privind uscare pulpei de sfecla obtinuta inainte de presare.
INTRODUCTION
Worldwide, 86% of sugar beet is processed into sugar and produces sugar beet pulp (FAO, 2017).
According to Legrand (Legrand G., 2015) from 1 ton of sugar beet approximately 150 kg of sugar and 500 kg of
wet beet pulp (or 210 kg of pressed beet pulp or 50 kg of dehydrated beet pulp) are produced.
Mainly the technological process of obtaining sugar comprises: washing beet roots, shredded them,
extracting juice with hot water (60-70 oC), processing juice and obtaining sugar and molasses.
The fibrous material that results as a by-product after most of the sugar is extracted from sugar beet is
beet pulp (cossettes) (Asadi M., 2007; Bubnik et al., 1995; Domşa and Iliescu, 1973).
The fibrous material obtained after juice extraction, known as wet sugar beet pulp, contains 10-15% dry
matter. The high water content, both in terms of transport and storage, limits its use to the vicinity of the sugar
factory. Moreover, the high temperature of the water used for sugar extraction may favor development of
bacteria and may compromise the preservation of wet beet pulp (CNC, 2002).
The wet beet pulp can be pressed to remove excess water, thus increasing the dry matter content to
20%. Pressed pulp, although easier to transport, has the same poor storage qualities as wet beet pulp.
Although sugar beet pulp or even sugar beet is used in animal feed traditionally, until now, due attention
has not been paid to this problem of high economic efficiency, with real development prospects and great
possibilities for application in animal feed.
Cossettes (beet pulp) are a valuable feed, containing proteins, vitamins and minerals essential for the
health of animals (Evans and Messerschnidt, 2017; Finkenstadt VL, 2014; Ibáñez et al., 2015; Monteiro et al.,
2017; Münnich et al., 2018), a high carbohydrate content such as hemicellulose, cellulose and pectin
(Finkenstadt VL, 2014), as well as 93-94% water.
The efficiency of beet pulp in the feed ratio of polygastric animals can be substantially improved by the
addition of macroelements (N, P, Ca, Mg) and microelements.
Left under the action of atmospheric agents for more than 7 days, due to the high water content, which
favors the undesirable fermentative processes, the fresh beet pulp decompose, turning from a good feed into an
organic fertilizer.
Due to the seasonal functioning of sugar factories and the large quantities of resulting beet pulp, it is
necessary to process them in order to increase the storage period. Preservation for longer time periods,
involves drying the pulp by thermally removal of its moisture, using drying techniques and parameters as in the
field of fruits and vegetables (Ingeaua et al., 2015; Jokić et al. 2013; Yang et al. 2018).
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In this paper an experimental study was carried out regarding the influence of temperature and
additions of macroelements (Ca2+, PO43+) on drying speed of the sugar beet pulp resulting as by-product from
sugar beet processing.
MATERIAL AND METHOD
The experimental study was carried out with sugar beet pulp resulting from TEREOS-ROMANIA Sugar
Factory, Ludus. The source for Ca2+ ions was the lime industrially produced and the source for PO43+ ions was
phosphoric acid 85% for analysis purchased from the supplier NORDIC CHEMICALS Cluj Napoca.
The drying study was carried out with an AXIS 100 moisture balance, having a maximum capacity of
100 g, weighing precision 0.001 g, humidity precision 0.01%, maximum drying temperature 160oC and heating
by two halogen radiators (Fig. 1.). The AXIS STAT software, the moisture balance is provided with allowed the
automatic measurement of the sample mass, every two minutes, as well as the collection and storage of the
measured values on the PC connected to the moisture balance.
At two different temperatures (70 and 95 oC), 15 g samples of three different compositions: T1- wet
beet pulp, T2 and T3- wet beet pulp treated with lime in different quantities and phosphoric acid were subjected
to drying. The final compositions of the three samples are presented in table 1
Table 1
Composition of samples subject to drying
Sample
Organic part, %
CaO, %
T1
100
T2
80,75
17.36
T3
69.05
29.35

P2O5, %
1.9
1.6

Fig.1 - Moister analyzer Axis 100
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Fig. 2 - Drying curves for the samplesT1, T2 and T3 at 70 oC
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RESULTS
In the diagrams in Fig. 2 and 3 are presented comparatively the drying curves at each of the two
temperatures for the three samples T1, T2, T3.
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Fig. 3 - Drying curves for the samplesT1, T2 and T3 at 95 oC

From the analysis of these graphs it can be observed both the time variation of the humidity reporte to
the dry matter at each of the two temperatures for the three samples, as well as the influence that additions of
lime and phosphoric acid have on the times necessary for the complete elimination of the humidity, times whose
values are presented in Table 2.
Tabelul 2
The influence of additions and temperature on the time required to reach the equilibrium state
Sample
T1
T2
T3
o
Drying
time,
[s]
Temperature [ C]
70
8160
6720
5280
95
4800
3840
2880

From Table 2 it can be observed that in the case of T1 sample (wet pulp) the increase of the temperature
from 70 oC to 95 oC leads to a reduction of the time required for the complete elimination of the humidity of
41%. This tendency is also maintained in the case of T2 and T3 samples (wet pulp with additions), the time
reduction being 42%, respectively 45%.
Regarding the influence of the addition of macroelements to the wet beet pulp, we observed that at 70oC
the addition of lime leads to a reduction of the time required to reach the equilibrium state by 18% for the T2
sample and by 35% for the T3 sample. At 95 oC temperatures the same tendency is maintained, the reduction
of drying time being 20% for T2 and 40% for T3
The same effect of reducing the time for the complete elimination of the humidity was observed in the
case of pressed beet pulp with added macroelements (Nagy E. M. et all, 2019).

CONCLUSIONS
The addition of macroelements (lime and phosphoric acid) in the formula of feeds based on beet pulp as
a by-product of the sugar manufacturing process positively influenced its drying process for preservation.
The positive influence of the addition of lime manifested by the reduction of the drying time can be
explained by the fact that the lime changes the porous structure of the material which leads to the intensification
of the internal water vapor diffusion processes.
The addition of lime ensures a shorter drying time (at a temperature of 70 oC), thus ensuring reduced
energy consumption and preserving the nutritional values of the premix.
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ABSTRACT
Determination of the trajectory and the movement of an autonomous robot and the control of its actuators
to fulfil the movement (Grewal, M. et al 2007)in agricultural field has its particularity due to scatter information
about obstacles. Rather random leafs and stems position give hazy indication about the environment making
the finding of path difficult. Present paper describes some algorithms used in controlling the robot developed in
order to avoid as much as it can, the haziness of information. The algorithms were verified on a self-made robot
used in agricultural international contest.
REZUMAT
Determinarea traiectoriei si miscarii unui robot autonom precum si controlul acestuia (Grewal, M. et al
2007) intr-un camp agricol este afectat de informatii imprastiate despre obstacole. Pozitia aproape aleatoare a
frunzelor sau a tulpinilor dau indicatii neclare despre mediu facand gasirea traselui dificila. In lucrarea de fata se
descriu algoritmi de conducere a robotului autonomy care reduc cat de mult posibil aceste neclaritati. Algoritmii
au fost verificati pe un robot construit de autori, utilizat intr-un concurs agricol international.

INTRODUCTION
Once the automatization started to evolve intensely in all fields, the agricultural domain draws its share of
automation also. There are numerous applications using automation in this domain and the advantages are
obvious. Some of the applications in agriculture can rely on small autonomous robots navigating through plant
rows. Common applications are: weed and plant disease identification, mechanical and chemical weed removal,
soil sampling, etc. (Dudek, G.et al. 2010, Simmons, R 1994, Dong, W.K. et al 2012, Siegwart, R., 2011)
Present paper describes the development of an autonomous robot that can navigate between plant rows
and returns on next row at the end. The paper focuses on control issues that involve sensors, control system
architecture, actuators, wheels and above all, the algorithms that helps robot to navigate errorless through rows.
The main challenge is to follow the path even if the information from sensors is unclear (Kim, J.H. et al,1996,
Hsu. C. et al, 2011, Hamilton, B.R. 2010).
MATERIAL AND METHOD
There are many structures of a robot from the point of view of traction system and drive wheels. In this
paper we used a structure that was very suitable for running on land, on different type of soil and moisture..

Fig.1 – Mechanical structure of robot
W1, W2, W3, W4 – wheels, C1, C2 – chains, M1, M2 – DC motors, G1, G2 – gears
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We use two front traction wheels with fix 200:1 gear, connected to rear wheels by chain. The electrical
DC motors (Thrust B-SPEC 80 T type, 7.2V DC, 80 W, 5300 rpm) together with traction system assures 30 kg.cm
torque and a maximum speed of 1.25 m/sec with the 12 cm diameter wheels with large streaking. The robot
gauge of 40x40 cm and a total weight of 4 kg allows the robot to run between plant rows. The Mechanical
structure is presented in fig.1.
The hardware system (fig.2) consists of:
1. Sensors - 360 degrees Laser distance sensor LIDAR Neato XV-11
- Electronic compass Hitachi HM55B
2. Actuators - DC motor driver for Thrust B-SPEC 80 T
3. Control equipment - Arduino mega (ATMEGA2560)
- Asus Chromebox (Intel Core i7, 4 GB DDR3, 16 GB SSD)

Fig.2 – Hardware architecture of the robot
A1– Arduino mega, A2 – ASSUS Chromebox, O- operator, L- Lidar, C- Electronic compass, MD- motor driver, M-motor
B- Bluetooth communication, S1,S2 – Subsystems

The hardware system is formed of two subsystems (S1 and S2 in fig.2).
Subsystem S1 is the main subsystem, it communicates with hierarchical superior system (operator) by
wireless Bluetooth standard and with subsystem 2 by wired serial standard, to receive information during
navigation.
The tasks of subsystem S1 are:
a) angle control of direction (fig.3), through a closed loop control system- controls the direction of robot
at every moment based on the reference received from subsystem 2. The reference is presented as
an integer ar representing the relative angle from actual orientation. The feedback comes from a
compass with filtered output. The PID control algorithm provides the commands toward left and right
motor drivers as PWM signals. Consequently, the orientation of robot is changed on every step of
computation accordingly to its position between plants.
b) “STOP” – is performed both if S2 senses a dysfunctionality or an obstacle and if operator sends the
command
c) “START” – is performed when operator sends the command
d) “180 degrees turn”- is performed when the robot arrives at end of plant row and has to turn 180
degrees on successive row to the left or to the right. S2 gives the “end of row” signal and S1 starts a
procedure of turning at a predefined speed and radius, according to rows width. At the end of turn,
the angle control of direction is resumed.

Fig.3 – Angle control system of the robot

ar– angular reference, f- feedback, mL, mR, left and right command towards drivers (PWM signal), angular position of robot
CA- control algorithm, MDL, MDR–left and right motor driver, ML, MR–left and right motor, R- robot, C – compass sensor

The tasks of subsystem 2 are:
a) to determine the actual position and orientation of robot relative to plants in a row
b) to determine the path the robot has to follow - angle of direction
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First task is performed with a laser sensor LIDAR. The LIDAR Sweep sensor can choose a rotation
frequency from [1, 10] rpm range. The rotation speed is controlled by a closed control loop to keep the chosen
frequency stabilized. Data Sampling Rate is done at 1075Hz with a resolution of one centimetre. Vectors of 360
values, a value for each degree of rotation, are transmitted through the TTL UART interface to the central processing
unit (ASUS computer). Here the translation of the distance-to-angle vectors in polar coordinates into cartesian
coordinates is done using numpy using the following format:( Niranjan, P.,2012,, Wang, M. A. G et al, 2018).

With 360 points, an obstacles map can be calculated and crop rows can be distinguished. The control
loop adjusts the position of the robot so that it remains at the centre of the planted rows.
For each value vector from the LIDAR sensor, the controller calculates the new orientation by looking
for segments without obstacles alternating with increments of one degree from left to right. Thus, a
CONSECUTIVE_PATHS constant is calculated (fig.4) according to the width of the robot is the minimum
number of consecutive unobstructed degrees needed to validate the new route transmitted to the engines.

Fig. 4 - The mobile robot’s angle calculation method

For the second task, calculation of the orientation angle, the program uses 3 threads. The first thread
communicates through the serial interface with the LIDAR sensor and unloads the 360-degree distance vectors,
the second thread executes on the interrupt of completion coming from the LIDAR. The interrupt starts the angle
calculation according to the method described above. The last thread used for interfacing and plotting.
Interfacing with the user involves displaying the detected obstacles as well as the reference angle ar for the
next position of the robot (fig.5).

Fig. 5 - The shape of the crop rows detected by the LIDAR sensor and the proposed route for the robot to be
oriented towards the middle of the row (picture on the user interface of ASUS computer).
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After calculating the new orientation, the thread used to execute the angle controller sends the new
reference to the robot orientation control module. The correction is transmitted in the form of an 1-byte integer.

CONCLUSIONS
The paper presents a solution for developing an autonomous robot whose task is to run between plant
rows in an agricultural field. The challenges were to determine the path in the situation of scattered information
due to random leafs and plant position and to control the robot to follow that path. The solution was
implemented on a robot built by a team, called Banat Robot that participated to some international agricultural
competitions. It was developed through several years and the solutions evolved from a version to another in
order to improve the performances.
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ABSTRACT
Aquatic plants play an important role in terms of structural and functional aquatic ecosystems. They
serve as a source of food and shelter for fish and aquatic invertebrates. Aquatic plants have the ability to
change the quality of the water by regulating the balance of oxygen through the nutrient cycle and the
accumulation of heavy metals.
REZUMAT
Plantele acvatice joacă un rol important din punct de vedere structural cât și funcțional pentru
ecosistemele acvatice. Au rol ca sursă de hrană și adăpost pentru pești și nevertebrate acvatice. Plantele
acvatice au capacitatea de a modifica calitățile apei prin reglementarea echilibrului de oxigen, prin ciclu de
nutrienți, precum și prin acumularea metalelor grele.
INTRODUCTION
Salad Nile (runway Stratiotes) and water Hyacinth (Eichornia crassipes) are two plants from tropical and
subtropical areas, who arrived in our country by way of exchange of biological material of botanical gardens, as
reported in Cluj since 1918 and in Bucharest in 1960. for a long time, these plants were only admired for their
beauty, until one day when they were studied by researchers from the Institute of biological sciences in
Bucharest, which sought to identify new materials first as an energy source. The team that led by Marioara
Godeanu, testing new species of plants in the country and exotic found that of all Salad Nile and water
Hyacinth grow the fastest, if they ensure two conditions: water with organic load between 20-10000 mg per liter
and a temperature between -5 and 45 ° C to 39 ° C in water and in air. Within these limits, the second 5-8 day
plants produce tons per hectare plant mass, for 150 days a year, in natural and 365 days per year in the
greenhouse.
Water Hyacinth originated in the Amazon River, South America. The plant was introduced in the USA in
1884, the Cotton States Exposition in New Orleans, Louisiana. It spread to South America and in 1895 was
found in Florida. In 1904 it was mentioned presence in California. This attractive plant was brought tourists over
80 countries around the world in the last century. It is now found in southern US states, New York, Virginia,
Kentucky, Missouri, Alabama, Texas, Arizona and California, inhabiting almost two million hectares of rivers and
lakes. Water hyacinth is an aquatic plant that can reach a height of 0.5 meters, it only takes space and warm
weather. It grows on lakes, ponds, rivers and swamps. Can withstand large variations in water level, currents,
acidity nutrients. The and low amounts of root system is populated by many invertebrates and insects, and the
leaves are eaten by some birds. The plant grows abundantly in water with a high content of nutrients and is
therefore used in the treatment of this waste water. Use of water hyacinth for sewage treatment is considered a
simple technology that does not require expensive machinery and equipment, hard work or complex
maintenance processes.
Water Hyacinth (Eichornia crassipes) - is a plant freshwater aquatic plants is considered one of the
greatest problems that create. Plant shoots show that up to 10 individual leaves spirally arranged and separated
by a very short indernoduri. As the shoots grow, older leaves die leaving bare stumps. Periodically, as stolons
develop axillary buds growing 10-50 cm before determining horizontal new plants. Very large populations can
rapidly develop strains interconnected, even if the cores die.Stem is in the form of shoots (runners) or vertical
stems, erect, thick, flexible. Strains carrying flowers are 60 cm, while the cores were 10 cm. The stems are
smooth, dark. Leaves are arranged in rosette leaves, increase approximately 1 m above the water, are ovate,
rounded, elliptical or near circular, made of ribbed (often curved, 2-5 cm thick), and language (nearly round, oval
or kidney-shaped, up to 15 cm in diameter. the leaves are thick, glossy green with curved edges and waxed
corrugated fin numerous longitudinal finedispuse.
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Fig.1 - Salad Nile (runway Stratiotes) and water Hyacinth (Eichornia crassipes), [1,2,4]

• Flowers.Each flower has a 1.5 cm long brush extending lobes purple 6 that can reach 4 cm in length. The
main lobe has a light yellow color, in the form of diamond surrounded by a darker purple. Once the bloom is
completely out of the sheath, the flowers open together, the beginning overnight and ending with withering
morning until the next night. Flowering period is between May to September.The fruit is a capsule with 3
bedrooms and numerous seeds. They show protruding ribs formed in dried flowers submerged. The fruit and
seeds are rarely seen, the seed can produce many seedlings in moderate climate. The seeds are dispersed by
birds and can remain viable for 15-20 years.• Multiplication can be vegetatively and by seed. Regarding
fisheries, excessive development of this plant is more pronounced affects on small communities. In addition to
ongoing problems of access to fishing grounds and recovery nets with catches can have serious effects on fish
stocks and fisheries.
Mechanical control of the plants.If acute problems (preventing access fishermen threaten port blocking
or affecting hydroelectric plants), an effective solution would be to use cords floating or fixed barriers to prevent
movement in critical areas. Their removal can be done on a small scale and manual removal. On a large scale,
it requires the use of special machines or ashore, be mounted on boats. Where possible, in the case of smaller
bodies of water, can be used in non-specialized equipment (excavators, floating beads, etc.), the vegetation
being pushed to the shore by boats modified accordingly. In considering biological aspects related to
management E. crassipes and suggests that isolation and eradication can be successful if the plant is in the
early stage of development, occupies a small area and is accessible. In the paper is presented including control
methods, including manual harvesting.
• The use of chemical control of plant herbicide is the most commonly used 2,4-D and other herbicides
such as glifosfatul. In the case of the use of 2,4-D, the best results are obtained under conditions of rapid
growth, high temperature and humidity, when most of the plants will be destroyed and will sink within 2-4
weeks. In less favorable conditions, some plants por regenerate and require repeated treatment. However, it is
not recommended to use in protected areas chemical method [46]. In Romania, water hyacinth is used for the
remediation of water with organic load. Shoots obtained in the winter climate systems are used to populate the
surface of the water when the air temperature reaches 10 to 15 degrees Celsius, and the water is at least 10
degrees Celsius. In normal growing conditions, 10 hyacinth can multiply up to 60,000 and can cover a hectare
of water in just eight months. After development, the plants were harvested from the surface of the lake even in
the summer, for the recovery of diverse in their livestock sectors, cosmetic food, mulch for soil fertilization,
etc. SALAD NIL (runway Stratiotes) - is a fussy fast growing plant prefers medium to strong light, T: temperature
of 15-35 ° C, pH 5-8.
MATERIAL AND METHOD
In Romania research on water hyacinth (Eichhornia crassipes) were conducted between 1980 and
2004, within the treatment plant in Arges county by prof. Dr. PhD. Marioara Godeanu researcher in the field of
biology, in the paper "Eichhornia crassipes species Collection and use of the body of water" . Plant culture plays
an important role on Earth, because these plants have miraculous properties to hold 1,200 times more
pollutants than can store wastewater. It was found that one hectare of water hyacinths generate a necessary
amount of oxygen which provides for 500 persons for 24 hours. However, one hectare of water hyacinths could
accumulate nitrogen from wastewater generated nearly 595 people and phosphorus generated by 180 people,
producing 67 tons of dry matter per year. Therefore, many researches have been directed in the direction of use.
Hyacinths are indicated as a filter pollution because the basic nutrients they need to survive - nitrogen,
phosphorus and potassium - are the main pollutants. According to researcher Veronica Gitye in the1980 they have
achieved excellent results on the use of water hyacinth and salad Nile (runway Stratiotes) the remediation of
municipal waste water. Under certain conditions was obtained at an extremely advanced water treatment, all
355

INTERNATIONAL SYMPOSIUM

parameters well below the most stringent regulated for disposal. From an insignificant amount, itself a few
kilograms, applied properly, a body of water several hectares, within a few months, from April to July, gave an
hundreds of tons of biomass. After 1989, plant application has not been made, and until then only applied
experimentally, because not provided for in existing treatment technologies. Although I was among the first in
Europe results in this area, other countries on the continent we went ahead and successfully used two types of
treatment plants. Researchers have discovered, and other important characteristics of these plants: asmilarea
toxins, pesticides and heavy metals; remediation of waste water; improving air quality in the region applied by the
tremendous amount of oxygen produced; biomass is used as an adjuvant in animal feed are pigs so-loving
plants; After harvesting, if chopped, of these aquatic plants obtained biogas; also in such crops can get a very
good compost to improve the soil, and the paper quality. The extraction of chlorophyll pigments extracted from the
water hyacinths are used in the pharmaceutical and cosmetic industry. Quality first of the two plants is that urban
waste water, the waste from livestock, lakes unused in arms dying rivers and the Danube. They are able to reduce
organic load with 40% water and 20-30% nitrogen and phosphorus. At the same time, the atmosphere absorbs a
tremendous amount of carbon dioxide and develops, by contrast, both the oxygen necessary for life. If not from
water contaminated with toxic substances, which have the capacity to accumulate the two herbs can be used in
animal feed (in addition to green fodder, silage or protein extract mixed with premixtures), for juices and food
pigments. Eichornia track and biomass, as well as other plants can generate, by anaerobic fermentation, biogas.
Some consider an impediment that dry substance of said plants represent only 9% and water 91%,
notwithstanding that that water is not easy as the tap, but a complex nutrient that stimulates animal life
processes the gut. The problem should be viewed as a whole, taking into account all the elements that exist
both in dry matter, and in this so-called water or 30-40% protein (calculated on dry matter) and numerous trace
elements, amino acids, chlorophyll prigment. And is particularly important, should be considered extraordinary
growth capacity of the two plants: a production of 5 tons / ha / day, resulting 750 tons of green mass per
hectare, which contains between 20 to 27 tons crude protein. The process of wastewater treatment plants
occurs by means of the filtering layer and consists of the decomposition of organic matter, phosphorus
retention, nitrification of nitrogen compounds role is to degrade plant, extract or immobilize pollutants in the
water. The scheme of a wastewater treatment process using the plant shown.

Fig. 2 - Use of plants in wastewater depollution [3,4]

Cover crops are fundamental tools used for sustainable management of soil fertility, its quality, water,
weeds, pests, diseases, wildlife and biodiversity and agro-ecosystems. A major benefit to using green manure is
to add organic matter to the soil. During decomposition of organic materials by microorganisms, resulting humus
compounds and resistant to decay. A good ground granulated soil is easy, well ventilated, with high water
permeability. The humus is a substance produced as a final degradation of plant and animal matter in the soil
and humus content is the one which determines the productivity of crop in the ground. In this regard, the INMA
have achieved the establishment of the crop technology coating on the improvement of soil fertility using green
manure in the form of vegetal mulch and the foundation technology of the crops using the film for mulching .

Fig. 3 - Innovative technology for setting up mulch crops using folidegradable
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Mulching the soil is a new and effective way to create a healthy environment for plants. Mulch is actually
a coating layer of soil from the sun, erosion and drying. This is any material that is applied to the soil surface,
resulting in modification of the microclimate in particular on the surface or in the first centimeters of the soil.
Depending on the material used and the time of year, mulching prevent weed growth, reduce the loss of soil
moisture, reduce fertilizer washing, keeps a constant temperature, reduces the risk of diseases and pests.
RESULTS
The world use of a culture of aquatic plants suitable for breeding systems the fish in polyculture is
presented in [8], which shows the construction of a system acvaponic (Fig. 36) of Delta Mekong in Vietnam,
which is one of the most productive aquaculture areas in Vietnam. They were built three pilot acvaponie stations
with recirculation of the air (3 x cca.2 m3) for three species of plants: an aquatic specie specific to the southeast of the USA (Canna glauca L.), water spinach ( Ipomoea aquatica. Forsskål.), lettuce (Lactuca sativa L.).
With these pilot stations they demonstrated that acvaponice systems can provide significant savings in water
and allow recycling of nutrients compared to traditional ponds and also bring additional income fish farmers.

Fig. 4 - Experimental aquaponic system in Mekong Delta, Vietnam [6]

At the end of 2013 in the United Arab Emirates has built one of the largest commercial acvaponie
systems in the world. The farm occupies a land area of 4500 M2 and produces about 40 tons of tilapia per
year. Acvaponic system can produce a series of vegetables, herbs, tomatoes and cucumber. The system has a
breeding program for juvenile barramundi. To fill fish tanks are used wastewater from a nearby food producer
who would otherwise be dumped in the desert. The only vulnerability of the system is that, without evaporative
cooling system, a greenhouse, the greenhouse temperature can reach 680 C.India, a system driver consists of
three sections: storage tanks, and a constant supply of water and aquatic plants unit.

Fig. 5 - Water-based phytoremediation system [9,10]

The study highlights the improved performance of phytoremediation system with water hyacinth with
attached microbial growth in treatment of wastewater treatment. Water hyacinth accumulated amount of
nitrogen and phosphorous in water without modification of the anatomy of the plant, and have proved to be
feasible in phytoremediation process waste waters.
In the paper have reviewed the effectiveness of the water hyacinth (Eichornia crassipes) and water
lettuce (runway Stratiotes) with waste water from the fish breeders in Malaysia. The parameters determined
were: pH, turbidity, dissolved oxygen (DO), chemical oxygen demand (COD), biochemical oxygen demand
(BOD), phosphate, nitrate, nitrite, ammonia and total nitrogen. In the acvaponic system was added to different
amounts of fresh plant or Eichornia 150 ± 20 grams ± 10 grams crassipes and 50 during the experiment Pistor
Stratiotes 30 days. There was a considerable percentage reduction for all parameters fitoremediatoare treated
with two plants. The percentage reduction in turbidity Eichornia crassipes was 85.26% and 87.05%, while for the
track Stratiotes was 92.70% and 93.69%. Similar reductions were observed with the other monitored
parameters. Systems acvaponice of culture plants in the granular layer developed in other countries, are
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recommended for the cultivation of plants that produce fruits (tomato, pepper, cucumber, etc) and are
comprised of the following technological objects: one or several pools for fish (depending on system size); more
boxes (beds) for crop filled with granular a pump for air into the water; air stones; connecting pipe or tubing;
material (gravel, ceramsite, volcanic rock, perlite, etc) and provided with autosifon; a basin for collecting water
discharged from boxes culture; a water circulation pump; fittings, valve.

Fig. 6 - Plant culture on a granular layer, [11]

The water in the fish tank continuously flows by gravity through the distribution pipe in culture boxes
filled with granular material and equipped with a self-floor trap. When the water level reaches the overflow box
the self-floor trap starts emptying the box. When the water level reaches the bottom of the self-floor trap occurs
defusing and emptying of the box stops. From now water coming from the basin with fish continuously fills the
box again and the cycle repeats. Water flows by gravity into the basin of the cassette which is located under the
collecting boxes. This pool water is pumped back into the fish tank and thus closes the circuit. This process of
filling-emptying of the water box, it is performed the water oxygenation of the plant roots and the separation of
solid particles that are in suspension and power plants with nutrients.
The technology for floating culture is used to obtain high yields of vegetables and fish. However, in the
world there are many systems of this type whose production capacity is low or medium. Regardless of size, a
system acvaponic the floating type is composed of at least one or more pools for increasing fish, a storage tank
of fresh water, a pool for collecting water from the channels one or more sedimentation tanks of solid particles, a
biofilter, a degasser, channels for hydroponic culture, one or more pumps for water circulation and a device for
the introduction of air consists of air pump, air stones and connecting hoses.
The operation of aquatic ecosystems purpose aquatic ecosystems fish fishing purposes is carried out
extensively on the basis of semi-intensive natural food or feed combined with the administration. Extensive
operation aimed at taking annual harvests of fish equivalent natural productivity. Increased production of fish in
the extensive exploitation to: increase the density of popular folk-controlled, amendment and fertilization leading
to increased productivity inducing natural increase density again popular. This is the stage where control
extends to food, but interventions to increase production, will take into account factors contributing to better feed
conversion, maintaining oxygen solvit than 6mg / l.
Semi-intensive operation is characterized by an intake of feed, with a direct effect on their fertility and
thus increasing the density population fish.
Operation intensive harvesting follows the maximum amount of fish in a small volume of water with the
use of exclusive or inclusive of feed. In this type of culture important natural food decreases the environmental
advantage. Intensifying growth is limited by their impairment.
In intensive livestock systems ensure good oxygenation of the water is decisive in achieving production.
One of the objectives is to increase the current fishery production over by harnessing unconventional
resources of food, and primarily natural food reserves, existing ponds. In order to accomplish this objective in
the practice CCDP polyculture Nucet increase in the species Cyprinus carpio species fitoplanctonofage
(H.molitrix, Ct. Idella and A. nobilis). These species preferentially consume natural food sources, phyto and
zooplankton. Polyculture mixed species is the most cost due to the use of the fish population of all trophic
levels. Therefore in the formula of popular fish farmers must take into account the natural food regime species
of fish that wants to use it in polyculture. As used in polyculture species that have a wide varied as food, the
more niches are better capitalized tofice of the pond inhabited, causing a high fish production.
In experiments study examined the creation of a model of management of growth of the fish, which was
aimed at achieving high production over appropriate based on a sustainable exploitation of the water basin.
Aquatic vegetation is an important component of aquatic ecosystems; It is a food for many aquatic organisms
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(such as fish, insect larvae, all kinds of worms, mussels, many species of waterfowl, fur animals, and more).
Aquatic plants are not just a food component for bodies, but habitat.
Aquatic plants with algae, oxygen-rich water, adjust the carbon dioxide concentration, the pH, the
mineral composition of water affects the entire system hydro water bodies.
With the plant under favorable conditions is formed and a single gas temperature, contributing to
reproduction and intensive fish.
Aquatic vegetation has another important function of protecting the lake pollution. The aqueous
vegetation is able to absorb and use the many organic substances and mineral metabolism, including fertilizers
and detergents. Aquatic plants and absorber functions as a sorbent, which accelerates the purification of water
from pollutants such as oil persistent. Thus, in the presence of plant oil destruction is performed 3-5 times faster
than without them. Oil decomposition activity is the result of common micro-organisms living on the coastal plant
and aquatic plants. The first main pollutants acting as destructive, and the second - that the use of such
oxidized compounds. The destruction of oil and other pollutants, not just the plants themselves play a major
role, but also microorganisms living on their surface. The strains of bacteria and algae plants are placed, which
plays an active role in the purification of water. Such high capacity mineralization in the bushes of aquatic plants
is mainly due to specific physicochemical conditions that sustain a high rate of energy flow in the biotope.
High capacity cleaning plant cultivation suggests their special need in the shallows. Many experts
recommend using them as a biofilter tanks of different purposes. To operate such biofilters need periodic
cleaning. Otherwise, the plants themselves after death will cause further pollution of water bodies.
The intensity of development of aquatic plants depends on many factors, primarily, the transparency
and the water temperature in the water content of biogenic elements and mud, pH, etc. The positive role of
aquatic plants is carried out only if they do not take more than 20-30% of the tank. Overcrowding intensive start
enrichment process water which adversely affect fish.
By processing vegetation, fish phytophagus not only effectively converts vegetable products in fish
products, but also feed on other organisms with their waste products.
In recent years, many reservoirs have started to grow intensively. Some are almost completely covered
with aquatic vegetation and gradually turning into a swamp. In nature, such water supply occurs everywhere,
but is proceeding very slowly over hundreds and thousands of years. Human activities have dramatically
accelerated the process. Fertilizers washed from the field of domestic waste water, changes in the hydrological
regime of water bodies and lead to a more intensive aquatic vegetation. So, aquatic plants turns from good to
bad.
Growing aquatic vegetation will allow increasing the number of plants to increase cleaning capacity of
water bodies, increase food resources in fish, strengthen banks and prevent their money. Agricultural practices
associated with the cultivation of aquatic plants generally are not complicated. Most species of plants are
perennial, and can be planted or rhizome pieces of whole cakes. Plants with roots or under-developed root
system (Ratus molluscs, hornolistnik) are transplanted in whole or in part. For seed breeding species, it is
recommended uniform spreading over the surface of the seed harvested plot. The seeds of many plants float on
the water surface, so that they are first rolled into lumps of clay and scattered around the pond.
Reproducing the predominant species in a vegetative manner (reed) are repeated using segments of
the stems and buds rest rhizomes, as well as whole plants. The stems and rhizomes are cut into pieces, setting
the bottom of the tank. Whole plants are put into water in areas protected from the wind. This method of
reproduction works well. For plants with a mixed type of reproduction (lily, pods, rdesta, cattails, Susak, arrows)
is recommended to use both methods or alternation in different areas. Such a rational utilization of the plant
resources allows the maintenance of biomass in the tank to reap the full benefits that reservoir / pond /
residents.
Production of biomasǎ. The transformed plants mineral content in organic substances, food source for
the majority of ruminant organisms. They take the substances and a large amount of nitrogen and phosphorus
nutrients, so-called. Eichornia track and biomass, as well as other plants can generate, by anaerobic
fermentation, biogas. Lentil dry biomass containing up to 40% proteins, which can be used in feed applications.
Production of oxygen. In the course of the day all plants have the ability to produce oxygen necessary
for breathing animals, and aquatic plants during the night. Lint remove substantial amounts of nitrogen and
phosphorus in water. Insulate almost. The bushes dense pens, water plague, sarmulita is a haven for juvenile
fish, insects and other animals. Fish species with floating leaves offer protection against predators, such as fish
eating birds, but when these plants covers too large areas of lakes and canals, it prevents light penetration in
water.
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Remediation of municipal waste water, the waste from livestock, lakes unused dead in the arms of the
Danube river and is a quality of hyacinth and water lettuce Nile. They are able to reduce organic load with 40%
water and 20-30% nitrogen and phosphorus. At the same time, the atmosphere absorbs a tremendous amount
of carbon dioxide and develops, by contrast, the oxygen necessary so the life.
In rural households, rizac leaves were used as agricultural fertilizer, and the cork cornac serving as
fodder for animals, especially for cattle. Water hyacinth and salad Nile can be used as green fodder
supplement, or silage protein extract with the compound feeds mixed for beverages and food pigments. In
traditional medicine, the rhizomes of white lilies and sedative properties used to combat insomnia and
agitation. Yellow water-lily rhizomes helped to diarrhea and skin diseases. Grass frog was used as an emollient.
Culinary interest as plants are consumed by humans cornac nuts, boiled in salted water. Once cooked nuts sold
in markets in Tulcea. Yellow water-lily flowers in Moldova prepare jam and sherbet. Industry, white lily stems
and fruits contain tannin and were used in the tanning industry. As entertainment, natural lakes rich in aquatic
vegetation are gladly visited by tourists. Some species are used as ornamental plants in leisure pools in parks
and other public places. Aquatic plants are elements always present in the aquarium setting.
CONCLUSIONS
Balancing inputs and outputs of nutrients in acvaponie systems can help reduce financial losses by
using fertilizers. In addition, the need for additional nutrients can be estimated by mass balance approach,
thereby supporting the financial planning of farms within acvaponie systems. In acvaponie systems, the fish is
the ,,engine" of the entire assembly because of their excrement, processed by bacteria, is the nutrients for plant
growth.
Existing aquatic plants in lakes / ponds not be controlled or removed, but must be continuously
monitored by management, following concerns within specific global control arrangements phytocenoses of fish.
Plants in the pond releases oxygen for the fish to breathe, to fill the surface and absorbing harmful substances.
Aquatic plants play an important role in terms of structural and functional aquatic ecosystems. They serve as a
source of food and shelter for fish and aquatic invertebrates. Aquatic plants have the ability to change the
quality of the water by regulating the balance of oxygen through the nutrient cycle and the accumulation of
heavy metals.
In Romania, water hyacinth is used for the remediation of water with organic load. Shoots obtained in
the winter climate systems are used to populate the surface of the water when the air temperature reaches 10 to
15 °C and water are at least 10°C. In normal growing conditions, 10 hyacinth can multiply up to 60,000 and can
cover a hectare of water in just eight months. After development, the plants are harvested from the lake surface
even in summer, to capitalize on their diverse livestock sectors, food cosmetic mulch for soil fertilization,
etc. Hyacinths are indicated as a filter pollution because the basic nutrients they need to survive - nitrogen,
phosphorus and potassium - are the main pollutants.
The important features of aquatic plants, water hyacinth and salad Nile are asmilarea toxins, pesticides
and heavy metals; remediation of waste water; improving air quality in the region applied by the tremendous
amount of oxygen produced; the biomass used as an adjuvant in animal feed; After harvesting, if chopped, of
these aquatic plants obtained biogas; also in such crops can get a very good compost to improve the soil, and
the paper quality. The extraction of chlorophyll pigments extracted from the water hyacinths are used in the
pharmaceutical and cosmetic industry.
Aquatic vegetation is an important component of aquatic ecosystems; It is a food for many aquatic
organisms (such as fish, insect larvae, all kinds of worms, mussels, many species of waterfowl, fur animals, and
more). Aquatic plants are not just a food component for bodies, but habitat. Aquatic plants with algae, oxygenrich water, adjust the carbon dioxide concentration, the pH, the mineral composition of water affects the entire
system hydro water bodies. With the plant under favorable conditions is formed and a single gas temperature,
contributing to reproduction and intensive fish. By processing vegetation, fish phytophagus not only effectively
converts vegetable products in fish products, but also feed on other organisms with their waste products.
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ABSTRACT
Increasing the degree of mechanization of the works in the technologies of fodder harvesting
technologies is achieved by equipping farms with technically performing machines and at affordable prices. The
paper presents some experimental results recorded for the trailed fodder harvester, equipped in three working
variants: harvesting the maize for silo, harvesting the grassy fodder and gathering from the furrow the previously
mowed plants with fodder windrower or mowers. Energy indices have been determined for the trailed-forage
harvester trailer system for more speeds work: bar traction force, the real moment from the power outlet, the
power requirements for the execution of the technological process. The experimental results will be useful in
determining the optimum working capacity according to the working speed and the vegetal mass production per
hectare.
REZUMAT
Creșterea gradului de mecanizare a lucrărilor din cadrul tehnologiilor de recoltare a plantelor furajere se
realizează prin dotarea fermelor cu mașini performante din punct de vedere tehnic și la preturi de cost
accesibile. Lucrarea prezintă unele rezultate experimentale înregistrate pentru combina tractată de recoltat
furaje, echipată în trei variante de lucru: recoltarea porumbului pentru siloz, recoltarea furajelor ierboase și
adunatul din brazdă a plantele cosite anterior cu ajutorul vindroverelor sau cositorilor. Au fost determinați indicii
energetici pentru sistemul tractor-combină tractata de recoltat furaje pentru mai multe viteze de lucru: forța de
tracțiune la bară, momentul real la priza de putere, necesarul de putere pentru executarea procesului tehnologic
de lucru. Rezultatele experimentale vor fi utile în determinarea capacitații optime de lucru in funcție de viteza de
lucru şi producția de masa vegetală la hectar.
INTRODUCTION
Obtaining good quality feed at a low cost price can only be achieved by equipping it with high
performance tractors and machines to increase the degree of mechanization in technologies, especially in
harvesting operations to reduce feed losses (Amiama et al, 2015; Bogdanof et al, 2014) and transport (Nedelcu
et al, 2006;Voicu E., 2009).
Harvesting of fodder plants is an important work in the preparation of feed. Machines used for harvesting
forage for preservation by silage are fodder combines that can simultaneously harvest and shred them with
direct loading into trailers for transport. Feed combines may be provided with specialized equipment for the
harvesting of herbage and forage maize (Dănilă and Neculăiasa, 1987).
The crop of silk maize has spread throughout Europe and the world, with evidence of the continuous
growth of cultivated areas. The corn silo obtained from the whole plant has become an important and popular
feed, and it is an efficient feeding of animals during the stabling period, with a very high degree of expendability.
Extensive research has been done to develop and evaluate alternatives to enhance the nutritional value of corn
silos throughout the plant (Ferraretto et al., 2018). Feed produced from silk maize has relatively low production
costs, due to the high yields of the surface unit and the small number of maintenance work. Also, the results of
the studies revealed that the length of the cutting and cutting height which influence the nutritional value of
silage maize and milk production (for example) depend on the harvesting technology and the equipment used.
An important role for the completion of a forage plant silos in a short time has a combination of feed that
must work at maximum working capacity (Voicu et al., 2010) and economic regimes. In the world, forage
tractors are increasingly used because they are constructively simple, fit well with the requirements of small and
medium-sized farms, use farm tractors as an energy source (Voicu et al, 2007 ). In order to achieve highperformance equipment, specialists have been concerned with optimizing the working regimes of tractor-
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combine aggregates, optimizing the power of trailed feed harvesters (Ştefănoiu et al, 2012) and raising the
functional performance of the main working organs (Păun et al, 2012 ).
Some authors have conducted a theoretical-empirical research based on the results of the aggregate
tests and their numerical processing (Stanciu et al, 2011), the results obtained by calculating an optimal working
speed and the corresponding work capacity.
At present, combine harvesters and shredders have become the basic equipment of silage forage
harvesting technologies.
MATERIAL AND METHOD
Within the research activities carried out at INMA Bucharest regarding the optimization of the working
process for forage harvesters or obtained experimental results with a trailed combination, Figure 1, adapted to
work with three different equipments:
- equipment for harvesting corn for sowing crops, or for the release of stalks after manual harvesting of corn
cobs, EPS, Figure 2.
- equipment for harvesting grass, leguminous (lucerne, clover, etc.) fodder plants, or in mixing (grass with
legumes), EI, Figure 3;
- equipment for gathered from the furrow: for taking over mowed plants from the ground, in a continuous furrow,
EAB , Figure 4.
Trailed combine for forage harvesting together with the related equipment, is used to perform the
operations of cutting plants from the chain or from the furrow, cutting and loading the feed plants into
conventional means of transport.

.
Fig.1 - Trailed combine for forage harvesting, CTF

Fig.2 - Trailed combine for forage
harvesting with corn silage harvesting
equipment (CTF+EPS)

Fig.3 – Trailed combine for forage
harvesting with herbage harvesting
equipment (CTF+EI)

Fig. 4 – Trailed combine for forage
harvesting with equipment for
gathered from the furrow
(CTF+EAB)

Because in the last years, in the agricultural farms of our country, there are used many types and ranges
of tractors, of internal manufacture or of import, with powers of more than 50 HP, was developed an articulated
coupling system of the tractor hitch. The new coupling system, Figure 5, ensures a high degree of universality
and allows coupling the trailed combine on the two lateral tie rods (A) of the tractor's three-point hydraulic lift
mechanism. The hinged coupling system consists of a metal frame (1), a rotating drive assembly (2), consisting
of two gearboxes with conical gear wheels, coupled by means of a pivoting shaft that allows the coupling frame
(1) to rotate relative to the hitch (B) from an angle of 900 left-right. During work, the vertical angle of the drive
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gear (C) remains constant, thus eliminating the danger of damaging it when operating the lifting mechanism of
the tractor or at higher corners, giving high mobility to the tractor-combine unit.

Fig.5 – Articulated coupling system mounted on tractor and towed trailer for fodder harvesting
A - lateral coupling bars; B – drawbar of towed combine for fodder harvesting; C – cardan drive
1 – coupling frame; 2 – rotary actuator

The forage harvesting combine for the silo is provided with a four-roll feed system, and the chopping and
discharging of the material is done by the chopping drum, and the chopping length can be adjusted in the range
10 ... 40 mm in 6 steps. In order to obtain a good quality silo, it is recommended that the chopping length be
10… 15 mm (Voicu E., 2009).
The evacuation of the fodder is done by means of a pipe that can be rotated in the rear or on the left side
of the combine, depending on the means of transport for collecting the mass of fodder.
Total power,
, necessary to operate the working organs of the combine is determined theoretically by
the relations (1), (2), (3) according to (Voicu E., 2009; Păun et al, 2012):
(1)
in wich:
(2)
(3)
Where:
– the power required to pull the combine on the horizontal field, [kW], calculated with the relation (2);
– the power required to execute the technological working process, [kW], calculated with the relation
(3);
- tensile force measured at the coupling bar, [N];
- the working (moving) speed of the unit, [m/s];
– the specific energy consumption required for one kg of harvested material, [kWs/kg];
– flow material of the combine, [kg/s];
– linear mass, [kg/m];
, depending on the power transmitted through the power
The mathematical expression of total power,
outlet, , see relation (4), is presented in equation (5).
4)
(5)
Where:
- torque measured at the shaft of the power socket, [Nm];
- the angular velocity of the power shaft, [rad/s], relation (6);
- power outlet speed, in rev/min.
(6)
In experiments to determine the power required to operate the chopping drums, a tensometric socket was
used with which the torque and speed were measured, and the airflow velocity in the exhaust pipe was
measured with the Testovent-4000 Anemometer, (Testotem company, Germania).
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RESULTS
During the experiments, the average values of the qualitative work indices were determined, the material
losses, the energy indices, the results being presented in Tables 1-6. The quality of the chop and other
indicators have been presented in other works (Voicu E., 2009; Păun et al, 2012).
During the work, the combine with the work equipment is moved sideways to the tractor so that the
harvesting equipment (EPS, EI) is with all the working width in the chain and the equipment for gathering in the
furrow (EAB) is with the entire working width next to the furrow of mowing material.
• Trailed combine for forage harvesting CTF assembled with EPS silage maize harvesting equipment was
tested on experimental batches of INMA Bucharest.
Table 1
The characteristics of the harvested culture
Specification

U.M.

Production of green matter
Vegetation year
The state of vegetation

t./ha
-

The harvested culture
Corn silage
24
first
grain in milk wax

The average height of the cornfield

mm

1900

Table 2
Qualitative indices of work of the system CTF+EPS
Determined value
Specification
U.M.
Working width
mm
1400
Cutting height (stubble)

mm

Task on the skates of the equipment

100...120

kg

40

km/h

3.8…6.2

Throwing distance of material

m

5.8

Material losses

%

<2

Working speed

The material losses are small, having values below 2% and are caused by the mistakes of driving the
aggregate and of the possible groundhogs in the culture.
By adjustments, cutting heights of between 80 and 160 mm are obtained, depending on the terrain and
crop requirements. The average values of the determined energy indices are presented in Table 3.
Table 3
Average values of energetic indexes of tractor-trailed fodder combine
with working parts (CTF+EPS)

Test
Parameter

MU

Load driving
Vl=3.8 km/h
Vl=6.2 km/h
1850
1813

Rotative speed of tractor’s engine,

rpm

No-load stand
driving
1853

Rotative speed of PTO,

rpm

556

555

544

Moment measured at PTO,

Nm

77.5

405

435

N

0

2100

3950

N

0

4500

7500

kW

5

23.5

25.2

kW
kW
CP

0
5
6.08

4.8
28.3
37.89

13
38.1
51.11

Traction force at coupling bar without towed trailer,
Traction force at coupling bar with towed trailer,
Total power for acting the combine without towed
trailer,
The power required to tow,
Total power for acting the combine with towed

trailer,

• The experiments with trailed combine for forage harvesting CTF assembled with cu fodder harvesting
equipment EI and with equipment gathered from the furrow EAB were performed on the experimental lands of
INMA and S.C. Agroindustrial Pantelimon S.A. between May and June at mash harvested, with the
characteristics presented in Table 4.The qualitative indices of work determined at harvest and collected from
the furrow are presented in Table 5.
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Table 4
The main characteristics of the harvested culture
Mash
Specification

U. M.

At harvest with
CTF-EI

Gathered in the furrow
with CTF+EAB

Production of green mass

t/ha

15.4

20

The average height of the cornfield at harvest
or the furrow at the gathering

mm

610

220

Average length of plants

mm

670 (oat)

0.90

%
-

71.2
100 % with ears(oat)

52.7 (non minced)
100 % with ears

Humidity
The state of vegetation

Table 5
Qualitative indices of work at harvested and gathered grasses
Mash
Harvesting with
Gathered from the
Specification
U.M.
CTF-EI
furrow with CTF+EAB
Working width
Cutting height (stubble)
Working speed
Material losses: unpowered or remaining
plants in the field

mm
mm
km/h

1980
85…90
3.6…6.3

2100
2.5...6.3

%

<1

1.5(la v=4.23km/h)

The average value at losses with values less than 1.5% consisted of 0.95% in leaves and 0.55% in plants. When
taking over the furrow from the soil there was no entrainment of soil particles or other hard impurities.
The average values of the energy indices determined for the crop harvesting are presented in Table 6.
Table 6
Average values of energetic indexes of tractor-trailed fodder combine with working parts
Test
CTF + EI
CTF+EAB
M. U.

No-load
stand
driving

Rotative speed of tractor’s engine,

rpm

1862

1862

1837

1933

1860

1935

1950 1937

Rotative speed of PTO,

rpm

555

555

548

576

555

550

550

Moment measured at PTO,

Nm

110

204

216

294

87

162.7

165.2 170.8

N

-

3160

3930

4230

-

3358

3104 3727

kW

6.4

11.9

12.4

17.7

5.1

9.4

kW
kW
CP

0
6.4
38.87

3.2
15.0
20.11

4.6
17.0
22.79

7.4
25.1
33.67

0.0
5.1
6.77

2.2
11.5
15.46

Parameter

Traction force at coupling bar with
towed trailer,
Total power for acting the combine
without towed trailer,
The power required to tow,
Total power for acting the combine
with towed trailer,

Working speed,
[km/h]
3.6
4.23
6.3

No-load Working speed,
stand
[km/h]
driving 2.52
4.23
6.3

9.5

550

9.8

3.9
6.5
13.5 16.4
18.03 21.92

CONCLUSIONS
From the analysis of the results of the experimental researches carried out with a forage harvesting
combine, CTF, in the system with the 65 hp tractor and in the three working variants have resulted the following:
- For the system combines CTF in working with corn silage harvesting equipment, EPS, and the towed
trailer, at the working speed of 6.3 km / h, the power requirement was 38.1 kW (51.11hp), resulting in a tractor
charge of 78.63%.
- For the system combines CTF in working with the equipment for grass harvesting, EI, and the towed
trailer, at the working speed of 6.3 km / h, the power requirement was 25.1kW (33.67 hp), resulting in a tractor
load of 51.80%.
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- In the CTF combine variant working with the equipment for gathering fodder from the furrow, EAB, and
trailer, at the working speed of 6.3 km / h, the power consumption was 16.4 kW (21.92 hp), resulting in a tractor
load of 33.72 %.
- The average value for material losses (unpowered or remaining plants in the field) was about 2% for
EPS and less than 1.5% for other equipment.
In order to obtain an optimum working regime with the forage harvesting trailed combine and according
to the agro technical requirements, they must be adjusted to the working bodies according to the instructions
in the user manual.
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ABSTRACT
This paper describes the use of the generalized object method specific to the technical creation (Vitalie
Belousov and Boris Plăhteanu, 2005, Technical creation bases) in the analysis of the production processes of
biomass micro-briquettes. There are presented and analysed the known processes of producing biomass microbriquettes, their assessment by analysing the value and establishing the optimal variant using evaluation
criteria. The known technical solutions were classified according to the type of plant operation, the constructivefunctional solution for obtaining the pressing process, the geometric shape of the obtained product. The
representative technical solutions are presented and selected, the constructive-functional solutions realized by
companies known in this field are analysed and finally the constructive-functional solution, which has higher
value appreciations compared to the state of the art in this field, is established.
REZUMAT
Prezenta lucrare descrie utilizarea metodei obiectului generalizat al creaţiei tehnice (Vitalie Belousov) în analiza
procedeelor de producţie a microbrichetelor din biomasă. Sunt prezentate si analizate procedeele cunoscute de
producere a microbrichetelor din biomasa, aprecierea acestora prin analiza valorii si stabilirea variantei optime
utilizand criterii de evaluare. Soluțiile tehnice cunoscute au fost clasificate în funcție de tipul de exploatare a
instalației, soluția constructiv-funcțională pentru obținerea procesului de presare, forma geometrică a produsului
obținut. Soluțiile tehnice reprezentative sunt prezentate și selectate, soluțiile constructiv-funcționale realizate de
companii cunoscute în acest domeniu sunt analizate și în sfârșit este stabilită soluția constructiv-funcțională,
care are aprecieri de valoare mai mare comparativ cu stadiul tehnicii în acest domeniu.
INTRODUCTION
1. Presentation of biofuels and the importance of their use in the third millennium.
Biomass has been used for energy purposes since man discovered the fire. Today, biomass as a fuel
can be used to heat homes or industrial buildings.[2;3] Developed countries in Europe have passed for years to
intensive programs to exploit this inexhaustible source of clean bio-renewable energy and the results are as
expected. [4]
Austria - produces 400,000 tons of pellets/year in only 6 production units. Italy - 47 pellet producers
have capacities between 0.5 and 10 t/h and produce a total of 1.5 million tons of pellets/year. Germany produces 900,000 tons of pellets/year but the internal consumption is 63 mil t/year and the use of residential
stoves using pellets increases by more than 50,000 pieces/year. In Romania, we have a huge volume of unused
biomass. [6]
Biomass is considered to be the key to the renewable resources of the future, both on a small and on a
large scale. It supplies 14% of the world’s primary energy consumption. [2; 5].
The use of biomass energy has many qualities that provide benefits to the environment. It can help
mitigate climate change, reduce acid rain, soil erosion, water pollution, can provide habitat to fauna, and help
maintain forest health through better management. By definition, the pellet is a mini-briquette obtained by
pressing the sawdust resulting from the log cutting technologies, respectively the primary and secondary
processing of the wood as well as from the wood chips coming from the wood waste or tree felling, as well as
from other vegetal materials. [3] The pellets have a cylindrical shape with a diameter of 6 or 8 mm and a length
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of 30 or 40 mm. The briquettes also have a cylindrical shape but much larger, diameter about 60-80 mm and
length 100-300 mm. The pellets are used in automatic heating plants and the briquettes are used in manual
heating plants. [7; 10]

Fig.1. Pellet press CPM SUA
The production of wood pellets and the rapid development of the market for this product is mainly due to
the following reasons:
- is an efficient use of local community resources for the production of low-cost thermal energy;
- the pellets are easy to use as such in automatic plants, as opposed to large classical briquettes that are
generally used as a substitute for firewood;
- by combustion they don’t produce particulate matter and don’t lead to the global warming phenomenon,
releasing as much carbon dioxide as the vegetable raw material consumes in order to be produced.
Various methods and equipment are known for the production of micro-briquettes and briquettes used
for heating the dwellings or industrial spaces and it is necessary to analyse them by specific means of technical
creation. Fig.1.
MATERIALS AND METHODS
2. Morphological research of biofuel production processes by elaborating the generalized object specific
to the technical creation.
Starting from the finding that the diagram of ideas provides an efficient view of the current state of the
art and represents an important source of information due to the openness, but does not highlight the new
possible combinations and that, on the other hand, the morphological matrix of ideas, although it highlights the
existing and the possible solutions, it doesn’t allow a visualization of the state of the art, a synthetic
representation was made, putting together the diagram and the morphological matrix of the ideas resulting in
“The generalized object method specific to the technical creation”. [1]
In the present paper the application of the generalized object method is done in order to find optimal
solutions for the production of briquettes and micro-briquettes.
The generalized object method specific to the technical creation involves nine phases, as follows; [1]
- Listing and establishing formatting assemblies;
- The main schema of each element in the formatting assemblies;
- Elaborating the generalized object of the inventive creation;
- Removing incompatible variants;
- Highlighting apparently incompatible variants;
- Highlighting, evaluating and criticizing existing variants;
- Restriction of inventive creation objective correlated with criticism of existing variants;
- Analysis of possible constructive, functional and technological variants;
- Detailing the optimal variant using the creation techniques, especially extrapolation, the borrowing of
detailed solutions from the neighbouring generalized object, generalization, inversion, etc.
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2.1. Listing and setting up formatting assemblies
As in the case of the Zwicky-Moles morphological method, the same formatting assemblies are set up,
but, in addition, there are solutions that will result from the analysis and the combination of the existing ones.
The main schematic layout of the formatting elements provides visualization of known processes. [1] This aims
at simplified presentation of technical solutions. Fig.2.
The following classification criteria are used in the field of biomass briquetting systems:
B-by type of plant operation:
B1- screw press;
B2- piston mechanical drive systems;
B3- hydraulic drive systems;
B4- pressing rollers systems.
?- other technical solution that are unknown when the study was write.
C- by constructive-functional solution for obtaining the pressing process:
C1- forming the briquette within a cylindrical mould;
C2- forming the briquette within a polygonal mould;
C3- forming the micro-briquettes in the holes of an annular mould;
C4- forming the micro-briquettes in the holes of a flat mould;
?- other technical solution that are unknown when the study was write.
D -by the geometric shape of the obtained product:
D1- cylindrical;
D2- cylindrical bore;
D3- polygonal (square or hexagonal section);
D4- polygonal bore.
?- other technical solution that are unknown when the study was write.
2.2. Elaboration of the generalized object specific to the technical creation
The generalized object of creation is in the form of a cylindrical morphological matrix visualized in Fig.
2.1, each sector representing a solution (sector represented by a triple assembly BiCjDk, the total number of
solutions being: N=4x4x4=64 solutions, some of which are known, other unknowns. Level
[ B1C1D1 ]
3
[ B1C1D2 ] { B1C2D1}
4
{B1C1D3 } {B1C2D2} {B1C3D1}
5
{B1C1D4} {B1C2D3} {B1C3D2} (B1C4D1)
6
{B1C3D3} {B1C4D2} [B1C2D4] [B2C2D3] {B2C1D4} {B2C3D2} (B2C4D1)
7
{B1C3D4} (B1C4D3) {B2C3D3}
{B2C4D2} (B2C2D4) {B3C1D4} {B3C2D3} {B3C3D2} (B4C1D3)
(B4C2D2) (B4C3D1)
8
{B1C4D4} {B2C3D4} (B2C4D3) (B3C3D3) {B3C2D4} {B3C4D2} {B4C1D4} {B4C2D3} {B4C3D2} [B4C4D1] 9
{B2C4D4} {B3C3D4} (B3C4D3) (B4C3D3) {B4C2D4} {B4C4D2}
10
{B3C4D4} (B4C4D3) { B4C3D4}
11
{B4C4D4}
12
Known solutions: [ 4 ]
Unknown solutions: ( 7 )
Incompatible solutions: { 27 }
2.3. Highlight, assessment and analysis of the existing variants
There have been identified 9 solutions known at the time of generating the generalized object in Fig. 2
and they can be as many bases for making new inventions in the field. [1]
For the evaluation of the existing variants, the “required decision” technique is used in the value analysis,
taking into account the following main criteria of appreciation:
-productivity, noted P; investment cost, noted C;
-the constructive-functional-technological simplicity, noted S;
-operation convenience, noted Ex; maintenance (ease of repair and spare parts), noted I;
-the human factor (the qualification of the worker’s training), noted F.
The criteria noted P, C, S, Ex, I, F are compared to each other 2 by 2, obtaining D decisions of
type 1-0; 0.5-0.5 or 0-1; tab 1, the number of decisions being generated by the known relation:
D = C2e = 6 (6-1)/2 = 15 decisions.
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Fig.2. The generalized object specific to the technical creation made in the field of biomass briquetting equipment

Reporting the number of positive decisions N to the total number of decisions D, we obtain the importance
coefficient of each criterion, which leads to a reordering of them according to tab.1.
Of the 9 solutions studied, the following are representative as a matter of principle: Tab.2.
B1C1D2- screw conveyor mechanical drive systems, forming the briquette within a cylindrical mould; the
geometric shape of the obtained product -cylindrical bore; encountered in briquetting presses.[1]
B1C2D4- screw conveyor mechanical drive systems, forming the briquette within a polygonal mould, the
geometric shape of the obtained product - polygonal bore; encountered in briquetting presses.
B2C1D1- piston mechanical drive systems, forming the briquette within a cylindrical mould, the geometric shape
of the obtained product- cylindrical; solution encountered in mechanical drive briquetting presses.
B4C3D1- pressing rollers mechanical drive systems, forming the micro-briquettes in the holes of an annular
mould, the geometric shape of the obtained product- cylindrical, solution encountered in pellet presses
SALMATEC, LA MECCANICA, etc. [9]
B4C4D1-pressing rollers mechanical drive systems, forming the micro-briquettes in the holes of a flat mould, the
geometric shape of the obtained product- cylindrical; solution encountered in pellet presses of KAHLE type.
Tab. 1. The calculation of importance coefficients for the appreciation criterion.
No.
1
2
3
4
5
6

Crit.
P
C
S
Ex
I
F

1

2

3

4

5

0.8
0,2

0,3

0.9

0.5

0.8

0,7
0,1

6

7

8

9

0.7
0,3

0,9

0,8

0,9
0.5
0.5

0,1
0.5

10

0,2
0,2

11

1

12

Imp.coeff. N12 = Total positive decisions / No. Criterion
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14

15

0.5
0.8
0,2

0
0,1

13

0.5

0,7
0,3

0.5
0.5

Total positive
decisions
3,3
3,5
3
2.2
1,4
1,6

Imp.
coeff.
N12
0.212
0.232
0.2
0.146
0.092
0.105
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Tab.2 .Criteria and decisions of appreciation for representative technical solutions
No.

Decisions by criterion

Solution
P

B1C1D2-Screw conveyor
mechanic drive pressescylindrical bore briquettes
B1C2D4-Screw conveyor
mechanic drive pressespolygonal bore briquettes
B2C1D1- Piston mechanic
drive
presses-cylindrical
briquettes
B4C3D1-Pressing rollers
mechanical drive systems,
forming the microbriquettes in the holes of
an annular mould
B4C4D1-Pressing rollers
mechanical drive systems,
forming the microbriquettes in the holes of a
flat mould

2

3

4

5

S

Ex

I

F

0.212DP/
10

Dc

0.2232
Dc/10

DS

0.2DP/
10

DEx

0.5

0.0128

2.5

0.0578

3

0.06

0.5

0.146
DEx/1
0
0.058

1

0.0256

2.5

0.0578

3

0.06

1

0.0144

1.5

0.0139

1.5

0.0158

3.5

0.0896

3.5

0.080

3

0.06

4

0.0664

3.5

0.0165

4

0.042

3

0.0769

1.2

0.027

0.3

0.006

3

0.057

3

0.0277

2.5

0.0264

2

0.0512

0.3

0.0069

0.7

0.014

1.5

0.0216

0.5

0.0046

0.5

0.0528

DP
1

C

DI

0.092
DI/10

DF

0.066DF/
10

1.5

0.0139

1.5

0.0158

Tab.3 Assessment of evaluation criteria
No Criterion

Importance coefficient

1

Productivity, P

0.212

2

Investment cost, C

0.232

3

Constructive-functional-technological simplicity, S

0.2

4

Operation convenience, Ex

0.146

5
6

Maintenance, I
Human factor, F

0.092
0.105

The 5 representative solutions are compared in terms of each criterion and the decisions D1, D2, ..... D8
are established (tab.2) and then the value numbers for each solution are determined, according to the relation:
(2.1)
Nv = (0.212DP+0.232DC+0.2DS+0.146DEx+0.092DI+0.105DF) /10
According to (relations 2.1), the value numbers of the 5 solutions are in order:
Nv1 =0,262
Nv2 =0,405
Nv3 = 0,122
Nv4= 0,616
Nv5 =0,175
So, the representative ones are: Table.3.
Nv2 =0.405 for screw conveyor mechanical drive systems, forming the briquette within a polygonal mould, the
geometric shape of the obtained product - polygonal bore; encountered in briquetting presses, of SHIMADA
type.etc
Nv4=0.616 for mechanical drive systems with pressing rollers, forming the micro-briquettes in the holes of an
annular mould, the geometric shape of the obtained product- cylindrical, solution encountered in pellet presses
of CPM, OGM, SALMATEC, LA MECCANICA, etc. type.
Tab 4. Representative technical solutions
No.

Value numbers

Scheme

1.

Nv1 =0.262 for screw conveyor mechanical drive systems, forming the briquette
within a cylindrical mould; the geometric shape of the obtained product - cylindrical
bore; encountered in briquetting presses.

372

INTERNATIONAL SYMPOSIUM

2.

Nv2 =0,405 for screw conveyor mechanical drive systems, forming the briquette
within a polygonal mould, the geometric shape of the obtained product - polygonal
bore; encountered in briquetting presses, of SHIMADA type. etc

3.

Nv3 =0,122 for piston mechanical drive systems, forming the briquette within a
cylindrical mould, geometric shape of the obtained product - cylindrical; solution
encountered in mechanical drive briquetting presses.

4.

Nv4=0.616 for mechanical drive systems with pressing rollers, forming the microbriquettes in the holes of an annular mould, the geometric shape of the obtained
product- cylindrical, solution encountered in pellet presses CPM SUA, OGM
Lithuania, SALMATEC, LA MECCANICA, etc.

5.

Nv5 =0.175 for mechanical drive systems with pressing rollers, forming the microbriquettes in the holes of a flat mould, the geometric shape of the obtained productcylindrical; solution encountered in pellet presses of KAHLE type, etc.

2.4. Narrowing the object of the technical creation
The following conclusions can therefore be drawn regarding the orientation of the technical creation in the
conception and design of equipment for micro-briquettes production. [1; 8]
a. creating new equipment for the execution price and labour productivity criteria;
b. creating new performance systems at a much lower cost of investment.
2.5. Engineering analysis of possible constructive-functional variants. Detailing the optimal variant using
creation techniques. Research directions:
Starting from the possible combinations that were visualized in the generalized object specific to the
technical creation, the incompatible variants being already eliminated, we can list the following possible
solutions:
- execution of an installation for the production of micro-briquettes with low energy consumption, using the
physical effects fund in the field of creativity, for the plastification of biomass;
- use of a screw conveyor mechanical pre-compression system for the preparation of raw material in order to
produce pellets. [8; 10]

RESULTS
Based on the theoretical research carried out in this study, the following representative solutions in this
field were designed and executed:
1. Mechanical drive systems with screw press, forming the briquette within a polygonal mould, the
geometric shape of the obtained product - polygonal bore; encountered in briquetting presses, fig.3; 4.

Fig.3. Mechanical drive systems with screw press-draws.
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You can see how the prototype installation works. [8]
Technical data:
Production capacity - 200 kg/hour; Installed power - 27.5 kW.
2. Mechanical drive systems with pressing rollers, forming the micro-briquettes in the holes of an annular
mould, the geometric shape of the obtained product- cylindrical, solution encountered in pellet presses of CPM
SUA, OGM, SALMATEC, LA MECCANICA, etc. Type, fig.5;6.
Using these results, a pilot plant has been designed and executed comprising ring-shaped die
equipment for pellet production, a raw material hopper having an electronically controlled screw conveyor, a
mixer mounted on the press and designed to smooth the raw material humidity and a rotating sieve which also
has the role of sieving and cooling the pellets. The results obtained in the production of pellets confirm the
research carried out in this article.

Fig.5. Mill pellets-draws

Fig.6. Mill pellets
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CONCLUSIONS
Based on the theoretical research carried out in this study, the following representative solutions in this
field have been established:
1. Mechanical drive systems, forming the briquette within a cylindrical mould, geometric shape of the obtained
product - cylindrical; solution encountered in mechanical drive briquetting presses of DI-PIU type.
2. Mechanical drive systems with pressing rollers, forming the micro-briquettes in the holes of an annular
mould, the geometric shape of the obtained product- cylindrical, solution encountered in pellet presses of CPM
SUA, OGM, SALMATEC, LA MECCANICA, etc. type. [6]
Using these results, two pilot installations, fig. 3, 4 and 5, 6, were designed and executed, using the
results of the research with the generalized object of the technical creation that was presented in this article.
The results obtained in using this equipment for the production of micro-briquettes and briquettes confirm the
technical data provided in the design phase and demonstrate the usefulness of using this method of scientific
research for carrying out research in a specific field.
Considering that micro-briquettes and briquettes can be an alternative to using methane gas for heating,
we propose to deepen the research in this field by designing, executing and experimenting competitive systems.
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ABSTRACT
This paper presents originality by the fact that helps us understand better and special helps the farmers
understand the importance of knowing the main physiological, biochemical and chemical elements which helps
the formation of vegetable mass for the corn. It was taken to the study the hybrid of corn ES METHOD, which is
cultivated on large areas of land especially in the SW area of Oltenia, more precisely on the territory of the
Caracal Plain. It is important to remember that on the forming and the welfare of the corn mass depends on the
future production. Both the humus reserve in the soil and also the unequal administration of some doses of
nitrogen and phosphor determines increased production. It has been watched the vegetation’s state of this
hybrid in correlation with the chemical changes of the plants through the use of chemical fertilizers that are
correlated also by the cultivation system that had been used so named irrigated and non-irrigated system.
REZUMAT
Această lucrare prezintă originalitatea prin faptul că ne ajută să înțelegem mai bine și în special îi ajută pe
fermieri să înțeleagă importanța cunoașterii principalelor elemente fiziologice, biochimice și chimice care ajută la
formarea masei vegetale pentru porumb. S-a studiat hibridul porumbului ES METHOD, care este cultivat pe
suprafețe mari de pământ, în special în zona de sud-est a Olteniei, mai precis pe teritoriul Câmpiei Caracal.
Este important să ne amintim că de formarea și bunăstarea masei de porumb depinde de producția viitoare.
Atât rezerva de humus în sol, cât și administrarea inegală a unor doze de azot și fosfor determină creșterea
producției.S-a urmărit starea vegetației acestui hibrid în corelație cu schimbările chimice ale plantelor prin
utilizarea de îngrășăminte chimice care sunt corelate și de sistemul de cultivare care a fost utilizat așa numit
sistem irigat și neirigat.

INTRODUCTION
Due to the unrealistic exploitation of soils, today we are dealing with arid areas knowing that the
destruction of the first fertile layer of the soil where 3 cm of soil are going to recover between 300-1000
years, 20 cm are going to recover between 3-7 thousands of years (Ghidra V., 2004). It is known that chemical
pollution of the soil with fertilizers, especially the ones with nitrogen, which if are being used unrațional, in too
large doses has already caused severe phenomena of pollution of the soil and water with nitrates and seriously
affects the health of humans and animals from these areas (Ghidra V., 2004).
The corn being a not too pretentious plant for our environment conditions and that occupies the second
place after wheat culture, finds more and more the interest of the scientists to find methods and studies for
obtaining lines or hybrids more productive and more resistant. As for the formation of the harvest is needed to
carry out the normal process of photosynthesis, and capability of warehousing, which are heavily influenced by
the plant density. By increasing the number of the plants per square meter is being obtained a significant
increase in both foliar surfaces, obtained by all the plants of the unit area (square meter), rendered by the foliar
surface index, and the total number of grains that we obtain by a greater number of cobs/square meter. The
direct relationship between the two productivity elements with the sowing density has as a limit the reduced
production done by the plant (Vătămanu V., 2015).
The combined influence between the variety and the cultivation technology determines the main
changes of the physiological characteristics that may influence the acquisition of larger productions by the
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differential administration of the fertilizer doses (Pandia O., Saracin I., et al., 2009). Watering system comes to
support the normal development of maize of water where the optimum water consummation and the needed
water for irrigation depend first on the climate and less on the soil (Allen R. G., Pereira L. S., Raes D., and
Smith, M., 1998). Pursuing the changes aspects brought by the excess of the water in the soil, as well as
knowing the interactions soil-plant - the atmosphere is very important in optimizing the agricultural production.
Research regarding the water consumption of the irrigated crop (the maximum real evapotranspiration, was the
subject of various publications in the country and abroad (Grumeza N., Alexandrescu I., Mihalache L., 1970;
Grumeza N., Kleps C., Dumitrache Elena., 2004; Păltineanu Cr., Mihăilescu I.F., Seceleanu I., 2000; Lăzăroiu
L., 1999). The nitrogen and phosphorus fertilizers administered differentially to some hybrids of corn
determines the major changes in physiological processes that take place for the corn in various stages of
vegetative growth (Pandia O., 2006).

MATERIAL AND METHOD
The device with experiences has been set at the plant farm SC Agrotex SRL, from Caracal, Olt County,
Romania, having as reference years 2017, when this year was characterized by a hydric deficit and the year
2018, a year favorable for the cultivation of corn, and the size of the plots were 20 m/20 m.
For a better presentation with the concrete results obtained by physiological processes studied, were
taken sampling of soil from the plots established at a depth between 0-25 cm before installing in thaw field the
device with field experiences. Thus, the experience beingpolifactorial were studied three factors:
The Factor A: Hybrid corn ES METHOD
Factor B: The application of differential doses of nitrogen and phosphorus with four graduations, as follows:
N0 P0
N60P80
N80P100
N100P120
N120P140
Factor C: irrigation system with two graduations:
Watering system
Non-watering system
From the physiological processes studied we remind: the respiration, the coefficient of transpiration,
the intensity of smooth assimilation, the photosynthesis, sucking force, absorption capacity, the total of the
chlorophylls, total content of nitrogen and phosphorus followed by ISF (the index of foliar surface).
For the correct use of the doses of nitrogen fertilizer in tight connection with the active growth factor action has
been applied the following formula:

VUP 

10g 2,3 ⋅ C ⋅ A ⋅
 − CPs
CUI 

DOE N =
C
(After Hera and Borlan, 1980).
(C) = the coefficient of nutritional element in the soil or the chemical fertilizer calculated by authors;
A = expected maximum harvest;
VUP - the value per unit of the product;
CUI = the cost per kg of the fertilizers s.a.;
CPs = calculated nutrient input from the soil reserve after the agrochemical mapping values evaluated after.
Determination of soil analyses were done by the following methods:
The soil pH by potentiometric methods; Ah with the solution of a state that hydrolyses in an alkaline way; Sb by
Kappen method; Phosphorus by the Engner method-Rriehm-Domingo; the humus by Walklei and Black
method; The nitrogen by coulometer using the fotocorimeter.
Plant analysis determinations concreted through:
Total Nitrogen by the Kjeldahl method; Total phosphorus by fotoclorimetric method; Photosynthesis by
Baradulina method; The net yield of assimilation method (N.A.R.); The intensity of respiration by Boysen-Jensen
method; The intensity of the transpiration through L.A. Ivanay method; ISF Lan method through weighting and
reported to the respective surface m2/m2 ground-absorptive capacity by the gravimetric method.
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RESULTS
In 2017, before replacing the experimental device were collected soil samples from four different places
from the field and we got the following results:

Fig.1. Determination of the main features of the chemical properties of the soil from argiloiluvial type in 2017 from
the experimental device

After the results from the soil samples collected, led to the conclusion that they are characteristic of the
experienced soil, so we can say that the pH reaction is neutral, with the exception of 3 way that slights towards
alkalinity, total capacity of cation exchange (T) has medium values between 28,36-29,15, degree of saturation
in (V) is less than the variants 1, 2, and 4, but grows to 3 to 85.81., and the amount of databases is expressed in
mill equivalents per and has values between 23,11-23.17. Because the content of humus, nitrogen and
potassium is low, these results have a negative effect on the natural fertility of the soil, which is why we will
intervene with the doses determined by nitrogen and phosphorus for each repetition.
Because the hybrid ES METHOD is a semitardive hybrid with a vegetative growth period of about 138 days, by
combining the fertilizers doses with irrigated and non-irrigated system, we have determined some physiological
processes taking place especially in the complete training of four leaves.

Fig.2.The physiological processes that take place on forming the four leaves under the influence of the fertilizer
doses and the planting un irrigated system. Year 2017
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Fig.3. The physiological process that takes place on forming the four leaves under the influence of the fertilizers
doses and the irrigated system. The year 2017

From the 2 and 3 figure it can be seen that the values of the photosynthesis process are higher than the
version control and presents an increase of 18% in relation to irrigation system at non-irrigated, but for
N120 P140 in the two systems it feels a slight lowering of the intensity of the photosynthesis, and that at this dose,
the corn doesn’t react so good.
In the process of breathing, there aren’t big differences in relation to the both systems, and results that
the amount of carbon dioxide eliminated isn’t significant in the cases of variants that we studied.
Absorption capacity has insignificant values in relation to the witness in non-irrigated system 6, 02-6,
14, but together with the administration of the fertilizers and the irrigation system the values are significant.
Suction pressure force presents an increase in the non-irrigated system from the first three options in relation to
the control group, followed by a decrease in the values. In the irrigated system values are significant in three
variants, and the variant N120P140 presents a slight decrease. Chlorophylls pigments are superior comparing the
w irrigated with the un irrigated system. The ratio of chlorophyll A/B, is superior to the chlorophyll A in
chlorophyll B detriment on the both systems. The foliar surface index limits is closely related to a Variant to
another with good results in the two systems from the application doses N80P100.
The net rate of assimilation presents increasing values on the application of chemical fertilizer doses for
both systems considered in the study. Because I took into account the two years of study I will make the same
determinations of soil and plant, except that this year is richer in precipitation.

Fig.4. The determination of the main features of the chemical properties of the argiloiluvial soil type in 2018 from
the experimental device
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Due to the precipitation which fell and who helped all the chemical properties of the studied soil
characteristics to become positive and to characterize argiloiluvial soil as favorable for the growth and
development of corn and hence leading to the desired production. Were again taken samples of plans studied
the same physiological processes as in the previous year, thus we determined:

Fig.5. The physiological processes taking place in the formation of the four leaves under influence of the fertilizers
doses and non-irrigated crop system. The year 2018

Fig. 6. Physiological processes taking place in the formation of the four leaves under influence of fertilizer dose and
irrigation system. The year 2018

From both tables, it results that the application of differentiated doses of nitrogen and phosphorus
causes changes and increases all physiological processes taken into study with the difference in relation to
witness that recorded all the lowest results.
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So the intensity of the photosynthesis has higher values in the relation to witness on the irrigated
system at 261.7 at 282.2 mg CO/cm2, and in the non-irrigated system the values are between 250.1 to witness
and 277.2 mg CO/cm2 to the application of the dose of N100P120. The capacity of breathing presents a higher
value in irrigated system in relation to the witness 221.5 CO2/100g. m.v. but higher on dose application
N120P140, in return the best results obtained in non-irrigated system are those to which has been applied a dose
of fertilizer N100P120. The absorption capacity presents an uptrend in both systems but with better results in
watering system in the application of the dose of N120P140 ml value 6.46. ap/h/dm 2 in relation to witness 6.32 ml.
ap/h/dm2. The suction force, expressed in atmospheres, is growing steadily in both systems, and there’s no
significant difference, however, with slight differences between the two systems.
The chlorophylls are highlighted specially by the significant values of the chlorophyll, but chlorophylls B
show no spectacular increase except where the application of irrigation system of N120P 140 in irrigated system
value recorded is 0.212 mg/dm2 . The total of the pigments presents significant percentage differences between
witnesses and the experimental variants, significantly increasing in both culture systems with increasing the
doses of the fertilizer. The index of the foliar surface presents increasing values in relation to the witness to nonirrigated system variant from 1.66 m2/m2 at 1.77 m2/m 2 the variant in which the applied dose of
N 120 P 140 otherwise the best result in the irrigation system meets the N variant 100 P 120 and N 80 P 100 where is
the value of 1.79 m2/m2.
CONCLUSIONS
From the determinations of the corn hybrid from ES METHOD, has appeared that the application of the
doses of chemical fertilizer result the major changes of the physiological processes that take place in the period
of vegetative growth of the corn.
The application of the fertilizers along with the irrigation system intensifies the metabolism of the
nutrient suptakenby the plants. The a analysis of the physiological processes studied, lead to the conclusions
that the highest potential value was recorded in the irrigation system, in particular the application of fertilizer
doses N 100 P 120 followed by the version with doses of N 120 P 140 .
We can conclude that the corn hybrid ES METHOD studied performs very well on the soils of the
Caracal. Plain and is recommended to be taken in the culture at the doses of N100P120 and N 120 P 140.
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ABSTRACT
In this paper tried to realize a study on the continuity of the corn hybrid ES METHOD, cultivated in the
Romanațiului Plain, Olt County, hybrid that is grown extensively in this area being adapted to the conditions of that
thermal - hydro stress but also with very good results regarding the production sown in irrigation system combined
with the unequal administration of nitrogen and phosphorus doses. For this reason we have performed biometric
measurements in two years as a reference, in two systems for crop irrigated and non-irrigated but also with
different dose administration of chemical-based fertilizers of nitrogen and phosphorus. These biometric
measurements have been made in the support of the production of grain of corn in the two systems.
REZUMAT
În acest articol am încercat să realizez un studiu privind continuitatea hibridului de porumb ES METODĂ, cultivat
în Câmpia Romanațiului, județul Olt, hibrid care este cultivat nou în această zonă fiind adaptat la condițiile de stres
termic - hidric, dar și cu rezultate foarte bune în ceea ce privește producția semănată în sistemul de irigație,
combinată cu administrarea diferențiată a dozelor de azot și fosfor. Din acest motiv, am efectuat măsurători
biometrice în doi ani ca referință, în două sisteme pentru culturi cu sisteme irigate și pentru culturi neirigate, dar și
cu administrarea diferită a dozei de îngrășăminte chimice pe bază de azot și fosfor. Aceste măsurători biometrice
au fost realizate să vină în sprijinul stabilirii producției de porumb în cele două sisteme.
INTRODUCTION
Due to its biological particularities, and especially due to the introduction in the crop of hybrids, the corn
has a great production capacity (6 000-9 000 kg/hectares to grains at the unirrigated way and 9 000-16 000
kg/ha grains to irrigated way (Ştefan M., 2004).
The period in which the corn consumes large amounts of nutrients overlaps with the period during which
consumes large amounts of water and (Marasas W.F.O., 1997). The estimation of the genetic progress for
some morphs-physiological traits over the studied genotypes: the gap on blooming or ASI (An thesis slicking
interval), the total Height of the plant and the height of the insertion of the main cob the number of leaves above
the main cob leads to find the best corn hybrids that adapt to the new geographical conditions (Cristea M.,
Căbulea I., Sarca T.R., 2004).
From the diseases ofthe corn, Fusarium root produces quantitative and qualitative damages. The
accumulation of a miceliene mass of fungus like Fusarium on the grains and cobs increases amounts of
mycotoxins extremely dangerous for human and animal health (Nelson P. E., Desjardin A. E. and Plattner R. D.,
1993; Marasas W.F.O., 1997; Smith S. N., Devay J. E., Hsieh W. H. and Lee H. J., 2001).
Through the application of different doses of nitrogen and phosphorus based fertilizers in some hybrids
that have been indulged to be taken in the crop area for SW Oltenia, and through studies and researches that
had been made (Pandia O, Sărăcin I., 2009; Pandia O., Sărăcin I., Tănasie Șt.E., 2015), recounts the
importance of the morphological knowledge related aspects of corn plants which by some appropriate
stimulation can lead to obtaining the desired crop.
In the year 1991 Novel GV., et al., makes a comparative study on the evaluating methods for the
thermal requirements of the corn and in his book Axinte M, since 2006, indicates the importance of the knowing
of the traits of the corn crop determined (Axinte M., Roman Gh.V., Borcean I., Muntean L.S., 2006).
MATERIALS AND METHODS
Studies and researches have been realized two years as reference 2017 and 2018 at agricultural
society SC PRIMEX SRL from Caracal, Olt County, where a device has been established for the study and the
research of this hybrid regarding the behavior and adaptability for this area, but also physiological changes
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occurred due to the application of the technology of irrigation system and interleaved with non-irrigated under
different doses of nitrogen and phosphorus.
That way we will determine qualitative and quantitative the characteristics of the corn plants through
biometric measurements that contribute to the increased production, where plant density is 50,000/pl/ha, where
plots have been of 20/20 m/, and the soil is being a chernozem argiloiluvial.
Three factors have been determined:
Factor A: The ES METHOD hybrid corn
Factor B: Irrigated system with two graduations
• Irrigated system
• Non-irrigated system
Factor C: The differential application of the nitrogen and phosphorus doses with four graduations, as follows:
• N0 P0
• N60 P80
• N80 P100
• N100 P120
• N120 P140
Thus, we studied morphological descriptors and granted notes on the basis of the results of the two
irrigated and non-irrigated systems. Measurements were made for:
• The number of plants from the studied plot;
• Plant height;
• Blooming date;
• Date of the trimming;
• Uniformity of the trimming;
• Bloomed plants;
• The height of the insertion of the cob;
• The total number of leaves;
• Panniculitis length;
• Length of cob;
• The number of drought-resistant plants;
• Physiological maturation period;
• Number of plants that dried prematurely;
• Note the plant at maturity;
• The number of fallen plants;
• The number of broken plants.
RESULTS AND DISCUSSIONS
As a result of the biometric determinations of the corn hybrid ES METHOD, during the two years of
experimentation has been obtained:
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Fig.1. Physiological properties and biometric measurements in ES METHOD corn hybrid in non-irrigated and
irrigated system. Year 2017

Plant height in non-irrigated system records an average of 170 cm much smaller compared with the
irrigated system where corn plants have an average height of 225 cm. Blooming date for non-irrigated system
has a delay of six calendar days compared with the irrigated system. 15.07.2016/09.07.2016.
The same difference can be noticed to the date trimming, the irrigated system influencing with a few
days the precocity of the variety. The height of the insertion of the cobs is 51 cm, respectively 68 cm.
The total number of leaves is 8 to 10 leaves and plant drought resistant received note 7 at non-irrigated
system and at irrigation system 9. Also the length of the panicle presents an average value of 56 cm 65 cm
respectively being lower in non-irrigated system.
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Fig.2. The physiological characteristics of corn plants and the marks given for the two systems. Year 2017

The length of the cob has an appreciable size 12.3 in non-irrigated system and 16 cm, 8 cm in irrigated
system. The number of plants dried out prematurely in non-irrigated system is 6, and in the irrigating system is
of two plants. Regarding the general appearance note in non-irrigated system was evaluated at note 5, and
watering system 9. By the number of plants which have been harvested, are 11 plants, for the non-irrigated
system and the irrigation system at 62, with a number of cobs of respectively 15 65. Yield in grains was 26%
and 85% respectively, and their humidity, respectively 22.4 24.2%. Data and notes are included and in (Fig. 1
and 2). Also by biometric measurements and ratings had been analyzed the year 2017 too.
The year 2018 has been characterized as a year with higher humidity and which related to the
application of chemical fertilizers in variable doses that also led to more vigorous plants resistant to drought and
to fall with large cobs and the possibility of harvesting at adequate moisture. Plant height in non-irrigated system
recorded an average of 182 cm much smaller compared to the irrigated system where the corn plants have an
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average height of 235 cm. Blooming date for non-irrigated system is 16.07.2018 comparing to the 09.07.2018
irrigation system.
The same difference is apparent and to date trimming, the irrigated system is influencing with few days
the precocity. The height of the insertion of the cobs is 54 cm, respectively 69 cm. total numbers of leaves is 8
and 9 leaves and plant drought resistant number received note 8 and note 9 in non-irrigated system in irrigation
system. Also the length of an average value presents panicles of 67 cm 58 cm respectively, being lower in nonirrigated system. The length of the comb has appreciable sizes 13.8 cm at non-irrigated system and 18, 2 cm at
irrigated system. The number of plants dry out prematurely in non-irrigated system is 4, and in the irrigated
system is 0.

Fig.3. Physiological properties and biometric measurements in ES METHOD corn hybrid in non-irrigated and
irrigated system. Year 2017

Fig.4. The physiological characteristics of corn plants and the marks given for the two systems. Year 2018

Regarding the general appearance note in non-irrigated system was rated note 7, and in irrigated
system 9. By the number of the plants which have come to be harvested, there are 12at non-irrigated system
plants and irrigation system to 64, with a number of 12, cobs 64 respectively. Yield in grains was 32% and
respectively 86%, and their humidity 20.4 18.6% respectively. Data and notes are included and in (Fig. 3 and 4).

CONCLUSIONS
Trough the morphological characterization of a plant of the and corn cobs from the ES METHOD hybrid,
led to the conclusion that it shows a real interest to recommend taking in the crop on those soils that have been
made experiences.
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The irrigation system has positive values from all points of view of morphological studied, but keeping in
mind that in this area there are a few places that can be irrigated, and results in non-irrigated system by hybrid
ES METHOD were good.
In light of the characterization of the area as a poor location area both thermal and hydric but through
the qualitative traits of this hybrid and the strength of the Fusarium attack card, as well as the breaking and
falling, it is recommended to be taken in the crop .
Due to warm summers, physiological maturity is reached of this hybrid by the end of august making it
possible to his earlier harvesting, thus freeing up agricultural land as soon as possible in order to carry out
agricultural works forthcoming.
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ABSTRACT
The dams are those earth dams created periodically between the ridges of the fences obtained behind
rares or knives chisels, small dams formed in the soil processed to the crops of pruning plants, irrigated as well
as non-irrigated, located on lands slightly inclined in arid and semi-arid areas, where water is the decisive factor
in obtaining satisfactory harvests. This practice has begun to be widely adopted in the last period due to the
emergence of new technologies applied for the control of the weeds and the improvement of mechanical
equipment for dam construction. [6] The present paper proposes to present the most used types of equipment
used in the subdivision of the furrows.
REZUMAT
Digurile sunt acele baraje de pământ create periodic între crestele brazdelor obținute în spatele unor
rarițe sau a unor cuțite daltă, baraje mici formate în solul prelucrat la culturile de plante prășitoare.
Compartimentarea brazdei este o metodă de conservare a solului și a apei folosită atât la culturile irigate cât și
a celor neirigate, situate pe terenuri înclinate ușor în zone aride și semiaride, unde apa este factorul hotărâtor în
obținerea unor recolte mulțumitoare. Această practică a început să fie adoptată pe scară largă în ultima
perioadă datorită apariției noilor tehnologii aplicate pentru controlul buruienilor cât și a îmbunătățirii
echipamentelor mecanice pentru construirea digurilor. [6] Lucrarea de față își propune să prezinte cele mai
utilizate tipuri de echipamente folosite la compartimentarea brazdelor.

INTRODUCTION
One of the most important and oldest activities of man is agriculture. This activity began with the
establishment of man in certain areas and the emergence of small communities. Thus, hunting and fishing was
no longer the main source of food, agriculture being able to meet the food needs of the community. The climate
changes and the instability of the weather caused the water reached the plants to vary so much that a sufficient
and safe production could not be guaranteed, solving the problem with irrigation solution [7].
Water management or uniform storage along the plant row is done using continuous or
compartmentalized (interrupted) furrows.
The work of open furrows, also known as rattar (soil modelling) is initially performed with horse
drawn ropes, is performed with machines that work in aggregate with a tractor, machine on which is
mounted equipment for executing continuous or furrow fences This machine has components that make the
channel whose section is in triangular form and the modelers who perform its finishing and obtaining the
final section in parabolic form.
For the execution of the interrupted furrows the machine has the components for making the fences
and rotors with pallets for modelling and interrupting them by forming dams (plugs). The number of work
sections is determined according to the sowing scheme and the interval between rows processed
(processing can be performed on each interval or at two intervals depending on the soil structure).
When executing continuous or interrupted furrows, the aim is to obtain an enlarged section of the
fence necessary to accumulate and transport as much water as possible. The interrupted watering furrows
are necessary on the lands with slopes or slopes that cause the drainage and accumulation of water in
micro-depressions, lands that have been arranged for irrigation by sprinkling, using fixed installations or
mobile. Distribution of water on the lands where watering furrows have been executed for the crops of
weed plants is carried out with low pressure systems LEPA. [2]
388

INTERNATIONAL SYMPOSIUM

a
b
Fig.1 Continuous and subdivided furrows after rain a)[2], b)[19]

The subdivision of the furrows is currently used to combat soil erosion in areas with high annual amounts
of rainfall and low intensities. In areas with low annual rainfall but with high intensities, the fencing is used to
collect water.
The equipment for dam construction varies from rotors and shovels to complex hydraulic aggregates with
rotor with mechanical trigger. At that time, the equipment commonly used was of the push type that has one,
two or three blades that move when loaded with soil, thus depositing the soil and forming a small barrier. Most
elements move due to accumulation pressure of the soil in the front of the pallet and works well in loose, soft,
sandy or clay soils. The distance between the dams formed between rows depends on the conditions of the
terrain and the speed of movement of the tractor, obtaining distances of 1-2m frequently. The work of digging
between rows is not performed independently, it is done in combination with other works such as sowing or
maintaining crops, making the costs of this work not significant.[6]

a

b

c

d
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e
f
Fig. 2 (a, b, c, d, e, f) Constructive solutions of equipment for compartmentalizing watering furrows [18]

Among the equipment used is Dammer - diker that uses shovels mounted in a wheel-type arrangement to
create small pools. This basin formation operation increases the infiltration phenomenon, reduces erosion and is
applied on inclined lands. Diker was developed in Australia [6]

a

b
Fig.3 (a, b) Equipment Dammer Diker, [8]

MATERIAL AND METHOD
The constructive and functional analysis of the mechanically actuated equipment for opening and
compartmentalizing the watering furrows used in vine plantations and in the technology of crop plants implies
the need to study the constructive characteristics of these equipment, the operation and the work process
executed by them, so that it can be recommended the best constructive solution that can be considered.
Types of equipment used for compartmentalization:
1. Folding equipment with hydraulic drive Cloisonneur interbuttes.
The equipment consists of a hydraulic drive system and rollers, allowing the metal shovels to move up and
down. Each shovel is provided with a protective spring, under which action is avoided by bending them when
contacting the stones. Speed, spring pressure and the height of the shovels are adjustable. The whole system
descends and rises with cranks. The machine thus forms small piles of soil along the channel that prevents
water and soil leakage, especially on inclined lands.

Fig.4 Fodder compaction equipment Cloisonneur interbuttes, [9]
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2 Compartmentalization equipment produced by ZIBO Netherlands
The equipment produced by ZIBO Netherlands is also made up of a hydraulic drive system as in the case of
Cloisonneur interbuttes equipment. Each blade is driven by a hydraulic cylinder that moves up and down them so
that alternative minibars can be obtained at the established distances required for water and soil retention, thus
limiting the phenomena of soil erosion and soil erosion. Each working section is provided with protective springs that
allow lifting of the shovels when encountering obstacles and with adjustable crank systems.

Fig.5 The compartmentalizing equipment produced by ZIBO [10]
3. Equipment Terra Protect

To limit the risk of leakage and transfer of soil and plant protection products in the event of a violent
storm after planting, Grimme now offers the Terra Protect device, replacing the Dyker propeller device, to form
mini-dams between rows. There are two versions, mechanical or hydraulic. , and offers the possibility to adjust
the distance between each small dam. [11]

a
b
Fig.6. Terra Protect equipment a) mechanical version, b) hydraulic version [11]
4. Equipment La Berbutte

T
The equipment La Berbutte is also provided with a hydraulic system for actuating the shovels which are
fixed to the support of the wheels with spurs. The presence of the spur wheels allows greater flexibility of the
work sections but also increases the capacity of accumulation of an amount of earth in front of the shovels,
which causes the volume of retained water of the microbreweries to increase.

Fig.7 Equipment La Berbutte [17]

5. Equipment Cottard Barbutte
This system is simple and completely mechanical, namely a spinning wheel coupled to a curved bead
that scratches the ground and rises at regular intervals of 1.60 m to form a dam between mounds. This system,
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cheap, prevents erosion. The device can hold 20 to 30 liters of water / m² during a heavy rainfall. This water,
which infiltrates, enriches the water supply that can be profitable in the driest periods. Prevention of diseases is
a major asset. The floors are less washed and the plant protection products remain in place. which actuate the
arm at the end of which the shovel is located, and the lowering is performed when the roller has no contact with
the arm [12].

Fig.8. Equipment Cottard Barbutte [13]

6. Equipment Briggs Tied Ridger
The Briggs Tied Ridger equipment was developed to prevent rainfall and irrigation water from flowing
crops on sloping soil, thereby dramatically reducing surface erosion, reduced fertilizer losses and reduced water
demand. The machine incorporates snow wheels specially designed to form and press dams of uniform
dimensions and distances, which will be effective even on light terrain. It is heavily ballast and runs on a wheel
in depth each row. Hydraulically operated free wheel is mounted on both lines; this overrides the trigger
mechanism and allows the blade to rotate freely during operation. The rear wheel distance can be adjusted
simply by undoing the sub-frames and sliding them along the main frame. good quality, it is important that the
recommended speed of 3 km / h is not exceeded. The ridge will erode throughout the year and the rate of
erosion will vary depending on the quality of the dam made first and the type of soil. If the dam remains intact
throughout the season, it will be necessary to consider the use of knives to eradicate the ridge either in front of
the harvester or in a previous operation.[14]

a

b

c

d

Fig.9 (a, b, c, d,) Briggs Tied Ridger equipment and channel profile created by it [15],[16]

CONCLUSIONS
Fog compartmentation is a practice of soil and water conservation that can be applied to crop crops
whose technology is included or not irrigation. The equipment at a reasonable price is available to carry out the
subdivision of the fence to the crops infinite on most types of soil. Cotton, sorghum, potato, sunflower and corn
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have responded well to the technology that also includes the compartmentalization of fences. The conditions
that determine the unsatisfactory results in the cultures in which the technology was included and the
compartmentalization of the foxes are due, in ordinary, weak control of his weeds al excessive water retention
on the soil surface which can restrict planting and cultivation in a timely manner. The influences on the
productions that are obtained in the case of the crops in which the compartmentation of the fences has been
realized are variable under conditions of dry culture. When the rain was not in time or was insufficient to make
the leakage the benefits of compartmentalization were masked.1]
Depending on the crop, the slope and the structure of the land, the type of equipment can be chosen so
as to recover a sufficient amount of water needed to obtain satisfactory productions.
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ABSTRACT
Climate changes that have taken place in recent years in our country have led to the desertification of
arable land due to another phenomenon, namely the lack of irrigation systems, where the establishment of
cereal crops has become an important issue to be debated. The smaller grain yields per unit area make them
no longer profitable for farmers, and the land remains uncultivated and subjected to the aridity process.
In the present paper I will try to clarify the importance of knowing the germination period of some seeds grown in
these dry areas, where the drying period after germination is induced by their resistance to drought and how
many germinable grains remain viable. Experiences have been determined in the laboratory under natural
conditions of temperature, humidity and brightness.
REZUMAT
Schimbările climatice care au avut loc în ultimii ani în țara noastră, au condus la deșertificarea unor
terenuri arabile s-au din cauza unui alt fenomen întâlnit și anume lipsa sistemelor de irigații, unde înființarea
unor culturi cerealiere a devenit o problemă importantă de dezbătut. Producțiile tot mai mici de cereale obținute
pe unitatea de suprafață fac ca acestea să nu mai fie rentabile pentru fermieri, iar terenurile rămân necultivate și
supuse procesului de ariditate. În prezenta lucrare, voi încerca să precizez, importanța cunoașterii perioadei de
germinație a unor semințe cultivate mereu în aceste zone secetoase, unde este indusă perioada de uscare
după germinare urmărindu-se rezistența acestora la secetă și câte boabe germinabile rămân viabile.
Experiențele au fost determinate în laborator, în condiții naturale de temperatură, umiditate și luminozitate.

INTRODUCTION
The study of plant response to climate change today characterizes the entire agricultural research,
regardless of soil types. Maybe, however, sandy soils are of particular interest. Unfortunately, the lack of interest
of decision-makers, perhaps of understanding, of MADR, MEC; MF regarding the importance of such research,
but especially the cost of such research, will cost us in the future much more! (Victor L., 2016 ).
In order to better understand why the sandy soils are closely related to the drought, we start from the
description given by (Ciulache S., Nicoleta I., 2003) that the drought is a complex meteorological phenomenon,
characterized by the insufficient or total absence of precipitations corroborated with high air temperatures and
high saturated saturation deficits extended over long periods of time, which is why many crops are
compromised due to lack of water and irrigation systems. The combined influence of the variety and the culture
technology leads to changes in the main physiological characteristics that can influence the production of large
quantities (Pandia O., 2006; 2005).
In 2017, Bonea Dorina, presents in the paper "Effect of climatic conditions on corn yield and quality in
the central part of Oltenia", an evaluation of the interaction of the x genotype in terms of yield and quality
components of maize hybrids under different climatic conditions with reference to sandy soils. The same author
describes in his work in 2003 the influence of climatic conditions on grain yield and crude protein content in
maize grains, with direct reference to the importance of knowing the accumulation of grain-based nutrients
depending on the climatic conditions and the type of soil on which culture is established (Bonea D., Urechean
V., Naidin C., 2013).
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Since sandy soils are prone to longer periods of drought and lack of rainfall, the choice of varieties or
hybrids to be taken into culture must be given special importance. On sunny areas, sunflower is also cultivated,
but the yields are small. Thus, in (Bonciu E., 2009) author of the book: Aspects of genetics and sunflower
amelioration comes with research on the behavior of some sunflower genotypes that are grown under different
conditions in the central area of Oltenia.
Because the sands are unstable soils and have special technologies for their cultivation and cultivation,
it is of particular importance recently the preservation and preservation of the sands, and the "The result of poor
agricultural practices regarding the quality of the sandy soil in southern Oltenia" by (Saracin I., and his
collaborators, 2013), comes with clarifications and recommendations in this respect.

MATERIAL AND METHOD
Laboratory method
To verify what was proposed, I decided to determine germination in some sunflower seeds, wheat, corn,
sweet corn, rye, and oats.
From each batch we took 100 seeds and separate the sample for the blank. Before we were germinated
we calculated MMB (mass of 1000 grains) for each batch (ICPA, Bucharest, 1980).
After the germination period, the germinated seeds were subjected to the natural drying process by
interrupting the water soaking in different time periods, namely: 3-6-9-12 days. After the biometric
measurements and interpretation of the results, the seeds were seeded in the soil characteristic of the study
area under the same conditions of temperature and humidity and laboratory conditions.
Since different measurements were made depending on the size of the root and the time of induced
hydric stress, measurements were made for each variant of the plants remaining viable compared to the control
which was not subjected to the induced drying time.
An important role in the crops set up on these soils is the dry matter, which was determined in the
laboratory by drying, being also influenced by the drying time after germination and the culture under
experimentation.

RESULTS
In order to highlight the results obtained, the plants were studied with biometric measurements.

Fig.1. MMB seeds sampled prior to germination

The seeds were placed in Petri dishes on 05.02.2019, where they had substrate filter paper and wetted
for germination. Room temperature is 210 C, air humidity is 41%.
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Photo.1. Sample preparation for determinations

For proper germination analysis, the water content of each seed lot was determined at the beginning of
the experiment, but also throughout the study period in order to establish the critical point of root penetration
and measure it until germination was completed. During the germination period and until its completion, radicle
measurements are made at each batch of seed where well-developed plants are selected and transferred to
vessels containing the argiloiluvial soil collected from the farm. We say the hydric stress period according to the
desired period: 3,6,9,12 days, during which biometric measurements are made.

Fig.2. Radicle measurement and percentage of viable plants for the specified period

The percentage of viable plants for each batch of seedlings is shown in the figure 2 where it can be
seen that the differences obtained for each crop are influenced by the different time allowed for drying, but also
by the size of the radicle, respectively, of 0.4 and 3 cm.
For this reason, it can be noticed that the germ-seed sunflower starts from 97.5% for the size of the root of
0.4 cm and decreases to 73.8 for a 12-day break. The higher the root of 3 cm, the lowest the drying time is 56.2.

Photo.2. Measurement the root in the seed studied
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In Olt corn, at a 0,4 cm root, the viable plants decrease 87,5 for 3 days rest until 75,4 for 12 days rest.
For a 3 cm radius, the smallest value is met at the 12-day rest of 58.3. The maize is recorded for the 12-day rest
but with a 0,4 cm radius the value of 70,1 viable plants in a slight decrease for the same period but with a 3 cm
root of 57,8.
For Glosa wheat, viable plants decrease as the drying time increases, and for a 0.4 cm radius, the
highest value has a 3-day break of 85.2 and 76.3 for a 3 cm radicle.
In the Matador grape variety, the differences in viable plants are smaller, being a variety suitable for this area
and even if there are drought periods of over 12 days, the lowest number of viable plants is found at the 3 cm
corner. , 8 and the highest of 98.8 at the root of 0.4 cm.
Mureşana Oats, performed well with results of 81.5 viable plants for a root of 0.4 cm and 60.8 for a root
of 3 cm but for 12 days of drought.
The need to demonstrate the importance to be given to varieties, hybrids or crops that are set up in
these dry areas makes it necessary to know the determinants of the continuation of vegetative flow after
germination.
Thus, it was determined:
- Moisture of the sprouted grains before drying;
- Moisture of the grains germinated after drying;
- Concentration of root cell juice.
Depending on the size of the radicle and the drying time that are influenced by the water absorption process, we
determined the concentration of the existing cell juice in the embryonic roots.

Fig.3. Detremination of the humidity of the sprouted grains

Photo.3. Detremination of the humidity of the sprouted grains
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From the graphs shown, the humidity of the grains measured after drying is different depending on the
size of the radicle and the drying time subjected to water stress. Thus, humidity decreases in all the corn batch
lots, where from 8,5 drops to 6,4 for a 0,4 cm root and 8,4 corn to 6,8. But the sunflower behaves differently, so
at a 0,4 cm radius, the maximum moisture value is 8,2 compared to the 3 cm radicle where the value is 5,2.
Rice, oats and wheat meet slightly descending values depending on the size of the root and the water-standstill.
The smallest values are found in all batches where the rest period is 12 days.

Photo.4. Transfer of seed germinated into sandy soil

The seeds that resisted during this period are transferred to other Dabuleni soil pots and seeded at a
depth of 2.5-3 cm in the same natural environment, not before establishing the main agrochemical elements
existing in the soil.

Fig.4. Agrochemical properties of the studied sandy soil. Source: Authors

The results obtained from these measurements were strongly influenced by the vegetative continuity of
the seeds after the drying period. Even if the size of the root is the same for each plant, some lose their
properties while the sowing time passes.
The same phenomenon occurs during the growing season in the field, when the crops are water-free,
which leads to compromised crops, which exhibit plant intakes on the surface unit, low and low quality crops.

CONCLUSIONS
After knowing the results obtained in the laboratory, we can formulate the following conclusions:
Drought resistance of crops depends very much on the germination period and after germination.
The well developed root system leads to viable, strong and resistant crops.
Sandy soils through flawed exploitation and improper use of fertilizers can completely compromise crops
when drought occurs.
It is necessary to cultivate varieties or hybrids that are resistant to drought, diseases and pests.
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ABSTRACT
This paper comes from a study of four maize hybrids sown in Dobrotesti commune, Dolj county, which
are cultivated in different variants of plant density per hectare, in order to determine the influence the foliar
system can have on the production average grain returns per 1 dm2 of leaf, knowing that the number of leaves
denotes the vigor of the plant, but with influences on the vegetation period.
The four hybrids have been selected for their resistance to water and thermal stress that is established
in the S-V Oltenia areas, and the Olt hybrid is the most demanded for farmers to be cultured. As a result of the
biometric determinations, all four hybrids behaved very well to the hydro and thermal stress conditions, but the
Olt hybrid showed the most significant results for each determined element.
REZUMAT
Prezenta lucrare vine cu un studiu efectuat pe patru hibrizi de porumb semănați în comuna Dobrotești,
județul Dolj, care sunt cultivați în variante diferite privind densitatea plantelor la hectar, în scopul stabilirii
influenței pe care o poate avea sistemul foliar în ceea ce privește producția medie a boabelor ce revine pe un 1
dm2 de frunză, știind că numărul de frunze denotă și vigoarea plantei respective dar cu influențe asupra
perioadei de vegetație.
Cei patru hibrizi au fost selectați pentru rezistența lor la stresul hidric și termic care este stabilit în
zonele din S-V Olteniei, iar hibridul Olt este cel mai solicitat de către fermieri pentru a fi luat în cultură. În urma
determinărilor biometrice efectuate rezultă că toți cei patru hibrizi s-au comportat foarte bine la condițiile de
stres hidric și termic, dar hibridul Olt a prezentat cele mai semnificative rezultate pentru fiecare element
determinat.
INTRODUCTION
Knowing and using the climatic resources in agriculture is an important source of growth in plant and
animal production (Gloyne R.W., Lomas J., 1980) and agro-climatic risk management.
In this context, the superior valorization of the entire climatic potential of a certain geographical region,
as well as the knowledge of the risks affecting the harvest, is one of the basic conditions of its sustainable
development in economic and social terms (Bogdan O., 1999). So knowing and recommending to culture the
most valuable hybrids is of major importance to farmers. Due to the sandy soils that predominate in S-V Oltenia,
the adaptation of these hybrids or the attempt to make a selection only for those who are resistant to water and
heat stress is necessary (Pandia O., 2006; Saracin I., Pandia O., Gheorghe M., 2013). By increasing the
number of plants per square meter there is a significant increase in both the foliar surface obtained by all the
plants per unit area (square meter), expressed by the index of the foliar surface, and the total number of grains
obtained by a greater number of cobs / square meter. The direct relationship of the two productivity elements
with the sowing density has as its limit the decrease of the production produced by the plants (Victor, Vătămanu,
2015). Environmental factors have a greater influence on the protein content of bean protein-rich hybrids than
on the protein content of normal hybrids. The use of hybrids adapted to the crop area allows for significant
quantitative and qualitative production with satisfactory economic efficiency. The high production potential of
selected hybrids can bring a guaranteed profit in the case of an agricultural year with modest rainfall and loss of
plants due to excessive environmental conditions (Melut L.C., Dinca V., Mandache V., 2011). In the paper,
Aspects on the Concept of Stress, Heat and Drought in Corn Cultivation, (Melut L.C., Dinca V., Mihai Tr., 2014)
presented the concept of modern hybrids that have been greatly improved for stress-producing production in
bloom. In a recent study, 18 hybrids recorded between 1953 and 2001 (about 3 hybrids / decade) were tested
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for about 50 days under non-irrigated conditions, with only precipitation water. The genetic gain per year during
this period was under non-stress conditions (211 kg ha / yr) with 41% loss in blooming stress conditions and up
to 77% under stressful conditions when filling grains.
MATERIAL AND METHOD
The studies were conducted in 2017 in the commune of Dobrotesti in Dolj county, more precisely at the
agricultural company SC FLAMURA SA, a unit that takes care of 85 ha of agricultural land, cultivated with
various cereal crops in which maize culture holds the highest share.
Due to the climatic and soil conditions existing in this area, the plant needs the knowledge of maize
hybrids that can be sown under existing conditions. Four maize hybrids: Olt, DKC were studied. 3409, Biocrop,
and Kapitalis FAO 410, which were sown in four variants on different densities, namely: 100 / 31, 25 to 50.000
plants / ha; 100 / 43.75 to 35712,5 plants / ha; 100 / 56.25 to 27,750 plants / ha; 100 / 68.75 (22,750 plants /
ha). In order to determine the number of leaves, the biometric method [10] was used, where average samples of
each variant were taken at 100 plants.
The value of the correlation coefficient was also determined (± r). Depending on the average foliage
area and the yield of the grains on the obtained plant, the amount of grain expressed in grams per hectare of
each leaf dm2 was calculated.
RESULTS
For better experimentation, a new hybrid Kapitalis FAO 410 hybrid was taken separately, with high
genetic value but also high resistance to water and heat stress. It is cultivated on different densities: 100 / 31, 25
to 50,000 plants / ha; 100 / 43.75 to 35712.5 plants / ha; 100 / 56.25 to 27,750 plants / ha; 100 / 68.75 (22,750
plants / ha).
Depending on these densities, correlations were made on the average number of leaves per plant, the
calculation of the average leaf area of a plant expressed in dm2, the calculation of the grain production on a
plant expressed in grams, the calculation of grain production in kg / ha, the calculation of the coefficient
expressed in grams of grains for 1 dm2 of the leaf and the calculation for the correlation between the foliar
surface and the grain production (Hash V., Hash I., Tokatilis I., Mylonas I., 2008).

Fig.1. Correlation between the foliar surface and the grain production

From the data we can see that the number of leaves is influenced by the density of the plants, so in
variant I we have the highest density of leaves per plant, respectively 17.65, but also the number is influenced
by the leaf size which for these variants is less than 85.2375 dm2, and the second variant having a density of
35712.5 plants per hectare, the foliar surface is 104.075 dm2.
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With the growth of foliar surfaces for variants III and IV, the average number of foliar surface index
decreases from 16.8125 to 16.7 for variant IV but we have a more vigorous vegetative growth because of the
lower plant density per hectare and thus the foliar average surface area reaching version III with 106.8625 to
108.7125 dm2.
In the case of the calculation of average grain yields expressed in kg / ha, the results obtained show
that at low plant density per hectare, production decreases, the highest production is recorded in variant II with
5445 kg of berries and the lowest at variant IV with a density of 22,750 plants per hectare, the yield of berries is
only 4847.5 kg / ha.
Grain yields on one plant are those with the highest plant area, and in terms of grain weights per 1 dm2
of leaf, the best results are found in the more vigorous plants, respectively, for variant IV with 2.9 g / dm2 of
leaves and is continuously decreasing II followed by variant III and variant I showing the lowest value
respectively 1.9 g / dm2 of leaf. The ratio between the foliar surface and the grain production shows a significant
increase from the first variation to the IV variant when the value is 0.435.
Three other hybrids, Olt, DKC, were also taken into consideration for the reasoning of the proposed
ones. 3409 and Biocrop, hybrids also characterized for their resistance to water and thermal stress, of which the
Olt hybrid is most often taken in culture in this area with good results being adapted for soil and climate
conditions in Dobrotesti, but also the experimentation of the other two hybrids that besides the qualities of the
Olt hybrid also have increased resistance against diseases and pests. For these hybrids, only two densities
were taken, namely 50,000 plants per hectare and 22,750 plants per hectare.

Fig.2. The correlation between the foliar surface ratio and the grain production for the Olt, DKC 3409 and Biocrop hybrids

From the data obtained for the three maize hybrids experimented on minimum and maximum densities
from the Kapitalis FAO 410 hybrid, the best results were obtained by the Olt hybrid at a density of 50000 plants
per hectare in terms of the average number of leaves per hectare which was 18.2 versus the density of 22,750
plants per hectare with an average leaf count of 17.17. The other two hybrids with 17.92 and 16.5 respectively
for the DKC hybrid recorded a slight decrease for this item. 3409 and 18.01 and 16.7 for the Biocrop hybrid.
To study the average ISF of a plant per dm2 of the three hybrids the best results are obtained by the Olt
hybrid at a density of 50000 plants per hectare with a significant increase for the density of 22,750 plants per
hectare where the values reach 122.514 at 121.9870.
Depending on plant vigor and vegetative system, grain production expressed in kg / ha is positive for
high density variants and 5236.47 respectively for the Olt hybrid followed by the DKC hybrid. 3409 and Biocrop
with 5201.47 kg of berries per hectare.
Regarding the density of 22,750 plants per hectare, the results are decreasing, so the Olt hybrid has a
value of 4898.32 kg / ha compared to 4847.5 recorded in the Biocrop hybrid. Also, the single-plant grain yield
element was studied, the best values are obtained at the highest studied density, and the Olt hybrid has the
highest value of 132,312 g with a slight decrease in the DKC hybrid. 3409 of 131,615 and Biocrop with
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129,871g, instead of studying the same element at lower density production is upward from the Olt hybrid to the
other two hybrids studied from 203.6 g to 20.4 and 200.5 g respectively.
Calculation of the grain ratio in relation to 1 dm2 leaves the Olt hybrid to record positive results for both
densities, namely 2.1 and 3.2 g / dm2. Calculation of the correlation between ISF and grain production makes all
Olt hybrids achieve positive results at a density of 50000 plants per hectare, ranging from 0.29764 to 0.28110
for the Biocrop hybrid. Not the same result is recorded at the density of 22750 plants per hectare where the
values increase; the Olt hybrid has the value between 0.483 g, DKC. 3409 g has a drop value of 0.454 g, and
Biocrop reduces slightly to 0.435g.
From these biometric determinations, hybrids that are more experienced than the Olt hybrid have lower
values but can be taken in culture because the foliar appliance is well developed and can provide high yields in
water and thermal stress deficiency areas.
CONCLUSIONS
After studying the four maize hybrids sown in Dobrotesti, he has many important elements that make
them to be cultivated in the dry areas. Existing in the South - West of Oltenia.
The most important element to take into account is the density of the plants per hectare where the Olt
Hybrid obtains the best results followed by the Biocrop hybrid.
The grain yield reported for the four hybrids is a normal production characteristic of them and deserves
to be taken in crop but for high plant density relative to the surface unit.
The well-developed foliar system gives rise to vigorous plants and a large grain production. It is
recommended that all three new hybrids with good genetic dignity be promoted and in addition to the Olt hybrid
have a great capacity to adapt to this area and resistance against diseases and pests.
ACKNOWLEDGMENTS
This work is elaborated as a result obtained through experimental and scientific collaboration of the
company SC Flamura SA, from Dobrotesti, Dolj County, Romania.
REFERENCES
[1] Bogdan O., (1999), Key Climatic Characteristics of the Romanian Plain, "Geography Communications",
III, Bucharest University Publishing House, pp. 267-281
[2] Gloyne R. Lomas W. J., (1980), Lectures Note for Training Class II and Class III Agricultural
Meteorological Personell, W.M.O., Geneva, Switzerland, pp. 260
[3] Hash V., Hash I., Tokatilis I., Mylonas I., (2008), Analysis of some parameters in the realization of the
production potential and capacity in maize, INCDA Fundulea, Vol. LXXVI
[4] Ciprian L., et al., (2011), Risks involved in the cultivation of hybrids of maize in water and heat stress
conditions in the north-east of Romania, Lcr. Şt., Seria Agronomie, USAMV Iaşi, Nr. 54
[5] Melut L. C., Dincă V., Mihai Tr., (2014), Conference: Agriculture Transilvana - SCDA Turda, At Turda,
Cluj, Volume: Agricultura Transilvana, Nr. 21
[6] Povară R., (2005), Utilization of the Thermal Potential of Oltenia Field in Agriculture, in the Annals of
Spiru Haret University, Geografie Series, no. 8, pp. 34-40
[7] Pandia O., (2006), Research Regarding the Effect of Fertilizers upon Maize Production and Quality,
Doctoral dissertation, Timisoara
[8] Pandia O., (2005), Proceedings of the International Conference 12-13 May, Sibiu, Agricultural and Food
Sciences, Processes and Technologies, pp.241-244
[9] Saracin I., Pandia O., et al., (2013), The result of inappropriate farming practices on the quality of sandy
soil on south Oltenia, ProEnvironment /ProMediu 6(2013) Bio Flux, Cluj Napoca, pp. 459-462
[10] Vătămanu V., (2015), AgriMedia Magazine, No.5

403

INTERNATIONAL SYMPOSIUM

ASSESSMENT OF DESIGN OPERABILITY OF CARDAN JOINTS TEST STAND
/
ОЦЕНКА РАБОТОСПОСОБНОСТИ КОНСТРУКЦИИ СТЕНДА
ДЛЯ ИСПЫТАНИЙ КАРДАННЫХ ШАРНИРОВ
Pastukhov A.G. 1), Kazantsev S.P. 2), Kravchenko I.N. 2)
1)

Belgorod State Agricultural University named after V. Gorin, Russia
2)
Russian Timiryazev State Agrarian University, Russia
Tel. +79606276818, Е-mail: pastukhov_ag@mail.ru

Keywords: resource test, stand, power contour, cardan joint
ABSTRACT
Development of perspective designs of cars, tractors and mobile combines and their components of "the
outrunning level" comes to the end with bench fail-safe tests at working off of technological designing process
and production, maintenance operation and repair of machines in operation. In practice of designing of test
benches the problem of strength is connected with ensuring durability of the assembly units realizing extreme
loadings when modeling conditions of loading. The analysis of trends of development of designs of stands
confirms evidence of improvement of the coaxial scheme of power circuit and modeling of dynamic change of
corner of break of cardan hinges in three-dimensional space. Criterion of perfection of design of the stand and
the developed test procedure is formation and manifestation of refusal of cardan bearing mount assemblies
similar to service conditions.
РЕЗЮМЕ
Разработка перспективных конструкций автомобилей, тракторов и мобильных комбайнов и их
компонентов «опережающего уровня» завершается стендовыми испытаниями на надежность при
отработке технологических процессов проектирования и изготовления, технического обслуживания
и ремонта машин в эксплуатации. В практике конструирования испытательных стендов проблема
прочности связана с обеспечением долговечности сборочных единиц, реализующих экстремальные
нагрузки при моделировании условий нагружения. Анализ тенденций развития конструкций стендов
подтверждает очевидность совершенствования коаксиальной схемы силового контура и
моделирования динамического изменения угла излома карданных шарниров в трехмерном
пространстве. Критерием совершенства конструкции стенда и разработанной методики испытаний
является формирование и проявление отказа карданных подшипниковых узлов аналогично условиям
эксплуатации.

INTRODUCTION
The main objective of development of agriculture in the developed countries of the world is formation of
conditions for development of scientific and technical activity and obtaining results of transport and technological
machines, necessary for creation, of "the outrunning level" which will provide substantial increase of labor
productivity and high level of kickback of scientific and technical resources. In particular, on the maintenance of
technical systems in the developed countries it is spent at 10-15 times more means, than for their creation, at
the same time low reliability of the equipment is real threat, both for the environment, and for mankind (Makarkin
N., 2001).
Issues of modernization of repair production of services and creation of the specialized test and repair
and technological centers are directed to improvement of quality of technical service of transport and
technological machines in operation that will provide reliability of the equipment (Chernoivanov V., Lyalyakin V.,
Golubev I., 2016).
When developing perspective designs of units of mechanical transmissions of transport and technological
machines for assessment of level of their reliability carry out the accelerated resource tests on the specialized
bench equipment on functional and technical indicators (Velichkin I., 1999a; ***, 1990). At the same time
requirements of completeness of modeling of parameters of the modes of the nominal and forced loading are
imposed to designs of stands (Velichkin I., 1999b) similar to service conditions (Velichkin I., 1999c).
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The analysis of trends of development of designs of the bench equipment for the accelerated resource
tests of units of mechanical transmissions on the example of joints of drive lines has shown that the most
effective is development and improvement of design of power circuit on the basis of the coaxial layout of the
technological and experienced drives with preservation of physical picture of formation of refusal of the tested
objects. At the same time issues of strength ensuring operability of test benches are resolved in terms of design
features, specific loading and kinematic configuration of mechanical transmissions with drive lines which have
low reliability (Erokhin M., Pastukhov A., 2008; Sărăcin I., Pandis O., Sărăcin I.A., 2017).
In the real work authors solve problem of assessment of operability of the coaxial scheme of power
circuit of the stand for the resource accelerated tests of drive lines on the basis of analytical probes of ratio
of loading on the contact tension and durability of bearing mount assemblies of the technological joint and
the tested cardan joint VII of standard size with needle bearers 804707K4C10.

MATERIAL AND METHOD
Development of step-by-step tests in modern mechanical engineering promoted creation of specialized
stands for experimental assessment of resource of the serial, upgraded and repaired hinges of drive lines, at the
same time in the field of designing of stands questions of full modeling of the operational factors affecting
reliability of drive lines and strength justification of their design are not taken up. The analysis of technical
means shows that the existing stands do not provide full modeling of operational factors, for example, regarding
dynamic change of corner of break of cardan joints that reduces reliability of results of tests.
Most fully the potential of mechanics of power circuit is realized by the scheme of coaxial arrangement of
the technological (loading) and tested elements. On the basis of pilot model of the stand on US 970169 the
upgraded stand is developed for the accelerated resource tests of cardan joints of unequal angular speeds in
which the device for modeling of dynamic change of corner of break of joints in three-dimensional space is
entered (fig. 1).

Fig.1 – Kinematic scheme of the stand for the resource accelerated tests of cardan joints
1 – electric motor; 2 – elastic clutch; 3 – bearing part of the leading shaft; 4 – leading shaft; 5 – leading fork of the technological joint; 6 – the
leading fork of the tested joint; 7 – crosspiece assembled with needle bearers; 8 – conducted fork of the tested joint; 9 – conducted fork of
the technological joint; 10 – ring crosspiece of the technological joint assembled with needle bearers; 11 – conducted splined shaft; 12 –
bearing part of main shaft; 13 – connecting rod gear; 14 – motor reducer; 15 – worm-and-wheel gearbox; 16 – horizontal frame of change of
corner of break; 17 – vertical frame of change of corner of break with the index; 18 – torsion hollow strain gauge shaft; 19 – levers of the
device for loading; 20 – carving couplers with dished washers; 21 – stand base

The upgraded stand contains (fig. 1): drive gear as a part of electric motor 1, elastic clutch 2, fixed bearer
3 and the leading shaft 4; the power circuit turns on the internal tested cardan joint with the leading fork flange
6, crosspiece 7 assembled with needle bearers and the conducted fork flange 8, and the external technological
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(loading) joint with ring crosspiece 10 assembled with needle bearers, leading 5 and conducted by 9 forks; the
loading device containing torsion shaft 18 with strain gauge link, levers 19 and carving couplers 20 with dished
washers; the device for dynamic change of corner of break put in action by connecting rod gear 13 through
reducer 15 both motor reducer 14 and the shaft incorporating vertical 17 and horizontal the 16 framework with
indexes of corner of break, splined shaft 11 and bearing part 12; all described assembly units are mounted on
the basis of 21 of the I-beam and channel wooden blocks.
The mode of behavior of the described stand consists in modeling of the following factors of loading: 1)
torque in power circuit create by means of levers 19, carving couplers of 20 and dish-shaped springs;
2) emergence of forces of inertia realize at rotation of power circuit of the stand drive gear; 3) oscillating motion
of rollers of bearing mount assemblies with variable amplitude and frequency is reached by change of corner of
break of the joint with the device mentioned earlier; 4) dynamic axial forces and shifting jerks arise at rotation of
the loaded joint with variable corner of break. The technique of bench tests provides control and measurement:
torque, the level of vibration, rotary speed, corner of break, temperature in bearing mount assemblies, duration
of tests, tension and deformations of elements of the joint, wear of bearing mount assemblies on the basis of the
current measurements in them district radial play.
Due to the formation of refusal of bearing mount assemblies of the technological and tested joints
because of contact fatigue life cycle of joints of drive lines is determined by durability of cardan needle bearers
by the equation (Erokhin M., Pastukhov A., 2008)

2,2 ⋅106
Lha =
n ⋅ β ⋅ ∆Н

 С ⋅ (H − Lw ) 
⋅
 ,
 T ⋅ Kd 
m

(1)

where:
Lha – period of operation of the drive line, [hour];
n – rotary speed of the drive line, [min-1];
β – break corner in cardan joints, [grad];
ΔH – initial radial play in bearing mount assemblies, [micron];
С – dynamic loading capacity of needle bearer, [N];
Н – distance between butts of thorns of the crosspiece, [mm];
LW – length of needle roller of the bearing, [mm];
m – exponent of curve fatigue of material of details of bearing mount assembly;
Т – transferred torque, [N·m];
Kd – dynamic factor.
Dynamic loading capacity of needle bearer has constructive and technological character and is
determined by formula (Perel L., Philatov A., 1992; Erokhin M., Pastukhov A., 2008)

С = fC ⋅ Z

3

4

⋅ Dw

29

27

⋅ Lw

7

9

(2)

,

where:
fc – factor of geometry of details of needle bearer, accuracy of their production and material [N/mm2];
Z – number of needle rollers among needle bearer;
Dw – diameter of needle roller, [mm].
Contact tension in any point of the contact platform of the cardan bearing at initial linear contact piece is
determined by formula (Perel L., Philatov A., 1992; Birger I., Shorr B., Iosilevich G., 1993)

σH =

2⋅Q
Q
π ⋅ LW ⋅ 3,34 ⋅10 ⋅
Σρ ⋅ LW
−3

,,

where:
σН – contact tension in point contact piece of bodies of the cardan bearing, [МPа];
Q – load of the most loaded roller at normal radial play, [N];
406

(3)

INTERNATIONAL SYMPOSIUM

Σρ – sum curvature roller of the bearing and thorn of the crosspiece, [mm-1].
Load of the most loaded roller of needle bearer at normal radial play is determined by formula (Perel L.,
Philatov A., 1992)

Q=

5 ⋅ Fr
,
i ⋅ Z ⋅ cos α

(4)

where:
Fr – rated radial force on the bearing at torque transfer, [N];
i – number of rows of bodies of swing in the bearing;
α – angle of contact piece in the bearing, [grad].
The radial force operating on needle bearer in the joint is determined by formula:

Fr =

103 ⋅ T
⋅K
(H − Lw )

,

(5)

where:
K – loading factor.
Geometrical parameters of the contacting bodies at assessment of contact tension are considered by
calculation of the sum curvature needle roller and thorn of the crosspiece on formula:

Σρ =

2
D
Dw ⋅ 1 − w 
Do 


,

(6)

where:
DW – diameter of needle roller of the bearing, [mm];
Dо – average diameter of the bearing on the centers of rollers, [mm].
The fatigue nature of formation of refusal of bearing mount assemblies for technical system in the form of
the stand leads to application of the equation of interrelation of loading on contact tension in bearings and their
durability on the basis of the equation curve Veller (Birger I., Shorr B., Iosilevich G., 1993)
m
σ Htm ⋅ Lht = σ Hw
⋅ Lhw = const ,

(7)

where:
σНt, σНw – contact tension in bearings of the technological and tested joints, [МPа];
Lht, Lhw – durability of bearing mount assemblies of the technological and tested joints, [hour].
For ensuring operability of power circuit of the stand it is necessary to execute settlement assessment of
elements of power circuit in parameters of loading and durability on the basis of strength condition on contact
fatigue.

RESULTS
For carrying out comparative quantitative assessment of strength and durability of elements of power
circuit of the considered stand it is necessary to make the settlement scheme of efforts when loading by the
torque of the technological and tested joints on the basis of the coaxial scheme of configuration of power circuit
(fig. 2).
On condition of balance of torques in the technological and tested joints we receive ratio of radial efforts
taking into account the radius of rotation of bearing mount assemblies (fig. 2)

Frt ⋅ Rt = Frw ⋅ Rw ,
where:
Frt, Frw – radial force in bearings of the technological and tested joints, [N];
Rt, Rw – shoulder of action of radial effort in the technological and tested joints, [mm].
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Fig.2 – Settlement scheme of radial efforts in power circuit of the stand

For carrying out comparative settlement assessment of contact tension and durability of the technological
and tested joints at tests it is necessary to accept some basic data (Erokhin M., Pastukhov A., 2008): Н=147
mm, LW=21 mm, β=12°, ΔH=70 micron, Т=2000 N·m, Kd=1.5, m=6.66, fc=40 N·mm-2, Z=19, Dw=3,0 mm, i=1,
α=0°, K=1.5, Dо=36,635 mm, Rt=355 mm, RW=126 mm, for steel 20HGNTR GOST 4543-71 (20MoCr2-2 EN
10083) at HRC>58 extreme contact tension are equal σHp=3000 МPа.
On the basis of formula (8) we establish that radial force on bearing mount assembly in the technological
joint is less than radial force on bearing mount assembly of the tested joint at 2.82 time.
Calculating consistently sizes by formulas (6), (5), (4) and (3) we receive ratio for dependence of contact
tension in bearing mount assemblies from torque:
- for technological joint

σ Ht = 25.1 ⋅ Т 0.5 ,

(9)

σ Hw = 42.0 ⋅ Т 0.5 .

(10)

- for tested joint
The analysis of the equations (9) and (10) shows that the loading of the technological joint on contact
tension is 1.67 times lower, than in the tested joint.
On the technological and tested joints, respectively, from condition of contact strength, we determine the
largest level of loading of the stand by torque

 σ Hp   3000 
 ≤ 
Т prt ≤ 
 ≤ 14285 N·m,
 25.1   25.1 
2

2

(11)

 σ Hp   3000 
(12)
 ≤ 
Т prw ≤ 
 ≤ 5100 N·m.
 42.0   42.0 
Quantitative assessment shows that the potential loading of the technological joint on extreme torque in
comparison with the tested joint is 2.91 times higher, at the same time loading level at tests we install no more
than 5.1 kNm in the stand (fig. 3).
2

2

Fig. 3 – Comparative nature of contact tension in the technological and tested joints in function from torque
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For assessment on durability with accounting of the equation (7) we carry out calculations consistently for
formulas (2) and (1) therefore we receive dependences:
- for technological joint:

Lht = 3.26 ⋅ 10

14

T 3.165

,

(13)

- for tested joint:
11
Lhw = 106.00 ⋅10

T 3.165

.

(14)

The comparative analysis of the equations (13) and (14) shows that the durability of the technological
joint exceeds durability of the tested joint more than by 30 times that allows with one set of the technological
joint in power circuit of the stand to carry out tests about 30 cardan joints for resource assessment after
modernization, maintenance operation or repair.
Graphic interpretation of comparative results on contact tension taking into account loading level on
torque in power circuit of the stand shows the operating range of size of torque ΔT for realization of tests at the
nominal and forced loading (fig. 3). Similar comparative approach on durability visually confirms possibility of
carrying out at this stand of resource tests (fig.4).

Fig. 4 – Comparison of durability of the technological and tested joints in function from torque

As a result of quantitative assessment of strength and durability of bearing mount assemblies of the
technological and tested joints forming power circuit the operability of the stand and its fitness to resource tests
is confirmed. Similar results are received by authors at realization of the principle of coaxial arrangement of the
technological gear and tested drive lines in power circuit of test benches for units of transmissions (Pastukhov
A.G., Timachov E.P., Sharaya O.A., 2018).
In practice at working off of reliability of designs of test benches it is necessary to use CAD/CAE
technology for the purpose of increase in accuracy of calculations, carrying out numerical modeling of results of
tests on the basis of databank and to introduce digital technologies in technical means and techniques of
resource tests (Pastukhov A., Timashov E., Parnikova T., 2019).
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CONCLUSIONS
On the basis of the data given above it is possible to draw the following conclusions.
1. On production it is necessary to apply to speedup of statement of technical products widely tests of
cars, in particular, of units of mechanical transmissions, on reliability – resource tests at specialized stands.
2. Rational configuration of the technological and experienced drives on the basis of serial elements in
power circuit of the stand allows to reduce loading of the technological joint in relation to tested at 2.82 time that
time leads to drop of calculated values of contact tension in technological bearing mount assemblies at 1.67, at
the same time the estimated durability of technological drive exceeds durability of the experienced drive more
than by 30 times.
3. The modern prospects of probes in the field of resource bench tests are connected with
implementation of digital technologies when developing technical means and techniques of resource tests.
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ABSTRACT
The ecological processing of pig manure from zootechnical production and the compost that results
as waste from mushroom production in order to recover the solid part is a current problem that needs to be
solved.
For the superior management of the process for solving the problems of pig manure from zootechnical
production, it is necessary to apply technical solutions that will satisfy the farmers in the zootechnical sector.
In Romania, there are many farms for the intensive growth of champignon mushrooms, which produce
dozens of tons of compost weekly, resulting as waste from the production of mushrooms. Most of the time, this
waste, after its use, is taken to the landfill, but the fines are very high due to non-compliance with environmental
legislation.
The paper presents some theoretical and practical aspects regarding the process of waste processing
(from animal husbandry and fungus) using a screw press, made within INMA institute.
REZUMAT
Prelucrarea ecologică a dejecţiilor de suine din producţia zootehnică şi a compostului ce rezultă ca deşeu
din producţia de ciuperci, în vederea valorificării părţii solide, reprezintă o problemă de actualitate care necesită
soluţii de rezolvare. Pentru managementul superior al procesului privind rezolvarea problemelor dejecţiilor de
suine din producţia zootehnică se impune aplicarea unor soluţii tehnice care să satisfacă fermierii din sectorul
zootehnic.
La nivelul României există multe ferme pentru creşterea în sistem intensiv a ciupercilor de tipul
champignion, care săptămânal produc cantități de ordinul zecilor de tone de compost, ce rezultă ca deşeu de la
producţia ciupercilor. De cele mai multe ori acest deșeu, după terminarea utilizării lui, este dus la groapa de
gunoi, dar amenzile sunt foarte mari datorită nerespectării legislaţiei de mediu.
Lucrarea prezintă câteva aspecte teoretice şi practice privind procesul de prelucrare a deşeurilor (din
zootehnie şi din ciupercării) utilizând o presă cu şnec , realizată în cadrul INMA.
INTRODUCTION
Animal excretions consist of urine and faeces. Together with the technological water, the fluids from the
faeces and the bedding, the urine forms a liquid mixture called slurry. The amount of faeces produced by
animals depends on the species and age of the animal. With the faeces, a certain amount of dirty material from
the used litter is accumulated in the shelter, along with other specific residues that result from the current activity
of sanitation of the accommodation spaces. All these components make up what is called manure. Pig farming
is a branch of animal production of great importance, with a long tradition, considered one of the main
preoccupations of the population since ancient times (Olan et al. 2018).
For the superior management of the process for solving the problems of pig manure from zootechnical
production, it is necessary to use collection facilities and ecological processing.
The conventional strategy used in the management of the problem of pig manure is to apply them on
agricultural lands. The quantitative increase of the semi-liquid pig manure, makes the available land area for the
process of spreading pig manure to gradually decrease. Under these conditions, a new orientation and other
strategies to solve the problem of manure are required, such as:
- separating the solid part from the manure, composting and using them as natural fertilizers;
- use after drying and mixing with other components in the feed of other categories of animals;
- use after drying as a bed (bedding) for pigs;
- use as a raw material in biogas plants;
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- the reuse of the liquid part, after separation and treatment, as technological water in the farm.
Compost - waste resulting from mushroom cultivation (given the explosion of mushroom consumption in
recent years) represents a challenge faced by mushroom growers. Compost is an organic mixture made from
straw, liquid urea and plenty of water. Due to the composition, this mixture is a product that easily enters the
fermentation if it is not controlled.
At the level of Romania there are many farms for growing mushrooms using the intensive system type,
producing quantities of tens of tons of compost weekly, which result as waste from the production of mushrooms
(Screw press for compost processing PSPC, 2017). Most of the time, this waste after the end of its use is taken
to the landfills but the fines are very high. There are many companies in Romania that are facing this problem.
Compost becomes waste, it can be collected in containers and this requires financial effort, large storage
spaces, that are at the moment insufficient.
For these reasons, it is pursued, as in the case of pig manure, the processing of waste by separating the
solid part from the liquid one and transforming it into bio-fertilizers or pellets for thermal power plants.
MATERIAL AND METHOD
In order to respond to the requirements of the two fields within the INMA Bucharest, research was
conducted on the composting (pressing) of pig manure and compost-waste from the mushroom (Figure 1).
The press separator, Figure 1, a, is of screw-sieve type. The press separator consists of the following main
parts: 1- Training group; 2- Separator body; 3- Mouthpiece with vibrator supply; 4 - Sieve; 5 - Screw; 6 - Exhaust
mouth (Pop A., 2004; Pop. A. 2003).
The operating principle of the press separator speeds up the separation and makes the action more
efficient by pressing the semi-liquid melts, which has the immediate effect of separating the whole quantity of
free liquid and a large part of the bound liquid.
This type of press is included in an installation for the collection, ecological processing and use of pig waste
in small and medium-sized farms.
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Solid
evacuation

Liquid
discharge

b
Fig.1. Presses with screw
a- SMS 15 manure separator; b - PSPC compost processing press [7]

The PSPC compost processing screw press is intended to separate the semi-liquid part from the pig
manure into two parts: the solid part that will be used as compost and the liquid part suitable for treatment in
order to neutralize it.
The module for separating and pressing waste can be used in animal husbandry, in pig breeding farms
equipped with a system for collecting waste in sewers, under the grates of the breeding booths, with routing
through pipes provided valves, to a central pit.
The PSPC compost processing screw press, figure 1, b is intended for processing the compost used in
mushrooms farms in order to eliminate the moisture from the compost (Bogdanof et al., 2018). This press
can be integrated within a technological line for obtaining organic fertilizers and, depending on the sieve
used, it can also be used for processing it. The compost processing screw press is of the screw - cylindrical
sieve type. The cylindrical sieve is a welded metal construction, consisting of two flanges and a perforated
sheet mesh.
The pressing system consists of a pressing group with six pre-tensioned jaws with compression springs
mounted on a rigid support. The jaws are fixed on a connecting flange to the cylindrical sieve through the means
of six hinges.
The compost (the mushroom compost is the result of the biological and microbiological process of raw
materials - straw, horse manure and poultry, gypsum and water, sown with mushroom spores after heat
treatment) is driven and pressed by the pressing system, the liquid part passes through the cylindrical sieve and
is discharged outside the sieve and the solid part is taken over by the jaw pressing system and transformed into
pellets.
By analysing the images in Figure 1 a and b, a constructive and functional similarity can be found. The
difference between the two technical equipment is represented by the feeding system and the pressing system
of the solid part. In version a, the pressing is provided by a system with counterweights while version b the
pressing is provided by a pressing group with pre-tensioned jaws with springs.
The pressing process is influenced by a number of factors that take into account the processed raw
material but also the technical characteristics of the press (Olan et al., 2018; Paun et al., 2016).
The parameters that influence the performances of the presses for manure, presented in Figure 1 a and
b are:
P= f( Q, vm , D, vdm, e, d, n, A, M, G, F, E, , g )

where:
Q - feed rate of the press kg / h;
vm - peripheral velocity of the screw, m / s;
D - outer diameter of screw, m;
vdm - the movement speed of the material on its surface, m / s;
e - the gap (distance) between the tip of the spiral screw and the sieve, mm;
d - diameter of the sieve orifices in the pressing chamber, mm;
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n - screw speed, rpm / min;
A - total area of the sieve orifices, mm2;
u - moisture of the mixture, %;
The active body of the press is the spiral screw, which is characterized by the following parameters:
(1)

(2)
(3)
where:

va - the forwarding speed of the screw in the axial direction, mm;
p- step of the screw’s spiral, mm.
(4)
where:
K- experimental coefficient (0.4…..0.5)
The carrying capacity of the snail is given by the relation:
snγψ

(5)

where:
γ - the volumetric mass of the material, t/m3;
ψ - he filling coefficient.

RESULTS
The main objective of the experimental researches was to verify the parameters that influence the
performances of the presses for the manure. The experimental researches were conducted at the National
Institute for Research and Development for Machinery and Installations for Agriculture and Food Industry INMA Bucharest using the SMS 15 Manure Separator Press, shown in Figure 1 a. In order to conduct the
experiments, the following raw material was used:
- swine dejections with 70% solid part moisture;
- composition of manure: straw of cereals, stems and liquid and solid faeces.
Features of SMS Separator Press 15 Separator:
- Separation capacity, 15 t / h;
- Outer diameter of the screw, 259 mm;
- Inner diameter of the sieve, 260 mm;
- Screw speed; 30, 60 rpm;
- Diameter of the orifice of the screen, 0.5; 1 mm.
For the correct evaluation of the results of the experiments, the characteristics of the raw material
subjected to the pressing operation were determined in the laboratory. The values obtained are presented in
Table 1.
Table 1

Mixture composition

Straw of cereals

Characteristics of the pressed raw material
Before pressing
After pressing
Solid parts in the
discharged fluid
Initial
Separation of
Mass
Humidity
[%]
moisture
solid parts
[%]
[%]
[%]
[%]
Sieve ø Sieve ø 1
0.5 mm
mm
80.2

87.6

34.5

80.5

0.05

0.09

Shavings

85

5.2

25.1

78.3

0.09

0.1

Solid faeces

95

7.2

24.1

0.006

0.004

0.009
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Following the experiments with the aforementioned equipment, the results presented in the graph in
Figure 2 were obtained.

Degree of separation of
solid parts, %

Q, t/h
Fig. 2 – Results obtained from the separation experiments

CONCLUSIONS
The following conclusions are drawn from the analysis of those presented in the chapter:
- the degree of separation of the solid part is influenced by the composition of the manure mixture and the
dimensions of the components;
- the degree of separation of the solid part is higher in the case of equipping the separator press with a screen
with an orifice diameter of 0.5 mm compared to that with a size of 1 mm;
-the degree of separation decreases as the processing capacity (separation) of the press increases;
- the moisture of the solid part decreases depending on the value of the pressing force, from 70% humidity to
24-34%.
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ABSTRACT
Concerns in the field of precision sowing work involve the use of modern technologies, in order to
optimize the uniformity of appearance of future plants, in particular by improving the maintenance of equal
distances between seeds, in turn, correlated with the constant maintenance of the depth of sowing as well as
the distance between sowing sections. In general, the precision planters dispensers accurately perform the
metering, singularization and evacuation of the seeds from the bunkers of the row units, towards the ditches
opened by the coulters. The paper presents a brief communication on the working process of precision planters
equipped with electrically operated seed meters.
REZUMAT
Preocupările din sfera lucrării de semănat de precizie presupun utilizarea unor tehnologii moderne, în
scopul optimizării uniformității de apariție a viitoarelor plante, în special prin îmbunătățirea menţinerii distanţelor
egale dintre semințe, pe rând, corelată cu menţinerea constantă a adâncimii de semănat cât și a distanței dintre
secțiile semănătorii. În general, aparatele de distribuţie ale semănătorilor de precizie realizează cu acuratețe
dozarea, singularizarea şi evacuarea seminţelor din buncărele secţiilor, spre şanţurile deschise de brăzdarele
maşinii de semănat. În lucrare se prezintă o scurta comunicare privind procesul de lucru al semănătorilor de
precizie dotate cu distribuitoare acţionate electric.

INTRODUCTION
Precision planters carry seed sowing in equally spaced nests, and between row units the distance is
constant, as opposed to row seeders that perform seed distribution in continuous flow on even rows (Dobre P.,
2010; Sauder and Schaefer, 2016).
The main reason why there are uneven spacing between the plants of the crop is the insufficient
performance of the sowing machines, and especially of the machines seed meters and transport of seeds to the
fence (Griepentrog, 1999; Schaefer and Radtke, 2017).
A regular spatial distribution of seeds creates the best conditions for growing crops, as it minimizes the
competition effects between plants, giving them all the same space for water and nutrient use (Ene and
Mocanu, 2016; Weiner et al., 2001).
Experimental researches were carried out in the field and in the laboratory to optimize the performance of
the precision planters, taking into account the seed distribution systems, their driving tubes, as well as the
coulters for opening the streams (Mogilnay et al., 2018). Also, experiments were carried out in order to establish
the characteristics of the electric motors needed to operate the seed meters, as well as other electromechanical
components. (Oksanen et al., 2008).

MATERIAL AND METHOD
Numerous companies producing precision planters have developed and produced seed meters with
electric drive.
Precision Planting, USA has designed and built a modular seed meter with electric drive (fig.1). The seed
meter operates based on the depression created inside the distributor housing.
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Fig.1 – Seed meter with electric drive vSet, (www.precisionplanting.com)
1 – seed meter; 2 – electric drive motor vDrive

The Department of Environment, Resources and Technology at The Royal Veterinary and Agricultural
University KVL, Denmark, has developed a precision planter for sugar beet cultivation with electric drive.
Electric stepper motors were used to operate and control the seed meters discs of the planter. Due to the
electronic control, the position of the disks is always known and can be used to determine the seed drop points
and, therefore, the seed placement location. (Griepentrog et al, 2005). The results of the experimental tests in
the field are shown in figure 2.

Fig.2 – Synchronization of the four seeder units for 6 000 Hz motor speed expressed
in standard deviation versus time or spacing sequence, (Griepentrog et al, 2005)

The 1775 NT pneumatic planter, produced by John Deere, has the new types of row units - MaxEmerge
™ 5 that can accurately sow corn and soybeans at speeds of 16 km / h.

Fig.3 – Row unit ExactEmerge™, (www.deere.com)
1 – brush system for seed transport; 2 – electric brush drive motor with brushes; 3 – electric drive motor
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This section uses the technology patented by John Deere - "Brush Belt Delivery System" which replaces the
seed driving tube with a brush belt that places the seeds in the furrow according to the agrotechnical norms of corn
and soybean crops in particular, at a machine speed. sowing of more than 16 km/h. Each seed passes through the
face of a sensor, thus monitoring the seed norm, the singularity and the precise distance between seeds.
The seed meters in the 4000 series, produced by Kinze company (fig.4), are vacuum driven distributors with
electric drive, which can work at seeding speeds of over 10 km/h, achieving a uniform distribution of seed about
99%. On the surface of the distributor disk, a series of channels are created with the role of ensuring the filling of the
holes of the distributor disk, thus preventing the appearance of gaps in the sowing work.

a
b
Fig.4 – a. Seed meter Kinze (series 4000), b. The distribution uniformity scheme at
the return of the sower (www.kinze.com)
1 – scraper; 2 – electric motor; 3 – distributor disk; 4 – seed driving tube

In the seed driving tube is an optical sensor for counting of each seed, thus, the precision in the distribution of
the seeds maintaining the return of the planter. Due to the electric actuation of the seed meters, the distributors
disposed on the outer radius of return of the equipment may have a higher speed than that of the seed meters
arranged on the inner radius of return.
In the patent of the author Wendte K. W, published in 2009, is presented a seed meter with electric drive,
which includes a housing and a disk distributor of seeds mounted concentric in it. The seed meter is equipped with
a gear mechanism, with a role in driving the distributor disk with a rotational speed correlated with the working
speed of the drill (Wendte, 2009).
The drive mechanism of the geared disc includes an electric motor, a sprocket, an intermediate gear, the
housing being mounted directly on the distribution device. The electrical connectors connect the electric motor
to a controller and a power supply connected to the tractor's 12V DC electrical system. The controller is
connected with sensors to determine the working speed of the row unit.

Fig.5 – Side view of the electric drive system of the distributor disc, (Wendte, 2009)
1 – distributor disk; 2 – orifice; 3 – electrical connectors
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RESULTS
Currently, seedlings do not produce extremely uniform distribution of plants due to insufficient
uniformity of seed spacing in rows, correlated with non-synchronization of working width.
A planter with mechanical actuation of the seed meters involves driving them through a common shaft
for all the sections of the drill, which takes over the movement by means of a chain transmission, from one of
the moving wheels of the equipment.
The new technical seeding equipment, perfected by using the electric drive of the seed meters, can
have working speeds of up to 16 km/h, being able to work on lands on slopes up to 15º, maintaining the
sowing accuracy. It thus ensures positive effects related to ergonomics, safety and consistency of the
adjustments, improving the uniformity of the seed distribution, increasing their reliability, reducing the mass,
as well as the costs of production, maintenance and operation.

CONCLUSIONS
The use of electrically operated seed meters eliminates the disadvantages of using mechanical drive
systems, correlating the speed of the seed distributor discs with the working speed of the sowing machine,
eliminating skates and spare wheel batteries of chain transmissions.
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ABSTRACT
The implementation of LED solutions for lighting greenhouses is a new alternative, considering that
productivity growth can be achieved, with reduced energy consumption, thus contributing to environmental
protection. This is very important for Romania, because over 70% of the electricity consumed at national level is
produced by burning fossil fuels, characterized by the well-known harmful effects.
The paper presents a brief summary of current greenhouse lighting solutions using high efficiency LEDs. These
offer new possibilities for intensive and efficient growth of plants, both for farmers and for specialists.
REZUMAT
Implementarea soluțiilor cu led-uri pentru iluminarea serelor reprezintă o nouă alternativă, având în
vedere că se poate obține o creștere a productivității, cu un consum redus de energie, contribuind astfel la
protecția mediului. Acest lucru fiind foarte important pentru România, deoarece peste 70% din energia electrică
consumată pe plan național este produsă prin arderea combustibililor fosili, caracterizată de efectele nocive
binecunoscute. Lucrarea prezintă o scurtă sinteză referitoare la soluțiile actuale de iluminare a serelor utilizând
LED-uri cu eficiență înaltă. Acestea oferă noi posibilități de creștere intensivă și eficientă a plantelor, atât pentru
cultivatori cât și pentru specialiști.

INTRODUCTION
Many urban centers around the world are facing a lack of space and light. LED systems are flexible,
controllable and energy efficient, with high potential to solve this problem, many companies profiting from this
opportunity. (Ganandran G.S.B. 2014)
Innovative LEDs produce light in pure colors and at spectral levels that influence the productivity and
quality of greenhouse crops, compared to traditional horticultural lamps. In addition, these solutions achieve
significant energy savings, over 50%, at a lower cost price, longer service life than conventional devices
currently used, increased flexibility and easy maneuverability (Singh D.,et al. 2014).
Manipulation of the light spectrum of the lamps could trigger potential benefits by enhancing plant
growth (Carvalho and Folta, 2014), but the HPS lamps do not provide the possibility for spectral manipulation or
even dimming. As a consequence, the LED technology has emerged and developed rapidly in the past decades
as alternative light sources (Massa et al., 2008). LEDs are solid-state and durable light sources providing a
narrow spectrum of light (Stutte et al., 2009) in the range from ultraviolet to infrared. Their lifetime could reach
up to 100,000 h, in comparison with the HPS lamps with a lifetime ranging from 10,000 to 20,000 h (Bourget,
2008; Morrow, 2008). As LED use in greenhouses is developing, the prices are expected to gradually decrease
and there has been a renewed interest in the use of LEDs as a tool in greenhouse research (Folta and Childers,
2008).
People are increasingly concerned about the quality of the food, showing interest in the consumption of
fresh food, at affordable prices, throughout the year. Thus, a new era is envisaged for urban agriculture, where
food is grown locally in limited spaces, without natural light.
The development of plants depends, among other things, on how to carry out the process of
photosynthesis, which converts water and carbon dioxide into the presence of solar energy, oxygen and usable
energy in the form of sugars. Photosynthesis research has been carried out in order to deduce the correlation
between the illumination corresponding to the different areas of the electromagnetic radiation spectrum and the
development of plants. The paper presents a brief summary of the current greenhouse lighting solutions using
high efficiency LEDs, with the help of which different light intensities are obtained, with effects on plant growth
and evolution.
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MATERIALS AND METHOD
Plants respond differently to light in different colors, characterized by different wavelengths of the
electromagnetic radiation spectrum. Generally, the red light causes an excessive growth in the height of the
plants, while the blue light causes a smaller growth, the plants having a thick waist. An adequate balance of light
energy in the red and blue spectral areas determines a normal growth and shape of plants and their fruits
(Munner S. et al. 2014).
Chlorophyll is a mixture of two compounds, chlorophyll a (a blue-black solid) and chlorophyll b (a dark
green solid), shown in Figure 1 which provides a green color in organic solutions (Richard Willstätte - German
chemist, 1912 ). In the photosynthesis reaction, chlorophyll absorbs light energy, and one electron in chlorophyll
is excited, moving from a lower energy state to a higher energy state, and thus the electron is transferred to
another molecule. An electron transfer step chain ends with an electron transferred to the carbon dioxide
molecule. In the meantime, chlorophyll that has dropped an electron can accept an electron from another
molecule (Willstätte R. 1912)
This is the end of a process that results in the removal of an electron from the water. Thus, in figure 2 is
shown chlorophyll being - in the center of the oxidation reaction, a reduction, called photosynthesis between
carbon dioxide and water, resulting in oxygen.

Fig.1. Absorption spectrum of chlorophyll
(http://plantphys.info/ )

Fig.2. The stages of the electron to the degree of
excitation of light absorption ( http://plantphys.info/ )

Studies have shown that LED lighting can stimulate plant growth by up to 40%. The lighting system is
individually designed according to the application (space dimensions, plant species requirements regarding light,
temperature, humidity, etc.). In order to obtain optimal results, two basic principles are essential: namely the
efficiency of photosynthesis and the sufficiency of photomorphogenesis, which must be fulfilled. Photomorphogenesis
represents the morphological changes induced by light in a plant, being mainly dependent on the type of
photoreceptors: phytochrome, cryptochrome and phototropin. By orienting these photoreceptors to certain
wavelengths, the producers are able to obtain morphological changes of the plants (e.g. flower induction and
suppression, crown height, internode leaf distances, etc.). with their installations (Zielińska-Dabkowska et al. 2019).
Figure 3 shows an application that uses such a lighting system for intensive plant growth in a short time.

Fig.3.LED lighting in horticulture (http://plantphys.info/plant_physiology/light.shtml)
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Because the available LEDs emit light in different wavelengths depending on the manufacturing
technology, the spectral complexity of the efficiency of photosynthesis must be understood and then an
application developed.
Figure 4 shows Scheme Z of the photocatalysis systems, which characterize the decomposition of the
water molecule.
Figure 5 shows the absorption spectrum and the action of the radiation depending on the specific
wavelength of the application in figure 3. It shows that the most absorbed radiation are the orange and blue
ones in this case, these having the most important contribution in the photosynthesis process.
(http://plantphys.info/plant_physiology/light.shtml)

Fig.4. Water molecule decomposition

Fig.5. Electromagnetic wavelength

(http://www.scritub.com/stiinta/chimie/Apa-i-proprietile-sale23520181417.php)

RESULTS
The following figures show the influence of spectral areas obtained with LED applications on plants,
during a cycle of growth and development.

Fig.6. Lighting F1

Fig.7. Lighting F3

(https://www.electronica-azi.ro/2013/11/05/iluminatul-cu-led-uri-stimuleaza-cresterea-plantelor)
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Figure 6 shows the F1 (Daylight Fluorescent) illumination F1 spectrum, suitable for a wide variety of
plant species during the growth cycle. The high proportion of red light, stimulates photosynthesis during the
vegetative growth stage and facilitates the flowering stage.
Figure 7 shows the F3 (White Fluorescent) illumination The F3 spectrum produces the fastest
germination in plant species whose germination needs light. It is recommended for use in germination chambers
and for flower production.

Fig.8. Lighting F6

Fig.9. Lighting F7

(https://www.electronica-azi.ro/2013/11/05/iluminatul-cu-led-uri-stimuleaza-cresterea-plantelor )

Figure 8 shows the F6 (Lite White Fluorescent) illumination The F6 spectrum has a high blue content
which reduces the height of the plant, thus improving the appearance of plants and the use of space.
Recommended for the production of green leafy vegetables.
Figure 9 shows the F7 illumination (Daylight simulator) The F7 spectrum has the highest blue content of
all spectra and produces thick plants with short internode distances, very desirable in the seedling phase.
Recommended
for
growing
seedlings
before
transplanting.
(http://ledlight.osramos.com/applications/horticultural-led-lighting/ )
The benefits of cultivation with the help of growth lights cannot be ignored: there is no better way to
grow large, healthy seedlings and a beautiful green. And for those who cultivate floricultural plants like orchids,
African violets, citrus or hibiscus, these lights will make them flourish almost throughout the year. The same can
be done by producing herbs and leafy greens during the winter.
The growth of a plant might seem like a simple and straightforward process. The plant needs to be
watered, the soil needs to have certain nutrients, and it needs to be in an environment where it receives light for
a certain amount of time. Yet not many know how the latter can have a big impact in the development of a plant.
In this paper, I'll explain how different color lights affect plant growth, jumping into detail on the
characteristics that light possess, and the use of different colored LED grow lights to change the properties of
plants and make plants grow faster.
A crucial component in the growth of a plant besides water and oxygen, is sunlight. By receiving it, a
plant is able to convert sunlight into edible food that it can use. This process is called photosynthesis.
Visible light as we perceive it behaves as a wave. As such, it displays different properties depending on
its wavelength. For example, a source of light with a wavelength of around 650 nm will be detected as having a
red color.
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Fig.8. The increase in energy of the visible spectrum

Fig.9. Chlorophyll absorption on the visible spectrum

(https://www.grobo.io/blogs/growing/how-different-colors-of-light-affect-plant-growth)

Multiple studies have been conducted on how different colors of lights can have varying effects on the
growth of a plant.
According to the recent developments in LED (light emitting diode) grow light technology, specific light
wavelengths can now be isolated in order to control the different physical properties that a plant displays as it
develops throughout its life cycle. These properties include, but are not limited to, height, weight, color, and
texture, as well as the chemical composure of the plant itself.
The effects of each color of light
In the following paraghraphs, I explain what each light color does, and the effects that adding or removing
them will have:
• Ultraviolet – No exposure produces better growth
• Violet – Enhances the color, taste, and aroma of plants
• Blue – Increases the growth rate of plants
• Green – Enhances chlorophyll production and is used as a pigment for proper plant viewing
• Yellow – Plants exhibit less growth compared to blue and red light
• Red – When combined with blue light it yields more leaves and crops, depending on what is being
grown
• Far red – Speeds up the Phytochrome conversion which reduces the time a plant takes to go into a
night-time state. This allow the plant to produce a greater yield.
Ultraviolet (200 nm to 380 nm)
Being exposed to UV light for a long period of time has harmful effects on human. Likewise, exposure
for a long time to this type of light will damage the plants.
A study conducted demonstrated that plants raised without exposure to UV light exhibited enhanced
growth.
Violet (380 nm to 445 nm)
On the other hand, studies have shown that when a plant receives visible violet light, the color, taste, and aroma
of the plant are enhanced.
Additionally, the plants antioxidants are able to perform their functions more efficiently, which prevents the cells
in the plant from being damaged.
Blue (450 nm to 495 nm)
Blue light has one of the largest effects on the development of a plant. Multiple studies have shown that
exposing a plant to this color influences the formation of chlorophyll, which enables the plant to intake more
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energy from the sun. It also controls a plant’s cellular respiration and lessens water loss through evaporation
during hot and dry conditions. Blue light also has a effect on photosynthesis, and more exposure to this light can
increase a plant’s growth and maturity rates. This process is called photomorphogenesis.
Green (495 nm to 570 )
Most of the plants that we see around us possess a green color. This is due to the fact they absorb all
of the colors in the light spectrum (blue, red, violet, etc.) but reflect the green one. As such, only the green light
is bounced back to our eyes. Even with the relatively low amount absorbed compared to other colors, a study
found that green light enhances the production of chlorophyll which helps with photosynthesis while giving the
plants a greener color. Overall, adding the green color to plants does not have much effect in their life process
compared to other light colors such as blue.
Yellow ( 570 nm to 590 )
Since yellow has a similar wavelength to green they both show out similar properties in plants. A source
from NASA indicates that yellow light does not contribute to photosynthesis since the wavelength of the light is
reflected by the plant and is not absorbed. Additionally, just like with green light, a study showed that when a
plant was exposed to yellow light compared to blue and red, the growth of the plant tested was reduced.
Red (620 nm to 720 nm)
Exposure to red light is another crucial factor which contributes to the optimal development of a plant.
Individually, red light and far red light go hand-in-hand in regards to the effects that they have on plants. A
regular plant has a phytochrome system (a light detection system) which regulates its growth, adjusting itself
depending on the type of light that its exposed to. In the system, there are two predominant forms of plant
protein: its biogically inactive form (Pr), and its biologically active form (Pfr). When a plant perceives that red
light, Pr transforms into Pfr, and if a plant receives that far-red light, it’s Pfr changes to Pr.
Pfr is important because it triggers plant growth, but it slowly reverts back to Pr over time when the plant is
located in the dark. At the end of the day, a plant’s flowering and vegetative growth is directly influenced by the
Pr to Pfr ratio. (Chris Thiele, How Different Colors of Light Affect Plant Growth, 2019
https://www.grobo.io/blogs/growing/how-different-colors-of-light-affect-plant-growth )
An example, on how the Far Red light properties can be used to our advantage to have a higher yield is
seen in cannabis growth. During the day, this plant exhibit the most flowering, and during the night it ripens.
Being a short day plant, it normally requires 12 hours of exposure to light, and 12 hours of darkness. Yet thanks
to far red-light, it\s phytochrome conversion is sped up, making it go into a night state quicker and requiring less
time in the darkness. This way, flowering can occur under a longer daylight period, which in turn produces a
greater yield. Out of all the colors mentioned above, the most crucial ones in the development of the plant are
red and blue. (Zielińska-Dabkowska et al. 2019)
One source claims that for the most optimal growth of a plant, it is better to be exposed to 90 % red
light, and 10 %blue light. Adding or removing the other light colors will vary the appereance and texture of the
plant that are growing with the optimal characteristics.

Fig. 10 Wavelengths in nanometers
(Source: http://blog.seretransilvania.ro/wp-content/uploads/2015/09/Spectrul-de-lumina.jpg)
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CONCLUSION
Led lights are developed for vertical farms and greenhouses and are designed for optimal plants growth
and photosynthesis, that increases yield per square meter and less energy is used. Long lifetime is guarantee
and is not limited of an Led light and it is ease to use, quick to install. The lights that are in their growth stage
require equal distribution, as uneven light intesity over plants, are completely silent, no noise are produces by
the lights as there are no active heat sinks used for cooling.
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ABSTRACT
Soil and water pollution by heavy metals is rising every day. The presence of heavy metals in the soil is
very destructive for agriculture and consequently for consumers. Nowadays, there are various chemical,
physical, and biological methods for soil remediation. Bioremediation involves the use of microorganisms:
yeasts, bacteria, or fungi. In particular, mycoremediation is an effective method for soil decontamination
because its highly efficient, not expensive, and offers the possibility to destroy contaminants using biological
activity of fungi. This study provides an overview of the biological methods currently known in the field with
emphasis on mycoremediation of heavy metals.
REZUMAT
Poluarea solului și a apei cu metale grele crește în fiecare zi. Prezența metalelor grele în sol este foarte
distructivă pentru agricultură și, în consecință, pentru consumatori. În prezent, există diferite metode chimice,
fizice și biologice pentru remedierea solului. Bioremedierea presupune utilizarea microorganismelor precum
drojdii, bacterii sau fungi. Micoremedierea este o metodă eficientă pentru decontaminarea solului, nu este
scumpă și oferă posibilitatea de a distruge contaminanții folosind activitatea biologică a fungilor. Acest studiu
oferă o imagine de ansamblu asupra metodelor biologice cunoscute în prezent în domeniu, pentru eliminarea
metalelor din solul contaminat.

INTRODUCTION
The soil plays the role of a filter that can retain toxic substances and serve as a deposit for them. Soil
quality is under an increased attention of scientists because 70-90% of the feed grown on the soil are
contaminated by various toxins which are incorporated into the plants through nutrition. The most frequent
contaminants of the soil in Europe are heavy metals and mineral oil (Moldoveanu A. M., 2014). In this paper, the
literature has been used to review the current state of the problem of the soil heavy metal contamination and
bioremediation methods.
The soil naturally contains heavy metals in certain limits (for example, normal values are 20 mg/kg dry
matter for Cu or Pb and 100 mg/kg dry matter for Zn). Due to the industrialization, soil contains significantly
higher amounts of the inorganic contaminants including the heavy metal components. These hazardous
pollutants have a high density of more than 5 g/cm³ that poses different problems (i.e. reduction in land usability
for agricultural production and damage security of the food).
Biological methods of the metal removal rely on complex processes that depend on the chemistry of
metal ions, cell wall compositions of microorganisms, physiology of the organism, and physico-chemical factors
like pH, temperature, time, ionic strength, and metal concentration.
MATERIAL AND METHOD
Soil remediation of heavy metals involves the following approaches:
● Isolation
● Immobilization
● Physical separation
● Extraction
● Mobilization
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The microorganism effectiveness in soil remediation has been recognized long ago. Nevertheless, “soil
bioremediation” is a relatively new term, it describes a phenomenon that has existed since the beginning of life.
Bioremediation (also referred as soil remediation), among other processes, including the following:
● Biostimulation
● Bioaugmentation
● Biosorption of metals
The first two can be used simultaneously for more fast and efficient effect. Each group of microorganisms
may activate one or the other of these processes.

RESULTS AND DISCUSSIONS
The situation of polluted soils in Romania
In Romania, according to studies conducted between the years 2012-2016, the localities such as Baia
Mare, Târnăveni, Copșa Mică, Zlatna, Târgoviște, Sibiu, Suceava, Constanța represent regions contaminated
with heavy metals (their quantity exceeding the values stipulated by the legislation). The charts on Fig. 1 provide
the information on the amount of heavy metal (such as Cu, Pb, Zn) in soil samples from Târgoviște. As it can be
seen, the values of metals are exceeded normal limits. In addition, in other regions of the country like Buzau,
Prahova, Ialomița, the Pb levels in soil exceeded the threshold value and Suceava represents the same
situation.

a.

b.

c.
Fig. 1. The values of Cu (a), Zn (b) and Pb (c) in Târgoviște soil samples correlated with legal values
(Știrbescu et al., 2018).
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The causes of contamination include metalliferous mining, industrial activities (like metallurgy, rolling,
dyes and paints industry), and municipal waste.
Soil pollution with heavy metals is almost an irreversible process but it is possible to degrade these
pollutants in simpler forms or to extract most of them.
Bioremediation with yeast, bacteria, and fungi
The development of bioremediation technology of the contaminated soils began in the 1970s.
One of the reason for the heightened interest in bioremediation is its potential for significantly reducing
hazardous waste site and cleanup costs.
Bioremediation using bacteria, fungi, and plants offers promising technological avenues which are highly
efficient, environment-friendly and cost-effective.
Biostimulation consists in changing the parameters of the environmental (humidity, pH, the concentration of
O2 ) and adding substances which accelerates the process of development of bacteria already present in the
soil, these being stimulated to grow and transform the complex shape of the heavy metals, in a form more
simple and less toxic.
Bioaugmentation is based on the selection of microorganisms according to their capacity to degrade
pollutants contaminated sites being inoculated with respective microorganisms.
Biosorption is one of the significant properties of both living and dead microorganisms (and their
components) relevant for treatment of pollutants. The biosorption system consists of a solid phase, a liquid
phase, contains a substance that must be sorbed, as well as a substance sorbed by the surface of the
biosorbent (Neshko et al., 2015).
Proprieties of soil which influence of bioremediation are type and permeability, distribution of its granular
structure, the moisture content of the soil, pH, temperature etc.
Bioremediation with yeasts.
Studies showed that Saccharomyces cerevisiae are effective in soil contaminated with Pb and Zn. And the
Candida pelliculosa are utilized for contaminated soil with Cu (Do Nascimento et al., 2018, Damodaran D et al.,
2011).
Bioremediation with bacteria.
In this case can be used bacteria such as: Pseudomonas aureofaciens, Rhodococcus ruber, Bacillus
megaterium, Arthrobacter, Acinetobacter, Azotobacter, and Streptomyces genus.
For example, bacteria Rhodococcus are used like a biosurfactants, such as ecological safety and increased
functional activity compared to synthetic surfactants, are shown. Efficiency of extraction of heavy metal ions
using Rhodococcus-biosurfactant (4 g/l) was 21-100%. The ability of Rhodococcus-biosurfactants to remove
heavy metals from soil was 1.5-50.0 times higher that of a synthetic surfactant of suitable properties, Tween 60.
Rhodococcus increase in mobility and bioavailability of heavy metals for soil microorganisms. Rhodococcusbiosurfactants can be used for decontamination of heavy metal-polluted soil (Kostina et al., 2014).
Bioremediation with fungi
Fungi have evolved metal tolerance and accumulation mechanisms.
The two major challenges in the field scale are:
1) production of fungal inoculum in larger quantity
2) correct application of inoculum for obtaining adequate growth in the soil
3) selection of a suitable carrier material (Chan et al., 2016)
Aspergillus niger can generating a variety of organic acids which are effective for metal solubilisation. It
has been shown that inoculation of a lixiviant with organic acid producing by A. niger can result in a high
leaching efficiency. During both step of bioleaching, the highest metal removal were 97,5% of Cu, 30% of Pb,
19% of Zn and 100% of Cd. Compared to chemical leaching, the bioleaching process showed better removals
and reduced cost (Ren et al., 2009).
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Mycoremediation with macrofungi
It is currently well accepted that mushroom farming is not only a rapidly expanding agribusiness but also
a significant tool for the restoration, replenishment, and remediation of the earth's overburden ecosphere (Nkalo
et al., 2009). Compared to microfungi, the mushrooms play an essential role in accumulation of heavy metals.
The mushrooms are considered to be advantageous in comparison with the plants as they have shorter life
cycle (30 days) and better adaptability; hence, mycoremediation can be regarded as an evolved remediation
technique (Damodaran et al., 2011).
Mushrooms can act as an effective biosorbent of toxic metals. They grow in natural habitat heaving
large, though texture and other conducive characteristics required for their development into sorbents, thus
obviating the need for immobilization or deployment of specialized reactor configuration as required for other
microbial sorbents (Das N., 2005).
Elekes and Busuioc analyzed the heavy metal content of 5 types of mushrooms (Collybia butyracea,
Calvatia excipuliformis, Boletus griseus, Marasmius oreades, and Hygrophorus virgineus) which were harvested
from Bucegi Massiv of Carpathian Mountains. As it is seen from the Table 1, C. excipuliformis contains higher
concentration of Cu (244.86±4.26) and Zn (92.19±0.21) than the other species. In addition, the bioaccumulation
factor for Cu is higher for C. butyracea and for Zn C. excipuliformis than for other mushrooms.
Table 1
Heavy metal concentration and bioaccumulation factor of the analyzed species of mushrooms
(Elekes C., Busuioc G., 2010)
Metal concentration (mg/kg)
Species of
Metal
BF*
mushrooms
Cap
Stipe
Rhizoidal system
Cu
27.33±1.88
84.52±0.97
17.49±0.69
3.1977±0.0511
Collybia butyracea
Zn
11.62±0.34
10.98±0.23
131.52±1.17
0.0859±0.0013
Cu
207.73±3.53
244.86±4.26
109.34±0.89
2.0.69±0.0186
Calvatia
excipuliformis
Zn
92.19±0.21
56.31±0.27
160.41±1.83
0.4629±0.0038
Cu
0
32.48±0.94
10.44±0.84
1.5596±0.0800
Boletus griseus
Zn
13.84±0.35
0
157.29±2.70
0.0440±0.0003
Cu
106.41±1.88
157.57±1.30
65.59±0.40
2.0121±0.0118
Marasmius oreades
Zn
46.27±0.25
25.34±0.35
95.39±0.88
0.3753±0.0007
Cu
0
45.40±0.51
27.23±0.57
0.8335±0.0082
Hygrophorus
virgineus
Zn
25.91±0.39
15.40±0.30
109.38±0.97
0.1888±0.0019
* Bioaccumulation Factor

The optimum conditions that should be maintained during mushrooms cultivation are the following:
● Humidity level should vary between 86-90%;
● Temperature: 10-28°C;
● pH: ~6.5;
● CO2 level: 15-20%.
According to the study of Damodaran and colleagues, Galerina vitiformis fungus has the ability to
accumulate a relatively large amount of heavy metals from the contaminated soil in the order Pb>Cd>Cu>Zn>Cr.
The levels of heavy metals accumulated in the fruiting bodies of this organism are 800 mg/kg for Cu, 900 mg/kg
for Pb, and 700 mg/kg for Zn (Damodaran et al., 2011).

CONCLUSIONS
If the heavy metals are excessive in the soil they inhibit the development of the plant and contribute to
the accumulation in the plant of the dried substance, therefore decreases the yield fruitfulness.
The use of microorganisms for the remediation is a fairly complex process. It depends on a number of
the factors such as the pollution source, the composition of the pollutant, pH, the chemical composition of the
soil and its water). In addition, remediation lasts longer than other techniques because living organisms need
time to grow. However, recent studies show that bioremediation is more favorable for the environment method of
decontamination than chemical or physical methods that are considered to be aggressive.
Indeed, microorganism can become more toxic, forming more complex chemical bonds by interacting
with the pollutant or increasing them may reverse the theoretical calculations, but these occur when the
bioremediation process is not constantly monitored or when the microorganism is incorrectly used.
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Mushrooms are another alternative for this purpose. Understanding the mechanism of metal uptake
from the soil to the fruiting bodies of the mushrooms will help us to improve the process by biotechnological
tools; hence, the study on the uptake mechanism plays a significant role in developing better remediation
technique.
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ABSTRACT
Extensive eco-technologies are engineered systems used for secondary or tertiary treatment of municipal,
agricultural, livestock, industrial wastewater, as well as landfill leachate. Compared to the intensive treatment
systems, the extensive systems including constructed wetlands and waste stabilization ponds, treat the
wastewater naturally, without artificial energy, at low speed, but they require larger surface areas (hence, the
term „extensive”). In constructed wetlands, the removal of pollutants depends on physical, chemical and
biological processes. These systems are efficient in settling and filtration of suspended solids, degradation of
organic matter, removal of nutrients by nitrification / denitrification, and removal of pathogens. The effluents of
constructed wetlands are valuable in arid and semi-arid regions, where diluted, partially treated or treated
wastewater is used as irrigation water. Various types of constructed wetlands may be combined to obtain higher
treatment efficiency. Constructed wetlands are environmentally friendly, very suitable for isolated or small
communities and even in low developed countries, and add an aesthetical value to the land through the
vegetation growing in them.
REZUMAT
Eco-tehnologiile extensive sunt sisteme utilizate pentru tratarea secundară sau terțiară a apelor uzate
municipale, agricole, zootehnice, industriale, precum și a levigatului. În comparație cu sistemele de tratare
intensivă, sistemele extensive, care inclusiv zone umede construite și iazuri de stabilizare a deșeurilor, tratează
apele uzate în mod natural, fără energie artificială, cu viteză mică, dar necesită suprafețe mai mari (de aici,
termenul „extensiv”). În zonele umede construite, eliminarea poluanților depinde de procese fizice, chimice și
biologice. Aceste sisteme sunt eficiente în decantarea și filtrarea solidelor în suspensie, degradarea materiei
organice, eliminarea substanțelor nutritive prin nitrificare / denitrificare și eliminarea agenților patogeni. Efluenții
zonelor umede construite sunt valoroși în regiunile aride și semi-aride, unde apa uzată diluată, parțial sau
tratată este folosită ca apă de irigație. Diverse tipuri de zone umede construite pot fi combinate pentru a obține
o eficiență de tratare mai mare. Zonele umede construite sunt prietenoase cu mediul, foarte potrivite pentru
comunități izolate sau mici și chiar și în țările slab dezvoltate și adaugă o valoare estetică terenului prin
vegetația care crește în ele.
INTRODUCTION
Wastewater is hazardous for human health and has adverse effects on the natural environment. The
wastewater and animal manure generated on livestock farms are characterized by suspended solids, high
organic loads, high amounts of nutrients, pathogens and bacteria (Ungureanu et al., 2018 b), Na+, Cl−, K+,

SO 24 − and metals Ca, Mg, Zn, Cu, Fe, Mn. A variety of management practices, such as oxidation ponds,
facultative lagoons, vegetal buffer zones, constructed wetlands, storage ponds, aerobic and anaerobic
composting and digestion are used to treat excess nutrients, pathogens and fertilizers of animal origin from
wastewater.
The conventional (or intensive) systems for the biological treatment of municipal, agricultural, livestock and
industrial wastewaters include trickling filters (or biofilters), activated sludge basins, biodiscs (or rotating
biological contactors) and aerated lagoons. The conventional systems, frequently used in large communities,
are not always appropriate for smaller areas.
The non-conventional systems (extensive), also called eco-technologies or sustainable technologies, use
natural, commonly occurring self-treatment processes that take place in soil, water and wetland environments.
Eco-technologies for wastewater treatment include waste stabilization ponds (WSPs) and constructed wetlands
(CWs). They are most recommended for developing countries (Awuah, 2006) and are designed to treat or polish
the wastewater prior to land application or, less frequently, surface water discharge.
436

INTERNATIONAL SYMPOSIUM

Treated wastewater can be used for agricultural land irrigation, landscape irrigation, aquaculture, urban
and industrial applications, recreational and ecosystem purposes, and artificial recharging of groundwater
(Ungureanu et al, 2018 a; Ungureanu et al, 2019 a). Effluents of extensive wastewater treatment systems are
valuable water resources. During the last two decades, the reuse of treated wastewater for agricultural irrigation
has increased, especially in arid and semi-arid regions, helping to fight water scarcity and improving the means
for local food production.
Waste stabilization ponds, also called oxidation ponds or lagoons, are usually found in small rural areas,
where the land is readily available at relatively low price (Bitton, 2005). Waste stabilization ponds are biological
treatment systems, which processes and operations are highly dependent on the environmental conditions such
as temperature, wind speeds and light intensity which highly variable and any given combination of these
environmental parameters is usually unique to a given location (Gray, 2004). Waste stabilization ponds are
classified as: aerobic ponds: shallow ponds, aerated ponds; aerobic-anaerobic (facultative) ponds: maturation
ponds, anaerobic ponds, controlled discharge ponds, complete retention ponds (Al-Hashimi and Hussain, 2013).
Lagoons are natural reservoirs with one or more cells, intended for the treatment of wastewater, in which
store the diluted manure, with the purpose of removing organic matter and other constituents through
microorganisms or other biological processes. Similar to waste stabilization ponds, lagoons can operate under
different dissolved oxygen conditions, depending on the type of microorganisms. However, lagoons are more
commonly associated with agricultural wastewater and should not be confused with oxidation ponds (Butler et
al., 2017). The lagoons used for storage of wastewaters and manure containing bacteria, toxic metals, NO3− and

PO34 − have a negative influence on the quality of groundwater due to the infiltration of NO3− , NH+4 and Cl− from
the surface and subsurface soil layers. Storage and spreading of fertilizers can also result in the contamination
of drinking water due to the leaching of NO3− to the aquifer (Fridrich et. al., 2014).
Systems for the treatment of agricultural and agrozootechnical wastewater using aquatic plants (aerobic,
anaerobic, facultative or maturation ponds, constructed wetlands) are formed of one or more shallow ponds, in
which one or more species of water-tolerant plants are cultivated (water hyacinth, rush, sedge, reed, energy
willow, white lily, duckweed etc.) to reduce the level of BOD, suspended solids, nitrogen and refractory organic
matter, while the percentage of phosphorus removal rarely exceeds 50-70% because it is limited in plant
absorption (Ungureanu et al., 2019 b).
In stabilization ponds, a considerable removal of the coliforms can be obtained (a reduction of 88,8-99% in
11 days), and in ponds containing Chlorella vulgaris a nutrient removal efficiency of 86% for inorganic N and
70% for inorganic P was obtained (Lau et al., 1996). Enhanced pond systems are series of ponds working in
synergy to provide increased wastewater treatment coupled with high algal biomass yields and cost-effective
biomass recovery (harvesting), and its and subsequent reuse as fertilizer, feed or biofuel (Sutherland et al.,
2018).
Constructed wetlands are artificial, impermeable basins which use engineered structures to control the flow
direction, water retention and water level. Also, constructed wetlands use the natural functions of wetland
vegetation, soils and microbial population to treat wastewater pollutants.
Constructed wetlands have been used for more than 55 years worldwide, and it is likely that more than
100000 constructed wetlands worldwide currently treat over one billion liters of water /day (Türker et al., 2014).
Over the last decades, constructed wetlands have been widely designed and implemented to treat
agricultural and livestock wastewaters, allowing a fertigation suitable for the environment or the safely discharge
in water bodies.

Fig. 1 – Constructed wetlands (constructedwetland.co.uk/)
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The climate in which the constructed wetlands are implemented must be taken into account, because their
efficiencies are affected by the quality and quantity of wastewater, soil, air temperature, solar radiation,
moisture, precipitations, concentrations of influent pollutant, and vegetation (Andreo-Martínez et al., 2016).
MATERIALS AND METHODS
Constructed wetlands are known for their effectiveness in removing biologically a variety of pollutants from
wastewater, including organic carbon, nutrients (phosphorus and nitrogen) and pathogens (Lee et al., 2009).
The biological removal of carbon in wetlands is mainly due to the degradation of organic carbon by
microorganisms. In wetlands, plants like duckweed can provide additional surface area for bacterial growth and
oxygenation of the water, increasing the degradation of organic carbon (Adhikari et al., 2015). Phosphorous (P)
is removed primarily by wetlands through sorption, precipitation with Ca2+, Al3+ or Fe3+, plant and microbial
uptake, and peat or soil accretion (Vymazal, 2007). The fate of nitrogen (N) in constructed wetlands is
influenced by ammonia volatilization, nitrification, denitrification, plant and microbial uptake, anaerobic ammonia
oxidation, and burial (Adhikari et al., 2015). Pathogen removal mechanisms include natural die-off, attack by
lytic bacterial and bacteriophages, predation, filtration, adsorption and subsequent sedimentation, chemical
oxidation, and inactivation by UV radiation (Vymazal et al., 2006).

Fig. 2 – Section through the constructed wetland (Ungureanu et al., 2018 a)

There are two types of constructed wetlands (Fig. 3): with horizontal discharge on the surface known as
CWs with surface flow (SF), respectively with vertical discharge below the surface known as CWs with
subsurface flow (SSF). The latter are divided as horizontal subsurface (HSSF) and vertical subsurface (VSSF)
flow. Floating macrophytes are also used in CWs.
CWs with surface flow consist of channels or basins with soil or other medium to support the vegetation
and wastewater flows with low velocity at relatively shallow depths through the basin, while being exposed to
the UV from sunlight. Processes involved in wastewater treatment are sedimentation of organic matter
(gravitational settling), filtration, oxidation, reduction, adsorbtion (onto substrate and plant surface) and
precipitation. The rate of these processes may vary according to the geographical area and the season, and
they depend on the organic loading, the depth of water and the availability of electron acceptors (García et al.,
2004).

Fig. 3 – Wastewater flow directions in constructed wetlands (Van Deun and Van Dyck, 2010)
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In CWs with surface flow, the oxygen for aerobic processes is obtained mainly by diffusion in water, from
the atmosphere. The amount of oxygen carried through the roots of plants in the underwater area is small.
Anoxic and anaerobic processes play the most important role in CWs with surface flow. Organic matter
decomposes both aerobically and anaerobic, resulting in reduced COD, BOD and solid matter. Insufficient
amount of oxygen results in incomplete nitrification and lack of ammoniacal nitrogen reduction.
CWs with subsurface flow are basins filled with substrate (filter material), often sand or gravel, planted with
vegetation tolerant to saturated conditions. Wastewater flows over the surface or through the substrate and is
discharged from the basin through a structure that controls the depth of wastewater in the wetland. The gravel
serves as support for microbial growth, and also helps in adsorption and filtration. Also, sand, gravel and plant
root act as the filters to trap suspended solids. In CWs with subsurface flow with sequential loading, the
ammoniacal nitrogen is removed by complete nitrification and denitrification. The water is charged intermittently
and is infiltrated into the substrate, then is gradually drained down vertically, where it is collected at the base,
through a drainage network. Air reenters the system at the next loading stage and a high oxygen transfer rate is
achieved. Wet zones constructed with vertical discharge with sequential loading are suitable when nitrification
and other aerobic processes are required. For the vertical discharge, water pumps and automation installations
are used and for filtration (pre-treatment) septic tanks are used.

Fig. 4 - Technical solutions for constructed wetlands use (Von Sperling, 2016)

Both CWs with SSF can be used as secondary treatment of wastewater in certain cases whereas the CWs
with SF should only be used as tertiary treatment because their use on high loaded wastewaters can generate
bad odours and mosquito proliferation (Mena et al., 2008).
To ensure full removal of pathogens, more complex disinfection systems such as ozonation columns are
placed before the constructed wetland, which in this case has a polishing role (Fig. 5).

Fig. 5 - Improved wastewater treatment using ozonation and constructed wetlands (aquanes.eu)
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Currently, the most commonly used are constructed wetlands with vertical discharge with sequential
loading, because they eliminate the ammoniacal nitrogen by complete nitrification and denitrification. The most
important roles of plants in CWs with horizontal subsurface are provision of substrate (roots and rhizomes) for
the growth of attached bacteria, radial oxygen loss (oxygen diffusion from roots to the rhizosphere), nutrient
uptake and insulation of the bed surface in cold and temperate regions (Vymazal, 2010).
Various types of constructed wetlands may be combined in hybrid systems to obtain higher treatment
efficiency. In hybrid systems, the wastewater is first treated in a VSSF constructed wetland, where the COD is
highly removed and the aerobic conditions favor nitrification, converting most of the nitrogen to nitrate. Finally,
the effluent is treated in HSSF constructed wetland, where the remaining COD is removed and the anoxic
conditions favor the denitrification, converting the nitrate to nitrogen gas. Another possible hybrid system
comprises the HSSF constructed wetland followed by the VSSF constructed wetland and the partial
recirculation of the VSSF effluent to the HSSF. With this system, clogging is minimized, as HSSF supports
better high solids concentrations. In addition, the issue of COD lacking in the denitrification mechanisms of the
HSSF constructed wetland is avoided (Mena et al., 2008). Also, because the constructed wetlands require
large areas, the combination with anaerobic reactors and the use of intensified constructed wetlands have been
recently investigated (Wu et al., 2014).

RESULTS
In constructed wetlands with free-water surface used for tertiary treatment of slurry, removal efficiencies
are often 35–51% for TSS loads of 17–116 kg/ha/day, 30–50% for organic matter loads (expressed as COD) of
34–291 kg/ha/day, 37–51% for TN loads of 2–51 kg/ha/day, and 13–26% for TP loads of 3–22 kg/ha/day
(Poach et. al., 2004). In constructed wetlands with vertical subsurface flow, at the treatment of swine slurries,
removal efficiencies of 28–38% for organic matter loads (COD) of 904–3900 kg/ha/day, 4–15% for ammonium
loads of 37–114 kg/ha/day, and 37–49% for TSS loads of 170–667 kg/ha/d (Sun et al., 2007).
Hunt et al. (2002) have investigated the effectiveness of constructed wetlands in treatment of swine
wastewater from an anaerobic lagoon. Four wetland cells (3.6 × 33.5 m) with two cells connected in series were
used. One set of cells was planted with bulrushes (Scirpus americanus, Scirpus cyperinus, and Scirpus validus)
and rush (Juncus effusus). The other set of cells was planted with burreed (Sparganium americanum) and
cattails (Typha angustifolia and Typha latifolia). Wastewater flow and concentrations were measured at the inlet
of the first and second cells and at the exit of the second cell for both the bulrush and cattail wetlands. Nitrogen
was effectively removed at mean monthly loading rates of 3-40 kg/ha/day; removals were generally >75% when
loadings were <25 kg ha/day. In contrast, P was not consistently removed. Neither plant growth nor plant
litter/soil accumulation was a major factor in N removal after the loading rates exceeded 10 kg/ha/day. The soilplant-litter matrix ensured the carbon and reaction sites for denitrification, the likely major treatment component.
Soil Eh (oxidative/reductive potential) values were reduced (<300 mV), and nitrate was absent from the
wetlands. The wetlands removed more nitrate-N according to denitrification enzyme activity determinations. It
was found that constructed wetlands can be very effective in the removal of N from anaerobic lagoon-treated
swine wastewater. However, this type of wetland should be improved for an increased P removal to be effective
in both P and N treatments at high loading rates.
Vertical-flow constructed wetlands treating septic tank effluent obtained removal rates for COD, BOD5,
suspended solids, total nitrogen and total phosphorus of 60, 80, 74, 49 and 79. The treated effluent was used
for hydroponic cultivation of romaine lettuce and water spinach. The removal efficiencies of the whole system for
COD, BOD5, suspended solids, total nitrogen and total phosphorus were 71, 98, 97, 86, and 87%. It was found
that using treated effluent for hydroponic cultivation of vegetables could reduce the nitrate content in vegetables
(Cui et al., 2003).
Poach et. al. (2004) tested the ability of marsh–pond–marsh (m–p–m) constructed wetlands to treat
wastewater from a confined swine operation over varying nitrogen loads. Marsh–pond–marsh is a continuousmarsh design bisected by a deeper, open-water or pond section. Swine wastewater was applied to six m–p–m
wetlands during summer and winter. The wetlands removed an average 35–51% of TSS, 30–50% of COD, 37–
51% of total N, and 13–26% of total P from swine wastewater. For wastewater COD and N, treatment efficiency
was significantly lower during winter. Treatment efficiency for all parameters decreased with decreasing
temperature and increasing rainfall.
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Lopez et al. (2006) investigated the treatment of municipal effluents by constructed wetlands, in order to
further reuse the effluents as irrigation wastewater in agriculture. Average removal efficiencies for suspended
solids, BOD5, COD, total nitrogen and total phosphorus were 85%, 65%, 75%, 42% and 32%.
Sirianuntapiboon et al. (2007) found that the higher organic matter removal is achieved in planted
wetlands as the plants increases the surface area which increases growth of biofilm within the treatment beds,
but their findings are contradicted by Stefanakis and Tsihrintzis (2012) who have measured lower COD removal
rates in non-planted wetlands than in planted ones. COD removal ranging from 38 to 47% while treating
domestic wastewater through vertical flow system was obtained by Gikas and Tsihrintzis, (2012).
Phragmites australis significantly enhanced the capacity of a pilot scale horizontal subsurface flow CW in
removing organic pollutants - monochlorobenzene and perchloroethylene (Chen et al., 2012).
Klomjek (2016) investigated the pollutant removal efficiencies in swine wastewater using a vertical
subsurface flow constructed wetland planted with Giant Napier grass having different shapes of stems
(Pennisetum purpureum cv. King grass) and Dwarf Napier grass (Pennisetum purpureum cv. Mott.) with 2 and 5
cm/d of hydraulic loading rates (HLR). Both species of Napier grass achieved more than 70% of removal
efficiency of BOD and TKN. The VSF CW planted with Giant Napier grass at 5 cm/day HLR performed the
highest BOD removal efficiency of 94 ± 1%, while the 2 cm/day HLR removed COD with efficiency of 64 ± 6%.
The results also showed the effluent from all treatment units contained averages of BOD, COD, TSS, TKN and
pH that followed Thailand's swine wastewater quality standard. Average fresh yields and dry yields were
between 4.6 ± 0.4 to 15.2 ± 1.2 and 0.5 ± 0.1 to 2.2 ± 0.1 kg/m2, respectively. The dry yields obtained from four
cutting cycles in five months of CW system operation were higher than the ones planted by traditional method,
but declined continuously after each cutting cycle. Both species of Napier grass indicated their suitability to be
used in the vertical subsurface flow constructed wetland for swine wastewater treatment.
HSSF constructed wetlands exhibit inconsistent and highly variable nitrogen removal efficiency and has
been reported in long term studies to be between 20 - 70 %, while phosphorous removal was reported from 30 60%, depending on the wastewater and the media used (Mesquita et al., 2017).
Shahamat et al. (2018) studied the implementation of constructed wetlands with horizontal surface flow
cultivated with two local plants (Louis latifoila and Phragmites-australis Cav.Trin) at municipal wastewater
treatment plant. The following parameters were studied: total dissolved solids (TDS), total suspended solids
(TSS), turbidity, BOD and COD. The experimental results show that the efficiency of the treatment increases
with the passage of time. The efficiency of Phragmites planted in the open environment was quite good for all
the studied parameters, respectively 28.6% for TDS, 9.4% for TSS, 79.8% for turbidity, 93.7% for BOD and
82.6% for COD. The efficiency of L. latifoila was also good, but lower than that obtained for Phragmites,
respectively 26.5% of TDS, 76.9% for TSS, 71.5% for turbidity, 79.1% for BOD and 68.8% for COD.
CONCLUSIONS
As alternative to the conventional treatment systems, the constructed wetlands are man-made systems
implemented for the control of environmental pollution control by natural treatment of a variety of wastewaters
including industrial effluents, domestic, municipal, agricultural, livestock wastewaters, sludge, and landfill
leachate.
Wastewater treatment is achieved in constructed wetlands through a combination of biological, physical
and chemical interactions between plants, substrate and microorganisms. Vegetation plays a vital role in the
treatment, because it provides surfaces and a suitable environment for microbial growth and filtration.
A wide variety of contaminants, such as suspended solids, organic compounds, nutrients, pathogens,
metals, and emerging contaminants are effectively removed in constructed wetlands.
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ABSTRACT
As the human population and the industry develop rapidly, large amounts of wastewater are produced
daily. At the same time, water pollution has become an increasingly serious threat, so the public concern over
the environmental impact of wastewater has increased worldwide. There are many kinds of pollutants in
wastewater, of inorganic, organic and biological nature and in different concentrations, of which some are highly
toxic, depending on their source. The role of wastewater treatment processes is to reduce / remove the organic
matter, suspended solids, nutrients, heavy metals, and disease-causing microorganisms, before the treated
water reenters a natural body of water, is applied on soil as irrigation water or is reused in industrial
applications. Alongside physical and biological treatment processes, the chemical treatment is very important in
meeting the quality and safety standards of water reuse. This paper presents a synthesis of the technologies for
wastewater disinfection, such as such as the disinfection by chlorination, ultraviolet and ozone, technologies
designed to remove the disease-causing microorganisms and to provide treated wastewater that can be safely
reused for crop irrigation.

REZUMAT
Deoarece populația umană și industria se dezvoltă rapid, se produc zilnic cantități mari de ape uzate. În
același timp, poluarea apei a devenit o amenințare din ce în ce mai serioasă, astfel încât preocuparea publică
asupra impactului apelor uzate asupra mediului a crescut în întreaga lume. Există multe tipuri de poluanți în
apele uzate, de natură anorganică, organică și biologică și în concentrații diferite, dintre care unii sunt foarte
toxici, în funcție de sursa lor. Rolul proceselor de tratare a apelor uzate este de a reduce / a elimina materia
organică, solidele în suspensie, substanțele nutritive, metalele grele, dar și microorganismele care cauzează
maladii, înainte ca apa tratată să fie reintrodusă într-un corp natural de apă, să fie aplicată pe sol ca apă de
irigare sau reutilizată în aplicații industriale. Alături de procesele de tratare fizică și biologică, tratarea chimică
este foarte importantă în satisfacerea standardelor de calitate și siguranță ale reutilizării apei. Această lucrare
prezintă o sinteză a tehnologiilor actuale de dezinfecție a apelor uzate, precum dezinfecția prin clorurare,
ultraviolete și ozonizare, tehnologii destinate eliminării microorganismelor care cauzează maladii și asigurării
unei ape uzate tratate care să poate fi folosită în siguranță la irigarea culturilor.

INTRODUCTION
Every day, in the activities of industries, enterprises, commercial activities, institutions, agriculture and
household activities, large quantities of water are used and many compounds are released that alter the quality
of the water and turn it into waste water. All these practices generate different pollutants and change the water
cycle causing a global concern about their impact on the environment and on human health. (Deblonde et. al.,
2011). These wastewaters are classified and defined according to their source, as follows:
Domestic
wastewater – from households and services, which usually result from human metabolism and household
activities (Romanian Ministery of Environment and Forests, 2012).
Urban wastewater - the domestic wastewater or a mixture of domestic wastewater with industrial
wastewater and / or meteorological water.
Industrial wastewater - any type of wastewater that is discharged from the premises where industrial and /
or commercial activities are carried out, other than domestic wastewater and meteorological waters.
Institutional wastewater - generated by large institutions, such as hospitals and educational institutions.
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Domestic and municipal wastewater is composed of 99% water and 0.1% suspended solid organic
compounds, colloidal and dissolved, inorganic compounds, including macronutrients such as nitrogen,
phosphorus and potassium, or essential micronutrients. In general, each person connected to the centralized
sewerage system generates daily between 200 - 500 liters of wastewater. The flow of wastewater handled by a
treatment plant varies according to the time and season.
Wastewater treatment is a complex process of retention and / or neutralization by different means of
polluting, toxic substances, microorganisms, etc., which are in wastewater in the form of suspensions, in
colloidal or dissolved state, in order to reintroduce them to the hydrological circuit, by discharging them into an
emissary, without thereby harming both aquatic flora and fauna, as well as man.
During wastewater treatment, the processes and methods for extracting pollutants from water are
mechanical, biological and chemical in nature. The choice of a certain technological flow of processing is related
to the nature of the polluting substance in the wastewater, but also to the degree of purification that is desired to
be achieved, determined for ecological and economic reasons. As a result of the treatment process it results:
the purified water in different degrees, which is discharged into the emissary or used for irrigation or other
activities; extracted pollutants, which are called sludge and can be stabilized, stored or processed for recovery.
The choice of the treatment method is generally made according to the composition and characteristics of the
wastewater, as well as the requirements of the degree of treatment at the discharge in the emissary. Thus,
wastewater with predominantly inorganic loading is mainly treated with physico-chemical methods, those with
predominantly organic loading are treated by physico-chemical and biological methods. Chemical treatment
methods increase the efficiency of other process operations and provide specialized treatment as a result of
their addition to different wastewater treatment stages.
The mechanical-chemical treatment plant is used to purify industrial waters of various origins, and the
efficiency of such installations consists in reducing the quantities of suspensions and colloids by 60-85%.
Chemical processes carried out in mechanical-chemical treatment plants are:
- disinfection - a process by which the living cells are destroyed, by chemical methods, with reagents that
diffuse inside them (chlorination, ozonation, UV, etc.).
- flocculation - coagulation - by introducing into the wastewater some reagents (aluminum sulphate, ferric
chloride, etc.) that achieve the coagulation of colloidal substances, allowing their separation by sedimentation.
- ion exchange - is based on the acquisition of substances to exchange their own ions with the ions in the
solution with which they come in contact, forming compounds that do not dissolve.
- chemical oxidation - is applied to wastewater containing bio-resistant organic substances or unwanted
inorganic substances.
Pathogenic microorganisms that can cause diseases are present in all wastewater due to human and
animal manure. The microorganisms of concern in domestic wastewater include enteric bacteria, viruses and
protozoan cysts (Zăbavă et. al., 2018a). These microorganisms must be removed or killed before the purified
wastewater is discharged into the receiving waters. Various studies have pointed out that the pathogens
contained in wastewater pose a serious threat to human health and increase the risk for bacterial, parasitic and
viral infections in consumers of wastewater irrigated crops, estimating the risk of infection based on the
microbial concentration of reused wastewater (Moazeni et al., 2017; Ungureanu et al., 2018d).
Human and animal pathogens, phytopathogens and antibiotic resistant bacteria and their genes are
important biological contaminants that can be transported by wastewater and/or be enriched in soil (Ungureanu
et al., 2018b). Zheng et al. (2017) tested chlorination, and ozone disinfection aiming to reduce levels of
antibiotic resistant genes (ARGs) in secondary effluents from a municipal wastewater treatment plant. It was
found that the abundance of ARGs decreased exponentially as the dosage increased during UV disinfection
(R2 = 0.68–0.92). In the 0–5 mg/L available chlorine concentrations, with a contact time of 30 min, the
abundance of ARGs decreased linearly with increasing chlorine concentrations (R2 = 0.77–0.99). In a 2 mg/L
concentration of ozone (O3), the abundance of ARGs had higher removal efficiency, but the removal efficiency
was not significantly increased by increasing the concentration of O3.
Many pathogens are able of survival in the environment (e.g., water, soil, crops) long enough to allow
transmission to humans (Campos, 2008). Wastewater and agricultural soil have quite different characteristics,
but both are inhabited by a wide diversity of bacteria (Fig. 1).
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Fig. 1 - Bacterial diversity in treated wastewater and in agricultural soil
(Letunic and Bork, 2011; Ungureanu et al., 2018 b)

To manage risks to health and the environment, the World Health Organization (WHO) provides guidelines
for safe reuse of agricultural wastewater, which includes treatment and non-treatment options, and which covers
the entire chain, from cultivation for consumption (WHO, 2006; Ungureanu et al., 2018c). Disinfection is usually
applied to the final effluent, in order to reduce microorganisms and harmful pollutants which can cause
diseases, irritation, eczema etc., to humans and can be further transmitted into water and soil. In some cases,
only chlorination with the appropriate amounts of chlorine can provide treated water that can be reused as
irrigation water (Ungureanu et al., 2018a).
DISINFECTION BY CHLORINATION
Chlorination is the most effective disinfection method, resulting in the destruction of all pathogenic
microorganisms (98-99%) in waste water. Chlorine can be applied in gaseous form, hypochlorite solutions,
chlorine compounds in solid form (Cl tablets) or liquid (Su et al., 2018). When the chlorine gas is dissolved in
water, it rapidly hydrolyzes to hydrochloric acid (HCI) and hypochlorous acid (HOCI) (Collivignarelli et al., 2018):
(1)
Cl2 + H2O ↔ H+ + Cl + HOCl
Chlorine has a strong bactericidal action by "blocking" vital activities, with quite complex mechanisms. The
main action of chlorine is to modify the chemical structure of the enzymes that underlie the mechanisms of
feeding the bacteria, inactivating them and inhibiting their development and life. Chlorine dioxide (Cl2) is another
bactericidal agent whose disinfectant power is equal to or greater than that of chlorine. Chlorine dioxide is a
yellow-green gas with a pungent odor, soluble in water, but very unstable. It is usually produced by sodium
hypochlorite and hydrochloric acid according to the reaction (Collivignarelli et al., 2018):
(2)
5NaClO 2 + 4HCl → 4ClO 2 + 5NaCl + 2H2O
_

Chlorine dioxide is characterized by a high oxidation power, which leads to its high germicidal potential.
Due to the high oxidative power, possible mechanisms of bacterial elimination may include inactivation of
enzymatic systems or interruption of protein synthesis.
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Fig. 2 - Typical system of chlorination with liquid Cl (Disinfection of treated wastewater)

Table 1
Chlorine requirement and recommended dose (dose = necessary chlorine + residual chlorine) (Disinfection of
treated wastewater)
Treatment method
Necessary [mg/l]
Primary effluent
10 – 25
Biofilter effluent
5 – 15
Activated sludge basin effluent
4 – 10
Filtered activated sludge effluent
4–8
Nitrified effluent
4–8
Septic basin effluent
10 – 30
Flashing sand filter effluent
2–6
Chlorine decomposition
2 – 4 mg/l·h

Chlorination has the disadvantage that toxic chemical by-products are formed as a result of chlorine
reaction with organic compounds in wastewater. In order to protect the receiving water and the aquatic species,
after chlorination chlorine chemicals such as sulfur dioxide, sodium bisulphite, sodium metabisulphite or
activated carbon are added to the treated effluent (Templeton and Butler, 2013).
There are a growing number of reports attesting to the fact that chemical disinfection by chlorination, once
considered harmless, can have long-term negative effects on the human body as well as on the environment. A
study conducted by Liu et al. (2018) showed that chlorine dioxide (ClO2) disinfection increases both intracellular
and extracellular antibiotic resistance genes in a full-scale wastewater treatment plant, as it is shown in Figure
3.

Fig. 3 - Concentrations of ARGs increased by disinfection with chlorine dioxide (Liu et al., 2018)

Therefore, the current trends are renouncing chemical disinfection, which has been used over the years for
bacteriological disinfection of water used in industry, but also for domestic consumption.
DISINFECTION BY UV RADIATION
UV radiation disinfection has been successfully tested for many years, without negative consequences,
while the scope of application extends to new areas. Of all the water disinfection methods, ultraviolet light is one
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of the most efficient, economical and non-polluting methods available, being considered the fastest, most
efficient and safest.
UV radiation is not suitable for water with high levels of suspended solids, color, turbidity, or soluble
organic matter (Zăbavă, 2018b). UV radiation is electromagnetic radiation between visible (luminous) and
Rontgen (X-ray) radiation in the spectrum of electromagnetic waves. This wavelength range is between 100 nm
and 400 nm, but the useful part is between 150 nm and 400 nm. UV radiation penetrates into the genetic
material of microorganisms and delays their ability to reproduce. Inactivation of some microorganisms requires a
higher UV dose than others, so the bacteriological quality of the water to be treated must be known. Depending
on the subsequent use of the water to be treated, more or less disinfection is required.
UV disinfection does not require a contact basin or neutralization step of the active disinfectant and
produces fewer by-products compared to chlorination. The UV disinfection reactors are open channels, and the
water comes only a few seconds in contact with the UV light generated by electrically discharged lamps through
mercury vapor, which are contained in quartz enclosures and oriented either perpendicular or parallel to the
wastewater flow (Fig. 4). The lamp housing should be cleaned daily and replaced every few months. UV
reactors for wastewater treatment are designed to provide UV fluence between 20-100 mJ/cm2, which ensures
high levels of inactivation of organisms such as total and faecal coliform bacteria as well as other pathogens in
wastewater (Templeton and Butler, 2013).

Fig. 4 - UV lamp encapsulated in quartz housing and immersed in wastewater (Templeton and Butler, 2013)

An important parameter of water quality in the design and cost of the UV disinfection process is the UV
transmittance factor (UVT) of wastewater, which is a measure of the absorption of UV light by chemical
compounds in wastewater. This is measured using a UV spectrophotometer at a wavelength of 254 nm. UVT
values for wastewater range from 30-65% (drinking water has UVT between 85-9%) and the lower these values
are, the more UV light should be provided inside the reactor by placing more lamps with small distance between
them to achieve a closer distance between the lamps. Solids suspended in effluent can limit the performance of
chemical processes, as well as those of UV disinfection, by shielding pathogens from the disinfection agent.
This is why the disinfection process is normally applied at the end of the wastewater treatment process
(Templeton and Butler, 2013).
Often, UV disinfection is completed by a final chlorination, with the minimum dose, or by the addition of
chlorine dioxide before being sent to the distribution network. There is an increased interest in treating water by
using ultraviolet (UV) light as an alternative disinfection method for classical chlorination. In addition, the
combined use of UV light and other oxidants, ozone and hydrogen peroxide, for advanced wastewater treatment
processes, are important applications in improving sanitary conditions to avoid contamination with highly
resistant compounds, such as: halogenated hydrocarbons, aromatic compounds, polycyclics, etc. Since the
discovery of the formation by chlorination of harmful organochlorine compounds (THM), UV disinfection is an
important alternative for wastewater disinfection (Design guide for constructions and installations for water
disinfection).
The following three criteria must be considered when choosing a UV disinfection system:
a) Hydraulic properties of the reactor: ideally, a UV disinfection system should have a uniform flow with
sufficient axial movement (radial mixing) to maximize exposure to UV radiation. The path an organism takes in
the reactor determines the amount of UV radiation it will be exposed to before inactivation. A reactor should be
designed to eliminate short-circuiting and / or dead zones, which can lead to inefficient use of power and
reduced contact time.
b) Intensity of UV radiation: the factors that affect the intensity are: the age of the lamps, the pollution of
the lamp and the configuration and placement of the lamps in the reactor.
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c) Characteristics of wastewater: flow, suspensions and colloidal solids, initial bacterial density, as well as
other physical and chemical parameters. Both the concentration of total solids in suspension and the
concentration of microorganisms associated with particles determine how much UV radiation finally reaches the
target organism.
Figure 5 shows UV disinfection systems mounted on an wastewater treatment plant. The various
characteristics of wastewater and their effects on UV disinfection are presented in Table 2.

Fig. 5 - Systems for wastewater UV disinfection
(O'Brien WRP Adds Wastewater UV Disinfection System; Trojan Technologies)
Table 2
Wastewater characteristics that affect the performance of UV disinfection systems (Darby et al., 1995)
Wastewater characteristics
Effects on UV disinfection
Ammonia, nitrates, nitrites
Minimal effect, if any
Minimal effect, if any. If much of the BOD is humic and / or unsaturated
Biochemical oxygen demand (BOD)
(or conjugated) compound, then UV transmission may be diminished
It affects the solubility of metals that can absorb UV light. It can lead to
Hardness
precipitation of carbonates on quartz tubes
Humid materials, iron
High absorption of UV radiation
pH
It affects the solubility of metals and carbonates
Total solid in suspension
It absorbs UV radiation and protects the built-in bacteria

The advantages of UV disinfection are (Design guide for constructions and installations for water
disinfection):
- is effective in inactivating most viruses, spores and cysts.
- very good bactericidal efficacy, subject to complete process control;
- no chemicals are introduced (no chemical risk), so UV disinfection is a physical process rather than a
chemical one, thus eliminating the need to generate, manipulate, transport or store hazardous or corrosive toxic
/ chemical substances;
- the product (treated water) does not change with respect to the organoleptic properties and no
mutagenic halogenated compounds are formed;
- UV has a shorter contact time compared to other disinfectants (about 20 to 30 seconds with low
pressure lamps).
- UV disinfection equipment requires less space than other methods.
- safe and economical operation and maintenance.
The disadvantages of UV disinfection are (Design guide for constructions and installations for water
disinfection):
- small dosages cannot effectively inactivate certain viruses, spores and cysts.
- absence of the remaining effect that favors recontamination.
- a preventive maintenance program is necessary to control the contamination of the tubes.
- turbidity and total suspended solids (TSS) in wastewater can render UV disinfection inefficient. UV
disinfection with low pressure lamps is not as effective for secondary effluents with TSS levels greater than 30
mg / L.
- there are no measurable residues to indicate the effectiveness of UV disinfection.
- certain microorganisms must be eliminated by other methods or in combination with other processes
(molds / microfiltration, respectively amoebae and spore germs / UV + filtration + chemical agents).
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DISINFECTION BY OZONATION
Ozone disinfection has been proven to be one of the most effective methods and is widely used to
inactivate waterborne pathogens, especially in Europe, the US and Canada since the first treatment plant was
built in Nice, France (Xu et al., 2002).
Ozone (O3) is an unstable gas that can destroy bacteria and viruses. Ozone rapidly decomposes into an
oxygen molecule and a free oxygen atom, so that ozone is an extremely strong oxidant and also one of the
most powerful disinfectants, being unaffected by temperature or pH. Ozone can be combined with hydrogen
peroxide or UV to increase oxidation power, remove odor and taste of water and minimize the formation of byproducts of disinfection (DBP) resulting from chlorine disinfection. Organic contaminants are converted by
disinfection into carbon dioxide and water and the metals are precipitated and subsequently filtered using rapid
sand filters or activated carbon filters.
Various studies have shown that the destruction of E-coli occurs 99.99% in less than 100 s at a dose of 10
mg ozone/L water (3000 times faster than chlorine). Being very unstable, ozone is produced in situ by high
voltage electrical discharge in dry air and cannot be stored for a long time (USEPA, 1999a). Ozone acts on the
mass of bacterial proteins through catalytic oxidation, unlike chlorine which selectively combines with the
proteins in the cell, through a slower process, due to its low diffusion coefficient.
The diffusion of ozone is made by a fine bubble dispersion, with a diameter of 2-3 mm and with an
ascending speed of 20-30 cm/s. Fine bubble production requires high energy consumption. Porous diffusers are
materials with 0.05–0.1 mm pores that compress the gas that passes through these pores and thus produce 3-4
mm bubbles. The diffusers are made in the form of tubes with walls of porous material or in the form of disks,
located at the base of the reactor, 4-7 m below the water level. The water to be treated is introduced at the top.
Load loss through diffusers should be kept below 0.3–0.5 m H2O. The average ozonated air flow in each contact
column is 10% of the flow of treated water. The transfer surface obtained in the case of bubbles of 4 mm
diameter is about 150 m2/m3 water (Blagoi and Puscaș, 1997).
Figure 5 illustrates a typical ozone diffuser with three bubble diffusion systems, with a countercurrent flow
configuration (ozone and water flowing in opposite directions), a DC / countercurrent alternating system and a
simultaneous flow configuration ( ozone and water flowing in the same direction).

Fig. 5 - Ozone bubble diffusers (USEPA, 1999 b)

The ozone generator is made up of two electrodes including a dielectric foil, with high permittivity. The two
electrodes are subjected to a great difference of alternative potential. In the space between the electrodes, air or
oxygen circulates. If the voltage applied to the electrodes were low, the system would act as an ordinary
capacitor. At voltages above a certain value, called threshold voltage, the gaseous fluid is ionized, becoming an
electricity conductor. Light discharges occur and ozone molecules are formed. Energy consumption increases
rapidly with the applied voltage. The energy is consumed for: ozone generation, light production, but especially
by heat (90% of the energy consumed). For this reason, the ozonators must be cooled with water to protect the
plant and to obtain a high concentration of ozone, knowing that it decomposes at high temperature. Ozone
production depends on the type of reactor (static characteristic), the absorbed power and the gas flow.
In small-scale wastewater treatment plants, UV ozonators are the most common (Fig. 6 and Fig. 7), while
large systems use either corona discharges or other ozone production methods.
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Fig. 6 - Principle scheme of a UV ozonator (Camix Vietnam)

Fig. 7 - Ozone generator with ultraviolet rays (Monozone™ Ultraviolet Air Ozone Generator)

The advantages of using ozone for water disinfection are (Luca et al., 2014):
- due to the in situ generation it does not require transport or storage;
- extremely high efficiency, even against resistant protozoa (for example, for inactivation of Giardia cysts a
contact time of 100 times lower than that required for chlorine disinfection is required);
- oxidation of organic and inorganic material from water (iron, manganese, sulphites) and retention of their
filtration;
- does not generate trihalomethanes (THM);
- complete process automation.
The disadvantages of using ozone for water disinfection are (Luca et al., 2014):
- permanent monitoring, due to ozone toxicity. In the room where the ozone is injected into the water,
called the contactor, ozone losses occur, at concentrations exceeding the maximum permissible limit and are
fatal. It is collected and transformed into oxygen to be released into the atmosphere;
- the need to take special safety measures due to the storage of liquid oxygen starts purity;
- high costs;
- lack of remanence, due to the short life time of ozone (about 20 minutes).
CONCLUSIONS
Disinfection is an important process for the inactivation or destruction of pathogenic microorganisms,
widely applied to prevent the spread of waterborne diseases to downstream users and the environment.
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The health risks posed by direct and indirect wastewater use are: the rural health and safety problem for
farmers working the soil irrigated with wastewater, and the consumption of products contaminated with microbial
pathogens from the wastewater, which could subsequently infect humans or animals. So, the safe operation of
water reuse depends on effluent disinfection.

Chlorination is the most commonly used disinfection process for wastewater treatment and the most
effective, removing 98-99% of the microorganisms. UV is an ecologically friendly wastewater disinfection
technique. Ozone can be diffused into water to reduce bacteria, algae and other pathogens.
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ABSTRACT
The paper presents a procedure to simulate the air flow from the exhaust pipe created by the chopping
drum from a forage harvester. The simulation was used to determine the air flow trajectory and speed. Later,
these results were used to determine the stresses that appear in the cylinder due to the air flow.
REZUMAT
Lucrarea prezintă o procedură pentru a simula fluxul de aer din conducta de evacuare creat de toba de
tocat de la o combina de recoltat furaje. Simularea a fost utilizată pentru a determina traiectoria și viteza fluxului
de aer. Ulterior, aceste rezultate au fost utilizate pentru a determina tensiunile care apar în cilindru datorită
fluxului de aer.

INTRODUCTION
Within the technological process of the combine, the most important working part is the chopping drum,
which cuts the fodder according to dimensions required and throws them into the evacuation system in the
combine due to peripheral speed and air current created by it (Paun A., 2012).
The most commonly adopted numerical approach to study fluid flow is the computational fluid dynamics
method (CFD) (Howard H., 2012).
In recent years, with the development of computer simulation, computational fluid dynamics technology
(CFD) replaced the classical fluid mechanics of some approximate calculation method and graphic method (Yan
H., 2013).
Computational fluid dynamics (CFD) is a branch of fluid mechanics that uses numerical analysis and
data structures to analyze and solve problems that involve fluid flows. Computers are used to perform the
calculations required to simulate the free-stream flow of the fluid, and the interaction of the fluid (liquids and
gases) with surfaces defined by boundary conditions (Monark S., 2017).
In more recent years, with the desire to provide more efficient operations, it has become increasingly
important to adapt CFD for advanced agricultural engineering design applications (Kursat Celik H., 2011).
Numerical modeling techniques such as CFD can offer an effective way of accurately quantifying the
inﬂuence of agriculture machinery design, environment parameters and weather conditions within a virtual
environment (Bartzanas T., 2013).
Various researchers have contributed to evaluating the air flow field inside exhaust pipes and centrifugal
pumps.
Computational fluid dynamics (CFD) have successfully accomplished the prediction of the flow through
the pumps and the improvement of their design (Pourmahmoud N., 2017).
It was demonstrated that the velocity field is relatively disordered and the flow in the impeller region is of
a forced vortex character (Ping T, 2017).
Li carried out a numerical simulation and experiment analysis for the gas–liquid two-phase vortex pump
(Li Y., 2010). Jiang and Zhu studied the influence of different types of hems and blades on the performance of
the vortex pump (Jiang D.L., 2012).
The paper used software of Soildworks to establish the three-dimensional model and module Flow
Simulation to simulate the air flow from the exhaust pipe and determine its velocity. The Simulation module was
then used to determine stresses that appear in the cylinder due to the air flow.
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\MATERIAL AND METHOD
The velocity of the air flow from the exhaust pipe created by the chopping drum was determined using
Solidworks.
For the 3D model, CTF 65 forage harvester was studied.
At this harvester the evacuation of the chopped feed is done due to the peripheral speed and the air
flow created by the chopping drum.
The harvester is equipped with a chopping drum with V-shaped knives. For the virtual model were
studied the technical drawings of the chopping drum and the exhaust pipe, in order to reflect as much as
possible the real equipment.

Fig.1. CTF 65 Harvester

A simplified model of the housing and the exhaust pipe (fig. 2) was created. To the chopping drum was
assigned a rotation of 826 rpm.

Fig.2. Simplified 3D Model
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For the simulation the Flow Simulation module was used. Flow Simulation is a module integrated in
Solidworks that uses the Finite Volume method (FVM) to simulate the currents of liquids and gases through and
around equipment to calculate their performance and capabilities.
Next, the Simulation module was used to determine the stresses that appear in the cylinder due to the
air flow. The data obtained from the analysis of the air currents have been transformed into loads that act on the
housing and the exhaust pipe.
The 3D model has been discretized with high quality parabolic tetrahedral elements, with nodes both at
the corners and at the middle of each edge. For this analysis, 40645 tetrahedral elements and 81379 nodes
were obtained.

Fig.3. Discretization of the 3D model

The mechanical properties of the housing material are shown in table 1.

Table 1
Material
Steel

Mechanical properties of the housing material
Density
Elastic modulus
[kg/m3]
[MPa]
7800
210000

Tensile strength
[MPa]
220.59

RESULTS
Fig. 4 shows the velocity of the air flow in the chopper housing. It is noted that the maximum air velocity
created by the chopping drum is 23 m/s near the blades and at the exit from the exhaust pipe decreases to 10
m/s.
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Fig.4. Air speed in the cylinder and the exhaust pipe

Fig.5. Air flow trajectory

Fig. 5 shows the air currents in the form of lines in order to better understand their trajectories in the
interior of the housing and in the exhaust pipe.
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Fig.6. Stress distribution on the chopper’s housing

Fig. 6 shows the distribution of stresses on the casing. It is observed that the maximum stress appears
in the area where the ascent of the air begins through the exhaust pipe with a value of 33.4 MPa.

Fig.7. Displacement distribution on the chopper’s housing

Fig. 7 shows the distribution of the displacements on the casing of the chopper, the maximum value
being 1 mm.
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CONCLUSIONS
From this study it results that design programs can be successfully used to perform air flow analysis of
agricultural machinery, in order to improve their performance.
The results showed that the maximum air velocity created by the chopping drum is 23 m/s near the
blades and at the exit from the exhaust pipe decreases to 10 m/s.
The air flow produces a maximum stress of 33.4 MPa on the casing in the area where the ascent of the
air begins through the exhaust pipe and a maximum displacement of 1 mm.
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ABSTRACT
The paper presents research on kinematic analysis of retractable fingers for two variants of
mechanisms. A simplified mechanism was developed for both variants. These models were used to find the
speed values at the entry and exit from the plant material and to illustrate the positions of the finger during
operation.
REZUMAT
Lucrarea prezintă cercetări privind analiza cinematică a degetelor escamotabile pentru două variante de
mecanisme. A fost realizat un model simplificat al mecanismului pentru ambele variante. Aceste modele au fost
folosite pentru a afla valorile vitezelor la intrarea și la ieșirea din materialul vegetal și pentru a ilustra pozițiile
degetului în timpul funcționării.
INTRODUCTION
Nowadays combine harvesters are equipped with massive headers capable of harvesting largeamounts
of vegetable material. A very important component of the header is the retractable finger auger. For a better flow
manufacturers use large diameter augers with fingers displayed on the full length of the auger.
The most important parameters of the retractable fingers drum are the angular velocity of the drum,
finger tip speed; and the law of variation of the path of the tip of the finger outside the cylinder (Miu P., 2016).
The retractable finger is the most active component of the retractable finger drum. During operation, the
retractable fingers perform a complex movement (Caba I.L, 2012). This requires spherical joints to support the
fingers and guide them. These spherical joints deteriorate rapidly (Allen A., 1954).
The fingers tend to press the plant material onto the surface of the cylinder so that part of the crop
begins to wrap around the drum instead of being driven to the central conveyor. Another flaw in the operation of
the conventional mechanism is its speed. With such a mechanism applied to a auger that feeds the harvested
material from both ends to the middle, where the finger mechanism begins to act, the finger mechanism may not
be able to remove the crop as quickly as it is received (Allen A., 1954).
The inclination angle of the crankshaft influences the flow of material carried by the fingers. The angle
between the retractable finger and the upper face of the material layer increases with the crankshaft angle and
the surface where the finger acts on the plant material decreases. When crankshaft angle decreases the finger's
surface increases (Popa V., 2018).
It has been studied that the working performance of retractable fingers is affected if the mounting angle
between retractable finger and the supporting frame is too large (Niu Q., 2015).
The rotary center of the retractable finger also influences the performances. It was determined that the
retractable finger rotary center gives the best performances in the fourth quadrant (Kang Xiao‐yun, 2017).
A solution to these disadvantages can be a mechanism in which the fingers remain at all times at right
angles to the tangent planes of the cylinder at the exit points of the fingers from the drum.
Another version of this mechanism is one that uses a camshaft to perform the movement of the fingers.
This version is used in residual film recovery machinery (Shilin Z., 2018).
Kinematic Simulation can be used to study movement and velocity of mechanism in order to optimize
their performance (Yueling Z. 2018). The simulation is performed with modules from design software packages
such as Solidworks Motion and the results are displayed graphically where the SolidWorks Motion points are
placed (Nedelcu D., 2011).
In designing components, optimization helps in many ways to reduce materials costs, provide a better
component performance, increase production rates and many other parameters (Thamaraikannan B., 2014).
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The paper presents a study of the retractable finger mechanism using a design software in order to
provide information for optimizing the mechanism.
MATERIAL AND METHOD
A kinematic analysis of the mechanism with retractable fingers was performed for both the conventional
variant, hereinafter referred to as variant 1 and the one with fingers coming out at right angles to the drum,
hereinafter referred to as variant 2.
A simplified model of the mechanism with retractable fingers was developed for both variants of
mechanism. These models were used to find the speed values at the entry and exit of the plant material and to
illustrate the positions of the finger during operation.
There were analyzed variants of the two mechanisms with several inclination angles of the crankshaft.

a
b
Fig.1 Schemes of the two variants
a- variant 1; b-variant 2

According to previous researches the conventional design of the retractable finger and drum utilizes a
Whitworth mechanism (Barney K. Hunag,1994).
The second variant utilizes an elongated central body member or yoke to perform the in and out
movement of the finger (Allen A., 1954).
Fig. 2 shows the simplified model realized in the Solidworks design program. It contains both types of
fingers analyzed.

Fig.2 Simplified model

After the model was made, the Motion module from Solidworks was introduced to draw graphs with
finger speeds. SolidWorks Motion, formerly called COSMOSMotion (SolidWorks 2008 and before), is a virtual
prototyping tool that supports animation and analysis of motion, and design of mechanisms (Kuang-Hua C.
,2010).
The drum was assigned an angular speed of 180 RPM. The simulation duration was set to 0.33
seconds, the duration of a complete rotation.
RESULTS
At the entrance in the plant material the angle formed by the fingers with the surface of the mass of
material is almost identical for both variants. However, at the exit the conventional finger forms a larger angle
compared to the finger of variant 2. This could lead to the material being moved more vertically, even wrapping
it around the drum and throwing it backwards instead of moving it to the central conveyor.
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Fig. 3 Finger positions at the entrance and exit of the material

In variant 2, the finger being always perpendicular to the tangent of the drum, forms a smaller angle with
the surface of the plant material, thus pushing it more efficiently towards the central conveyor.
Fig. 4 shows the variation of the speed of the finger tip for several inclination angles of the crankshaft.
The speed variation did not change as only changing the angle the speeds remained the same. However, the
changes took place at the speed values at the entry and exit from the plant material mass. The higher the angle,
the lower the speed of entry into the material and the higher of exit.

Fig. 4 Variation of the speed of the conventional finger tip (variant 1)

Fig. 5 shows the speeds obtained for different angles in the case of variant 2. It can be observed that
unlike the conventional mechanism the maximum speed is lower, with the value of 4.2 m/s. This means that the
plant material is thrown at a slower speed to the central conveyor. An advantage could be considered the fact
that the finger acts longer on the plant material, thus being able to collect a larger amount of material.

Fig. 5 Variation of the speed of the conventional finger tip (variant 2)

It can be assumed that at higher angles the material would be thrown more efficiently as the speed of
the finger is higher, but the finger acts less in the material layer.
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The inclination angle of 20o is considered optimal because it ensures a good action on the material and
sufficiently high values of the speed of the finger tip to push the material to the central conveyor without
throwing it over the drum.
CONCLUSIONS
From this study it results that design programs can be successfully used to perform kinematic analysis
of agricultural machinery, in order to improve their performance.
Two variants of retractable finger mechanism were analyzed. The conventional one (variant 1) showed
higher speeds that the one with fingers coming out at right angles to the drum (variant 2). The fingers from
variant 2 act longer on the plant material, thus being able to collect a larger amount of material.
From the analysis of various angles it resulted that the inclination angle of 20o is considered optimal
because it ensures a good action on the material and sufficiently high values of the speed of the finger tip to
push the material to the central conveyor without throwing it over the drum.
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ABSTRACT
Due to the serious environmental problems (we refer here to the long duration for degradation and the
use of oil for the production of plastics) that raises the use of mulching foils obtained from plastics mainly
represented by polyethylene, we tried in the laboratory conditions to obtain a foil mulching based on a easily
degradable biopolymer in soil and on soil. The paper presents the materials used, the method of obtaining for
the new material, a biodegradation study on the soil and the determination of some tensile characteristics of the
obtained material.
REZUMAT
Datorită problemelor grave de mediu (ne referim aici la durata mare pentru degradare și utilizarea
petrolului în vederea obținerii materialelor plastice) pe care le ridică utilizarea foliilor de mulcire obținute din
materiale plastice reprezentate în principal de polietilenă, am încercat în codiții de laborator obținerea unei folii
de mulcire care să aibă la bază un biopolimer ușor degradabil în sol și pe sol. Lucrarea prezintă materialele
utilizate, metoda de obținere a noului material, un studiu de biodegradare pe sol și determinarea unor
caracteristici la tracțiune ale materialului obținut.

INTRODUCTION
Plastic mulches films based on polyethylene (PE) are widely used in agriculture because their
numerous advantages. William James Lament, Jr. [6] pointed the main advantages of plastic mulches such as:
earlier and higher overall yields (up to 20-50%) [7,8] reduced soil water evaporation, reduced fertilizer leaching
and soil compaction, improves tillage quality [9], increases soil temperature, suppresses weed growth and
reduces competition with weeds for water and nutrients [1], the obtaining of cleaner products, the increasing of
the concentration of CO2 at the level of leafs increasing the rate of plant growth, the ability to obtain double/triple
crops. The same author [6] underlined the main disadvantages of using mulches films such as greater initial
cost and removal and disposal that involve supplementary costs and environmental problems related to disposal
of PE. Some of those disadvantages are reduced by using bio-degradable film that can be left in the soil after
their main role ended.
The most used material used for under mulched drip irrigation is polyethylene, a nondegradabel
polymer that is difficult to recycle [12].
In order to eliminate environmental problems related to the use of PE films, biodegradable mulches
have been considered as a suitable ecological replacement of PE-based mulches [2,5] although their
physiochemical properties are weaker, and can start breaking before desired period.
Despite some of problems of biodegradable films, the use of biodegradable film, composed mostly of
polysaccharides such as cellulose and starch [11], may be a promising alternative to the use of PE retaining
their advantages but overcoming the shortcomings of the conventional PE [4].
According to Moreno [10] the main advantage of biodegradable films is the possibility of incorporation of
the materials directly into the soil or into a composting system at the end of the crop season and be
biodegraded by soil microorganisms.
Beside the advantage regarding the solving of environmental problems related to the use of PE, using a
biodegradable film can get lower soil temperature than that under PE mulches, which could be beneficial in
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areas and seasons characterized by supra-optimal soil high temperatures responsible for damages to the crops;
however, using PE may be advantageous in areas with cooler soil conditions [10].
Agar-agar is a biopolymer obtained from red seaweeds that is used usually in the food industry. Its major
properties are represented by its high gel strength at low concentrations, low viscosity in solution, high
transparency in solution, thermo-reversible gel and low solubilization temperatures. This hydrocolloid is used on
a lesser scale in industrial applications.
It comes in the form of semi-transparent strips of brown-yellow color. Contains 70-80% polysaccharides,
10-20% water and 1.5-4% mineral substances. It consists of glactoside residues esterified at C6 with a sulfonic
group. It has a very high gelling power. Agar-agar is a stabilizer code E406 [13].
Agar-agar is extracted from several types and species of red seaweeds belonging to the Rhodophyceae
class. These agar-containing seaweeds are called agarophytes and the major used species are Gracilaria,
Gelidium (red algae comprising 124 species, many of these species are used to make agar) and Pterocladia
capillacea. The agar content of seaweeds varies according to the conditions of seawater. Carbon dioxide and
oxygen concentration, water temperature and intensity of solar radiation can have a favourable influence. An
agar-agar solution in hot water forms a characteristic gel, with a melting point between 85º to 95ºC, and a
gelling point between 32º - 45ºC. This physical property makes the gel very useful as an additive when used in
the food industry. The agar-agar gel is inhibiting the characteristic liquefying that occurs in the enzyme action of
microorganisms. This property is used in applications from the medical and pharmaceutical industries. The
biopolymer is used as a substratum in preparing bacteria cultures in microbiology, as laxatives and therapeutic
agents in the treatment of malfunctions of the digestive tract, as a retarding agent and carrier in the
management of medicines, antibiotics, vitamins, etc.
Agar-agar has some industrial applications where a gelling agent is needed, production of linoleum and
silk, in dental prosthetics, photographic emulsions, differentiation of proteins through electrophoresis and as
plant culture tissues in biotechnology.
Agar consists of a mixture of two polysaccharides: agarose and agaropectin, with agarose making up
about 70% of the mixture [14].
Following the study of the specialized literature and the experience gained in previous research projects,
it was concluded that agar-agar could be a raw material usable in obtaining mulching foils for agricultural crops.
The aim of this study is the obtaining and characterization of a bio-degradable cross-linked and un-crosslinked mulching film based on agar-agar. As far as we know, there were no previous studies related to the
obtaining of agar-agar biodegradable films for agriculture.

MATERIAL AND METHOD
For the obtaining of the mulching films, the appropriate amount of agar-agar (fig. 1) was weighted and
introduced into a Berzelius flask. Distilled water with the appropriate quantity of glycerol, used as plasticizer,
was poured over the agar-agar powder, and the resulted suspension (fig. 2) was put to rest for 10 minutes in
order to allow the absorption of water by agar-agar (fig. 3). Black iron oxide (Fe3O4) was added to the mixture of
agar-agar and glycerol and the resulted suspension was heated on a magnetic stirrer (Arex 6 from Velp) under
continues stirring and was boiled for 2 and a half minutes.
The resulted viscous solution was cooled up to 55oC (fig. 5).
The partially cooled gel was divided in 2 equal parts, one as reference sample, without cross-linker
(sample AA) and the other one was cross-linked with polyethylene glycol and salicylic acid was also added as
antimicrobial agent (sample AAC). Both gels were subjected to an ultrasonic treatment (fig. 5) using an
Elmasonic ultrasonic bath.
The reference gel (AA) and the cross-linked one (AAC) were poured into Teflon tray and introduced into
an oven (Memmert) for drying under controlled conditions at 30oC (fig. 6).
After drying the mulching films were punctured (fig. 7) in order to allow plant watering.
Grass seeds were added into two pots with soil and two stalks of strawberries were planted.
For the study of biodegradation, the soil from the pots was wetted and kept under observation tacking
pictures for initial samples and after 30 and 45 days respectively (fig. 11-13)
For tensile strength measurements an Instron 3366 apparatus was used. The width and length of the
specimens used for tensile test (fig. 8) were measured with a ruler and the thickness was measured using a
digital micrometer.
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Fig.1 - Agar-agar granules used in experiment

Fig.2 - Preparing the solution from distilled water and
glycerin

Fig.3 - Agar-agar allowed to soak in distilled water and
glycerin

Fig. 4 - The obtained blend allowed to cool

Fig. 5 - Ultrasonic treatment of the obtained gels
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Fig.6 - Samples of agar-agar foils
a) cross-linked; b) un-cross-linked

Fig.7 - Agar-agar samples
for drying in the oven

Fig.7 - Drilled foil with a eyelet punch

Fig.8 - Agar-agar samples prepared for tensile
stress

Fig.9 - Planter with grass seeds

Fig.10 - Planter along with the foil and
strawberries

Fig.11 - Planter at the beginning of the biodegradation study
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RESULTS AND DISCUSSION
From fig. 12 one can see the apparition and the development of molds on the non-cross-linked film
containing no salicylic acid, while the cross-linked film treated with salicylic acid showed a much better behavior
regarding the resistance to molds attack (fig. 13).
After 45 days, at the end of biodegradation study the foils were removed from the surface of the soil in
order to observe the difference between them (fig. 14). One can be remarked that the cross-linked foil kept its
shape almost unchanged, while the non-cross-linked sample suffered a strong tendency of shrinking.
A certain degree of degradation is visible for both foils, but the degree of degradation is higher for uncross-linked foil. One can conclude that the cross-linked foil resisted up to an optimum period for harvesting of
the strawberry before complete degradation.
One can observe on both faces of the non-cross-linked foil traces of molds, while the cross-linked sample
exhibited traces of molds in the areas of the strawberry stalks.

Fig.12 - Planter with sample non-cross-linked after 30
days

Fig.13 - Planter with sample cross-linked after 30
days

Fig.14 - Biodegradable foils after removal from the soil
a) cross-linked and b) un-cross-linked

The evolution of stretching and loading over time of the samples subjected to tensile tests (fig. 15, 16)
are presented in fig. 17 and 18.
Tensile tests revealed that the cross-linked foil have a smaller elasticity than the non-cross-linked one
allowing a better shredding and incorporation in the ground in the case of mechanized agricultural works.
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Fig.15. The cross-linked sample subjected to
tensile stress

Fig.16. Cross-linked sample broken at the
end of tensile stress

Fig.17 Variation of stretching and load according to time of the non-cross-linked sample
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Fig.18. Variation of stretching and load according to time of the cross-linked sample

CONCLUSIONS
We obtained flexible black mulching films for agriculture, based on agar-agar cross-linked with
polyethylene glycol.
The use of cross-linker and salicylic acid increased the dimensional stability of the foil and the
resistance to molds attack, keeping the biodegradable characteristics.
Visual observation conducted to the conclusion that the plants developed better when were protected
with cross-linked film.
It should be noted that both foils prevented the growth of the weeds under them.
Tensile test showed that non-cross-linked foil better withstand load then the crosslinked one. These
aspects are unfavorable in case of mechanically embedded in the soil of a film with elastic properties.
The higher rigidity of cross-linked sample assures a higher shape stability in time and due to the smaller
elasticity, the samples are more appropriate to mechanized soil incorporation.
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ABSTRACT
Experts have come to the conclusion that in the next two decades the average temperature may
increase globally by 1.0 - 3.5˚C, due to the greenhouse effect, and in this case in Europe, the climate zones will
move 150 ÷ 250 km to the north, and the steppe climate will include a large part of our country. The main
advantage of irrigation is to ensure large and constant production. In order to respond to these challenges, and
given the particularly positive effects of irrigation of crops, the researchers looked for solutions for the accurate
and continuous distribution of water on the soil surface and only between the rows of plants in the root zone. In
arid and semi-arid areas where irrigation is required for all crops, generally from late May to early September,
with large watering rates, the precision irrigation method is the most appropriate. Specific to this method is that
water flows or stagnates between the rows of plants and soaks the soil in depth and laterally through gravity and
capillary.
REZUMAT
Specialiștii au ajuns la concluzia că în următoarele două decenii, temperatura medie poate spori pe glob
cu 1,0 - 3,5˚C , datorită efectului de seră și în acest caz, în Europa, zonele climatice se vor deplasa cu 150 ÷
250 km spre nord , iar climatul de stepă va cuprinde o mare parte din țara noastră. Avantajul principal al irigației
constă în asigurarea unor producții mari și constante. Căutând să răspundă acestor provocări, şi având în
vedere efectele deosebit de pozitive ale irigării culturilor agricole, cercetătorii au căutat soluții pentru distribuția
cu precizie și în flux continuu a apei la suprafața solului și numai pe rândurile dintre plante, în zona radiculară.
În zonele aride și semiaride, unde este nevoie de irigare la toate culturile, în general de la sfârșitul lunii mai la
începutul lunii septembrie, cu norme de udare mari, metoda de irigare cea mai indicată este irigarea de precizie.
Specific acestei metode este faptul că apa curge sau stagnează între rândurile de plante şi îmbibă solul în
profunzime şi în lateral, prin gravitație şi capilaritate.
INTRODUCTION
Precision mobile drip irrigation (PMDI) describes the application of water through surface drip irrigation
lines that are dragged by center pivot or linear move (Kisekka et al., 2017).
Mobile drip irrigation (MDI) technology adapts driplines to the drop hoses of moving sprinkler systems to
apply water as the drip lines are pulled across the field (O’Shaughnessy and Colaizzi, 2017).
MDI has the potential to greatly reduce water losses due to wind drift, soil water evaporation, and
canopy evaporation. MDI also may reduce soil water evaporation due to limited surface wetting (Kisekka et al.,
2016; Kisekka et al., 2017).
The idea of replacing center pivot sprinkler nozzles with driplines is not new (Olson and Rogers, 2007;
Rawlins et al., 1974; Phene et al., 1981). However, what is new is the advancement in the way the dripline is
connected to the center pivots and dripline emitter technology, e.g., pressure compensated emitters. Such
emitters eliminate the need for pressure regulators, which reduces the weight being dragged by the center pivot.
Another advantage of MDI is that in areas where this technology could prove very useful, such as western
Kansas, many producers already own center pivots; therefore the transition from sprinklers to MDI would be
relatively easy.
MATERIAL AND METHOD
T-L Irrigation Company has combined center pivot technology with drip irrigation and patented a new
application called PMDI™ (Precision Mobile Drip Irrigation) (http://bickettfarmtiling.com/products/pmdiprecisionmobile-drip-irrigation).

472

INTERNATIONAL SYMPOSIUM

PMDI™ (fig. 1) consists of in-line drip hoses spaced being dragged through various crops by a center
pivot or linear move irrigation system. As the hoses are pulled through the field, emitters deliver an even water
pattern across the full length of the pivot or linear system.
PMDI™ combines the efficiency of surface drip irrigation with the flexibility and economics of center
pivot irrigation.

Fig.1 - PMDI system (http://bickettfarmtiling.com/products/pmdiprecision-mobile-drip-irrigation)

Precision Mobile Drip Irrigation developed by Netafim consists of Netafim’s DripNet PC™ dripline which
is attached to the end of a center pivot or linear move irrigation system’s rigid or flexible drop and/or a manifold
(https://www.netafimusa.com/agriculture/products/heavywall-driplines/precision-mobile-drip-irrigation-pmdi/).
DripNet PC dripline has pressure compensating emitters welded to the internal wall of the dripline every
6”. These driplines are spaced at 20”, 22″, 30”, and 40” between lateral lines depending on the soil type and the
crop (fig. 2).

Fig.2 - DripNet PC dripline attached to a irrigation system
(https://www.netafimusa.com/agriculture/products/heavywall-driplines/precision-mobile-drip-irrigation-pmdi/)

The Design Calculator from Netafim allows designing a PMDI system by inputting the relevant
information such as acres, pivot span/length and lateral spacing. The program will calculate the required
number of PMDI manifolds and DripNet PC dripline along with the water usage.
PMDI uses minimal components and retrofits to any pivot in the field, such as: blank polyethylene
tubing, DripNet PC pressure compensating heavywall dripline and attachment fittings (fig. 3).

DRIPNET PC pressure compensating dripline
Fig.3 - PMDI components
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RESULTS
O’Shaughnessy and Colaizzi conducted a study in 2015 and 2016 to compare grain yields, crop water
use (ETc) and water use efficiency (WUE) of corn (Zea Mays L.) irrigated with MDI, low elevation spray
application (LESA) and low energy precision application (LEPA) methods in Texas High Plains Region. Irrigation
amounts for each application method were based on weekly neutron probe readings. In both years, grain yield
and yield components were similar among application treatment methods.
Table 1
Mean measurements (n = 6) of soil water content and crop response for the 2015 and 2016 growing season for corn
hybrid (O’Shaughnessy and Colaizzi, 2017)
Application Method

Plant Height
(cm)

Grain Yield
(kg m-2)

ETc (mm)

WUE
(kg m-3)

Kernel Weight
(mg)

2015 Growing Season
LESA

261a

0.989a

675b

1.47a

265a

LEPA
MDI

256a
258a

0.926a
0.962a

710a
685b

1.30b
1.40ab

258a
263a

Span

NS t

*

NS

NS

Application method

NS

NS

*

NS

Span x Application method

NS

NS

NS

NS

2016 Growing Season
LESA

195a

1.05a

62213

1.69b

276a

LEPA
MDI
Span

203a
204a

1.08a
1.04a
NS

651a
552c
NS

1.6713
1.90a
NS

276a
277a
NS

Application method

NS

NS

A.*

*

NS

Span x Application method

NS

NS

A.*

*

NS

† NS = not significant; * significant at the p < 0.05; ** significant at the p < 0.01.

The results of this study suggest that in a wet year (2015), the MDI application method performs in a
manner similar to LESA and LEPA with no significant differences in grain yield, grain yield components or WUE.
However, in a drier year (2016), it was demonstrated that the MDI application method can result in higher WUE
by applying less water while producing similar grain yields.
Olson and Rogers used a drip line system on a center pivot sprinkler in western Kansas to compare
PMDI system versus a standard drop nozzle. They concluded that there was no positive or negative impact on
yield from those plots that were irrigated with the PMDI system versus a standard drop nozzle system.
Table 2
Yield (bu/a) as influenced by irrigation treatment (Data from hand harvest) (Olson and Rogers, 2007)
Treatment

2004

2005

Combined Results

PMDI

233

239

236

Drop Nozzle

236

236

236

LSD (0.05)

NS

NS

NS

Emitter flow was decreased in both years when compared with nozzle flow which was likely due to
emitter clogging. Clogging of the emitters over the life of the system along with puncturing of the hoses from
wildlife appear to be two negatives of the system, while one benefit of the system was the reduced wheel pivot
tracks when the PMDI system is used to water crops near the pivot wheel.
Kisekka, Oker and other researchers conducted a study for mobile drip irrigation evaluation in corn.
Mobile Drip Irrigation was evaluated under high and low well capacities in corn.
The effect of irrigation application method (MDI versus spray nozzles) on yield at high (600 gpm) and low
(300 gpm) well capacities was not significant (p > 0.05) in 2015. The effect of application method on water
productivity and irrigation water use efficiency was also not significant. The lack of significant differences could be
attributed to the above normal rainfall received during the 2015 growing season (18.3 inches received between
May to October). Water productivity and irrigation water use efficiency were higher under the 300 gpm study
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compared to the 600 gpm, implying that water was used more efficiently as the number of irrigation applications
decreased. End-of season soil water measured at harvest showed that total soil water in the 8 foot profile was
significantly higher in MDI compared to in-canopy spray nozzles under low well capacity (Kisekka et al., 2016).
Regarding soil water evaporation results indicate that it was significantly lower (p < 0.05) under MDI,
compared to LESA, on average by 35%. The differences could be attributed to the reduced surface area wetted
by the drip line compared to the sprinklers (fig. 4) (Kisekka et al., 2017).

Fig.4 - Comparison of soil water evaporation under MDI and low elevation spray application
(Kisekka et al., 2017)

CONCLUSIONS
Manufacturers have begun developing Mobile drip irrigation systems by combining center pivot
technology with drip irrigation.
Research has shown that mobile drip irrigation technology has the potential to greatly reduce water
losses due to wind drift, soil water evaporation, and canopy evaporation. MDI also may reduce soil water
evaporation due to limited surface wetting.
The new technology takes into account that the need for water, used in the field of food, industry.
agriculture is constantly growing, and that it is a limited natural resource. Farmers also have the opportunity to
use variable irrigation, that is to irrigate certain areas of the crop, where there is a greater water deficit, a deficit
detected with the help of computers equipped with GPS-connected interfaces.
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ABSTRACT
The aim of this research was the determination of heavy metals (lead, copper, zinc) contents of plum and
sour cherrie fruit grown in controlled environment, in the greenhouse. Plums respectively sour cherries were
planted in pots with contaminated soil with a mixture of Pb acetate, Cu sulfate and Zn sulfate in equal
proportions, but with different concentrations. The content of all metals was confirmed in the fruits. All of tree of
plums and sour cherries had the highest content of zinc (Zn) in the fruit and the lowest content of lead (Pb). The
level of zinc in plum fruits was ranged between 8.19-12.5 mg/kg and in sour cherrie fruits 19.0 mg/kg at the first
harvest and 23.0 mg/kg at the second harvest, the distance between the two harvests was 14 days, and the
fruits were harvested from the same tree. The content of metals in the fruit of plum and sour cherrie decreases
in the following order: Zn > Cu > Pb.
REZUMAT
Scopul acestui studiu a fost determinarea metalelor grele (Pb, Cu, Zn) din fructe de prun si visin, cultivate
in mediu controlat, in sera. Pomii de prun, respectiv visin s-au plantat in ghivece cu sol contaminat cu amestec
de acetat de Pb, sulfat de Cu si sulfat de Zn, in proportii egale, dar cu concentratii diferite. Analizele au
confirmat prezenta in fructe a celor trei metale luate in studiu. Atat la prune cat si la visine continutul cel mai
mare l-a avut zincul si cel mai mic plumbul. Nivelul de Zn in fructele de prun a fost cuprins intre 8.19-12.5 mg/kg
si la visine 19.0 mg/kg la prima recoltare si 23.0 mg/kg la a doua recoltare, distanta dintre cele doua recoltari a
fost de 14 zile, iar fructele s-au recoltat din acelasi pom. Continutul metalelor din fructele de prun si visin scad in
urmatoarea ordine: Zn>Cu>Pb.

INTRODUCTION
Heavy metals, in general, are not biodegradable, have long biological half-lives, and have the potential for
accumulation in diﬀerent body organs, leading to unwanted side eﬀects. Plants take up heavy metals by
absorbing them from airborne deposits on the parts of the plants exposed to the air from the polluted
environments as well as from contaminated soils through root systems [3].
Metals are essential for important biochemical and physiological functions and are necessary for
maintaining health throughout life. It is well known that an excess or deficiency of trace metals present in the
human body can cause harmful effects Fruits may contain and accumulate heavy metals, depending on the
place of cultivation and the natural property of the plants [5].
Zinc - In soil [9]
Most zinc in soil found in different minerals with only a small percentage being absorbed in ionic form on
soil and organic matter exchange sites. Even less is solubilized in the soil solution, although it is considered
more soluble than other heavy metals. This is influenced by pH, however, so zinc solubility is especially low at
high pH and even lower when CaCO3 is present.
Zinc also complexes with organic matter, which can either increase or decrease its availability to plants.
Some complexes render zinc unavailable to tree, which may partially explain zinc deficiency often observed on
trees in old corral sites or with heavy applications of manure. Tree grown on sandy soils are also more prone to
zinc deficiency than those grown on heavier soils.
Zinc - In the tree [9]
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Although zinc is nedeed in small amounts in the tree, it has been identified as a component of almost 60
enzymes; therefore, it has a role in many planr functions. Of particular interest is its role as an enzyme in
producing the growth hormone IAA. This is the most probable explanation for the shortened internodes and
small leaves observed with zinc deficiency. It also accumulates and plays an important role in seed
development, which may explain the sensitivity of fruit growth to zinc deficiency. The mobility of zinc in the tree
ranges from low to high, depending on several factors. With adequate supplies, zinc moves readily from old
leaves to developing tissues. However, under zinc deficiency, little zinc moves out of the old leaves.
Deficiency and correction [9]
Stone fruir are particularly sensitive to zinc deficiency, as is often observed in California. There is
rootstock and variety variability, especially in plum. The disorder has often been called ,,little leaf” because of
the small pointed leaves produced (fig. 1). These leaves occur in rosettes on the tips of the shoots and young
spurs because of shortened internodes (fig. 2). The affected leaves become chlorotic with an interveinal
mottling. Leaf margins are often crinkled or wavy. These symptoms along with delayed foliation often occur
early in spring. Defoliation eventually follows , beginning with basal leaves. Production is drastically affected,
since formation of fruit buds is inhibited and fruit produced are small, elongated, and misshapen.
Because this deficiency is so common, a zinc spray is routine for most fresh shipping fruit orchards in
California. To prevent or correct the deficiency, treatments can be put on at several different times. Zinc sulfate
(36% metallic zinc) applied at a rate of about 11 to 17 kg/ha from mid october through the dormant season is
very effective. The dormand spray should not be applied with or within several weeks of dormant oil spray.
Neutral or basic zinc (52% metallic zinc), also at a rate of about 11 to 17 kg/ha, is effective when applied in
springor summer. However, it may leave spray deposits on fruit and cause leaf burn and defoliation if rain
occurs shortly after application. This material can also be applied with dormant pesticide sprays for a
maintenance treatment to prevent mild zinc deficiency development the following growing season. Zinc EDTA
corrects the deficiency when applied in spring.
For chronic problems, soil applications can be helpful. Applications of zinc sulfate trenched into the soil at
least 6 inches deep have been effective. The rate is highly variable and depends on soil type, tree age, and
severity of the deficiency.
Copper (Cu) - In soil [9]
Copper exists mainly as a divalent cation (Cu++) and is bound tightly to soil exchange sites, its
concentration in the soil solution is low and it does not move readily through the soil with leaching. However, it
can be replaced from exchange sites by hydrogen ions (H+) and is therefore more available in low pH soils.
Plant deficiencies often occur in alkaline soils.
Copper is also bound has the effect of increasing the availability of this nutrient if the complex can be
taken up by plants. However, certain complexes are apparently less available, probably because of being too
large for uptake. In fact, plants growing in peat and muck often develop copper deficiency.
Copper (Cu) - In the tree [9]
Very small amounts of copper are needed by the tree. When adequately supplied , it moves easily from
old to new leaves. When deficient, however, it becomes immobile so that young leaves first exhibit deficiency
symptoms. More than half of the copper in trees is located in the chloroplasts and participates in photosynthetic
reactions. It is also found in other enzymes involved with protein and carbohydrate metabolism.
Deficiency, toxicity and correction [9]
Copper deficiency in California is rare in peach and nectarine but is occasionally in plum. Symptoms in
plum include terminal dieback after about 2 months of normal growth in spring (fig. 3). Terminal leaves turn
yellowish. Rough bark accompanied by gumming also occurs.
Correction of the deficiency has been obtained with soil applications of 0.1 to 0.9 kg of copper sulphate.
This greatly exceeds plant needs, but it is necessary due to the large amount that is quickly and tightly bound to
soil exchange sites. Correction can also be expected with foliar chelate or Bordeaux sprays in early spring or
soil applications of copper has been observed with high applications of nitrogen, phosphorus, or zinc fertilizers.
Copper toxicity has never been observed in California, but it can occur in soils naturally high in copper or
where Bordeaux sprays have been continuously used over many years.
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Fig. 1 - Zinc deficiency (left)
Fig. 2 - Zinc deficiency in a plum
compared to healthy plum shoot tree. Rosetting on shoots occurs
(right). The most typical symptom: due to shortened internodes
small, pointed leaves [9]
and small, pointed leaves [9]

Fig. 3 - Midsummer copper deficiency
symptoms in plum showing small, chlorotic,
and malformed young leaves. Older leaves
are more normal in size and color [9]

In many papers [2-5, 7], heavy metal concentrations varied among different fruit plums due to their
different absorption capacity and the regional soil and atmospheric degree of pollution.
In paper [7] it is present the accumulation of heavy metals (Cd, Cr, Cu and Zn) in the fruit and leaves of
plum (Prunus domestica L.) at the nine sites of Tuzla area (Bosnia and Herzegovina). The determined values of
cadmium content in leaves and fruit of plum on most sites exceeded the natural values. The determined
chromium content in the plum leaf did not exceed the limit values, the plum fruit has a much smaller amount of
chromium than the leaf. Copper content in the plum leaf was higher than the threshold value at most locations.
The determined value of copper in the fruit of plum was much lower than the limit value. Zinc concentrations in
plum leaves at most sites were higher than the average value. Zinc content in the fruit of plum in all localities
exceeded the average value.
The paper [2] present heavy metals (Fe, Mn, Cu, Zn, Cd and Pb) content of soils and plum orchards in an
uncontaminated area, from Central Serbia. Fruit Zn, Cu, Mn, Pb and Cd concentrations were within maximum
allowable concentration in foods in Serbia. Only Fe levels were above maximum allowable concentration at
most locations. The soil-to-fruit transfer factor (TF) showed large differences between metals, suggesting that
plum can accumulate Fe and Cu.
As the literature is lacking thorough data concerning fresh fruits available on the market for consumers,
the authors of the paper [4] provides data on 12 elements concentration in fresh fruits available to consumers
not only in Poland but also abroad as the analyzed products were imported from other European countries,
Africa, Asia and America. Fresh fruits proved to be products that are indispensable in our diet as they provide
essential nutrients as Mg, K, Ca, P, Zn, Cu, Fe and Mn.
Another papers [1,6, 8] focused on the effects of different rates of heavy metal accumulation from soil to
the fruits of sour cherries in different regions [1], Serbia [6], Romania [8].
The purpose of the study was to investigate the content and transfer of metals: Cu, Pb, Zn in plum fruits,
grown in soils contaminated with different concentrations of Cu, Pb, Zn as well as the content of Cu, Pb, Zn in
sour cherries fruits.
MATERIAL AND METHOD
The experiments took place in autumn of 2018. The fruits were harvested when each of them reached the
ripening period of the fruits. The trees fruits chosen for this study are plums (Prunus domestica), fig. 4, and sour
cherries (Prunus cerasus).
Plum and sour cherrie trees establish in year 3 of fruit were planted in a controlled medium, using pots to
which contaminated soil was added with four concentrations of Cu, Pb, Zn mixtures and separated
contaminated soil with each metal in concentration of 6.0 %. In parallel as reference samples, trees were
planted in pots with uncontaminated fertile soil.
The physical-chemical properties of the fertile soil were: pH 5.0-6.0; total nitrogen 1.68 %, total
phosphorus 0.52%, total potassium 0.85 %, electrical conductibility 1.1, particle elements of over 20 mm
maximum 5%, moisture 67.2 %.
The solutions with concentrations of 1.5, 3.0, 4.5 and 6.0 % were prepared individually using copper
sulphate, lead acetate and zinc sulphate as reagent, the solvent used in the preparation of the solutions being
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distilled water. To obtain mixtures of solutions of Cu, Pb, Zn for each of the concentrations of 1.5, 3.0, 4.5 and 6.0%
individually prepared, equal parts were taken from each solution, element respectively concentration, and were
mixed until homogenizing resulting in the mixture.
The pots in which the trees were planted were loaded with fertile soil that was mixed and homogenized in
turn with each of the four solutions of different concentrations. For each pot the added soil was 1000 ml of Cu, Pb,
Zn mixture solution per 20 kg of soil. In experiments, heavy metal loading was performed by initially loading the soil
with each of the four mixture concentrations of Cu, Pb, Zn, without supplementing until harvest.
The metal content of the fruits and soil samples was measured using a flame atomic absorption
spectrometry (FAAS, GBC 932AA or GFAAS, GBC Savant AAZ).

Fig. 4 - Aspects during the experiments

RESULTS
In table 1 are summarized the average of three samples with the concentration of heavy metals in plum
fruits grown in soil contaminated with different concentrations of heavy metals. Samples were determined on the
basis of dry weight.
Table 1
Heavy metal levels of plum fruits (mg/kg dry weight)
Concentrations of heavy
metals in the soil
Control (soil uncontaminated)
1.5% Cu+Pb+Zn (mixture)
3.0% Cu+Pb+Zn (mixture)
4.5% Cu+Pb+Zn (mixture)
6.0% Cu+Pb+Zn (mixture)
6.0%Cu
6.0%Pb
6.0%Zn

Contents of heavy metals in soil, mg/kg Contents of heavy metals in fruits, mg/kg
Cu
Pb
Zn
Cu
Pb
Zn
17.6
6.75
39.8
2.9
0.28
4.25
33.2
11.9
129.9
2.82
0.28
8.82
72.4
54.1
253.5
2.31
0.58
8.19
265.1
117.3
378.4
2.24
0.58
10.9
378.2
152.8
454.3
2.94
0.38
12.5
680.8
3.19
285.2
0.28
1052.3
6.7

Table 1 shows the contents of heavy metals (Cu, Pb, Zn) from the contaminated soil and their remnants
in plum fruits. It is observed that the most assimilated element was zinc, then copper and very small lead.
In the case of copper, comparing the values of the content of the soil in the fruit it is observed that the
values are close (approximately 2.9 mg/kg), both for the fruits that grew in uncontaminated soil and for those
grown in soil contaminated with a mixture of Cu, Pb, Zn. Plum fruits that grown in soil contaminated with only Cu
at concentration of 6% (680.8 mg/kg) have a slightly increased value (3.19 mg/kg).
In the case of lead, the lowest value 0.28 mg/kg found in plum fruits was for fruit grown in uncontaminated
soil, soil contaminated with a mixture of Cu, Pb, Zn in concentration of 1.5%, soil contaminated only with Pb in
concentration 6.0%. Slightly increased values 0.38 mg/kg were recorded in fruits grown in soil contaminated
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with Cu, Pb, Zn mixture in 6.0% concentration and increased values 0.58 mg/kg for fruits grown in soil
contaminated with Cu, Pb mixture, Zn at concentrations of 3.0% and 4.5%.
In the case of zinc, the values recorded were between 4.25 mg / kg for fruits grown in uncontaminated
soil and 12.5 mg / kg for fruits grown in soil contaminated with a mixture of Cu, Pb, Zn in a concentration of
6.0% (454.3 mg / kg) in ground.
If compare the remanence of the metals from the contaminated soil with a mixture of Cu, Pb, Zn in 6%
concentration and the contaminated soil separately with each of the three metals, it is observed that there are
no significant differences in the case of Cu (2.94-3.19 mg/kg) and Pb (0.38-0.28 mg/kg) but large differences
were in the case of Zn (12.5-6.7 mg/kg).
Due to the fact that plants have the capacity to accumulate metals from the soil, the coefficient of transfer
was measured as ratio between metal concentration in the plant and in the soil. In figure 5 it is presented the
transfer coefficient in plum fruits.

Fig. 5 – Transfer coefficient in plum fruits

The transfer coefficient studied reflects the ability of the plant to take up the heavy metal from the soil
depending on its concentration in the soil. It is observed that zinc accumulates very well, then copper and finally
lead. Also, the values of the coefficient are high in the case of uncontaminated soil and decrease as the
concentration of metals increases.
Regarding the content of heavy metals in sour cherries fruits, the values were graphically represented in
figure 6. The content of metals in the soil are the same as those of plums, for the concentration of Cu, Pb, Zn of
6.0% (378.2 mg/kg Cu, 152.8 mg/kg Pb, 454.3 mg/kg Zn).

Fig. 6 – Content of heavy metals in the sour cherries (mg/kg dry weight)

The remanence of metals in sour cherries fruits harvested over time (at 2 weeks intervals) showed that
lead is stagnant, it no longer accumulates between the two harvests, and copper and zinc accumulate, the
values increase, from the first to the second harvest, which was natural.
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CONCLUSIONS
From the experimental results obtained after contaminating the soil with heavy metals and their
absorption by fruits, the following conclusions can be drawn:
- the element Cu found in the soil has a small influence on the plum fruits, unconcerned of its
concentration in the soil;
- the element Pb has close values for plum fruits grown in uncontaminated soil (6.75 mg/kg Pb),
contaminated only with Pb in 6.0% (680.8 mg/kg) concentration and for soil contaminated with mixture of Cu,
Pb, Zn in 1.5% (33.2 mg/kg) and 6.0% (378.2 mg/kg) concentration; lead values in plum fruits were increased
for those grown in soil contaminated with mixture of Cu, Pb, Zn in concentration of 3.0% (72.4 mg/kg) and
4.5% (265.1 mg/kg).
- the element zinc is most assimilated in plum fruits, unconcerned of its concentration in contaminated
or uncontaminated soil;
- the most assimilated element in plum fruits was zinc, then copper and very small lead;
- the values of the transfer coefficient in plums are high in the case of uncontaminated soil and decrease
as the concentration of metals increases; zinc and copper are accumulates very well and less the lead;
- the remanence of metals in sour cherries fruits harvested over time showed that lead is stagnant, and
copper and zinc accumulate from the first to the second harvest.
Data suggest that growing of fruits on contaminated soils may pose considerable health risks due to
the possible heavy metal ingestion. By organized monitoring it is possible to control the intensity of
accumulation and adoption of heavy metals, in order to create optimal conditions for the growth and
development of plants, production of healthy food and improvement of the quality of people's lives because
this way they consume health safer products.
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ABSTRACT
The purpose of this study was to monitor a mustard crop and to measure plant parameters (mass, height,
moisture, chlorophyll content) grown in soil contaminated with heavy metals (Cu, Zn, Pb) and mixture of heavy
metals (Cu + Zn + Pb). The contaminated soils, after planting the mustard in the form of seedlings in pots, were
treated with a chelating agent (EDTA) in three concentrations in order to decontaminate the soils. The plants
from this study were harvested 30 days after planting the seedling and 80 days, so at the end of the vegetation,
during this time they were watered weekly with 20 ml EDTA / pot for each concentration, respectively: EDTA 1
(0.5 m), EDTA 2 (1.0 m), EDTA 3 (2.0 m). The experimental results obtained show us how to grow mustard in
different contaminated soils and the possibility of its use in soil decontamination.
REZUMAT
Scopul acestui studiu a fost monitorizarea unei culturi de muștar și măsurarea parametrilor care
influențează creșterea plantelor (masă, înălțime, umiditate, conținut de clorofilă) în soluri contaminate cu metale
grele (Cu, Zn, Pb) și amestec de metale grele (Cu+Zn+Pb). După plantarea muștarului sub formă de răsad în
ghivece, solurile contaminate au fost tratate cu un agent de chelare (EDTA) în trei concentrații în vederea
decontaminării solurilor. Plantele din prezentul studiu s-au recoltat la 30 de zile după plantarea răsadului și la 80
de zile, deci la sfârșitul vegetației plantei. În acest timp au fost udate săptămânal cu câte 20 ml EDTA/ghiveci
pentru fiecare concentrație a agentului de chelare, respectiv: EDTA 1 (0.5 m), EDTA 2 (1.0 m), EDTA 3 (2.0 m).
Rezultatele experimentale obținute arată modul de creștere/adaptare al plantei în soluri contaminate cu metale
diferite și posibilitatea utilizării acesteia în decontaminarea solurilor.
INTRODUCTION
Agricultural soils contaminated with heavy metals have posed a major threat to environment and human
health due to various anthropogenic activities. The situation demands immediate attention of scientists and
technologists to remove heavy metals from contaminated soil. Phytoremediation of heavy metals refers to the
use of pollutant-accumulating plants to extract and accumulate contaminants to the harvestable parts and is
increasingly being considered as an environmentally friendly, easy and cost-effective solution to clean up soils
contaminated by heavy metals [4].
For effective phytoremediation, heavy metals must be translocated and accumulated in the easily
harvested part of the plants. The research on phytoextraction has been mainly focused on plants known as
hyperaccumulators. However, phytoremediation potential may be limited by these plants due to the slow growth
rate, low biomass production and a reasonable time frame by remediation with little known agronomic
characteristics [15]. In addition, the efficiency of phytoextraction depends on the characteristics of the soil and
the contaminants. Phytoextraction is applicable only to sites that contain low to moderate levels of metal
pollution as plant growth is not sustained in heavily polluted soils. Soil metals should also be bioavailable.
Therefore, many plants with higher biomass, such as maize [13], Salix spp. [5,10] and sunflower [3] have been
also tested for their phytoextraction potential. Together with the application of chemical amendments, including
chelators such as EDTA [8, 14], soil acidifiers, organic acid, ammonium, these high biomass plants could
partially eliminate these limiting steps. It has been recognized that selection of appropriate plant materials and
appropriate chemical amendments is still very important even today for promoting phytoremediation efficiency
[15].
There are many studies on phytoremediation of metal contaminated soils with special reference to Indian
mustard (Brassica Juncea) [4, 7, 11, 15], alfalfa (Medicago sativa) [4], marigold (Calendula officinalis) [2, 9],
pea (Pisum sativum) [6], white sweetclover (Melilotus alba L.), red clover (Trifolium pratense L.), curled mallow
(Malva verticillata L.), safﬂower (Carthamus tinctorius L.) and hemp (Cannabis sativa L.) [12].
482

INTERNATIONAL SYMPOSIUM

The use of plants to monitor heavy metal pollution in the terrestrial environment must be based on a
cognizance of the complicated, integrated effects of pollutant source and soil-plant variables. The major factor
governing metal availability to plants in soils is the solubility of the metal associated with the solid phase, since
in order for root uptake to occur, soluble species must exist adjacent to the root membrane for some rinlte
period. The release rate and form of this soluble species will have a strong influence on the rate and extent of
uptake and, perhaps, mobility and toxicity in the plant and consuming animals. The factors influencing solubility
and form of available metal species in soil vary widely geographically and include the concentration and
chemical form of the element entering soil, soil properties (endogenous metal concentration, mineralogy,
particle size distribution), and soil processes (e.g., mineral weathering, microbial activity), as these influence the
kinetics of sorption reactions, metal concentration in solution and the form of soluble and insoluble chemical
species. The plant root represents the first barrier to the selective accumulation of ions present in soil solution.
Uptake and kinetic data for nutrient ions and chemically related non nutrient analogs suggest that metabolic
processes associated with root absorption of nutrients regulate both the affinity and rate of absorption of specific
non nutrient ions [1].
The present study was conducted in order to monitor some important parameters for a mustard culture,
which grew in a controlled environment, in pots with soil contaminated with copper, zinc and lead and treated
with EDTA chelating agent. The results show how grows/ adapts the plant in certain conditions and possible
uses of the plant in soil decontamination.
MATERIAL AND METHOD
For conducting experimental researches 4 mustard crops were established, with soil contaminated with
copper, zinc, lead and mixtures of the three metals. In march 4 mustard seedlings were planted in pots
(controlled) for the three metals, corresponding to a soil content of 1019 mg / kg Cu, 654 mg / kg Zn, 511 mg /
kg Pb, and the mixture: 264 mg / kg Cu, 296 mg / kg Zn, 661 mg / kg Pb. The plants were watered every week
with water without EDTA (EDTA 0) and water in which 20 ml EDTA / week was added in three concentrations
(EDTA 1 - 0.5 m, EDTA 2 - 1.0 m and EDTA 3 - 2.0 m). One month after planting, from each pot a mustard seed
was harvested, which was measured and weighed, to monitor the evolution of the plant one month after
planting.
The physical-chemical properties of the soil contaminated with heavy metals were: pH 5.5; total nitrogen
1.26 %, total phosphorus 0.62%, total potassium 0.76 %, electrical conductibility 1.0, particle elements of over
20 mm maximum 4 %, moisture 67.2 %.
The measurement of height of each mustard plant was done with the ruler, the height was measured from
the tip of the root to the end of the last leaf.
The mass of the samples was determined by weighing at the electronic scale KERN of precision
0.001 g.
The moisture of the soil and the plant was made using the oven in which the soil / plant was dried at 1050
C to evaporate the water related to the soil / plant.
The chlorophyll content was determined with the chlorophyllometer (fig. 1).

Fig. 1 – Chlorophyllometer

Aspects during the experimental research, one month after planting, and at the end of the harvest, about
80 days, can be seen in the images in figure 2 and 3:
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Fig.2 – Mustard grown in contaminated soil - harvesting 30
days of vegetation

Fig. 3 – Mustard grown in contaminated soil harvesting 80 days of vegetation

RESULTS
In table 1 it presents the mass, the height, the moisture and the chlorophyll of the mustard plant at
harvesting after a month of vegetation.
Table 1
Heavy
metal

Cu

Zn

Pb

Cu+Zn+Pb

Parameters monitored one month after mustard planting
EDTA
Mass of the
Height of the
Moisture,
concentration,
plant,
plant, mm
%
%
g
0
0.8474
187
84.40
1
2.0099
221
87.53
2
0.6691
136
84.76
3
1.8532
181
80.01
0
2.4304
188
88.96
1
2.1334
195
91.90
2
2.2468
185
86.98
3
4.0288
261
90.58
0
1.3627
157
87.47
1
0.2262
85
87.45
2
1.8343
196
89.15
3
1.3322
150
80.97
0
2.5130
268
87.06
1
0.6291
102
73.30
2
5.7449
254
84.39
3
1.3027
154
81.38

Chlorophyll
11.40
9.77
7.99
10.70
10.30
7.26
10.30
6.20
7.10
5.78
7.06
8.31
8.81
4.95
10.2
15.2

Regarding the mass of the plant, a maximum of about 4.0 g is observed in 2 cases, namely: for mustard
growed in soil contaminated with Zn and treated with EDTA 3 in high concentration (2.0 m) and for mustard
growed in soil contaminated with mixture of Cu Zn Pb and treated with EDTA 1 at a concentration of 0.05 m.
The minimum mass of 0.2 g was recorded in the plant grown on soil contaminated with Pb and treated with
EDTA 1 (0.5 m).
Plant heights ranged from 85 mm for plants grown in soil contaminated with Pb and treated with EDTA 1
(0.5 m), to 268 mm for plants grown in soil infested with a mixture of Cu + Zn + Pb and not treated with EDTA 0.
Plant moisture ranged from 73.3-91.9%.

484

INTERNATIONAL SYMPOSIUM

Chlorophyll content was decreased in plants grown in soil contaminated with EDTA addition in
concentrations of 0.05 and 1.0 m, compared to the control sample, without addition of EDTA. Chlorophyll values
ranged from 4.95 (Cu + Zn + Pb, EDTA 1) to 11.4 (Cu, EDTA 0). Chlorophyll values for mustard obtained in the
experiment are lower than those obtained by the authors of the paper [4], in which mustard has a higher
chlorophyll content.
From parameters monitored one month after planting the mustard, at the end of the vegetation, about 80
days, only part of them were recorded, namely the mass and humidity of the plant. These are shown in the
figures 4 and 5:

Fig. 4 – Mass of mustard plant

Fig. 5 – Moisture of mustard plant

The masses of plants grown in pots with contaminated soil, at the end of the vegetation increased, as
was naturally the case, less those developed in the soil contaminated with Cu, because at the middle of the
vegetation period (40 days), the plants wilted. Plants grown in soil with Pb and metal mixture without addition of
EDTA recorded the highest values of the masses: 22.08 g (Pb) and 20.42 (mixture).
The plants reached the end of the vegetation period, had flowers, some also made seeds. These were
weighed and the mass and humidity of each were determined, the values can be found in the table 2.
Table 2
The masses and moistures of the mustard seeds have reached maturity
Heavy metal
Zn
Pb
Mixture
(Cu+Zn+Pb)

EDTA concentration,
%
EDTA 0
EDTA 1 (0.5m)
EDTA 0
EDTA 1 (0.5m)
EDTA 0
EDTA 1 (0.5m)
EDTA 2 (1.0 m)

Mass of seeds of a plant,
g
1.1950
2.4482
2.0560
2.2740
1.5034
2.1427
1.6262

Moisture,
%
80.41
81.46
81.10
80.52
78.93
78.74
82.64

It can be seen from the table 2 that the seeds of plants grown in soil without the addition of EDTA 0, have
lower values than those grown in soil with EDTA 1, so the addition of the chelating agent is beneficial in the
development of mustard fruits. From metals, beneficial action for the plant was in the case of lead, where it is
observed that the mass of seeds is maximum (2,274 g) and zinc with the mass of seeds (2.4482 g).
Seed moisture ranges from 78.74 % (Cu+Zn+Pb, EDTA 1) to 82.64% (Cu+Zn+Pb, EDTA 2).
The characteristics of the soil at the final harvest (80 days) of the mustard, can be seen in the figures 6
and 7.
The pH of the soil where the chelating agent was not added has lower values than the soils where the
chelating agent was added, with the exception of copper. The pH of the soil contaminated with Zn and Pb,
respectively, decreases as EDTA is added. In the case of soil contaminated with a mixture of Cu Zn Pb and
treated with the three concentrations of EDTA the values were close to 5.8 compared to the one without adding
EDTA with value 5.6.

485

INTERNATIONAL SYMPOSIUM

Fig.6 – pH of soil after mustard hervesting

Fig. 7 – Moisture of soil after mustard hervesting

Soil moisture ranged from 45.4% (Pb) to 67.1% (Cu).
CONCLUSIONS
From the experimental results obtained after monitoring the cultivation of mustard grown in soil
contaminated with heavy metals and treated with EDTA, the following conclusions can be drawn:
- in the case of copper, no plant has reached maturity, has not flowered;
- the plants grew well in soil infested with Zn, with Pb, without the addition of EDTA and with the addition of
EDTA in very low concentration EDTA 1 (0.5 m), the proof that they reached maturity by developing fruit
(siliceous) with seeds in them;
- in addition, plants grown in soil infested with a mixture of the three metals (Cu + Zn + Pb), have grown up to
the seed stage at a higher concentration of EDTA 2 (1.0 m) added to the soil.
- the masses of mustard seeds grown in soil contaminated with Zn, Pb and mixture of Cu + Zn + Pb were higher
for seeds grown in soil treated with EDTA compared to the untreated soil;
- the order of the four types of mustard crop, for the height is less clear, but we observe from table 1 that the
flowering plants had heights of over 1 meter;
- the moistures of the plants ranged between 73.3% (Cu + Zn + Pb) and 91.9% (Zn);
- the pH of the soil varied in the range 5.6 - 5.9, in soil with Pb (5.7), that with Cu (5.6), with Zn (5.6-5.9),
mixture of metals (5.6-5.8);
- soil moisture ranged from 45.4% (Pb) to 67.1% (Cu);
- until the repetition of the experiences, in which to vary the influence factors of the evolution of plants: pH,
luminosity, temperature, moisture, nutrients, etc., the minimums and maximums which disrupts the monotony
of the experimental data obtained, can be attributed to the underlined influence factors.
The
data
suggests that the mustard has been developed on soils contaminated with metals and therefore can be grown
on these soils, and can be used in the phytoremediation process.
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ABSTRACT
The VFD technology is able to adjust the rate of air removal from the milking system by changing the
speed of the vacuum pump motor. Based on the NI LabView 7.1 software and the USB 6009 DAQ board a PID
controller was developed in order to control the electric motor driving the vacuum pump. The PID controller was
tuned using the Ziegler-Nichols tuning rules for the frequency response method, based on preliminary tests
performed over the milking system.
Another series of comparative tests aimed to evaluate the operating parameters of the milking system
(pulsation rate and ratio, duration of the pulsation phases) and vacuum stability, for different vacuum levels. The
tests showed that vacuum regulation by the means of the PID controller did not adversely affect the working
parameters of the system, while achieving better results regarding the stability of the permanent vacuum.
REZUMAT
Modificarea continuă a debitului de aer extras din sistemul de muls poate fi realizată prin comanda de tip
VFD a motorului care antrenează pompa de vacuum, modificând turaţia acestuia. În cadrul lucrării se prezintă
un sistem de reglare a turaţiei motorului de tip PID, realizat pe baza mediului de programare LabView şi a plăcii
de achizţie de date de tip USB 6009 de la National Instruments. Acordarea controlerului PID s-a realizat pe
baza regulilor Ziegler-Nichols referitoare la răspunsul în frecvenţă al controlerului, prin încercări preliminare.
În continuare au fost evaluaţi parametrii de funcţionare ai instalaţiei de muls (frecvenţa, raportul timp de
extracţie-timp de masaj, duratele fazelor) şi stabilitatea vacuumului obţinut prin această metodă, prin comparaţie
cu metoda clasică (cu regulator de vacuum), pentru diverse valori ale vacuumului permanent din instalaţie.
Rezultatele experimentale au arătat că reglarea vacuumului prin modificarea turaţiei pompei nu a afectat în
sens negativ parametrii de funcţionare ai sistemului, înregistrând, în acelaşi timp, rezultate mai bune în ceea ce
priveşte stabilitatea vacuumului.
INTRODUCTION
The mechanical milking is achieved due to the vacuum applied to the teat by the means of a teatcup. In
order to limit the development of congestion and edema and provide relief to the teat from the milking vacuum,
the pulsation principle is used (Mein et al., 1987). As shown in fig. 1, vacuum is applied to the teat through the
vacuum chamber (7) created inside the liner (2). The collapse of the teatcup liner (2) beneath the teat is
achieved when air at atmospheric pressure is admitted into the pulsation chamber (5) of the teatcup (fig. 1a);
the liner opens, allowing the extraction of milk, when vacuum is applied to the pulsation chamber (fig. 1b).
The importance of vacuum level and stability is given by the fact that cows have a biological limit for a
positive reaction to vacuum and exceeding it may lead to damage of the teat tissue or slipping of milking
clusters off the teat, resulting in an extended milking time and in improper milking; vacuum fluctuations
generated within the milking cluster may lead to direct bacterial penetration, thus causing mastitis (Pařilová et
al., 2011).
In a typical mechanical milking system (fig. 2) vacuum is created by the vacuum pump (2), driven by an
electric motor (1). The vacuum level is regulated by the means of the vacuum regulator (4), placed downstream
of the receiver. The vacuum pump operates permanently at full capacity, providing a flow of air greater than the
one entering the system through pulsators, claws, leaks. When working vacuum increases above the desired
level (lower absolute pressure) the vacuum regulator opens, allowing supplementary air to enter into the
system; when vacuum decreases below the necessary value (higher absolute pressure) the regulator closes.
According to the ISO 5707:2007 standard the working vacuum should be maintained within ±2 kPa of the
nominal vacuum.
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Fig. 1 - The principle of milk extraction
(adapted from Tetra Pak Dairy Processing
handbook, 1995)

a)

a-massage;
b-milk extraction;
1-teat;
2-liner;
3-short pulse tube;
4-short milk tube;
5-pulsation chamber;
6-shell;
7-vacuum chamber.

b)

Fig. 2 - Layout of a mechanical milking system.
1-electric motor; 2-vacuum pump; 3-interceptor; 4-vacuum regulator; 5-sanitary trap; 6-vacuum gauge; 7-permanent vacuum pipeline; 8-milk
pipeline; 9-pulsator; 10-teatcup assembly; 11-claw; 12-long milk tube; 13-long pulse tube; 14-receiver; 15-milk pump.

In order to make the vacuum pump draw only the amount of air needed to maintain the desired vacuum
level, thus decreasing the energy consumption of the electric motor, the speed of the pump should be variable;
in this case no conventional regulator is needed to maintain the imposed vacuum during milking. The electric
motor of vacuum pump is controlled by the means of a variable frequency driver (VFD). This solution has the
potential to significantly reduce the energy consumption of the milking system; in a study conducted by Pazzona
et al. (2003) energy savings between 24 and 87% were reported. It was concluded that, if the VFD controller is
adjusted properly, it can meet or even exceed the vacuum stability recorded by the systems equipped with
conventional regulators (Pazzona et al., 2003; Reinemann, 2005), the target being a receiver vacuum within ±2
kPa of the vacuum set point during normal milking (ISO 5707:2007).
The vacuum regulation method presented in this paper is based on the National Instruments solutions for
hardware and software: a virtual instrument (vi) was used to emulate a PID (Proportional-Integral-Derivative)
regulator in order to control the VFD which drives the electric motor of the vacuum pump. The PID regulator was
emulated within the NI LabView 7.1 programming environment; the vacuum level was fed into the computer and
the electric signalfrom the regulator was fed to the VFD by the means of the NI USB 6009 aquision board. Dry
tests were performed in order to establish the adequate values of the parameters of the PID controller and to
evaluate the vacuum stability and operating parameters of the system with the vacuum pump running at a
variable speed.
MATERIAL AND METHOD
A bucket type milking machine was tested; fig. 3 presents the diagram of the developed milking
machine and control system. The original system was equipped with a valve and spring type of vacuum
regulator, placed on the pipeline connecting the interceptor (I) to the bucket (B); the electric motor (M) driving
the vacuum pump (VP) was connected to the three phase power grid through the variable frequency drive
(VFD). A BRK type pneumatic pulsator (P) was used to achieve the liner pulsation; the machine was equipped
with four Boumatic R-1CX type teatcups. Artificial teats, manufactured according to the ISO 6690:2007
standard, were inserted into the teatcups. The vacuum pump provided an airflow q=4.69·10-3 m3 s-1 at a speed
of 1350 min-1.
In order to use the VFD controller for driving the vacuum pump a Smartec SPD015AAsil absolute
pressure sensor (T, fig. 3) was used to monitor the vacuum in the permanent vacuum line, providing the
pressure signal for the VFD controller. The electric signal from the pressure sensor was fed to the data
acquisition (DAQ) board by the means of an adequate signal conditioning unit (SC).
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Fig. 3 - Schematics of the milking system
DAQ-data aquision board; SC-signal conditioning unit; I-interceptor; VP-vacuum pump; M-electric motor; B-bucket; P-pulsator; SMT-short
milk tube; SPT-short pulse tube; T-absolute pressure transducer; C-claw.

The data aquision board was USB 6009 (National Instruments), with a sample rate of 48 ksamples/s, four
differential analog input channels and two analog output channels.
Based on the software running on the computer the entire system (DAQ board, VFD controller and
computer) was acting as a PID regulator for the vacuum level, for which the set point (SP) is the desired
vacuum level and the process variable (PV) is the actual vacuum level in the permanent vacuum pipeline. The
controller delivers the output signal u(t) (fig. 4), which is then used to command the VFD and adjust the running
speed of the electric motor and vacuum pump. The PID controller output is given by the relation (Aström and
Murray, 2008):


1
de( t )  ,
u( t ) = K p ⋅ e( t ) + ⋅ ∫ e( t ) ⋅ dt + Td ⋅

(1)
T
dt 
i

where the error signal is e(t) = SP-PV; KP is the proportional gain, TI is the integral time and Td is the derivative
time.

Fig. 4 – Layout of a PID Regulator
Ki = Kp/Ti ;; Kd = Kp·Td .

The PID controller was developed using the PID control toolbox from LabVIEW 7.1; a virtual instrument
was created in order to manipulate the PID controller and provide the adequate control signal to the VFD. Fig. 5
presents the block diagram of the virtual instrument and the control panel of the virtual instrument is shown in
fig. 6. The control panel allowed the adjustment of the desired vacuum level (vacuum set point) and of the PID
gains: proportional gain, integral time [min] and derivative time [min]. An oscilloscope display allowed the
visualization of the vacuum set point, system vacuum and output signal of the PID controller.
As the analog output range of the USB 6009 data aquision board is 0-5 V, an additional signal
conditioning unit, based on an operational amplifier (not shown in Fig. 3) was used to boost the PID signal in
order to obtain the 0…10V range accepted by the variable frequency drive.
The variable frequency drive unit was VFD 007M43B (0.7 kW maximum power of the electric motor); the output
frequency range was set to 0...60 Hz for a 0-10 V range of the analog comand signal (Delta Electronics, 2008).
In order to establish the operating parameters during mechanical milking process (pulsation rate and
ratio, duration of the phases), two additional Smartec SPD015Aasil absolute pressure sensors (not shown on
the diagram in fig. 3) were attached to the short pulse tube (SPT, fig. 3) and short milk tube (SMT). The
pulsation ratio was defined according to the specifications of the ISO 5707:2007 standard.
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Fig. 5 – Block diagram of
the virtual instrument

Fig. 6 - Control panel of
the virtual instrument

The Ziegler-Nichols tuning rules for the frequency response method were used; the disturbance was
induced by changing the set point: one teatcup was opened by extracting the artificial teat, and then closed by
inserting the teat back into the liner. These tests were performed at a vacuum level of 0.4 bar (40 kPa).
In order to evaluate vacuum stability the characteristics of the pulsation cycle (pulsation rate and ratio,
duration of the pulsation phases, as defined by the ISO 3918:2007 standard) were evaluated with respect to the
requirements of the ISO 5707 standard. The experiments performed for three vacuum levels: 0.35 bar, 0.40 bar
and 0.45 bar (35, 40 and 45 kPa), in dry tests. Three tests were performed for each vacuum level and vacuum
regulation method; the mean, standard error and standard error of the mean were calculated.
The values of the constants KP, KI and KD were the ones established in the first phase of the tests.
A statistical analysis was performed in order to decide whether there was a significant difference between
the permanent vacuum levels recorded for two regulation methods. The analysis was performed by the means
of the Student’s t-test for the level of significance.
RESULTS
In order to tune the PID controller using the Ziegler-Nichols tuning rules for the frequency response
method, the integral time was set at 10000 and the derivative time was set to 0. The proportional gain was
adjusted until the oscillations were sustained and had a constant amplitude, as displayed on the oscilloscope
window of the control panel and thus the critical gain was obtained. The critical period Tc was measured using
the recorded values of the vacuum signal.
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The PID gains were then calculated using the formulae presented in table 1 (Aström and Murray, 2008),
using the critical gain Kc and critical period Tc.
Table 1
Controller parameters for the Ziegler-Nichols frequency response method
Controller type
KP
Ti
Td
P
0.5·Kc
PI
0.4·Kc
0.8·Tc
PID
0.6·Kc
0.5·Tc
0.125·Tc

For the tested milking system, the critical gain was Kc = 68 and the critical period was Tc = 7.53±0.46 s.
The calculated operating parameters of the PID controller were as follows: KP = 40, Ti = 4.76 s (0.062 min), Td =
0.941 s (0.015 min).
The results referring to the operating parameters of the system and vacuum stability are presented in
tables 2 and 3.
Table 2
Operating parameters of the milking system
Regulation
method

Item

35
48.4±0.231
55.1/44.9
44.9±0.137
0.42±0.005
48.9±0.352
54.6/45.4
44.02±0.352
0.42±0.006

Pulsation rate [cycles/min]
Pulsation ratio [%]
Duration of b phase* [%]
Duration of d phase** [s]
Pulsation rate [cycles/min]
Pulsation ratio [%]
Duration of b phase [%]
Duration of d phase [s]

Vacuum
regulator

PID
controller

Vacuum level [kPa]
40
51.9±0.266
53.7/46.3
41.21±0.362
0.387±0.003
52.2±0.500
53.8/46.2
41.98±0.405
0.387±0.012

45
55.9±0.200
53.3/46.7
39.74±0.270
0.343±0.003
56.4±0.167
53.2/46.8
39.40±0.113
0.337±0.003

Notes: *at least 30%9; **at least 0.15 s [7].

Table 3
Results regarding vacuum stability
Regulation
method

Vacuum level (SP) [kPa]
35
40
45
34.417
39.462
44.398
0.2020
0.230
0.226

Item
mean vacuum level, x ♣ [kPa]
standard deviation, S [kPa]

Vacuum
regulator

standard error of the mean,

S x ♣♣ [kPa]

0.0142

0.0162

0.0159

34.514
0.172
0.0121

39.381
0.195
0.0138

44.573
0.186
0.0131

5.174++
t0.05 = 3.539; t0.01 = 3.970

3.777+

8.480++

mean vacuum level, x [kPa]
standard deviation, S♣ [kPa]
standard error of the mean, S x ♣♣ [kPa]

PID controller

tcalc

t-test
Notes: ♣ for 200 recorded values;
♣♣

S = S/ n ;

x
+-significant

difference; ++-distinctly significant difference

The results presented in table 2 show that the opearting parameters of the system were not affected by
the method used for vacuum regulation: there were no significant differences between the parameters taken into
account (pulsation rate and ratio, duration of the phases) and the requirements of the ISO 5707:2007 standard
were respected (see the corresponding notes).
The results presented in table 3 show that the use of the PID controller method for vacuum regulation led
to lower standard errors than the ones achieved when a classical vacuum regulator was used. This means that
lower vacuum fluctuations were recorded when the VFD controller method was used for vacuum regulation
instead of the classic method (with mechanical vacuum regulator).
The statistical analysis of the results confirmed that there was a significant difference (P<0.05) between
the tested variants (vacuum regulator and PID controller) for the 40 kPa vacuum level and distinctly significant
differences (P<0.01) for the 35 and 50 kPa vacuum levels.
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CONCLUSIONS
A variable frequency driver, controlled by the means of PID regulator, was developed in order to achieve
vacuum regulation in a mechanical bucket milking machine. The PID regulator was implemented using the NI
LabView capabilities.
Preliminary tests were performed over the milking system in order to adjust the values of the KP, KI and
KD constants of the PID controller, aiming to obtain a short rise time, a small overshoot and a small steady state
error between the actual value of permanent vacuum and the desired one.
Another series of comparative tests aimed to evaluate the working parameters of the milking system
(pulsation rate and ratio, duration of the pulsation phases) and vacuum stability, for different vacuum levels. The
tests showed that vacuum regulation by the means of the PID controller did not adversely affect the working
parameters of the system, while achieving better results regarding the stability of the permanent vacuum.
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ABSTRACT
This paper reviews modern versions of high efficiency gas heating systems, presenting operating
principles and constructive structures, and highlighting the benefits of their use both in terms of thermal
efficiency and in terms of regarding the reduction of pollutant emissions into the atmosphere. This issue is of a
particular importance for the implementation of viable solutions for ensuring the thermal energy in rural
households in our country, where natural gas is available.
REZUMAT
În această lucrare sunt trecute în revistă versiuni moderne de sisteme de încâlzire pe gaze sau
hidrocarburi lichide cu eficienţă ridicată, prezentându-se principiile de funcţionare şi structurile constructive şi
subliniindu-se beneficiile utilizării acestora atât în ceea ce priveşte eficienţa termică, cât şi în ceea ce priveşte
reducerea emisiilor poluante în atmosferă. Această problemă are o importanță deosebită prin furnizarea unor
soluții viabile, viabile, pentru asigurarea energiei termice în gospodăriile rurale din ţara noastră ca au acces la
reţeua naţională de gaze naturale.
INTRODUCTION
The use of natural gas to heating systems from rural households, where available, is particularly profitable
for the benefits it offers both from an economic and environmental points of view.
From an economic point of view, the burning of natural gas for the production of thermal energy is the
cheapest process compared to the burning of other conventional fuels. Figure 1 shows the results of a study
made in March 2015, in United Kingdom of Greaat Britain, regarding the cost of the producing of 1 kWh of heat
through different thermal energy production processes.

Fig. 1 - The cost of producing 1 kWh of thermal energy by different heat production processes [10]

In terms of emissions to the atmosphere, gas burning produces the smallest amount of fine particles
compared to the amounts of particles produced by combustion of the other conventional fuels (Figure 2). Also,
the carbon footprint resulting from the burning of natural gas is the smallest compared to those resulting from
the combustion of the other categories of conventional fuels (Figure 3). Both situations are particularly
favourable from the point of view of environmental protection.
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Fig. 2 - Solid suspensions emissions produced by different conventional fuels burning [3]

Modern heating systems based on the burning of natural gas can be divided into two main categories,
namely: indoor air heating systems with furnaces and boiler heating systems with boiler and radiator network.

Fig. 3 - The carbon footprints produced by different conventional fuels burning [11]

INDOOR AIR HEATING SYSTEMS WITH FURNACES
Currently, modern indoor air heating systems can be classified according to the following criteria: the air
circulation mode through the furnace heating system and the transmission efficiency of the thermal energy
produced by combustion of the natural gas to the air flow through the furnace heating system.
It should be noted that the efficiency of a heating system with furnace or boiler is measured by annual fuel
efficiency (AFUE). Thus, an AFUE of 90% means that 90% of the fuel energy becomes heating energy for
home, and 10% escapes out through the vent pipe and through the heating system jacket [6].
According to the air circulation mode through the furnace heating system there are furnace heating
systems with free air circulation (by convection) and furnace heating systems with forced air circulation.
The free air circulation heating systems are characterized by constructive simplicity, reduced operating
and maintenance costs and reduced thermal energy transmission efficiency (55-65% AFUE to the oldest up to
70% AFUE to the modern ones) [7].
An example of such a modern heating system is shown in the scheme from Figure 4 where it is observed
that the gas burner is mounted in a combustion chamber located directly on the outside wall of the home,
provided with combustion air intake duct and exhaust fumes. In direct contact with combustion chamber is
placed an air circulation channel through which the indoor air enters and heats.
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The circulation through the air heating channel is made by convection as follows: the cold indoor air is
admitted through the bottom entrance of the channel, contacts the wall of the combustion chamber and
increases its temperature, and due to the fact that its density is decreasing, it rises and is discharged through a
distributor on the top of the channel, like warm air producing the heating of the room.

Fig. 4 - Heating system with convective air circulation [4]

This heating system is characterized by a very simple construction, easy operation and maintenance, and
due to the positioning of the pipes for air intake for gas combustion and flue gas discharge, the efficiency of
transmitting thermal energy to the indoor air is satisfactory.
The forced-air heating systems are more complex and more sophisticated in terms of exploitation and
maintenance but are also more efficient in terms of transmitting thermal energy to the air that needs to be
heated.
Thus, from the point of view of the efficiency of transmitting thermal energy to the air to be heated, forcedair heating systems can be classified into three categories, namely: conventional forced-air heating systems,
mid-efficiency forced-air heating systems and high efficiency forced-air heating systems.

a

b
c
Fig. 5 - Principal schemes of forced-air heating systems [7]

Conventional forced-air heating systems (Figure 5a) are the classical heating systems where the in-room
air to be heated is introduced into the system through its lower part by means of a fan/exhauster and brought
into contact with the wall of the combustion chamber where the gases are burnt, increasing its temperature and
then being discharged to the room through a distributor placed on the top of the system. This type of system has
56-72% AFUE efficiency, with the best performing at 78% AFUE.
Mid- efficiency forced-air heating systems (Figure 5b) are the heating systems in which the in-room air to
be heated is circulated through the system via a fan/exhauster taking up the energy of the flue gas by means of
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a tubular heat exchanger placed in their flow direction. It is mentioned that in order for the heat transfer to be as
efficient as possible, an auxiliary fan/exhauster is provided in the system to uniform the flue gas flow through the
heat exchanger tube. This type of systems have increased efficiency of 80-82% AFUE.
High efficiency forced-air heating systems (Figure 5c) are the heating systems to which the in-room air to
be heated is circulated through the system by means of a fan/exhauster, taking the energy of the flue gas
through a tubular heat exchanger, similar to that of the mid-efficiency systems. In addition, because during the
gas burning process, approx. 12% of the heat energy is taken up by the water vapours in form of latent heat, a
secondary heat exchanger is introduced into the system to recover this heat energy by condensing the water
vapours from the flue gas stream. In this way, to this type of heating systems the efficiency increases
considerably to 90-98% AFUE.
On the basis of these considerations, it is mentioned that the high efficiency forced-air heating systems
are called condensing air heating systems, while the mid-efficiency forced-air heating systems are called noncondensing air heating systems.
Figure 6 shows the constructive structures of forced-air heating systems. Thus, in Figure 6 up left, is
shown the constructive structure of a conventional air-forced heating system, in Figure 6 up right, is shown the
constructive structure of a non-condensing air-forced heating system, and in Figure 6, down, is shown the
constructive structure of a condensing air-forced heating system.
At present, in Europe and the United States, the most widely used air heating systems are the condensing
and non-condensing air heating systems, which have replaced conventional classic heating systems, with the
tendency of imposing the high efficiency condensing air heating systems.

Fig. 6 - Constructive structures of forced-air heating systems [8]
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By comparing the condensing and non-condensing air heating systems, it can be argued that condensing air
heating systems have the following advantages: much higher efficiency, thereby ensuring a substantially reducing of
the long-term operating costs, low flue gas temperature (about 55°C, compared to 180°C for the non-condensing
systems), very low heat loss in combustion exhaust and significantly reduced CO2 emissions. The disadvantages of
condensing air heating systems are as follows: higher investment and installation costs, corrosion problems arise
because the produced condensate is acidic, high maintenance costs and relatively low reliability [5].
BOILER HEATING SYSTEMS WITH RADIATOR NETWORK
Boiler heating systems with radiator networks (see Figure 7) are commonly used as household heating
appliances and have the important advantage of providing in addition the necessary domestic hot water.
Constructively, the structure of a boiler heating systems consist of a boiler, a radiator network and a hot
water supply system.
At present, two large boiler heating systems are offered on the market,
differentiated by the efficiency of the boiler, namely: conventional heating systems fitted with classic boiler and
high efficiency heating systems with condensing boiler.

Fig. 7 - Principles of heating systems with boilers and radiators network [9]

The fundamental difference between conventional boilers and condensing boilers is that the use the
residual heat of the flue gases to preheat the cold return water entering in the boiler. This makes the efficiency
of 55-65% AFUE of conventional boilers or 75-78% AFUE of modern non-condensing boilers to increase to 9099% AFUE in condensing boilers [9].

Fig. 8 - The essential differences between a non-condensing boiler and a condensing boiler [1]
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These outstanding performances of the condensing boilers are mainly achieved by introducing an
supplementary heat exchanger, in addition to the heat exchanger for water heating, which transfers the residual
heat of the flue gas to return water entering the boiler. The schematic diagram of Figure 8 shows the essential
operating differences between a non-condensing boiler and a condensing boiler.
The Figure 9 shows the constructive structure a condensing boiler heating system.

Fig. 9 - The constructive structure of a condensing boiler [2]

Analyzing comparatively condensing boilers with non-condensing boilers it can be said that the
advantages and disadvantages of the condensing boilers are similar to those of the condensing and noncondensing air heating systems. However, it can be mentioned, that the price of high-efficiency boiler systems is
at least twice as high as the price of conventional boiler heaters, while the cost of high-efficiency air heating
systems is only 30-40% higher than that of a conventional air heating systems [2].
CONCLUSION
In this paper are presented variants of modern gas heating systems of household, presenting the
operating principles, constructive structures and highlighting the benefits of their use in terms of thermal
efficiency and in terms of reducing pollutant emissions into the atmosphere.It is can be mentioned that both for
the air-heating systems, as well as for the heating systems with the boiler there were created and realized
various modern variants with high efficiency, between 90-99% AFUE, which in Europe and the United States
tend to increasingly replace conventional gas heating systems.
The problem of introducing modern high efficiency gas heating systems is very important because its
constitute viable and extremely valuable solutions for ensuring the thermal energy in households in our country
rural areas, where natural gas is available.
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ABSTRACT
The quality of camel meat is nutritionally as good as that of the major sources of red or white meat.
Camel is a desert animal but is not less than other red meat animals (beef, lamb and goat) in its composition..
The aim of this study is to determine vitamin B12 contained in the serum of camels in the Tamanrasset area.
This study was carried out on 15 Tergui dromedaries in the slaughterhouse of Tamanrasset from March to April
2019, which resulted in appreciable values of 1876.4 ± 248.42 pg/ml.
We noticed that young animals had lower levels of vitamin B12 than adults. However, in cattle the serum vitamin
B12 values are higher than those of camels
RESUME
La qualité de la viande des camelins est aussi bonne sur le plan nutritionnel que celle des principales
sources de viande rouge ou blanche. Le dromadaire est un animal du désert, la composition de sa viande est
proche que les autres animaux à viande rouge (bœuf, agneau et chèvre).
La présente étude a pour but de déterminer la teneur en vitamine B12 sérique de cette espèce au niveau de la
région de Tamanrasset.
Cette étude a été faite sur un effectif de 15 dromadaires de la race Tergui de la région de Tamanrasset, ce qui a
abouti à des valeurs appréciables qui sont de 1876,4 ± 248,42 pg/ml
Nous avons remarqué que les jeunes animaux avaient des teneurs en vitamine B12 plus importante que les
adultes.
Toutefois, chez les bovins les valeurs du dosage sérique de la vitamine B12 sont plus élevées que celles des
camelins.
INTRODUCTION
Camels live in deserts, where it is hot and dry. It have adapted and found ways to help them survive in
deserts. The camel has a significant socio-economic importance in many arid and semi-arid parts of the world
and its milk constitutes an important component of human diets in these regions (Farah, 1986).
Camel meat is a significant source of animal protein in many African and Asian countries, especially in areas
where the climate adversely affects the production efficiency of other animals (Abrhaley et Leta, 2018). Wild
camels are fed largely on grasses (Sahraoui et al., 2014).The presence of dromedaries in the Saharan areas
plays a very important role, given its high capacity for processing poor food resources (halophytic and thorny
plants) into edible products (milk, meat, etc.) that are often unusable by other domestic animal species.
Featuring a taste of camel meat as similar to beef in the shape and smell, but richer in minerals (Sahraoui et al.,
2019). As a result, now, the general trend in the world is to have tagged lean meat as it is synonymous with the
good health (Kadim et al., 2008). However, red meat is also a good source of iron, vitamin B, riboflavin, thiamin
and niacin (Godfray, 2018).
Few studies on the quality of these products and characteristics have been performed. The aim of this
work s to measure the serum vitamin B12 content from camel blood samples, for its great importance and its
major role in metabolism and maintenance of nervous functioning.
MATERIAL AND METHOD
Sample Collection
Fifteen (15) samples were randomly collected from single humped camels males (2-4 years old)
slaughtered at the local slaughterhouse of Tamanrasset (Algeria) during a period of two months (March - April).
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These animals belonged to the tergui population. During the pre-mortem examination, we proceeded to the
identification of the animals (age, sex, breed and health history).
The dromedary is an animal which is not always easy to control, particularly males. The natural resting
position of the dromedary is that of the barrack, the animal being placed in sternal position, the limbs were
placed under its chest. Blood sample was taken from the jugular vein.
Samples were kept in zipped plastic tubes and transported in cool box.
They were then transferred to a laboratory (4°C) for 48 hours before analysis.
It is also necessary to homogenize each tube by making 6 to 8 reversals movements after sampling.
Analysis of vitamin B12:
The determination of the vitamin B12 content is carried out by a Cobas e601 Roche automaton,
according to the following test method:
The analysis of vitamin B12 on these samples was carried out by the "ELECSYS VITAMIN B12 II" test
and the "MODULAR ANALYTICS E170 COBAS e411 COBAS e601 COBAS e602" automaton, by electrochemiluminescence ECLIA, which is a binding test for in vitro quantitative for determination of vitamin B12 in
serum and plasma
This method consisted a competition principle using the specific IF of vitamin B12: sample Vitamin B12
competes with exogenous biotinylated Vitamin B12 for binding sites of ruthenium-labeled intrinsic factor

RESULTS
The determination of the concentration of Vitamin B12 was carried out on a population of 15 dromedaries,
from the Tergui population of the Tamanrasset region.
The values obtained after determination of vitamin B12 varied between 1231 and 2000 μg / mL. The
identification of the population as well as the results of the determination of vitamin B12 in μg / ml were
presented in Fig 1 and table 1

Fig 1: Vitamin B12 according to age

Table 1: Identification of the animals and vitamin B12 content
Samples
1
2
3
4
5

Age
(years)
3
4
2 ½ years
3
5

Vitamin B12
(pg/ml)
˃2000
˃2000
˃2000
1991.00
˃2000
501

Vitamin B12
(µg/mL)
˃0.002
˃0.002
˃0.002
0.001991
˃0.002
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6
7
8
9
10
11
12
13
14
15

˃2000
˃2000
1783.00
˃2000
˃2000
˃2000
1299.00
1231.00
1842.00
˃2000

3
2
1
2
4
3
1
1 ½ year
1
3

˃0.002
˃0.002
0.001783
˃0.002
˃0.002
˃0.002
0.001299
0.001231
0.001842
˃0.002

Vitamin B12 is synthesized exclusively by microorganisms. Giblets of ruminants are an excellent source of
B12 (Gille and Schmid, 2015). Our results, could have quite appreciable values in vitamin B12 especially for
animals whose age is greater than 2 years.
The breed, sex and age of animals play an important role in determining the level of the various elements
of meat and camel blood (Sahraoui et al., 2014).
In the Jizan region of Saudi Arabia, according to (ZhenliL et al., 2005), who conducted a study on the
determinaion of vitamin B12 and cobalt in 20 camels of different population (race, age and regions)., the mean
liver B12 content was 309 ± 33 μg / kg, muscle vitamin B12 was 11 ± 2 μg / kg, and hepatic cobalt is 23 ± 5
ppm.
For the Tabouk region, the mean values were 340 ± 31 μg / kg for hepatic vitamin B12, 12 ± 4.2 μg / kg
for muscle vitamin B12 and 40 ± 10 ppm for hepatic cobalt (ZhenliL et al., 2005).
In another region (Taif), the mean values for liver and muscle vitamin B12 and muscle cobalt were 315 ±
39 μg / kg, 7 ± 4.2 μg / kg and 37 ± 7.2 ppm respectively. There is a significant positive correlation between
vitamin B12 and cobalt concentration in the liver. Nevertheless, cobalt was not detected in the muscle unlike
vitamin B12 which was present but at very low concentrations (ZhenliL et al., 2005).
According to the study done by (Haddadin et al., 2008), cobalamin concentration in camel milk would be
0.0085 mg / l, in parallel, the same concentration was estimated at 0.002-0.007 mg / l in the cow milk.
In the dairy cow, it suggested that the liver also appears as a central organ in the storage and metabolism
of vitamin B12. Loup-Leuciuc et al. (2011) conducted another study in which they reported that the richest
vitamin B12 foods were from beef, lamb and goat liver with levels of 100 μg / 100g, 65 μg / 100g and 60 μg /
100g respectively; followed by beef kidneys with a content of 35 μg / 100g and veal kidneys of 25 μg / 100g. In
addition, the cooked meat had a value of 1.9 μg / 100g.
For vitamin B12, arterial and venous concentrations are not influenced by the meal during the lactation
period of sows. However, cows injected with vitamin B12 and folic acid were inseminated 5.5 days before
control cows. The results supported the hypothesis that injections of vitamin B12 and folic acid would have
positive effects on the productive and reproductive performance of milking cows in early lactation
(Ghaemialehashemi, Seyedrocknaldin, 2013).
It has also been found that the highest values have been demonstrated in animals over 2 years age, this
may be related to the adaptation of the rumen flora to the synthesis of vitamin B12 but also to the storage
capacity of vitamin B12 in the liver.
CONCLUSIONS
Very few studies have been done on the dromedary, especially in Algeria, to our knowledge, this study being
the first conducted under our conditions.
The present study, carried out on 15 dromedaries from the Tamanrasset region, was able to determine
appreciable vitamin B12 values in the Tergui population of the Algerian dromedary.
Nevertheless, this work needs to be elongated to see the effect of sex and the breeds present on our country.
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ABSTRACT
This study aimed to determine the concentrations of minerals and trace elements in camel meat from
Algeria. Meat samples from 32 camels were collected. The mean (±SE) concentrations of calcium and
phosphorus were 33.1 ± 6.1 and 655 ± 21.3 mg/100 g respectively. The micronutrient contents were 14056 ±
831μg/100 g for zinc, 6100 ± 447 μg/100 g for iron, 1322 ± 43 µg/100 g for copper. A highly significant effect
(P<0.001) of the breed was observed on calcium and sodium levels, but any effect (P>0.05) of age was shown.
The meat of dromedary has levels of minerals close to those reported in other farm animals.
RESUME
Cette étude visait à déterminer les concentrations de minéraux et d’oligo-éléments dans la viande de
dromadaire en Algérie. Des échantillons de viande de 32 chameaux ont été collectés. Les concentrations
moyennes (± SE) de calcium et de phosphore étaient respectivement de 33,1 ± 6,1 et 655 ± 21,3 mg / 100 g. La
teneur en micronutriments était de 14056 ± 831μg / 100 g pour le zinc, de 6100 ± 447 μg / 100 g pour le fer et
de 1322 ± 43 µg / 100 g pour le cuivre. Un effet hautement significatif (P <0,001) de la race a été observé sur
les taux de calcium et de sodium, mais tout effet (P> 0,05) de l’âge a été mis en évidence. La viande de
dromadaire a des niveaux de minéraux proches de ceux rapportés chez d’autres animaux d’élevage.

INTRODUCTION
In an arid environment, dromedaries are raised in an environment with few resources and limited
agricultural development opportunities. Its hardiness and adaptability to the environment, combined with its
mixed productivity (milk and meat) and its use in agriculture and transport, are highly appreciated by farmers
(Faye and Bengoumi, 2000).
In Algeria, rangelands are the main source of food available for camels. The latter have a better ability
to digest poor forage than other domestic ruminants.
Mineral metabolism in camels has been the subject of some studies in countries where it is naturally
present (Kadim et al., 2006). According to Bengoumi and Faye (2002), this species known for its resistance to
episodic water deficit, would also be adapted to certain mineral nutritional deficiencies.
The mineral elements constitute a part of the animal productions and are each essential to the
functioning of the organism.
The objective of this study is to determine the concentrations of minerals and trace elements in camel
meat obtained in slaughterhouses.
MATERIAL AND METHOD
Animals
This study was carried out on 32 camels, belonging to two different populations (Sahraoui and Targui),
aged from 1 to 6 years old, raised on routes located in the Ouargla willaya in the south-east of the country. They
were males weighing approximately 400 kg. The diet was based mainly on grazing in rangelands. The main
fodder consumed during this period were natural vegetation (Artemisia vulgaris) and Atriplex sp. The animals
were found healthy by veterinary control.
Sampling and analysis
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Thirty-two (32) samples of Longissimus Dorsi muscle meat from 32 camels were made at the Ouargla
abattoir. The meat samples were stored at -20°C until analysis.
The samples were individually cut into small pieces in a ceramic mortar and stored in polyethylene bags
until used for analysis after acid digestion.
Calcium was assayed by atomic absorption spectrophotometry following lanthanum dilution. Phosphorus was
measured by colorimetry. The determination of trace elements such as Cu, Zn, and Fe in the filtrate was
performed by atomic absorption spectrophotometry.
The analyzes were performed in duplicate.
Statistical analyzes
A descriptive statistical study was performed on the data using SAS (Statistical Analysis System, 2000).
An analysis of variance was used to determine the effects of age and race on mineral meat contents. Results
were presented as least-squares means ± standard error. The statistical significance threshold set in the study
was P <0.05.
RESULTS AND DISCUSSION
Average contents
Dry matter content in camel meat was 23.8 g / 100 ± 0.81, this value is closed to that (26%) reported by
Sahraoui et al. (2014). Mineral content varies with sampling methods, sites taken from the carcass (Kadim et al.,
2008) or because of variability among individuals or between animal species
Camel meat, like other red meats, contained high levels of potassium, followed by phosphorus, sodium,
magnesium, and calcium, respectively, and low levels of other elements.
The calcium content of the camel meat was 33 mg / 100g of dry matter (DM) or about 8 mg / 100g of
fresh material (MF). The value appears lower than that reported in beef (19.4mg / 100g MF) (Kadim, 2008). The
natural feeding conditions on animal routes of this study could explain these lower levels.
The phosphorus content was 655 mg / 100 g of MS or about 160 mg / 100 g of MF. These data were in
agreement with those reported by Kadim et al. (2006) who indicated values from 250 to 584 mg / 100g DM.
Phosphorus is the second most abundant element in camel meat. Camel meat reared in southern Algeria
showed phosphocalcic concentrations ranging from 250 to 574 mg / 100g DM for phosphorus and from 19.2 to
27.3 mg / 100g DM. for calcium.
The sodium content was 230 mg / 100g DM, or 55 mg / 100g fresh meat. But these values were
significantly lower than those reported by Kadim et al (2006) (about 105 to 260 mg / 100g MF) and Siham and
Daoud (2015) in Sudan (115 mg / 100g MF). However In beef, the sodium content was 51 mg / 100g fresh meat
(Gheisari et al., 2009). The relatively low levels of sodium observed in our samples are therefore surprising
because in the Algerian natural conditions, the dromedary feeds mainly halophyte plants, abundant in these
environments.
Our results showed a potassium value of 1194 mg / 100g of MS, ie 284 mg / 100 g of MF. This value is
very close to the results of Muhmud et al. (2011) (1008 mg / 100g of MS) and those of Kadim (2013) (250 to 584
mg / 100g MF). Potassium is the major component of camel meat and limb meat cuts have a higher potassium
and magnesium content than rib muscles. In comparison, the potassium content in beef was 162 mg / 100g MF
(Muhmud et al., 2011).
The magnesium content was of the order of 67.2 mg / 100 g of MS or 16 mg / 100g MF. The metabolism
of magnesium in the dromedary is little known (Faye and Bengoumi, 2000). The magnesium content of camel
meat was 28 mg / 100 g fresh matter. Siham and Daoud (2015) observed a higher magnesium content in camel
meat (90 mg / 100 g DM) compared to beef and goat meat ranging from 27 to 38 mg / 100 mg DM. Kadim et al.
(2008) reported a concentration of magnesium in beef in the range of 24.8 mg / 100 g MF.
Trace elements
Data on micronutrient levels in camel meat were scarce
Zinc is an essential biological element, co-factor of many enzymatic systems and certain immune
functions (Afssa, 2001). It is involved in growth and plays an important role in the defense of the body. Zinc
present in meat is better assimilated by the body than that provided by other foods. Red meat in particular is
one of the best dietary sources of zinc with both high levels (2-7 mg / 100 g MF) and very good bioavailability
compared to zinc from other dietary sources (Faye and Bengoumi, 2002). The zinc content was 14 mg / 100 g
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of MS (3.3 mg / 100 g MF). According to literature data, camel meat contained 3.1 to 4.8 mg / 100 g MF. Zinc
requirements were not as important in camels as in other animals (Faye and Bengoumi, 2000).
Copper is another indispensable element for vital metabolic functions. Copper deficiency in camels has been
reported in eastern Africa (Bengoumi and Faye, 2002). In our study, the copper content of the meat was 1.3 mg
/ 100g of MS or 0.32mg / 100g of fresh meat. Levels in camels often appear high, probably because of a diet
more oriented towards the consumption of woody plants, which are generally rich in nitrogen, which potentiates
the efficiency of use of copper (Faye and Bengoumi, 2000). The copper content in beef was 0.06 mg / 100 mg
MF (Siham et al., 2015). The values obtained in the context of our study are therefore relatively high, and higher
than the classical data of the literature.
The iron content of the camel meat was of the order of 6 mg / 100g DM or 1.5 mg / 100 MF. Faye and
Bengoumi (2000) reported values of 1.16 to 3.39 mg / 100 g MF. These values varied according to different cuts
of meat, which is probably due to the different physiological requirements associated with muscle myoglobin
levels. The iron content in beef is around 2.8 mg / 100 g MF (Siham et al., 2015).
The race, sex and age of animals play an important role in determining the level of the various elements of meat
and camel blood (Sahraoui et al., 2014). A very significant effect (P <0.001) of the breed was obtained in favor
of the Targui breed on calcium and sodium contents, but no significant effect in age (P> 0.05). The study of
Sahraoui et al. (2013) showed a difference in selenium content in meat between the two dromedary breeds in
favor of the Targui breed 0.365 ± 0.064 vs 0.163 ± 0.026 mg / .kg MF. The Targui breed had an earlier body
development than the Sahraoui breed.
In general, the meat of young dromedaries (less than five years old) had less ash, but more water than older
animals (Sahraoui et al., 2014). However, Kadim et al. (2006) reported average ash levels of 0.76% in camels
under 5 years of age, compared with 0.86% in camels aged five years and older. A significant effect of age on
the ash content of camel meat, unlike the results obtained by Raiymbek et al. (2012).
CONCLUSION
The camel adapts easily to its environment by surviving under the conditions imposed by desert
environments. These mechanisms can also be applied to the mineral composition of the muscle and therefore
of the meat. However, the mineral content of camel meat, is similar to that of other red meats and has the same
commercial qualities. Nevertheless, for some elements, the levels are significantly different from other animal
species.
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ABSTRACT
In the paper the authors make a presentation of a nozzle that can equip the machines and equipment
for combating diseases and pests, as well as chemical control of weeds by spraying. After describing the
communications in which these treatments are performed, conditions presented in the literature, the authors
refer in particular to the phenomenon of droplet drift when the speed of displacement of the aggregate exceeds
certain limits or when the velocity of the air current increases accidentally during the treatment.
Derivatives to spills may lead to phytotoxicity phenomena or the destruction of other cultures that do not
support the active substance in the solution. It has thus determined the velocity of the air currents and dynamic
wind pressure, moment and torsional force at which is subjected to the nozzle arc and the magnitude of the
derivation and the random dispersion of the droplets, was the way the nozzle can be used.
REZUMAT
În lucrare, autorii fac o prezentare a unui model de duză care poate echipa mașinile și echipamentele
pentru combaterea bolilor și dăunătorilor, dar și combatere chimică a buruienilor prin stropire. După ce sunt
prezentate condițiile în care se pot face aceste lucrări, condiții prezentate în literatura de specialitate, autorii fac
referire în special la fenomenul de derivă al picăturilor atunci când viteza de deplasare a agregatului depășește
anumite valori sau atunci când viteza curenților de aer crește întâmplător în timpul efectuării tratamentelor.
Deriva stropilor poate conduce la fenomene de fitotoxicitate, sau de distrugere a altor culturi care nu
suportă substanța activă din soluție. S-a determinat astfel viteza curenților de aer, forța și presiunea dinamică a
vântului, momentul și forța la torsiune la care este supus arcul duzei și s-a determinat mărimea derivei și
dispersia aleatorie a picăturilor, de asemenea modul cum se poate folosi duza.
INTRODUCTION
The chemical weed control is the second most important work in the technology of any agricultural
technology. When executing the herbicide work, for example, in addition to the weather conditions and the
sprayer, it is necessary to pay particular attention to the nozzles and substances used. For proper and effective
treatment, weather conditions should not exceed certain wind speeds below 6 m / sec, a temperature below 20°
C and a relative humidity of more than 60% (Ovidiu Ranta 2018). Therefore, pesticide application equipment
must be tested and diagnosed with the implementation of Directive 2009/128 / EC. The inspection procedure
has been developed in accordance with the following reference documents: SR EN 13790-1: 2004 Agricultural
machinery. Spraying machines. Examination of spraying machines during operation. Part 1: Sprayers used for
basic crops.
The inspection shall determine:
- Pump flow [l / min];
- Diff via nozzle [l / min];
- Uniformity of transverse distribution [%];
- Normal’s of substance [l / min]
In practice, it is no longer recommended to use nozzles that produce very fine splashes, but those
nozzles that produce droplets larger than 100 microns. Thus, a drop that has 100 microns is transported five
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meters at a wind speed of 3 m / sec, while a droplet that has 20 microns is driven by wind up to 125 meters.
Very small spraying droplets mean pollution and inefficient treatment (Ovidiu Ranta 2018).
A drop of solution having a diameter of less than 100 microns lives for 12 seconds and takes 22 seconds to
reach the ground. If the relative humidity is less than 60% and the temperature is higher than 25 ° c, the drop evaporates
(Ovidiu Ranta 2018). In order to have a successful treatment and lead the solution where necessary, where
necessary, we need to reduce the drift, ie the lateral transport of the particles, reduce soil contamination and
optimize consumption (http://www.lechler.com).
Prior to using the equipment, we know the exact flow rate, spray angle and distribution uniformity of each nozzle
(figure 1). Nozzles for agriculture and accessory are synonymous with efficiency and economy, while also taking
into account environmental issues by reducing the yield, in particular. Spraying and spraying angles are
dependent on the working pressure and viscosity of the liquid to be sprayed. Flows are set very accurately using
the inductive measurement method. The spray angle is determined from the nozzle opening (figure 2). The
spray width and the coating surface are based on the distance from the nozzle hole.

Fig.1. Bank for determining the working indices of spraying machines. Source: www.lechler.com

Fig. 2. Spray nozzle angle. Source: Heiyne G.C.1979 Fig.3 The distance between the spray heads is
selected according to the angle of the drop of the droplets

Source: Langenakens J.J. 2008
For a better uniform distribution of the pesticide, the droplet jets of two neighboring nozzles must
overlap on about Z = 15% of the surface. In this sense, the ramp has possibilities of adjusting the distance from
the ground. The height h from the ground is calculated with the relation:
[mm]
b = 500 mm; α = 65°; 80°; 110°.
Source: D.Toma and al. 1982
The flow of liquid passing through the calibrated orifice (nozzle) is given by:
[l/m]

(1)

(2)

in which:
p - working pressure [N / m2];
ρ - density of the liquid [kg / m3];
f - the section of the hole [mm2];
μ - the flow coefficient.
At the ends of the tangential sprayer μ = 0.24-0.45 and at the ends of the fan sprayer μ = 0.6-0.85.
It can be observed that q at the same section f varies with p, and the pressure p and the section f influence the
fineness of the droplets (their diameter).
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7The amount of liquid administered per hectare of the sprayer (liquid standard per hectare N) is
determined with the relation:
[l/ha]

(3)

in which:
Q is the total flow rate in l / min;
B - working width, in m;
v - travel speed in km / h.
Source: Popescu M., et al. 2007
The Q flow that passes through the segments of the spray nozzles is provided by the relationship:
[l/min],
(4)
where c is a characteristic constant of the nozzle and the liquid used, and the working pressure, in bars.
From previous relationships, there are two distinct possibilities to maintain precise rules per hectare;
constant maintenance of the Q / v ratio, i.e. the change of flow rate Q in proportion to the speed of the machine;
keeping the report steady
, ie changing the system pressure in such a way that the value of that ratio is
constant (Herbst E., Prüftechnik, H., 2008).
Depending on the two, there are different machine adjustment processes, their role being always to
ensure the uniformity of liquid distribution in the direction of displacement and compliance with the solution
standard per hectare.
A decrease in the spray angle value by 2 .10% leads to a non-uniform distribution over the length of the
spraying lance (Bolintineanu Gh., Vlăduț, V., Popescu, M., 2006).
The most favorable decomposition of the jet is for the ratio: ƛ / dc = 4,42
where: λ - the wavelength of the oscillation
dc - jet diameter.
MATERIAL AND METHOD
- Laser-Doppler Particle Analyzer, 3D presentation jet measuring device, liquid distribution systems, and more
are essential conditions for accurate data measurement.
- To measure wind speed with greater precision, digital anemometers are used that measure and accurately
measure the speed and direction of the wind.
- The gyro automatically controls the lowering of the small nozzle support system, the nacelle is automatically
rotated by the wind direction by means of the girder, without the need for an additional swiveling system. This in
turn rotates in the opposite direction to the direction of the wind holding the nozzle a few degrees keeping
approximately the same position of the jet to the foil surface or ground surface, compressing the spring that
supports the position of the nozzle holder.
- The aerodynamic tunnel.

Fig.4 Aerodynamic tunnel M- electric motor, axial V-fan, C-test chamber, F-filter, direction and speed of airflow.
Source:http://www.creeaza.com/tehnologie/aeronautica

- Flat jet nozzles.
- Bank for testing sprinklers.
The method used to determine the characteristics of the soil dispersal dispersion process is presented in the
literature (Bolintineanu Gh., Pirna I., Matache I.M., Uceanu, E., Postelnicu E., 2008).
The study of the liquid cluster decomposition can be done by the small perturbation method, the
probable hypothesis method and the method dimensional analysis.
Test data:
Test pressure [bar]: 2.0; 2.5; 3.0; 3.5; 4.0;
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Pump Flow [l / min] 25.0; 27.5; 28.8; 31.1; 33.2;
Nozzle flow [l / min] between 1.04 to 1.44;
Unit speed [km / h] - 6 to 16. Source: INMA
In order to have a successful treatment and lead the solution where necessary, we must reduce the drift
effect, ie the lateral or longitudinal transport (in the direction of movement of the aggregate) of the particles,
reduce soil contamination and optimize the intake of the solution. For this purpose, the authors propose to make
a device consisting of easy-to-find elements on the plate to rotate the nozzle in the opposite direction to the air
flow when its speed exceeds the maximum admissible limit for the treatment.
The components of this device are shown in the figures below:

a.

b.

c.

d.

e.
Fig.4 Components of the nozzle jet model: a-duct, b-nozzle support, c-body distributor, d-safety, e-pellet winding

Fig. 5. Nozzle jet routing equipment

The torsion cylindrical helical arc (figure 6).
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Fig. 6. Torsional cylindrical spiral arc

In the technical field the springs are used for the property of having, in the elastic field, large
deformations under the forces or moments. Due to the large deformations of the spring under the action of
forces and moments of action, the bow has the ability to store a large amount of energy. The accumulated
energy is released when the action of forces and active moments becomes zero, and the arc returns to its
original shape and dimensions.
Mt is the moment of torsion requesting the arc springs;
M1, M2 are bending moments that require arc springs
M1 = Mt ⋅ sinα
(5)
M2 = Mt * cosα
(6)
D = Dm / cosα
i = Dms / d
where:
Dm is the mean winding diameter of the spring;
Dms is the mean diameter of the spindle measured in the plane of the spindle;
i is the dimensional factor (Marcu F., 2014).

Fig.7.Calculation of the cylindrical torsion spring, torsional stress

Reference values of wind speed and dynamic pressure. The wind speed reference value (wind speed),
vb is the characteristic wind speed averaged over 10 minutes, determined at a height of 10 m, independent of
the direction of the wind in the open field (category II land with the conventional roughness length, z0 = 0.05 m)
and having a one-year probability of 0.02 (which corresponds to a median recurrence interval of IMR = 50
years). The action of the wind is considered horizontal and directional. In the case of directional expression, the
wind velocity reference value vb is multiplied by a directional factor, which takes into account the distribution of
wind speed values in different horizontal directions. In the absence of directional wind velocity measurements,
the directional factor is considered to be 1, 0.
The dynamic wind pressure reference value (wind reference pressure) is the characteristic value of the
dynamic wind pressure computed with the wind speed reference value:

qb =

1
ρ ⋅ vb2
2

(7)
Source: Design Code - Evaluation of Wind Action on Buildings, CR 1-1-4 / 2012, elaborated by Technical
University of Bucharest
where ρ is the air density that varies with altitude, temperature, latitude and seasons. For standard air (ρ = 1,25
kg / m3), the reference pressure (expressed in Pascali) is determined with the relation:

q b [Pa ] = 0,625 ⋅ v b2 [m/s]
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Source: Design Code - Evaluation of Wind Action on Buildings, CR 1-1-4 / 2012, elaborated by Technical
University of Bucharest
The dynamic wind pressure reference value, qb in kPa for the southern area of the country is 0.5.
Source: Design Code - Evaluation of Wind Action on Buildings, CR 1-1-4 / 2012, elaborated by Technical
University of Bucharest
RESULTS
When a flow of liquid is forced to disintegrate in more or less fine droplets, it is called atomization or
hydraulic dispersion. By narrowing the cross-sectional cross-section of the passage in the douse, the flow rate
increases. Static energy turns into kinetic energy (speed). When tension is released at the nozzle edge of the
nozzle, a laminar flow of the fluid with aerodynamic waves occurs, causing the flow of liquid to disintegrate in
droplets of different sizes (figure 8).

a.

b.

c.

Fig.8. Spray of the flat-jet nozzle has a strong boundary line(a,c) and the nozzle (b)

The flat jet spray nozzle model has a strong bounded line because of the functionality features. The width
of the coating can be varied by altering the geometry of the nozzle holes, where the liquid can be melded into a
jet up to a flat line. The flat fluid has a laminar shape and disintegrates with increasing distance from the nozzle
opening. The impact areas may be parabolic, trapezoidal or rectangular depending on the geometric and
functional dimensions of the nozzle. Loss of air friction and ballistic phenomena influence the spray behaviour
and impact area size according to the chosen working pressure.
Table 1
Plant operating parameters
Specifications
Speed
(rot/min)

550 rot/min

Pump Flow
[l / min]

Pressure
[bar]
2,0
2,5
3,0
3,5
4,0

25,5
27,7
29,0
31,4
33,5

Source: author
Table 2
Flow through the nozzle

2.0
1.04
1.05
1,0
1.1
1.05
1.05
* Media. Source: author

Nozzle flow rate [l / min]
Pressure [bar]
2.5
3.0
3.5
1.16
1.24
1.36
1.12
1.21
1.30
1.10
1.16
1.23
1.17
1.25
1.34
1.15
1.24
1.31
1.13
1.20
1.30

Calculation of wind and spring force:
Fw = ¥w * cd * cf * ɋp * Aref
ɋp - the dynamic pressure reference value
ɋp = 0.5 or 0.7
ɋp = 0.625 * Vb2 [m/s]
cd - dynamic response rate of about 0.95;

4.0
1.41
1.43
1.34
1.47
1.45
1,42 *

(9)

(10)

513

INTERNATIONAL SYMPOSIUM

cf - aerodynamic coefficient according to the ratio b / d ≤ 0,25 is between the values -0,5 and -1,1.
Aref - Reference area [m2]
Aref = S1 + S2 + S3
(11)
Aref = 44.6 [cm2];
¥ w - factor of importance / exposure, for land the second category is = 2,2
Fw = 2.2 * 0.95 * 0.8 * 18.9 * 0.0446
Fw = 1.4 [N]
MT = 1.4 * 0.03 * 0.04 [N * m]
Source: Code of Design, Evaluation of Wind Action on Buildings, CR 1-1-4 / 2012
The diagrams of the longitudinal distribution of solution droplets at the working pressure, the nozzles
being placed 0.5 m from the ground (figure 9).

a

b

Fig.9. Diagrams of the longitudinal distribution a- with an anti-wind direction, b- with motion in the direction of the wind

Fig 10. Deviation of solution jet by wind speed. Source: author

Fig.11.The distribution of droplets on the surface according to the deviation of the jet.

Very small droplets, obtained by fine and very fine spraying, can be moved by the wind and the air
currents during the treatment. Their uncontrolled movement makes them no longer attain to the desired target.
In this situation, the biological effect of the treatment can be seriously diminished. In the case of long-distance
drift of very small droplets, there is a risk of contamination of neighbors (adjacent crops, water courses, lakes,
etc.). Even medium droplets can be moved by wind if it has speeds of certain values. Optimal wind speeds up to
which spraying treatments can be performed are between 2 and 6, 5 km/h (Toma D., et al., 1982).

CONCLUSIONS
Carrying out work to control diseases and pests and weeds by means of liquid solutions requires
knowledge of the solution, knowing the environmental conditions knowledge of the machine or the equipment
used.
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The importance of the treatment is greatly dispersed and the design of the drops at the treatment site.
The speed of movement of the aggregate but also the velocity of air currents are of great importance in the
phenomenon of dripping droplets of solution.
By using the nozzle model proposed to carry out the spraying work in general, the drip drift effect can
be diminished, and it is also possible to perform the works in other environmental conditions than those
presented in the literature.
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ABSTRACT
In order to design and build an innovative food supplement, is important the characterization of raw
materials and technological operations. The Jerusalem artichoke (the leaves and roots) offer many valuable
biocompounds which can be used as good raw materials for design and construct a food supplement. The
choice of the constructive characteristics of the equipment and the technological flow of any separationconcentration unit is more influenced by the properties of the raw materials. The paper presents the results of
experimental research on the characterization of raw materials and SFE technology which were used for
innovative foods.
REZUMAT
Pentru a proiecta și construi un supliment alimentar inovator, este foarte importantă caracterizarea
materiilor prime și a operațiunilor tehnologice. Helianthus tuberosesul (frunzele și rădăcinile plantei de
Helianthus tuberosus) oferă foarte mulți biocompuși valoroși care pot fi utilizați ca materii prime pentru
proiectarea și construirea unui aliment funcțional. Alegerea caracteristicilor constructive ale echipamentelor și a
fluxului tehnologic al oricărei unităţi de separare-concentrare este influenţată în primul rând de proprietăţile
materiilor prime utilizate. În lucrare sunt prezentate rezultatele unor cercetări experimentale privind
caracterizarea materiilor prime și a tehnologiei SFE utilizate pentru construirea unor alimente inovative.
INTRODUCTION
Separation - concentration of valuable biocomposites from plants is one of the most important
operations that are used for obtain the compounds that will be used in the design and construction of functional
foods and food supplements - so necessary for modern people to supplement the deficiency of elements and
vitamins developed by the increasing stress (Bond M. and col, 2013; HLPE, 2014; Secondi L. and col, 2015;
Principato L. and col, 2015; Parfitt J. and col, 2010; McRorie J.W, 2017).
The plants (Helianthus tuberosus) are subjected to a series of operations of sorting, calibration, drying,
physico-chemical and microbiological analyzes, conditioning, packaging, storage, preservation - before being
subjected to the extraction process.
Within the extraction techniques there are a number of methods used: percolation extraction,
maceration-fermentation extraction, decoction, accelerated extraction with one or more solvents, ultrasonic
extraction, extraction using supercritical fluids (SFE) (Qingyong L.,2001).
The simplest form of preparation of a food supplement made from plants is in the form of a powder
(from a single plant or a mixture of powders from several plants). This way, Helianthus tuberoses leaves (or
roots of the plant) can be used - and they are naturally dried, in an air stream in the shade or by exposure to the
sun (at a certain light intensity and only a certain time) and finely ground. This form of grinding has the
advantage of preserving valuable bioactive substances (especially thermolabels) and can be incorporated into
single tablets or dragees (by coating the tablets with a soluble film in the gastric environment). All these also
have the advantages of precise dosing, precise calculation of nutritional density, rigorous analitical
management, ensuring traceability, establishing a higher shelf life and easy storage in a safe packaging.
There is also the possibility to ensure a partial extraction of valuable biocompounds using conventional
solvents (water, alcohol, hydro-alcoholic percentage combination) with various advantages and disadvantages.
As a solvent, water presents a number of advantages (low cost, harmless, non-toxic - the case of pure water, a
certain surface tension) but also a number of disadvantages (the possibility of hydrolysis and some valuable
biocomposites, stimulation of enzymatic degradation, lack of selectivity, the possibility of microorganisms from
the pathogenic flora). And ethanol presents - in case of use as a solvent - a number of advantages (antiseptic,
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non-toxic, high selectivity, a high degree of preservability of alcoholic extracts) but also a number of
disadvantages (high cost at high purity, high flammability).
According to several papers from the specialty literature (Ackerley N., 2010; Angela M., 2008; McHugh
M. A. and col, 1994; Knez M. and col, 2008; Hui Y. H., 2007; Hiç and col, 2016), the field of extraction in super
critics is an incipient field in international research; this important technology is based on a number of
advantages (high solvation power of fluids in supercritical states, high diffusion power, eco-friendly extraction
processes, low solvent removal costs, low solvent costs used, biocompounds extraction valuable at low
temperatures - preserving their nutritional character, low surface tension and low viscosity). Finally, extraction
products need to be subjected to further analysis techniques in order to eliminate toxic compounds (Savescu P,
2018).
In the field of the plants used in the project (leaves of Helianthus tuberosus) there were no significant
results of the scientific research specific to the separation using the extraction with supercritical fluids (SFE), this
beautiful mission belongs to the team which work in the frame of P4 Project.
MATERIAL AND METHOD
These Helianthus tuberosus leaves are high in fiber and rich in many valuable mineral elements
(Staffolo D. and col, 2017; Vilkhu K., 2008).
These types of extraction can be used before extraction using supercritical fluids in order to separate
valuable bio composites from interfering substances. Other combinations of techniques of predefining,
defecating, saturation in stages can be used - in the project, for the purpose of separating some compounds
with certain solubility in water (soluble pectin, lignin, celluloses and hemicelluloses). After ionic attack of weak
bases and acetic anhydride, the precipitate enriched in these substances is eliminated by specific separation
techniques (filtration, sedimentation-filtration and decanting-filtration). Thus, a process of separationconcentration of valuable bio composites from the Helianthus tuberosus can be developed.
Extraction with supercritical fluids has shown a strong development lately, and the fluids used are
located at the interface between Liquid and Gas, in a pressure and temperature zone that exceeds PCritical and
TCritical, the fluid gaining special properties with a certain rheology, a certain dynamic viscosity and a certain
volume flow.
Extraction using supercritical fluids (SFE) - which we use in the Bioengineering and Biotechnology
Laboratory of the Research Infrastructure HUB in Craiova, Romania - is performed with the help of Helix Natural
Product equipment produced by the world's leading manufacturer in this domain, Applied Separations.
For the analysis of Jerusalem artichoke leaves (Helianthus tuberosus) were used the varieties Dacic,
Rustic, Olimp, a local population from Dabuleni (from a conventional agricultural area) and a local population
from Dabuleni from an organic farming place . An average sample of Jerusalem artichoke leaves were
subjected to mineralization and an atomic absorption spectrometry technique. Also on an average sample,
microbiological tests were performed, and as a result of these tests the leaf samples from the Dacic, Olimp and
local populations of Dabuleni could be considered uncontaminated with the flora of pathogenic microorganisms.
In contrast, it was found that the average leaf sample from the Rustic variety showed a mold attack. After
transferring to a specific culture medium, these must be thermosetting at 37 degrees Celsius for 24 hours and
microbiological testing it was found that molds from the Rhizopus nigricans family were developing on the plant.
By their degradation action on organic matter, these types of molds participate in the transformation of
macromolecular organic compounds into simpler compounds and are considered as plant residue decay
agents. Thus, the final product is degraded, which is why actions must be taken to prevent and combat these
molds in these cases (Gil M.I. and col, 2015). Due to the complex chemical composition and activity of the plant
water, there is a risk of these types of unwanted molds. Even if other forms of microorganism attacks have not
been highlighted, the risks of occurrence and other types of molds that multiply by sporangia-spores (as they
appear in the genus Mucor, Rhizopus, Absidia, Thamnidium) cannot be excluded.
This is the reason and it is very important to carry out a microbiological risk management for these
types of plants. In addition, even if they did not appear in the identification attempts (in the case of the variants
of Helianthus tuberosus leaves analyzed), the appearance of mycotoxins that can be elaborated in the
environment as a result of the metabolism of these pathogenic microorganisms should be prevented.
This paper presents specific tests for the development of the best extraction method in supercritics.
These tests are based on the development of the best separation-concentration technology for bioactive
compounds in such plants. The bioactive compounds resulting by separation-concentration will then be used in
the design and construction of functional food series and innovative food supplements.
517

INTERNATIONAL SYMPOSIUM

For these tests, some experimental variants were built from the Innovation Development Research
Station Dabuleni, Dolj county:
V1- Helianthus tuberosus Dacic variety
V2 - Helianthus tuberosus Rustic variety
V3 - Helianthus tuberosus Olimp variety
V4 - Helianthus tuberosus - local population Dabuleni
V5 - Helianthus tuberosus - organic agricultural system from Dabuleni
In all laboratory tests in which extraction technology was used with the help of supercritical fluids, the
temperature of the container was kept below 45-50o C. Depending on the valuable biocomposites that were
separated-concentrated from Helianthus tuberosus, were established the supercritical fluid pressure and fluid
flow through the material in the extraction vessel.
The tests must continue in several types of dynamic SFE systems, in which the extraction efficiency of
the supercritical fluid is enhanced by a continuous stirring process and the influence of the plasma field of the
carbon dioxide (used as supercritical fluid).

RESULTS
In these average samples of Helianthus tuberoses leaves were recorded nitrogen values (mg per 100
grams) between 1.263 (in the sample from the organic farming system) and 1.940 (in the local population
Dabuleni), phosphorus (between 2.95 in the population from the ecological plot and 3.68 from the Olimp
variety), potassium (between 24.33 in the population in the ecological plot and 31.34 in the local population
Dabuleni), Calciu (between 1.45 in the population in the ecological plot and 5.47 in the population local
Dabuleni), Magnesiu (between 0.95 in the population of the ecological plot and 2.36 in the local population
Dabuleni).

a

b

Fig.1 - The average registered values of nitrogen, phosphorus, potassium in the experimental variants of
Helianthus tuberosus (a); The registered values of calcium and magnesium in the experimental variants of
Helianthus tuberosus (b)

From Figure 1 it can be seen that the values of concentrations of total nitrogen, phosphorus and
potassium registered in plants are close in value - both to the variants where treatments have been used and to
those raised in ecological regime. Even if the fixation of calcium and magnesium ions is lower at the Helianthus
tuberosus grown in the organic farming system, these experimental variants are preferable. At the separationconcentration of the bioactive compounds, a number of undesirable compounds with high toxicity may also
appear - when using plants treated according to conventional cultivation technologies.
Other elements were recorded at ppm level: Copper (between 5.37 ppm in the population of the
ecological plot and 7.94 ppm in the local population Dabuleni), Zinc (between 19.86 ppm in the population of the
ecological plot and 28.16 ppm in the local population Dabuleni), Iron (between 95.47 ppm in the population of
the ecological plot and 147.42 ppm in the local population Dabuleni), Manganese (between 25.44 ppm in the
population of the ecological plot and 33.26 ppm in the local population Dabuleni), Molybdenum (between 3.86
ppm in the population from the ecological plot and 4.25 ppm in the local population Dabuleni).
There were no traces of Lead, Cadmium, Mercury, Arsenium. All these elements were recorded on the
leaves of some plants where no treatments were performed and no stimulants were applied. Also from
Helianthus tuberosus leaves were detected (percentage of dry matter) proteins (24.2 - 26, 8), simple
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carbohydrate content (0.6-1.8), cellulose (5.8-6.4) ). Regarding the silicon content of these plants grown without
pesticide treatments, it stood at an average of 4.4 mg per 100g of fresh substance. The best option was the
local population variant Dăbuleni and, very close to this one, that respected the requirements of the organic
farming system.
The relevant tests that produced good extraction yields required the use of special air filters, disposed on
the compressor discharge (a) and inside the central extraction unit (b). Inside the central extraction unit the
increase of the efficiency of the new technologies required the optimization of some routes and the minimization
of the heat transfer.

a

b

Fig.2 - Ensure of superior air filtration (a) and change of some technological ways (b) - essential conditions
for obtaining good extraction efficiencies

The preparation of start of the extraction system also required the provision of special environmental
conditions outside the extraction process.

Fig.3 - Ensuring of environmental conditions and preparing to start the SFE system

In order to verify the degree of extraction and concentration of some important bioactive compounds,
calibration tests and reference lines were provided for the optical analysis equipment used (UV-VIS
spectrophotometer, NIR analyzer and Fourier transformer FT-IR spectrophotometric line). The used UV VIS
spectrophotometer was special instrument T92 plus with special software. For IR range were used the Tango
NIR Equipment and V70 Instrument –made by Bruker Optics.
For calibrations and references, were used the lines of known concentrations and different Pure Analysis
solutions.
Very good results were obtained by using the dynamic extraction regime in which a special contribution
had a stirring regime at various speeds (between 120 and 200 speeds, depending on the consistency of the raw
material used).
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Fig.4 - Very good results were obtained by using the dynamic extraction regime

The rheological characteristics of the mixture consisting of the supercritical fluid and the biocomposites
extracted from the material are extremely important in the efficiency calculations and in the establishment of the
technology.
There have been many tests to optimize the extraction process (of the main factors that are in terms of
selectivity and the speed and volume of the extract in the time unit). These tests will also continue in the
following stages because it is necessary to establish the best extraction parameters (volumetric flow rates,
combinations of optimum temperatures and optimal pressure), provided that the characteristic properties of the
plant extracts are different. These valuable biocomposites separated - concentrated from the extracts subjected
to extraction with the help of supercritical fluids will be used in the design and construction of food supplements
with high nutritional density. The most valuable stage results were recorded at lower pressures (200-450 bar)
and temperatures of 30-32 degrees C; and the work of optimizing the parameters according to separate
biocomposites and the differences recorded in the compositions and the physico-chemical and microbiological
properties of the different types and varieties of plants must continue for the design and development of optimal,
performing technologies.
The transfer phenomena were very important for entire process (especially heat transfer and impulse
transfer) (figure 5).

Fig.5 - Permanent monitoring of the main parameters of the SFE process

CONCLUSIONS
For the design and construction of a functional food, of a healthy food, safe and of high value of the
nutritional density, it is necessary to know concretely the potential of food biocomposites according to the local
Romanian plants.
The physical, chemical, microbiological tests specific to the raw materials, the by-products obtained
from the technological operations, the finished products must comply with all the rules of the standardized and
accredited methods. In this case, they can provide reliable, valuable, real results on which the future valuable
food supplement can develop.
The proper knowledge and application of the principles of physical, chemical and microbiological risk
analysis are absolutely necessary for the construction of a food without harm and toxicity for the health of the
consumers.
The tests must continue in several types of dynamic SFE systems, in which the extraction efficiency of
the supercritical fluid is enhanced by a continuous stirring process and the influence of the plasma field of the
carbon dioxide (used as supercritical fluid).
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The rheological characteristics of the mixture consisting of the supercritical fluid and the biocomposites
extracted from the material are extremely important in the efficiency calculations and in the establishment of the
technology.
The most valuable stage results were recorded at lower pressures (200-450 bar) and temperatures of
30-32 C degrees;
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ABSTRACT
This paper presents a way to improve the aerodynamics of a trailer adapted to the road transport of
animals. In the first part of the paper we present current studies about the vehicles with trailers in order to
improve the aerodynamics. In the second part of the paper is presented the CAD modelling of the SUV type
vehicle and the basic structure of the trailer. The modelling of the structure of the vehicle and the trailer is
carried out at the similar dimensional parameters of an existing structure. In the third part of the paper, it is
presented the CFD simulation for three speed cases: 20 m/s, 30 m/s, 40 m/s. The obtained results involve some
modified to the exterior geometry of the trailer. The improved model is it tested under the same conditions and
at the same speeds as the base model. In the last part of the paper are presented the obtained results and
conclusions.
REZUMAT
În cadrul acestei lucrări se prezintă modalitatea de îmbunătățire a aerodinamicii unei remorci adaptate
transportului rutier de animale. În prima parte a lucrării se prezintă studii actuale efectuate pe structuri de
autovehicule cu remorci și semi-remorci cu scopul îmbunătățirii aerodinamicii. În partea a doua a lucrării este
prezentată modelarea CAD a autovehicului de tip SUV și a structurii de bază a remorcii. Modelarea structurii
autovehiculului și a remorcii se realizează la parametrii dimensionali similari a unei structuri existente. În cea dea treia parte a lucrării este prezentat procesul iterativ de simulare CFD si simularea rulării autovehiculului cu
remorca pentru trei cazuri de viteza: 20 m/s, 30 m/s, 40m/s. În urma vizualizării și interpretării rezultatelor
obținute se propune modificarea geometriei exterioare a remorcii. Modelul îmbunatățit este rulat în aceleași
condiții și la aceleași viteze ca și modelul de bază. În ultima parte a lucrării sunt prezentate rezultatele și
concluziile.

INTRODUCTION
Nowadays the engineers are focused on the economic and ecological efficiency of the vehicles or the
assemblies of vehicles. The basic characteristic that can contribute to reducing fuel consumption and implicitly
the pollution is given by the aerodynamics of the vehicle structure and the trailer. Some aspects that must be
observed to reduce the aerodynamic coefficient for a vehicle with trailer are: reducing the gap between the
vehicle and the trailer, rounding or trimming the front part of the trailer, mounting the air deflectors that equate
the height of the vehicle with of the trailer, deflectors mounted on the trailer. Besides the uses for the purpose of
increasing the comfort inside the offices [11] and increasing the comfort of the vehicles in the public transport
[7], the CFD simulations are used in the case of determining the optimal comfort in the premises occupied by
animals.
The determination of the aerodynamic geometry for trucks is intensely studied lately, with the purpose of
reducing the aerodynamic coefficient and implicitly of the fuel consumption. Due to the exterior geometry of the
cab, the space between the cab and the trailer and the area behind the trailer, air turbulences are created that
increase the forward resistance of the trucks. In order to improve the aerodynamics of a truck trailer, Kumar
presents the advantages of using body deflectors, performing CFD simulations by which it calculates the value
of the aerodynamic coefficient [8]. A similar study showing the improvement of aerodynamics in trucks is
presented in [9], where front roof spoiler cab, side and underside panel for trailer, back vanes mounted on the
rear of the trailer, deflector between the cab and container and front fairings are used. The CFD study is carried
out at a truck speed of 27 m/s. Priyanka studies the aerodynamics of a semi-trailer truck, modelled using CATIA
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after which the aerodynamic simulation is performed in ANSYS CFX environment. To evaluate the drag
coefficient, the simulation is performed at various gap positions at a 22 m/s current flow velocity [10]. On the
rear side of the semi-trailer is mounted vanes that improves air flow and has a positive effect to drag reduction.
The results are presented in a comparative table, where the difference of the drag coefficient between the
model with back vanes and without back vanes can be observed.
A study, by Gilkeson, on a trailer towed by an SUV shows ways to improve the comfort of 48 sheep
during road transport using CFD simulation to determine the optimal geometry of the trailer [3]. Other research
aimed at improving the aerodynamic coefficient for combined truck and trailer is presented in [4]. The results
obtained improve the aerodynamics of the assembly by 6.6% by modifying the upper geometry of the trailer.
Another aerodynamic study conducted on Ahmed body for visualizing air flow and noise is continued on an
animal road transport trailer is presented in [5], where it has highlighted the effect of the numerical noise on the
calculation of aerodynamic drag.
The first study into ventilation using experimental and computational methods for a small livestock trailer
is presented in [6], where the CFD model results are compared with the results from the wind tunnel
simulations. It is noted that the geometry of the trailer has a significant influence on the comfort of the animals
transported from the inside due to the movement of air currents [6]. A study on the aerodynamic that shows the
repercussions of a road truck trailer is studied by Chilbule, by optimizing the geometry shows that the
aerodynamic coefficient is reduced by 21% compared to the basic model. By reducing the aerodynamic
coefficient, the consumption of diesel fuel is reduced around 4.2 litres per 100 km [2].

AERODYNAMIC FORCES ON AUTOVEHICLES
In figure 1 is presented the forces acting on the vehicle with the trailer that running on the road. The main
forces acting on the car are: drag force, lift force, downforce and the wind force. In this study, the aerodynamic
force is calculated, which is the force that act in opposition to the advancement of the cars.

Fig. 1 – Force on the SUV and trailer

The relation 1 gives the expressions for aerodynamic force calculation.
1
(1)
Fx = ⋅ ρ ⋅ V 2 ⋅ CD ⋅ A
2
Where, CD is drag coefficient, ρ is air density = 1.225 kg/m3, V is the autovehicle velocity and A is area of the
section. The expression of the drag coefficient is presented in relation 2 [1].

CD =

2 ⋅ Fx
ρ ⋅V 2 ⋅ A

(2)

CFD SETUP
The CFD simulation process involves following the steps presented in figure 3, where in the first step the
CAD modelling of the SUV model with trailer is presented. In the second stage, the model is introduced into the
computational domain defined according to the dimensions of the vehicle with trailer.
The last part of the CFD process is given by the visualization and interpretation of the obtained results. In
the case when the results do not satisfy the imposed requirements the CAD model is improved, the CFD
process entering an iterative loop until the model geometry satisfies the imposed requirements. When the
obtained results satisfy the requirements imposed by the CFD process result the final model.
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Fig. 2 – CAD model of the SUV and trailer

The CAD model of the vehicle with trailer modelled in the Solidworks software is presented in figure 3 in
front, lateral and top view. The dimensions of the SUV vehicle and trailer are modelled similar the existing
model.

Fig. 3 – CAD base model of the SUV and trailer

The air velocity simulation is performed in a computational volume that has a width of 4 m, a height of 4 m
and a length of 25 m, shown in figure 4. The air flow surface is located at a distance of 1 m from the front of the
vehicle. It is recommended that the volume behind the trailer be as large as possible to observe the air flow
behaviour.

Fig. 4 – Computational domain of the SUV with trailer

After discretization of the air inside the calculation domain results a number of 458959 elements of which
219811 come into contact with the surfaces of the vehicle and the trailer. Air flow simulation is performed for
three speed cases: 20 m/s, 30 m/s and 40 m/s.

RESULTS
After running the CFD simulation at a speed of 20 m/s of the SUV with the trailer the results that appear
are shown in figure 5. In the lateral and top view of the SUV with the trailer the distribution of the airflow can be
observed. In the space between the vehicle and the trailer there is an air turbulence that have a negatively
influences at the aerodynamics of the assembly. The turbulence behind the trailer is of lower intensity, this can
be reduced by cutting the rear of the trailer.
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Fig. 5 – Simulation results at velocity of 20 m/s for base model

The air pressure distribution exerted on the vehicle and trailer surfaces is presented in figure 6. It is noted
that the air pressure has maximum values in the front of the car and in the upper front of the trailer.

Fig. 6 – Pressure distribution of at velocity of 20 m/s for base model

The airflow velocity at a 30 m/s is presented in figure 7. Compared with the results obtained at 20 m/s it
can be seen that the intensity of the turbulence is higher in the area between the SUV and the trailer, the air
speed being very low.

Fig. 7 – Simulation results at velocity of 30 m/s for base model

The distribution of the pressure on the front surface of the SUV and the trailer is shown in figure 8. It can
be observed that the pressure is maximum in the area of the front surface of the SUV and the surface of the
trailer.

Fig. 8 – Pressure distribution of at velocity of 30 m/s for base model
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The distribution of the airflow for the last simulation case at 40 m/s is shown in figure 9. In this case, the
SUV with a trailer is rarely reached due to the speed limits imposed on public roads. It can be see the
turbulence increasing in intensity in the areas where there is direct contact with the air.

Fig. 9 – Simulation results at velocity of 40 m/s for base model

The distribution of the pressure exerted at the speed of 40 m/s is shown in figure 10. The maximum
pressure exerted is located on the front of the trailer, the air lines penetrating and under the structure of the
trailer, reducing its stability.

Fig. 10 – Pressure distribution of at velocity of 40 m/s for base model

In this studies the pictures results are croped to view the airflow around the SUV and trailer surface. The
rear volume of computational domain is not represented because the airflow are smoothly distribuited and do
not influence the rear cars.

Fig. 11 – CAD improved model of the SUV and trailer

In order to improve the aerodynamics of the trailer in the front of it is mounted an air deflector that deflects
the airflow outwards and towards the top of the trailer. In figure 11 is presented the shape and the dimensions of
the air deflector.
In the next figures are presented the results obtained after the CFD simulation for the cases of veocity at
witch the basic model was simulated. All the parameters and initial conditions are the same at the simulation of
the basic model.
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In figure 12 distribution of the airflow at 20 m/s is presented. It can be observed that in front side of the
trailer the shape of the defelctors moving toward the side the air streamline.

Fig. 12 – Simulation results at velocity of 20 m/s for improved model

The airflow pressure at the 20 m/s is presented in figure 13, where can is observed that the pressure from
the is distribuited on the air deflector surface, this breaking the air.

Fig. 13 – Pressure distribution of at velocity of 20 m/s for improved model

Resulted obtained at a 30 m/s velocity is presented in figure 14, where can be observed the airflow
distribution on the SUV and trailer surface.

Fig. 14 – Simulation results at velocity of 30 m/s for improved model

The pressure distribution at the 30 m/s is presented in figure 15. The pressure is distribuited on the lateral
side of the trailer.
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Fig. 15 – Pressure distribution of at velocity of 30 m/s for improved model

In figure 16 is presented the results obtained at the 40 m/s velocity. It can be observed due to the
geometry shape the air stremlines has a better flow, just in the rear side of the trailer does a air swirl occur.

Fig. 16 – Simulation results at velocity of 40 m/s for improved model

The pressure distribuiton of the air at the 40 m/s velocity is presented in figure 17. The maximum values
of the presure are situated on the front of the SUV structure and the trailer air deflector.

Fig. 17 – Pressure distribution of at velocity of 40 m/s for improved model

In order to observe the improvement made by the deflector placed on the trailer in table 1 are presented
the obtained values of the force and the aerodynamic coefficient following the CFD simulation. It is observed
that the value of the aerodynamic force increases as the speed of air flow increases. The values of the drag
coefficient decreases in relation to speed increase.
Table 1
Velocity
[m/s]

Comparative results
Base model
Drag force
Drag coefficient
[N]

Improved model
Drag force
Drag coefficient
[N]

20

1175

0.974

876

0.724

30

2660

0.981

1923

0.709

40

4725

0.981

3083

0.640
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CONCLUSIONS
In the first part of this study, using advanced modelling techniques, the structure of an SUV and a
trailer was modelled, which will be adapted for the transport of the animals. The aerodynamic forces and the
aerodynamic coefficients resulted from the CFD simulation of the trailer assembly running for three speed
cases. It can be observed that the addition of the air deflector decreases the aerodynamic force and implicitly
the aerodynamic coefficient, also contributing to the reduction of fuel consumption. This study shows the
importance of using CFD simulation methods from the design phase of the trailers.
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ABSTRACT
A superior capitalization of medicinal and aromatic plants is the extraction of volatile oils. They have
demand on the local and international market due to the multiple uses and the sale prices are attractive. The
large quantities of vegetal material needed to obtain volatile oils can contribute to the capitalization of some
areas of agricultural land that are currently uncultivated.
In this context, the cultivation and capitalization of medicinal plants represents an opportunity for the
development of rural family businesses, with benefits both at personal level, as well as at local and regional
level, by stabilizing the workforce, horizontal development of the related branches of the economy and implicitly
raising the standard of living. The paper presents some aspects regarding the obtaining and use of volatile oils
from medicinal and aromatic plants.
REZUMAT
O valorificare superioară a plantelor medicinale şi aromatice o reprezintă extragerea uleiurilor volatile.
Acestea au cerere pe piaţa internă şi internaţională datorită multiplelor întrebuinţări iar preţurile de vânzare sunt
atractive. Cantităţile mari de material vegetal necesare pentru obţinerea uleiurilor volatile pot contribui la
valorificarea unor suprafeţe de teren agricol care în prezent sunt necultivate.
In acest context, cultivarea si valorificarea plantelor medicinale reprezinta o oportunitate pentru
dezvoltarea afacerilor familiale rurale, cu beneficii atat la nivel personal, cat si la nivel local si regional prin
stabilizarea fortei de munca, dezvoltarea pe orizontala a ramurilor conexe ale economiei si implicit cresterea
nivelului de trai. Lucrarea prezintă cateva aspecte privind obtinerea si utilizarea uleiurilor volatile din plante
medicinale si aromatice.
GENERAL ASPECTS REGARDING MEDICINAL AND AROMATIC PLANTS
Medicinal plants do not have high fertility requirements, successfully tolerate extreme temperatures and
can be capitalized in products with high market value. Once harvested they can be used as such, with little
preparations, or they can be raw material in the pharmaceutical or food industry. Due to the growing demand for
herbal medicines, their secondary metabolites (active compounds) and herbal products, the use of medicinal
plants is growing worldwide. In addition, up to 80% of the population of developing countries is totally dependent
on herbal medicines in primary health care. Also, the demand in the nutraceutical market is very high, the
cultivation of medicinal plants being essential for this. The global nutraceutical industry, estimated at 182 billion
USD in 2015, is one of the fastest growing industries today, with an increase of 7-8% by 2022.
In Romania, the cultivation of medicinal and aromatic plants has a long tradition. The fluctuations of the
profile markets due to the economic crisis as well as the lack of specific equipment, caused the decrease of the
areas cultivated with medicinal plants, thus: in 2010 they were 15.9 thousand hectares, followed by a
continuous and pronounced decrease, until 2014 and 2015, when they were maintained at approx. 3.2 thousand
hectares. In 2016 the areas increased to 4.4 thousand hectares, and in 2017 they returned to 3.2 thousand
hectares. The production of medicinal and aromatic plants varied according to the cultivated areas, in 2017
being 4.1 thousand tons. In our country, of the approx. 283 species with safe therapeutic properties, have been
studied from a pharmacological point of view approx. 180 species, and for about 50 species of medicinal and
aromatic plants were developed the cultivation technologies, of which approx. 20 species being cultivated, the
rest of the need coming from spontaneous flora.
A superior capitalization of medicinal and aromatic plants, with high added value, is the extraction of
volatile oils. They have demand on the local and international market due to the multiple uses and the sale
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prices are attractive. The large quantities of vegetal material needed to obtain volatile oils can contribute to the
capitalization of some areas of agricultural land that are currently uncultivated.
In this context, the cultivation and capitalization of medicinal plants represents an opportunity for the
development of rural family businesses, with benefits both at personal level, as well as at local and regional
level, by stabilizing the workforce, horizontal development of the related branches of the economy and implicitly
raising the standard of living. The paper presents some aspects regarding the obtaining and use of volatile oils
from medicinal and aromatic plants.
OBTAINING VOLATILE OILS FROM MEDICINAL AND AROMATIC PLANTS
According to ISO 9235: 2013, volatile oils are products obtained by distillation with water or steam, by
mechanical pressing of citrus peels or by dry distillation of other natural products (Barbieri and Borsotto, 2018).
After distillation, the volatile oils are separated from the water. These oils are called volatile because they
usually evaporate at low temperatures, most of them at room temperature, and release a pleasant smell. In the
literature, volatile oils are also referred to as ethereal oils or essential oils.
Currently, about 3,000 plants are used to obtain volatile oils, of which 300 are marketed worldwide. The
largest consumer of volatile oils is the United States of America, followed by Western European countries:
France, Germany, the United Kingdom and Japan. It is difficult to estimate as accurate as possible the global
production of volatile oils, but in 2009 an estimation of the first 20 volatile oils was reported at over 104,000
tonnes.
The industrial extraction of volatile oils from various aromatic plants is carried out according to different
methods depending on their characteristic properties. The extraction methods of volatile oils from medicinal and
aromatic plants are chosen according to:

- the species and the physico-chemical characteristics of the plants;
- the content of volatile oils and the stability of their chemical components;
- the part of the plant from which the volatile oil is extracted: buds, flowers, leaves, stem, root, seeds,
bark or whole fruit;

- the experience of the volatile oil producer or the extraction plant supplier, who must choose the most
suitable method for a particular plant or volatile oil;

- economic considerations: the production of volatile oils as pure as possible, in terms of profitability and
oriented to the demands of the local or international market must be pursued. (Tisserand, 2013).
The main methods of obtaining volatile oils are:

-

Distillation with water vapor;
Extraction of volatile oils with organic solvents;
Extraction with animal fats: enfleurage and maceration;
Extraction with liquefied gases (supercritical CO2);
Extraction by pressing;
Adsorption on an adsorbent material;
Extraction by hydrodiffusion;
Extraction by turbodistillation;

Microwave accelerated distillation (Păun et. al., 2011; Popescu, 2010).
Each plant species has an optimum harvesting time, when the amount of volatile oil contained is
maximum (optimal harvesting time represents both the calendar period and the time of day in which the harvest
is made). Harvesting must be done carefully so as not to injure the plants and to collect only those parts from
which the volatile oil is extracted.
By drying the plants, some of the volatile oil is lost, but the efficiency of the extraction from dry plants is
higher because the amount of plant material constituting a load is higher, which is very important for small
capacity installations; at the same time, the volatile oils from the dried plants maintain their therapeutic and
flavoring qualities. The drying method used differs from plant to plant, but generally overheating should be
avoided; it is advisable that the natural drying to be done in the shade or even in the dark to minimize oil losses.
During drying, the contact of plants with dust, dirt or other contaminants should be avoided, as the quality of the
distilled volatile oil is affected. Too much drying must be avoided or the dry plants do not absorb moisture again.
Water vapor distillation is the method commonly used to extract volatile oils from most aromatic plants.
Water vapors penetrate into the vegetal material subjected to distillation, destroy the shell of the oil glands,
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volatilize the oil and then mix with it (Atta-ur-Rahman, 2005). The mixture of water vapor and oil vapor passes
into a condensation vessel, where it is converted into a liquid representing a mixture of water and volatile oil.
This mixture reaches a separation vessel in which the volatile oil, being easier, will deposit in the layer above
the water.
The entraining of the volatile oil is preceded by its diffusion from the plant cells to the surface. The
duration of this process depends on the nature of the raw material and is decisive for the duration of the entire
process. The diffusion takes place more easily from green plants than from dry ones, from flowers than from
roots, seeds or wood. To facilitate extraction, the raw materials are previously minced, crushed or milled.
Most of the aromatic plants are processed in a fresh state. Drying results in partial evaporation of the
volatile oil. Plants should be processed as soon as possible after harvesting as fermentative processes
negatively affect the quality of the oil. Vegetal raw materials such as seeds, some fruits, roots, with low water
content can be stored for a long time before processing, without affecting the volatile oil qualities.
Extraction with organic solvents is especially applied to obtain those natural odorants which are easily
altered under the influence of temperature and which cannot be obtained by steam-based processes.
The operation consisted of exhausting the plant raw material with a solvent and then isolating the odorant
or aromatic principles, allowing the solvent to be evaporated by distillation.
From the point of view of the raw material subjected to solvent extraction, there are three categories of
extracts:

- fresh vegetal raw materials, generally flowers, which give by extraction concrete oils (concrete);
- dehydrated vegetal raw materials, resins, balsams, gumirezines, oleogumirezines and animal
products, from which extracts called resinoids (oleorezines) are obtained;

- concretes, resinoids, pomegranates of enfleurage or maceration, products of animal origin, subjected
to extraction with ethyl alcohol, give extracts called absolute oils (absolute).
The temperatures applied throughout the process are lower than those used in distillation. Compared with
distilled oil, the volatile oil obtained by solvent extraction generally has a better aroma representing the original
aroma present in the raw material.
Despite the advantages (very productive and with lower manufacturing costs), solvent extraction has the
disadvantage that solvent residues may remain in the oil, which reduces its range of applications.
Extraction with animal fats (enfleurage and maceration) is a technique used exclusively in perfumery,
based on the property of volatile oils to be soluble in fats and the affinity of fats to odors. This process allows the
extraction of perfumes without altering the natural composition, restoring the most faithful smell of flowers, being
applied in those cases where the odorant substances are very sensitive and in very small quantity, so that the
vaporization is excluded as an extraction process.
The procedure is applied in the following two variants:
a. Enfleurage (cold absorption) is a method used in the perfume industry, when the plant has a small
amount of oil, with a high commercial value. The fat possesses a high absorption power and in contact with a
pleasant perfume, absorbs the emitted perfume. The petals are placed on a layer of fat, at room temperature,
for a certain period of time. Exhausted petals are replaced with new ones, and later saturated fat is treated with
alcohol. The volatile oil is then obtained by distilling the alcoholic mixture at low temperatures (Hui, 2007).
b. The maceration (hot extraction) is similar to the process of enfleurage, with two fundamental
differences. In the case of maceration, the immersion of the flowers is done in fats or oils heated around 50-70
°C and the contact time between fat and fresh flowers is much shorter; In succession, the same batch of warm
fat is put in contact with several batches of fresh flowers, until the fat becomes saturated with floral perfume.
The scented fat is then washed with alcohol, as the extract obtained from cold extraction by enfleurage.
By this extraction variant the extracts of rose flowers, oranges, daffodils, violins etc. are obtained. The
perfumes obtained by maceration are richer and more harmonious than those obtained by extraction with
volatile solvents.
Extraction with liquefied gases (supercritical CO2) has become in the last years an industrial process
for obtaining natural odorants and flavors (Bhat et. al., 2013; Garland and Lincoln, 2006; Kenille, 2008; Angela
and Meireles, 2009). Supercritical fluids have been used as solvents for a wide variety of applications, including
volatile oil extraction. Developed since the 1980s, this technology is becoming more and more popular today.
Extraction with supercritical CO2 allows the recovery of different types of natural flavors and volatile oils with
high efficiency.
The main advantages of supercritical fluid extraction:
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- supercritical fluids have the solvation power similar to that of organic solvents, but with a higher
diffusion power, lower viscosity and lower surface tension;

- solvent separation is easy and fast;
- within industrial processes involving food or pharmaceutical products, there is no risk of contaminating
them with solvent, as in the case of the use of conventional organic solvents;

- supercritical fluids are generally cheap, simple and safe;
- solvent disposal costs are lower and fluids are easy to recycle.
Extraction by pressing is a process for obtaining volatile oils that is applied in a few cases and only to
those plants or parts of plants where volatile oil is found in large quantities, accumulated in superficially
disposed secretory glands.
Industrially, the process is applied to obtain volatile oils from citrus fruits (lemons, oranges, bergamot,
etc.). The process consists in the mechanical pressing, with different devices, of the fruit shells, after the juice is
removed. Together with the volatile oil, other substances are removed from the shell: mucilages, pectins,
proteins, fat-soluble dyes, water, etc. The volatile oil is separated by decanting and filtered. Another method is
centrifugal filtration, applied to the chopped shells, followed by decanting and filtering the volatile oil.
There are processes in which the volatile oil is extracted from the whole fruit by means of a device
equipped with numerous needles that practice superficial punctures in the shell of the fruit, concomitantly with
its passage under water jet.
The volatile oils obtained in this way have superior qualities to the similar ones, obtained by water vapor
entrainment, because the factors that cause degradation on them are eliminated.
Adsorption on an adsorbent material consisted of the extraction of the odorants from the flowers by
their adsorption on a substrate with a high adsorption capacity such as: activated carbon, silica and alumina gel.
The process has some advantages over the extraction on fats or solvents. First, due to the fact that the natural
raw material does not come in contact with the adsorbent, it can "survive" throughout the extraction, the
biochemical processes of producing the odorant substances continuing for a while, allowing a higher yield than
in the other extractive processes.
The industrial application of this process, under the name of dynamic adsorption, has been practiced in
the last decades and is aimed primarily at those flowers from which the odorants can only be obtained by
enfleurage, such as daffodils, smiles, lilac, etc.
Other variants of the process, such as extraction under reduced pressure or overpressure with inert
gases (hydrogen, nitrogen, carbon dioxide, etc.) and isolation of the perfume by water vapor entrainment of the
adsorbent, have been shown to be less efficient (Garland and Lincoln, 2006).
Extraction by hydrodiffusion is characterized by the fact that steam, at atmospheric pressure, is
introduced into the mass of vegetal material at the top of the container. In this way, steam can saturate the
plants more evenly and in a shorter time than with steam distillation.
This method is less aggressive than steam distillation, resulting in volatile oils that almost completely
retain the initial odor of the plant.
Extraction by turbodistillation is a method of rapid extraction of volatile oils from plants, but is used
only for coarse vegetal materials from which volatile oil is harder to separate (such as tree bark, roots or seeds
of plants).
In this extraction process the plants are soaked with water in the presence of steam. The condensing
water is continuously recycled through the material mass to extract as much volatile oil as possible from the
plants. After the completion of this process, follow the usual steps of separating the liquid from the depleted
plants and then the oil from water.
Microwave accelerated distillation combines microwave heating with distillation, a process that is
carried out at atmospheric pressure without the addition of solvent or water (Ferhat et. al., 2006).
The separation and concentration of volatile oils is carried out in a single step. The microwave
accelerated distillation method has been tested on fresh orange peels, from which volatile oil is typically
extracted by pressing or hydro-distillation, with a special laboratory apparatus. The obtained results were
compared, in terms of duration, productivity, chemical composition and quality of volatile oils obtained, yield and
processing costs, with those obtained by hydro-distillation.
Ultrasound assisted extraction is one of the most important techniques used for extracting valuable
compounds from plant materials (Vilkhu et. al., 2008), being adaptable to a smaller or larger scale (for example,
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in the laboratory or industrial scale). Comparing this technique with others, such as microwave accelerated
extraction, the ultrasound device is cheaper and easier to handle.
Ultrasonic waves are used for the extraction of active compounds from different plants, this method being
useful for the extraction of thermally sensitive constituents that are used in the food industry, in body care
products, cosmetics and the pharmaceutical industry.
The method involves the use of ultrasound, with frequencies ranging from 20 kHz to 2,000 kHz, which
increase the permeability of cell walls and produce cell lysis, thus favoring the extraction of biologically active
compounds.
Ultrasound assisted extraction allows the solvent to penetrate through the cell walls, and the bubbles
produced by the acoustic cavity favor the breakdown of the cell wall and release of the active compounds, thus
increasing the extraction efficiency. Therefore the method has high efficiency, although it requires low energy,
small amounts of solvent and short periods of time for the extraction process.
Compared with microwave accelerated extraction, ultrasound-assisted extraction has the main advantage
of working at ambient temperature, thus avoiding exposure to temperature of compounds extracted from vegetal
materials and possible deterioration, which is important for the industry.
USING VOLATILE OILS FROM MEDICINAL AND AROMATIC PLANTS
From a chemical point of view, volatile oils are complex mixtures of aliphatic and aromatic hydrocarbons,
aldehydes, alcohols, esters and other constituents (Djilani and Dicko, 2012; Mozaniel Santana de Oliveira at.
al., 2018), but predominantly terpenoid compounds. Although called oils, these substances do not contain fats.
The distilled plant extracts - the essential oils - have been used for many years in perfumery and hygiene (Price,
2011; Stahl-Biskup and Saez, 2002).
In general, the amount of volatile oils that can be extracted from plants is quite small, because the content
of volatile oils is low, for most plants it is between 0.01% and 2%. In some cases, however, the amount of
volatile oil extracted can even reach 10%. Table 1 presents some values regarding the quantity of volatile oils
that can be extracted from fresh plants existing in Romania (Popescu, 2010):
Table 1
The quantity of volatile oils that can be extracted from fresh plants existing in Romania
Plant
The volatile oil content [%]
roses
0.0001 … 0.0003
lavender
0.8 … 1.5
mint
0.2 … 0.4
coriander
0.2 … 1.7
pine, fir, spruce
0.0064
fennel
1.3 … 9.8
basil
0.01 … 0.3
sage
0.04 … 0.17
rosemary
0.20 … 1.19

Due to the pleasant smell and therapeutic qualities discovered over time, volatile oils extracted from
medicinal and aromatic plants have gained a wide range of uses, in various fields. By improving and diversifying
the extraction methods, as well as through researches that have led to the use of more and more plants for
obtaining volatile oils, their applications have become more and more numerous.
In the food, volatile oils are used:

- as food additives: substances intentionally added to foods to provide them with additional properties
than basic ones (for example, for color or sweetening);

-

as a spice in food;
for the preparation or flavoring of various beverages, alcoholic or non-alcoholic;
for flavoring products such as chewing gum, chocolate or toothpaste, etc.;

preservative (for example thyme oil).
Some therapists recommend the use of volatile oils, in strictly controlled doses, even for the preparation
of food, considering that they are even more economical than fatty vegetable oils. In addition to the pleasant
taste they impart to foods, they believe that volatile oils purify the body, strengthen the immune system, and
provide protection against diseases, including cancer.
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In medicine, volatile oils are widely used (Mozaniel Santana de Oliveira at. al., 2018), being used in
herbal medicine, phytocosmetics, aromatherapy and massage to treat a very diverse range of diseases,
including:

-

skin diseases: acne, eczema, dandruff, warts, etc.;
burns, cuts, insect bites, sunburns, parasites, wrinkles;
muscular problems, circulation, high blood pressure, arthritis, varicose veins, cellulite;
respiratory problems and infections, allergies, asthma, congestion, colds and influenza;

problems of the nervous system, stress, depression, anxiety, sexual dysfunction, fatigue, etc.
In some deseases, volatile oils used internally are the fastest remedy for aromatherapy and herbal
medicine. These deseases are infectious, hormonal imbalances, mental imbalances, diseases caused by
stress, inadequate way of life.
Advantages of internal use of essential oils:

- they are fast (in many cases they have proven to be faster even than synthetic drugs);
- they are strong (one gram of volatile oil is obtained from tens or hundreds of grams of plant,
constituting a true natural concentrate, efficient even in small doses - of the order of several drops). In
certain deseases, such as cystitis, a simple combination of volatile oils (thyme + basil + peppermint) is
several times more effective than synthetic antibiotics, which, moreover, often remain ineffective (in
the case of cystitis);

- they are well assimilated by the body and do not require administration in large doses;
- due to their volatility they spread after administration throughout the digestive tract and the respiratory
tract, which considerably enhances their effect;

- are easy to administer and handle.
In the cosmetics and perfume industry, volatile oils are currently used for the manufacture of:

- personal products: perfumes, deodorants, shampoos, bath lotions, toilet soaps, toothpastes, mouth
water;

- pharmaceutical preparations to which the addition of flavors makes them more attractive or masks
another unpleasant taste;

- various products used in homes, offices or industrial halls: detergents, soaps, cleaning agents and air
fresheners;

- tobacco products, etc.
The high volatility of plant oils makes them act, even at low concentrations, as fumigant products against
most insect pests of stored products (María Paz Arraiza et. al., 2018; Moretti et. al., 2002). The main aromatic
plants with a high content of volatile oils, used as protectors for deposits, belong to the umbeliferous families
(kimono, anise, coriander, lavender), lamiaceae (basil, thyme, rosemary, mint) and lilac (garlic).
CONCLUSIONS
Medicinal plants do not have high fertility requirements, successfully tolerate extreme temperatures and
can be used in products with high market value. Once harvested they can be used as such, with light
preparations, or they can be raw material in the pharmaceutical or food industry. Due to the growing demand
for herbal medicines, their secondary metabolites (active compounds) and herbal products, the use of
medicinal plants is growing worldwide.
A superior capitalization of medicinal and aromatic plants, with high added value, is the extraction of
volatile oils.
Currently, about 3,000 plants are used to obtain volatile oils, of which 300 are marketed worldwide. The
largest consumer of volatile oils is the United States of America, followed by Western European countries:
France, Germany, the United Kingdom and Japan.
The industrial extraction of volatile oils from various aromatic plants is carried out according to different
methods depending on their characteristic properties.
In general, the amount of volatile oils that can be extracted from plants is quite small, because the
content of volatile oils is low, for most plants it is between 0.01% and 2%. In some cases, however, the
amount of volatile oil extracted can reach up to 10%.
Due to the pleasant smell and therapeutic qualities discovered over time, volatile oils extracted from
medicinal and aromatic plants have gained a wide range of uses, in various fields. By improving and
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diversifying the extraction methods, as well as through researches that have led to the use of more and more
plants for obtaining volatile oils, their applications have become more and more numerous: in food (as food
additives, spice in food, flavoring of different drinks, preservative etc.), in medicine (for the treatment of skin
diseases, muscular problems, circulation, respiratory problems, nervous system problems etc.), in cosmetics
and perfume industry (for the manufacture of personal use products, industrial hygiene products, tobacco
products etc.), in agriculture (as fumigants for the protection of stored products etc.).
In this context, the cultivation and capitalization of medicinal plants represents an opportunity for the
development of rural family businesses, with benefits both at personal level, as well as at local and regional
level, by stabilizing the workforce, horizontal development of the related branches of the economy and implicitly
raising the standard of living.
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RESEARCHES ON THE CALORIFIC ANALYSIS OF RESINOUS WOOD BIOMASS
/
CERCETĂRI PRIVIND ANALIZA CALORICĂ A BIOMASEI LEMNOASE DE RĂȘINOASE
Spirchez C., Lunguleasa A., Gaceu L.
Transilvania University of Braşov – Romania

Key words: biomass, burning speed, wood, calorific value
ABSTRACT
The importance of the paper is highlighted by the fact that wood has a high energetic capacity and may be
provided to each consumer at a price much lower than the fossil fuels. The importance of analyzing the wood
caloric power and, generally speaking, the whole assembly named biomass could change the vision upon
deforestation and tree exploitation. Wood and wooden products valorization may allow providing a superior
energetic potential than several houses and blocks of flats by using green energies. A special interest in the
field of using the biomass was noticed since the antiquity, when people used wood as primary source for
heating and food preparation.

REZUMAT
Importanța lucrării este reliefată prin aceea că lemnul are o capacitate energetică mare și poate fi
furnizată la preț cu mult mai mic fiecărui consumator, față de combustibilii fosili. Importanța analizei puterii
calorice a lemnului și în general a întregului ansamblu numit biomasă, ar putea schimba viziunea asupra tăierii
arborilor și exploatării acestora. Valorificarea lemnului și a produselor din lemn poate permite asigurarea unui
potențial energetic superior multor case și blocuri prin folosirea energiilor verzi. Un deosebit interes în domeniul
utilizării biomasei s-a observat încă din antichitate, când oamenii foloseau lemnul ca sursă primară pentru
încălzire și prepararea hranei.

INTRODUCTION
The reserves of wood biomass differ on the entire European Union territory, as well as at a worldwide
level. The forest area varies from 27,6 billion hectares in Sweden to 117 hectares in Cyprus. At a worldwide
level, the forest fund occupies approximately 4 billion hectares, the highest quantity being in the Russian
Federation – 809 hectares, Brazil – 478 hectares, Canada – 310 million hectares, USA – 303 million hectares,
China – 197 million hectares. Among the 27 sates of the European Union, Romania is located on the 8th place
according to the forest fund it has, and at a worldwide level Romania has only 0,15% from the whole surface of
forest lands in the world. The richest counties are the Northern ones (Finland and Sweden), and the smallest
surfaces of forests are in Malta, Cyprus and Luxembourg. This fact is due to the restrained territory which is
presented and due to the climatic area.
Biomass resources may be determined according to the use level of the land each state is using. In the
European Union it is used approximately 50.16% of its surface of 4303401 km2, 1041423 km2 being used in
agriculture and 309844 km2 in forest field (EUROSTAT 2012). Within the European Union there are cut annually
426 million m3 of round wood and taking into consideration the fact that the resulted waste from the forest
exploitation is 10% of the exploited material, it leads to that fact that from the total round wood production in
UE-27 during 2011, it will be obtained a quantity of 42675 mii m3 of wood waste. This quantity of wood remains
may be superiorly valorized by producing briquettes and pellets. Romania is a country with a high potential in
the field of obtaining energy sources from biomass. In Romania, during 2016, a surface of 229973 km2 was
used for agricultural and forest purposes, from which the surface of forest land was 4.7%. These data highlight
once more the high quantity of wood material which is now on the European Union territory and at a worldwide level.
The energy consumption made from wood mass, is different from a country to another, in France being
9180 Mtoe, Sweden 8260 Mtoe, Finland 7232 Mtoe. In 2016 in all the European Union states a raise of 5.6%
was noticed in using biomass, in comparison to the previous year.
Determining the efficiency of using the biomass as fuel, as well as the assessment of the energetic
potential, represent the research objectives of a high number of specialists in the country and abroad.
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Romania is considered a country with a high potential in the field of producing biofuels, as well as in the
field of using lignocelluloses raw materials for heating.

MATERIALS AND METHODS
Determination of calorific energy of wood materials is determining fuel used in order to asses the amount
of energy contained in the biomass.
Besides calorific value from lignocellulosic biomass assessment is necessary to determine calorific and
other features that:
- energy density;
- during combustion;
- burning speed;
- ash content.
According to research carried out at EU level there are a number of refulations on classification,
determining calorific value combustible wood and product descriptions (DIN 51900-1, SR EN 14961-1).
Determination of calorific wood is almost similar to that of coal.
In general, the method for determining the calorific value is done separately for solid fuels (ASTM D328696, Dihoiu 1995), liquid and gaseous.
The number of trials required by regulatory and other researches is 5,8 or 10 samples investigated
experimentally.
The instalation used to determine the calorific value of wood biomass combustion was explosive XRY-1C
type, produced by Schanghai Geological Instrument of China (fig.1).

Fig.1 - The installation for determining the calorific value of woody biomass bomb calorimeter

The process for determining the calorific value of the wood refers primarily to the preparation of raw
materials and instalattion, and the determination itself and finally to final output.
This sample is placed in a porcelain crucible and placed in a laboratory oven in order to dry a temperature
of 103ºC.
Preparation for the test installation, refers to verification of water in calorimeter, agitator A, water press,
computer software C, the thermometer outside the calorimeter T and the level of gas pressure in the oxygen
cylinder Bo. Test sample binds cotton thread, and put in the crucible of the bomb.
Nichelin spiral thread binds evidence and cotton thread, which is positioned right after the protective cover.
The crucible cap is connected to the bomb calorimeter by the electrodes which are continuous with the
wires coupling the bomb calorimeter.
Before performing the actual test, the calorimetric bomb calibration is performed with benzoic acid, having
a caloric power of 26463 kJ/kg.
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The determining process of caloric power of the wood material is referring mainly to the preparation of the
raw material, then to the actual determination and then to the obtaining of the final result. The preparation of the
wood material for the testing purpose consists in sampling a small part of 0.6-0.8 grams from the whole
material, sample weight with an accuracy of 0.0002 grams. Preparing the installation for the test refers to
checking the water quantity in the calorimeter.
The testing sample 1 is tied to the cotton thread 2 and is placed in the bomb melting pot 3. The testing
sample is tied to the spiral nichelina thread 4 and cotton thread, after which the protection lid is appropriately
positioned 5. The melting pot is tied to the calorimetric bomb lid 6 by two electrodes 7 and 8, which continue
with the electric wires for coupling the calorimetric bomb 9 and 10. By screwing the bomb lid, the bomb 11is
coupled through the nozzle 12 to the oxygen tank 13, introducing 30 atmospheres (fig.2).

Fig. 2. Bomb calorimeter

Gross calorific value is determined by the relationship:
Pci = Pcs – 6 (U + 9h) (kJ/kg),
where:
Pcs – net calorific value (kJ/kg);
U-moisture content sample (kg/kg);
h-hydrogen content in the wood sample (3,6%).
Net calorific value is determined by the relationship:
Pcs = k (tf – ti)/ml – qs – qb (kJ/kg),
where:
k- coefficient calorimetry;
tf- final temperature (º C);
ti- initial temperature (º C);
ml-mass sample (kg);
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qs- heat consumption for burning wire nichelina (kJ);
qb- heat produced by burning cotton thread (kJ).

RESULTS
The test for determining calorific value three distinct periods (fig.3):
Initial period aims to assess variations in temperature of the water in the bowel calorimetry due to heat
exchange with the outside before firing.
During this period, usually 5 minutes, the displays and read every minute thermocuple temperatura with
precision. Last temperature in the initial period is the first periodic leading temperature.
Period beigins by lighting the main sample and results increasing water temperature calorimetric vessel.
To determine the final temperature displays the temperature every minute. The values recorded in this period
varies during combustion of combustible material in bomb calorimeter.
Final period aims at determining the average water temperature variation in calorimetric vessel due to
heat exchange with the outside, after firing.

Fig.3. Description of the process for determining the calorific value

With measurement are performed values for Juniperus Virginiana, mass sample 1= 0.6800 g,net calorific
value = 19487 kJ/kg, gross calorific value = 20365 kJ/kg, energetic density 17.752 KJ/cm3, burning sped = 751
KJ/min, mass sampe 2 = 0.8679, net calorific value = 17915 kJ/kg, gross calorific value = 18108 kJ/kg,
energetic density = 14.135 kJ/cm3, burning speed = 442 kJ/min, mass sample 3= 0.8148 g,net calorific value =
15905 kJ/kg, gross calorific value = 16291 kJ/kg, energetic density 11.781 KJ/cm3, burning sped = 372 KJ/min,
mass sample 4= 0.9870 g,net calorific value = 9873 kJ/kg, gross calorific value = 10838 kJ/kg, energetic density
8.859 KJ/cm3, burning sped = 241 KJ/min (fig.4).
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Fig.4. Depencence moisture content of energetic density from Juniperus Virginiana

With measurement are performed values for Pine, mass mass sample 1= 0.8300 g,net calorific value =
21676 kJ/kg, gross calorific value = 22286 kJ/kg, energetic density 16.586 KJ/cm3, burning sped = 760 KJ/min,
mass sampe 2 = 0.7700, net calorific value = 19660 kJ/kg, gross calorific value = 19904 kJ/kg, energetic density
= 13.762 kJ/cm3, burning speed = 562 kJ/min, mass sample 3= 0.7320 g,net calorific value = 17344 kJ/kg,
gross calorific value = 17828 kJ/kg, energetic density 11.539 KJ/cm3, burning sped = 423 KJ/min, mass sample
4= 1.3455 g, net calorific value = 10378 kJ/kg, gross calorific value = 11598 kJ/kg, energetic density 11.279
KJ/cm3, burning sped = 368 KJ/min (fig.5).

Fig.5. Depencence moisture content of energetic density from Pine

With measurement are performed values for Spruce, mass mass sample 1= 0.7000 g,net calorific value =
19476 kJ/kg, gross calorific value = 20051 kJ/kg, energetic density 15.271 KJ/cm3, burning sped = 715 KJ/min,
mass sampe 2 = 0.9020 g, net calorific value = 17833 kJ/kg, gross calorific value = 18121 kJ/kg, energetic
density = 14.623 kJ/cm3, burning speed = 457 kJ/min, mass sample 3= 0.8808 g,net calorific value = 15904
kJ/kg, gross calorific value = 16480 kJ/kg, energetic density 12.735 KJ/cm3, burning sped = 417 KJ/min, mass
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sample 4= 1.1890 g, net calorific value = 10115 kJ/kg, gross calorific value = 11555 kJ/kg, energetic density
12.028 KJ/cm3, burning sped = 304 KJ/min (fig.6).

Fig.6. Depencence moisture content of energetic density from Spruce

CONCLUSIONS
- The raise of energetic efficiency has a major contribution to achieving the safety in the food field and
energetic diversity development, the competitiveness to save the energetic resources as well as the reduction of
greenhouse gases emissions;
- The combustion of wood biomass is ecological, with a minor impact on the environment and an
important step for the obtaining of the energetic independence of the states in developing process.
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ABSTRACT
This paper presents some submersible net cleaning equipment usually used for clean large aquaculture
nets. Fish farming nets need to be cleaned periodically for maintain water quality, protect fish against disease
and prevents weight increase of the nets caused by biofouling to the net, hence avoiding sinking and damage of
the net cages.
ABSTRACT (in native language)
Această lucrare prezintă câteva sisteme submersibile de curățare a vivierelor flotabile utilizate în ferme
piscicole de mari dimensiuni. Vivierele trebuie curățate periodic pentru a menține o calitate corespunzătoare a
apei pentru protejarea peștilor împotriva bolilor și, deasemenea, pentru prevenirea creșterii în greutate a
plaselor cu biodepuneri marine care ar putea conduce la deteriorarea și scufundarea cuștilor.
INTRODUCTION
Cage aquaculture has grown rapidly in recent decades and is currently undergoing swift changes in
response to pressures from globalization and an escalating worldwide global demand for aquatic products.
There has been a move towards clustering existing cages as well as towards the development and use of more
intensive cage-farming systems. In particular, the need for suitable sites has resulted in cage aquaculture
accessing and expanding into new untapped open-water culture areas such as lakes, reservoirs, rivers and
coastal brackish and marine offshore waters [1].
Aquafarming is a modern, intensive fish growth solution. Due to its effectiveness and government
subsidies, this option has been gaining more and more followers among fishermen. This method eliminates the
costs of landscaping the ponds, facilitates the monitoring of fish evolution dynamics and provides continuous
control over all links of the technological flow. In addition, the floating nurseries were easily transported from one
place to another [4].
The size of the nurseries depends to a large extent on the size of the aquatic basin and on the presence
of the additional aeration systems. In practice, housing with variable volumes from 1 mc to 30 mc is used, but it
is appreciated that the small ones are easier to exploit and more economical. Large nurseries, although they
have a lower cost price per unit of volume, yield smaller per cubic meters, primarily due to the low water
exchange rate between the inside and the outside.
The technical characteristics of the mesh are different, but the synthetic mesh is usually used, specially
treated to give it elasticity, strength and durability. The size of the eye of the net is chosen according to the size
of the fish that will be raised in the habitat (Fig.1).[2]
All nurseries must be provided with a lid that prevents fish escape but also access by predators or
humans. The covers can be made from the same material as the frame or from more resistant materials.
However, it must be taken into account that they must allow the tracking of the behavior of the fish following the
administration of the food and the easy access for the removal of the consumed food or of the dead fish. Floats
that support nurseries can be made from a wide variety of materials, from floating sponges to plastic bottles.
The nurseries can also be fixed by docks or other rigid objects that allow this. Once the nurseries have been
made, they will be placed in the preset locations, after which they will be populated with fish. [2].
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 that affect net condition, a cleaning system is necessary for removing all these deposits (Fig.
2). Biofouling occurs as a result of settlement, attachments and growth of sedentary and semi-sedentary
organisms on net cages placed in the sea. [1,2,3,4,5]
At the same time, it was observed that the water together with the oxygen does not reach the fish cages
anymore, this being directed to them, the oxygen being prevented by these impurities to reach the fish (Fig.3).

544

INTERNATIONAL SYMPOSIUM

The nets can become overloaded and, in the worst case, they can break. Also, the development of algae on
nets can cause symptoms of disease and stress in fish biomass. Fouling can result in the clogging of a net
which can result in depleted oxygen and elevated ammonia levels.
In the marine environment, competition for living space is intense and all surfaces, living or innate, are
susceptible to fouling. [1] To minimize these impacts, the aquaculture industry uses technologies and husbandry
techniques to manage and control fouling communities. The composition of fouling communities and their effect
in marine aquaculture is largely dictated by the properties of the fouling surface, and the protection and
management of these surfaces is the key to biofouling control.
Keeping nets and cages clean can assist positive water flow to reduce the risk of water degradation.
restrict water circulation. Every effort should be made to prevent the introduction and spread of disease.
MATERIALS AND METHODS
Cage culture refers to an open aquaculture system where the rearing environment is the environment
itself. As such, there are interactions between cages and the environment in both directions – cages affect the
environment, and vice versa.[2]
Moreover, one cage can have impacts on other cages because currents can transfer pests, pathogens
and chemicals from one cage to another (or from one site to another). Within the site selection process, all
possible interactions and their impacts on the cage aquaculture, including both environment and human related,
should be evaluated and assessed in order to minimize threats, hazards and overexploitation. [1,2]
Cage sites must have good water quality. Not only must the water be free of industrial pollution, but the
water should also meet the biological requirements of the farmed species. These criteria include appropriate
temperature, salinity and dissolved oxygen (DO) necessary for the cultured species. The water should be free of
excessive suspended solids (biofouling), with limited occurrences of algal blooms and presence of diseased
organisms. Some current is necessary to ensure adequate water exchange, but too much current will add stress
to the organisms and the equipment. [2,5,9,10]
The first step to avoid biofouling is the selection of a suitable cage material and the place to carry out the
sea cage culture [5].

Fig.1 – Floating nursery [5]

The net used for manufacturing the floating nursery must be designed and sized for the environmental
conditions in the area (currents, waves and wind) [10,11]. Their area is good to be more than half an hectare. In
the basins on surfaces smaller than those indicated can be damaged rapidly of some chemical properties of the
water, such as the sudden increase of the contents in ammonia or ammonium ions, in nitrates or nitrites, or a
drastic reduction of a dissolved oxygen content. All this, accompanied on the hot days of the phenomenon of
blooming water (explosive propagation of algae) will lead to mortality in the mass of the living fish. The growth
curve is depending on water temperature and is identical for most aquaculture species (Fig. 4).

Fig.2 – Net fouled with bacterial loads [4]

Fig. 3 – Water flow in both conditions: clean net
and fouled net [6]
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Fig.4 - Salmon growth curve [6]

For cleaning the nets, several solutions have been identified, namely:
- cleaning of nets and cages with submersible underwater equipment in situ
- cleaning the nets on the surface for temporary storage
RESULTS
To solve the problem of washing nets and cages in situ, submersible equipment is proposed. Even the
process is energy intensive is an alternative of using wide spectrum chemicals biocides available on the market
that affects the fish.
The submersible cleaning system are very well developed in north countries, where commercial
aquaculture has developed into major industry due to the coastal areas.
The Norwegian group AKVAGROUP realize professional net cleaners, automatized that clean the net, in
situ. AKVA FNC8 v 2.0 is an automatized clean system , easy to operate, with a modern visual presentation with
high cleaning efficiency (Fig.5). It is built with standard ROV components that are easy to clean and disinfect. It
also has an advanced IP camera systems and sensors for complete monitoring during the entire cleaning
process (Fig. 6)[6].
The system works up to 250 bar pressure and 750 l/min but is facilitated for pressure below 100 bar
(Table 1). It has automated functions easy to operate with. The open construction is easy to maintain and
disinfect. The system has a graphic presentation showing the 3D position of the cleaner, the operator having full
control over the device. Also the video cameras transmit live images in the control room, the work process being
thus completely monitored. [6]

Fig. 5 – AKVA FNCB v.20. cleaning system [6]

Fig. 6 – 3D position of the cleaner [6]

Table 1
Nozzle
[mm]
1.2
1.2
1.2
1.5
1.5
1.5
1.7

Water consumption [6]
FNC pressure
Consume per
Theoretical consume
[ bar ]
nozzle L/min
24 nozzles L/min
150
11
309
180
12
309
200
12.6
309
150
17.8
445
180
19.5
522
200
20.6
537
80
11
260
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1.7
1.7
1.7
1.7
2.0
2.0

100
150
180
200
100
150

17.9
21.9
24
25.3
24.6
30.1

445
522
623
623
623
715

Another system for cleaning nets and cages is the disc system. Idema Net Cleaners uses rotary cleaning
discs, mounted on cleaning platforms in various shapes and combinations. The cleaning discs are driven by
robust pumps, adapted to high pressure. The cleaning process starts with sinking the platform inside the net,
using only high water under high pressure. Idema Cleaning Systems does not use chemicals or washes. This is
environmentally friendly and will not damage the nets [6].

Fig. 7 – Net cleaning rigs with up to 7 discs [6]

Fig. 8 - Net cleanin rigs from 1 to 7 discs [6]

Norwegian company YANMAR realise submersible cleaners that serve large fish farms contributing to
the development of environmentally friendly fish farming technologies. The product is characterized by small
time during the cleaning operation to achieve approximately 4-fold lower than that of a conventional installation.
The system uses belts that are driven by a pulley both horizontally and vertically at the same time[10].

Fig. 9 – Yanmar NCL-LX [12]

The cleaning system has wide-angle (front - rear) video cameras and the images can be viewed directly
on the monitors. Large viewing angle lenses ensure good visibility and make the installation easy to operate.
Table 2
Yanmar NCL-LX characteristics
MODEL
Maximum cleaning speed (m²/h)
Cleaning width (mm)
Maximum movement speed (m/min)
External dimensions (mm)
Weight (kg)

NCL-LX
1600
1910
50
1358 X 2287 X 874 (L X W X H)
500
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The small size submersible robot, self-propelled YANMAR "SENSUI-KUN" NCL-SE3, can perform
cleaning on the entire surface of the net on the principle of high pressure pump. The product is environmentally
friendly because it does not use chemicals. It takes only one operator to control it, this being done through a
joystick. Underwater operations can be verified in real time on the monitors, the images being taken by the
wide-angle video camera mounted on the equipment.[12]
Technical characteristics: water pressure 11.3 MPa, water flow 120.7 l/min, rotational speed of propeller
460 rpm, required driving power 30kW.

Fig.10 - YANMAR "SENSUI-KUN" NCL-SE3 [12]

StealthCleaner developed by OCEIN (Norway) is an effective and gentle mesh solution combining a
large volume of water with reduced pressure to reduce attrition. The patented triangular design makes it
compatible with the most difficult areas where cleaning is required. The system is electrically powered and has a
360 ° maneuverability, it does not emit high frequency sounds or vibrations, which makes it "fish friendly". The
washing speed is between 1.5-2 m/s and combines the high volume of water with low jet pressure.[8]
The equipment is equipped with 4 video cameras which makes the monitoring process very efficient,
reports or documentary material can be removed. It consists of 7 cleaning disks, 7 thrusters, 4 led lights and a
sturdy frame. StealthCleaner can be used for a variety of purposes, both as a net cleaner and as an inspection
robot.

Fig.11 – Robot StealthCleaner (Ocein) [8]

Cavit net claner developed by Cavitcleaner Group has two designs: with Stingray plate or Double
Stingray plate. It designed for the use in the fish farms, for the underwater cleaning of the nets. Thanks the
sledge, Cavit Net slides on the nets without clinging to the meshes of the nets and allows a effective and quick
cleaning.

Fig. 12 – Cleaning the net with Cavit net cleaner [7]
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Fig. 13 - Stingray plate [7]

Fig.14 - Double Stingray plate [7]

Double Stingray, doesn’t remove the anti-fouling paint thanks to the cavitation technology. This tool has a
cleaning area of 80 cm and it is very convenient to handle thanks to the suction effect which ensure an easy
usage. Double Stingray is composed by two single plates that can be easily separated and used by two divers
at the same time [7]
CONCLUSIONS
Floating nurseries are increasingly used for fish breeding. An important component in the composition of
the floating nurseries is the net, which during use is loaded with vegetative biodeposits. This have a negative
effect on both the growth of the fish and the construction itself. As a result, it is necessary to clean the nets
periodically or even daily with specialized equipment.
For cleaning the nets there are used submersible automated systems. The cleaning systems are easy to
operate via a handheld mobile console or from a control room. It also has several built-in auto features and
advanced IP camera systems and sensors for complete monitoring during the entire cleaning process. The
cleaning process starts with submerging the rig on the inside of the net, using only sea water under high
pressure.
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ABSTRACT
The paper presents an electrically self-propelled tricycle, with innovative ergonomics elements regarding the
articulated, flexible and foldable resistance frame, that allows the displacement on uneven ground by means of
a system of cylindrical joints for the damping and individual tilting of all the wheels. The tricycle allows the
aggregation with different agricultural equipment and can be used in small farms, greenhouses, solariums,
meadows, orchards, etc.
REZUMAT
În lucrare se prezintă un triciclu autopropulsat electric, cu elemente inovative de ergonomie privind cadrul de
rezistenţă articulat, flexibil şi pliabil care permite deplasarea pe teren denivelat cu ajutorul unui sistem de
articulaţii cilindrice pentru amortizarea şi înclinarea individuală a tuturor roţilor. Triciclul permite agregarea cu
diferite echipamente agricole şi se poate exploata în ferme mici, sere, solarii, pajişti, livezi etc.

INTRODUCTION
For economic reasons, the idea of sustainable development and the use of renewable energy were not
viable options in terms of their large-scale use, until recently, especially in the auto industry involving very high
costs.
In recent years, the interest for the development of mass technologies that facilitate the mass production of
small and large electric vehicles, has increased considerably. One factor that has favoured this development is
the facilities made available to those who wish to get involved in the development of this industry in the form of
state grants and various structural funds.
The design of cars, in recent years, usually consisted of design reiterations, retaining similar characteristics
on several platforms in terms of engine, size, transmission, number of seats etc. The appearance of electric or
hybrid cars were registered in the same design language, trying to integrate among the cars with thermal
engine.
The alternatives most commonly used for classic cars are motorcycles, scooters and bicycles. In this
category, to travel the short distances, there are also scooters or different types of tricycles.
The motorcycle could be a very good alternative, but it is not as comfortable as the car and is considered
more dangerous.
In the concerns of the National Institute of Research Development for Machines and Installations Designed
to Agriculture and Food Industry - INMA Bucharest, there was also the transformation of a multifunctional
vegetable chassis powered by a thermal engine into a tractor with electric drive. The Romanian electric tractor,
as registered with OSIM as the mark "TER" of INMA under the number M 2019 03567 is driven by an AC
Induction motor, has a nominal power of 15 kW, the nominal torque at the motor shaft of 200 Nm, the power in
29 kW load peak, 144 Vcc battery voltage, 17.28kW battery capacity and 6.6 kW li-ion charger.
The electrification of the tractor takes advantage of the decoupling of the loads and the motor drives, which
allows the latter to operate at the highest level of efficiency. The major advantages of electrifying machines are
torque and speed control, noise reduction and a more flexible design.
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Fig. 1 - Tractor with electric drive

The interest of the developers was directed to the creation of a vehicle that best combines the main
advantages offered by the car as well as the motorcycle, taking into account that this vehicle offers a greater
degree of comfort when it is used and at the same time easy to handle.
Such a vehicle can be the electric tricycle, having low production and maintenance costs, reliability for
urban transport, its mechanics being relatively simple, having a better stability than a motorcycle and
possibilities of adaptation for multiple utilities such as, in the present case, exploitation in small farms,
greenhouses, solariums, meadows, orchards, etc.
MATERIAL AND METHOD
The need for agricultural equipment imposed by the growth of the world's population is more than obvious.
Current agricultural equipment has reached its limits of optimization in terms of complexity and efficiency
with current technology. Even improvements in drive technology, mainly mechanical or hydraulic drives are
limited. Therefore, the focus in this area will be on electrical units.
Reducing pollutant emissions and dependence on fossil fuels is a goal of global energy policies. In many
countries, governments are promoting the use of efficient vehicles such as the hybrid electric vehicle. The
incorporation of electric drives in tractors and agricultural machines presents advantages in terms of increased
energy efficiency and extended functionalities. Higher efficiency means reducing fuel consumption and reducing
CO2 emissions later. The new features improve the quality of work and increase operator comfort.
This paper presents the results obtained in the development of the three-wheeled electric vehicle, in which
the following objectives were set: foldable and easy storage, the existence of a compact suspension system, the
adaptability for different inclines of terrain and the adaptability for the aggregation with different agricultural
equipment.
The main components of the three-wheel electric vehicle are shown in Figure 2:

1.handle bar
2.framework
3.fork
4.steering wheel
5.damper system
6.driven wheel

Fig. 2.- The components of the tricycle
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Folding system
The development of the folding system of the electric vehicle with three wheels takes into account two main
factors: the adjustment of the vertical position using a circular profile and the shape of the handlebar, which can
be adjusted and set on a vertical axis (position), with an inclination of up to 1200. This position can be secured
using a fixing device (Fig. 3).
This folding system offers the reduction of the height and width of the gauge to about half of the initial
dimensions.

Fig. 3 - Folding system (top and side view)

The suspension system
The suspension system contains 4 viscoelastic elements fixed between two polygonal profiles. This type of
suspension is used in the automotive industry, due to its low weight, replacing the classic system of springs and
dampers (Fig. 3).

Fig. 4. Suspension system

The driven wheels can change their position independently, which ensures travel on different surfaces,
with different inclination for the tricycle (Fig. 5).

Fig. 5 - Different inclination for the tricycle
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The motor used is on magnets, mounted on the front wheel (it can be mounted on all 3 wheels), with a
power of 250 W, powered by a 36 V 10A battery. All wheels are 12 inches in size (Fig. 6).

Fig. 6 - The motor

Fig. 7 - The batteries

The batteries are encased in special capsules, attached to the electric vehicle frame, in order to be
insulated as much as possible from the weather, but also to be protected in the event of an accident. The most
popular types of batteries are Li-Ion or Li-Po batteries because they are very lightweight and do not add
unnecessary weight to vehicles (Fig. 7).
Tires must take into account the tilt limit of the vehicle so that the centrifugal force can be compensated. If
this type of vehicle is to be developed on a large scale, it is necessary to create a type of tire that combines the
properties of conventional car tires and motorcycle tires, in order to ensure optimum stability in both riding and
cornering.
On the other hand, the profile and dimensions of the wheels should also be revised according to the
proposed tricycle dimensions and model.
In addition to the different forms and compositions of rubber used, the big manufacturers are looking for
solutions for tires with cell structure and that do not break (Fig. 8).

Fig. 8 – The rubber

Through the finite element analysis, studies were performed in the SolidWorks modeling and simulation
program using the static simulation module "Static Simulation". For the frame, the maximum and minimum
values of the voltage state that are presented in the analyzed frame were obtained. The material chosen in the
simulations performed is carbon steel for both the frame and the fork. The structure was loaded during the
analysis with a force of 1100 N and the support scheme consisted of defining at the front wheel a recessed
surface - Fixed, and at the rear wheels a sliding surface - Roller.
The discretization of the structure (Fig. 9) was done by:
• 31446 elements in 62677 knots, one element having 5 mm.

Fig. 9 - Discretization of the structure

Fig.10 - Maximum deformation of 1.27 mm.
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RESULTS
Following the analyses performed, the maximum deformations of the frame were found. By using the elastic
damping system, the frame deformation was 1.27 mm (Fig. 10).
The functional model of the self-propelled tricycle is shown in Fig. 11:

Fig. 11 - Functional model of the self-propelled tricycle

CONCLUSIONS
The use of a viscoelastic damping system of the type shown in fig. 4 at the tricycle frame brings advantages
over the vehicle's stability and offers better resistance to the frame, eliminating some of the hazardous stress
states that appeared in the structure, as a result of the shocks produced when crossing over the slopes (Fig. 5).
Adaptations have been made to increase the range of use (outside urban transport) in the aggregation with
small machines that can be used in the agricultural field (e.g. farms with orchards or greenhouses), the public
domain (e.g. parks) for towing trailers, leaf blowing equipment, lawn mowing, sprinkling / watering, planting
seedlings, etc. (Fig. 12)

Fig. 12 - Examples of agricultural tricycle use in agriculture

Characteristics
The tricycle frame is made of carbon steel.
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The damping of the tilting system is viscoelastic.
The batteries are lithium ion and can be charged in maximum 2 hours and have a life cycle of 800 charging
cycles, weighing 2.5 kg. The autonomy of the batteries for moving without equipment reaches 25 km.
The lighting system is on the LEDs.
The braking system on the front wheel is on the disc, and the one on the rear wheels is on the drum, also
having a braking energy regeneration system.
The magnet engine can develop a speed of 25 km/h for urban transport and can carry a weight of up to 300
kg.
The tricycle has the maximum dimensions of 920 x 660 x 1250 mm and folded 530 x 660 x 760 mm.
The functional model of the self-propelled tricycle in aggregate with agricultural equipment was tested in the
perimeter of the POLITEHNICA University in Bucharest (Fig. 13)

:
Fig. 13. The tricycle on the road (field)
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ABSTRACT
The supremacy of medicinal products obtained by large chemical companies, have pushed into oblivion
miraculous plants, used for hundreds of years in natural treatments with miraculous effects in the treatment of
various diseases, treatments less expensive but very effective.
This paper describes how to obtain and prepare a product made by me and which aims to study the
benefits of the plant studied Armoracia rusticana, (known as horseshoe) and refers to obtaining a cream
recommended for the treatment of rheumatic diseases, affecting joints, muscles and tendons. To obtain this
cream we used horseradish roots harvested from our own garden in combination with food alcohol, bird fat,
chilly and stretch foil. In order to obtain the 100% natural product, it was intended that all the products used
should be natural, known to relieve rheumatic and muscular pain.
REZUMAT
Supremaţia medicamentelor obținute pe cale chimică de mari firme producătoare, au împins în uitare
plante de-a dreptul miraculoase, folosite de sute de ani în tratamente naturiste cu efecte miraculoase în tratarea
diferitelor boli, tratamente mai puțin costisitoare dar foarte eficace.
Prezenta lucrare descrie modul de obțínere și preparare a unui produs realizat de mine și care are
drept scop studierea beneficiilor aduse de planta luată în studiu Armoracia rusticana,(cunoscută sub numele de
hrean) și se referă la obținerea unei creme recomandată pentru tratarea afecțiunilor reumatismale, ce
afectează articulațiile, mușchii și tendoanele. Pentru obținerea acestei creme s-au folosit rădăcini de hrean
recoltate din grădina proprie în combinație cu alcool alimentar, grăsime de pasăre, ardei iute și folie de stretch.
Pentru obținerea produsului natural 100 %, s-a urmărit ca toate produsele folosite să fie naturale, cunoscute cu
rol de calmare a durerilor reumatismale și musculare.

INTRODUCTION
Armoracia rusticana, (known as horseradish) is well known for its irritating, spicy and bitter taste. Herring
is cultivated and widely used in the food industry as well as in traditional medicine. Characteristic odor, taste
and possible pharmacological effects come from the essential oil of the plant. Because nature has always been
with humans to help, and many of its beneficial resources have remained or are still unknown, and most of the
times have been forgotten or less popularized by those who know them, they have made some plants, fruits or
vegetables that are true remedies for human health to remain in the shade (Pandia O., 2013; 2014; 2019).
The current context of research in the field of pharmacy is experiencing a reorientation towards natural
medicine and implicitly towards plant products with special properties. The volume of scientific information in the
field of phytopharmacy has doubled in the last decade, concurrently with the improvement of the methods of
analysis and of the apparatus necessary for such determinations of the active principles in plants
(https://agroteca.ro/horseradish). This ultra-fast development of the investigation methods is supported by
intense researches that seek new resources not yet investigated (Dobre L., 2010).
Although traditional medicine makes full use of the therapeutic potential of indigenous plants that are
extremely widespread in the flora of our country, they are very little used therapeutically at the industrial
pharmaceutical level. These species, if proven to be rich in secondary metabolites and are widespread in
indigenous flora, may constitute cheap alternative resources.
The proposed species, Armoracia rusticana is an extremely popular plant in the territory of our country,
556

INTERNATIONAL SYMPOSIUM

on which the studies are extremely limited, being known as horseshoe. However, it is known in ethno medicine
that it has a stimulating effect on the digestive system, it accelerates the intestinal transit through the laxative or
purgative effect, on the outer airways it acts as decongestant and expectorant and is a good cardiac tonic, it
treats gout and rheumatism with positive effects on chronic bronchitis (Canari D., 2016).
Substances contained in horseradish are anticoagulants, help regulate blood pressure, stimulate
circulation in peripheral areas and increase the elasticity of blood vessels. The horseradish root, contains a lot
of vitamin C, is beneficial to the circulatory and immune system, vitamins from complex B, is very rich in mineral
salts: calcium, magnesium, sodium, potassium, iron, natural antibiotics, organic acids, contains volatile oil and
glycosides sulfurates, which give rise to a substance called odorant which gives it irritating properties. The
horseradish root also plays an ant parasitic, vermifugal and diuretic role (https://www.stylecraze.com). An
argument that was the basis for choosing this theme was its spread on the territory of our country and the
accessibility of this extremely high plant.
Internationally, horseradish has been mentioned in ancient writings by Dioscorides and Plinius. The
herring was described in detail in the work of the medieval period, English herbal, by John Gerard (Kara R., et
al., 2014). The introduction and commercial cultivation of horseradish in the United States in the nineteenth
century has aroused the interest of American researchers.
At the beginning of the twentieth century, a great contribution was made by Robinson and Fernald by
studying horseradish varieties (Yu J., 2010). Most studies on horseradish have taken place after the Second
World War. In Europe, Moravec had a great contribution to the research of horseradish culture by inventing a
hybrid variety of horseradish adapted to the central-European climatic conditions, but also researching the
methods of plant propagation (Munteanu N., et al., 2003). Current research on horseradish culture, in particular
on its diseases, is being carried out by Babadoost, Uchanski, Bratsch and Shehata (Yu J., 2010).

MATERIAL AND METHOD
In order to obtain the 100% natural product, it was intended that all the products used should be natural,
known to relieve rheumatic and muscular pain. The preparation of the product was carried out in the faculty
laboratory on a number of three respondents who were our colleagues.
Thus, to obtain 500 grams of finished product, the following were used:
- horseradish roots 800 grams;
- 200 grams of poultry butter which has been melted and left cold for coagulation;
- food alcohol known as ethyl alcohol of agricultural origin min. 96[%] vol;
- red pepper 100 grams;
- stretch foil.
Method of preparation
Fresh main and lateral roots of horseradish were harvested and kept at 4oC for determinations.
Because the roots are fibrous and cut hard they were cut and ground to be made as a paste, before mixing,
using a commercial electric mixer for 5 minutes.
- preparing the horseradish root for the preparation of the composition;
- chopping red hot pepper;
- the mixture of the two products obtained
- add food alcohol until it passes over the composition;
- the mixture is made with the poultry lard and homogenized;

Fig.1. Preparation of horseradish root for
preparing the composition

Fig. 2. Red chili peppers
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Fig. 3. Making the mixture of horseradish and chili

Fig. 4. Addition of ethyl alcohol

Due to the characteristic odor and tear effect of horseradish and pepper, the obtained composition was
transferred to a glass bowl over which the ethyl alcohol was added until it was covered and hermetically sealed
and stored in a cool place without much light. For 14 days as it was left to macerate, the composition was mixed
twice in two days and finally the content was filtered over which the poultry lime was poured. A slightly soluble
homogeneous cream was obtained and stored in glass or plastic capsules.

a.
b.
c.
Fig. 5. a. completion of the preparation for maceration; b. filtration of the product resulting from maceration. c.
cream preparation

The cream obtained is applied to the painful place and then wrapped with stretch foil and covered with a
blanket to allow the warm temperature to flow slowly to the sick place. The time is 20-60 minutes and varies
from person to person depending on how much it can withstand the irritating action and the cold sensation of
the horseradish composition, which doubles the beneficial effect desired by the properties it has.

RESULTS
Experimentation
The experiments were performed on our three colleagues aged 22-24 years of different sex, who had
rheumatic pain and after applying the product we obtained in the laboratory the results were very good.

a.
b.
c.
d.
Fig. 6. Application of cream on the knee: a. the appearance of the knee before application; b. covering the painful
part with the product we have obtained; c. wrapping the knee with stretch foil; d. the result obtained after the
removal of our product.
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a.
b.
Fig.7. Application of cream on the lumbar area.
a. the appearance of the lumbar before application; b. the result obtained after the removal of our product

From the resulting composition can be used at least 30 times depending on the place administered and
the area administered where positive results were obtained after testing this cream on our colleagues who had
symptoms of cold and agreed to test our cream them. After 4 applications our colleagues declared themselves
satisfied with the result and were not obliged to buy drugs or other solutions in the form of rubbing. A skin test is
performed before application. Apply a thin layer on the smallest surface of the forearm and leave for 10 minutes.
If the body supports the composition, then it can be applied on painful areas.
Contraindications
Its application is not recommended in pregnant women, epileptics, those with diabetes, cancer or
diseases with hemorrhagic syndrome.
CONCLUSIONS
This preparation has a relatively low cost, but with the role of immediate relief of muscle aches and for a
longer period of about 4-5 days, it can even cure.
Following these meetings, the three respondents are satisfied with the very good results obtained. The
technical problem that solves the creation of this 100% natural product is that after the tests it proves that it is
efficient, without contraindications, easy to administer, it can be prepared in the house and can be used for a
longer period of time.
Also important is the storage mode, ie at low temperatures and without light sources.
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ABSTRACT
În prezenta lucrare, voi căuta să fac o cercetare legată în primul rând de originea plantelor de unde au
fost recoltate, iar în acest caz voi lua un lot de plante dintr-o cultură dirijată şi unul dintr-o zonă spontană, având
grijă de momentul recoltării plantelor, de temperatură, de sol, de climă. Pentru realizarea acestui obiectiv am
început prin a efectua analizele de sol din perimetrul în care am stabilit zona de studio și cercetare. Au fost
recoltate patru probe medii de sol care au fost analizate în cadrul laboratorului OSPA Olt. Studierea acestor
factori nu pot decât să facă o diferențiere în obținerea rezultatelor care vor fi influențate de calitatea și cantitatea
substanței active existente în diferite părți morfologice ale plantei în momentul recoltării care sunt influențate de
compoziția chimică și granulometrică a solului.
SUMMARY
In this paper, I will seek to do a research related primarily to the origin of the plants from which they
were harvested, and in this case I will take a lot of plants from a managed crop and one from a spontaneous
area, taking care of the moment plant harvesting, temperature, soil, climate. In order to achieve this objective
we started by carrying out soil analyzes from the perimeter where we established the study and research area.
Four average soil samples were collected and analyzed in the OSPA Olt laboratory. The study of these factors
can only make a differentiation in obtaining the results that will be influenced by the quality and quantity of the
active substance existing in different morphological parts of the plant at the time of harvest which are influenced
by the chemical and granulometric composition of the soil.
INTRODUCTION
Horseradish is native to western Asia and southeastern Europe and has been used for centuries
throughout Europe as a medicinal plant with many health benefits. In our country, horseradish is cultivated in all
regions, on small areas. The benefits of horseradish are manifold and therefore, it is desired to extend the
cultivated area, to ensure an appropriate propagation material. Many plants are studied and accepted in herbal
medicine due to the beneficial properties on the fields they have for the treatment or improvement of some
diseases (Pandia O., et al., 2013; Pandia O., 2013; Bruce J. A., 2011).
Horseradish is associated with diverse traditions and uses, both as medicinal plants and as spices for
food (Agneta et al., 2013; Wedelsbäck Bladh & Olsson, 2011; Courter & Rhodes, 1969).
The antimicrobial and antioxidant effects of horseradish are also used by the cosmetic industry as
curing and bleaching agents (Agneta R., et al., 2012). Herring is one of the plants of high interest for anticancer
substances (Weil et al., 2005).
Currently used in various industrial processes, such as the production of horseradish peroxidase and
the production of isothiocyanate products for different uses, horseradish is cultivated for its thick, fleshy and
white roots, which have a delicate intensity and a delicate leaf, which are commonly used for salad mixed with
other vegetables.
Traditions of using herring for medicinal purposes are still being applied in many countries. Herring is a
rich source of bioactive compounds, such as glucosinolates (GLS) and their degradation products. Sinigrine is
the dominant glucosinolate in leaves and roots (Bones Atl., M., and John T., R., 2006).
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Recent studies have shown that crude plant extracts have a naturally occurring complex GLS profile,
especially with respect to buds. The growing interest in these secondary metabolites, combined with the long
and widespread tradition of using horseradish in food preservation and as a condiment in many parts of the
world, generates new applications of this plant in several agro-industrial and pharmaceutical sectors and
encourages the use of its roots and leaves in functional nutrition and medicines for human health.
The horseradish root, contains a lot of vitamin C, is beneficial to the circulatory and immune system,
vitamins from complex B, is very rich in mineral salts: calcium, magnesium, sodium, potassium, iron, natural
antibiotics, organic acids, contains volatile oil and glycosides sulfurates, which give rise to a substance called odorant
which gives it irritating properties. The horseradish root also has an anti-parasitic, vermifugal and diuretic role.
In the composition of horseradish there is also the essential oil, oil that is rich in sulfur compounds.
Horseradish has a stimulating effect on the digestive system, accelerates intestinal transit through the laxative
or purgative effect, on the outer airways acts as a decongestant and expectorant and is a good cardiac tonic.
Substances contained in horseradish are anticoagulants, help regulate blood pressure, stimulate circulation in
peripheral areas and increase blood vessel elasticity (Agneta et al., 2013). Usually, horseradish extracts are
stored in the form of energizer, tincture, horseradish vinegar, flour, macerated, syrup or tonic wine.
MATERIAL AND METHOD
Laboratory analyzes for soil samples were performed according to national norms and standards (ICPA
Bucharest, 1987). The soil samples were collected from the own farm in the commune of Grădinari, Olt county.
After drying and soaking, soil samples were subjected to the following analyzes and determinations:
pH in distilled water, soil / solution ratio 1: 2,5;
Humus-Walkley method - Black, in the modification of Donuts;
Mobile phosphorus-in ammonium lactate acetate - Egner-Riehm-Domingo method;
Mobile potassium - in ammonium lactate acetate - Egner-Riehm-Domingo method;
V% - by calculation;
Granulometric analysis.

RESULTS
Sample no. 1 (0-10 cm)
The soil reaction (pH) is weakly alkaline (7.81), representing a not very good reaction for the growth and
development of most vegetable plants. pH higher than 7.5 is not desired as insolubation of certain nutrients,
primarily phosphorus, begins.
The humus content has a value of 3.68% which is a medium content, so the supply is medium to
good.The nitrogen assurance expressed by the nitrogen index (IN) calculated according to the humus content
and the saturation stable with bases (V%) is medium to good, the IN value being 3.68%.
The phosphorus content (P ppm) is 108 ppm, which is a very high content of mobile phosphorus, so the
supply is very good.The potassium content (K ppm) is 638 ppm, which is a very high content of mobile
potassium, so the supply is very good.
Table 1
Chemical analysis for soil samples collected from the area cultivated with horseradish (Armoracia rusticana)
Humus
Mobile phosphorus Potassium mobile
Probe
Soil reaction [pH]
Total nitrogen [%]
[%]
[ppm]
[ppm]
depth
[cm]
Val. Interpretation Val. Interpretation Val. Interpretation Val. Interpretation Val. Interpretation
0-10
7,83 Low alkaline 3,72
Middle
0,194
Middle
110
Very big
640
Very big
10-20 8,10 Low alkaline 2,76
Middle
0,156
Middle
138
Very big
640
Very big
20-30 7,77 Low alkaline 2,84
Middle
0,164
Middle
156
Very big
640
Very big
30-40 7,74 Low alkaline 2,88
Middle
0,170
Middle
168
Very big
640
Very big

Analize chimice pentru probele de sol recoltate din zona cultivată cu hrean (Armoracia rusticana)
Probe depth
I.N.
Degree of saturation in bases (V%)
(cm)
Val.
Interpretation
Val.
Interpretation
0-10
3,72
Middle
100
Saturated in bases
10-20
2,76
Middle
100
Saturated in bases
20-30
2,84
Middle
100
Saturated in bases
30-40
2,88
Middle
100
Saturated in bases
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Fig.1. Aspects during sample collection

Sample no. 2 (10-20cm)
The soil reaction (pH) is weakly alkaline (8.06), representing a not very good reaction for the growth and
development of most vegetable plants.
pH higher than 7.5 is not desired as insolubation of certain nutrients, primarily phosphorus, begins.
To lower the pH value we recommend the use of nitrogen fertilizers with physiological acid-ammonium
sulfate reaction, ammonium nitrate, potassium nitrate, calcium nitrate. It will also irrigate the crops with unsalted
water (without salts), hence the recommendation to determine the pH of the water we use to irrigate. The humus
content has a value of 2.72%, which is a medium content, so the supply is medium. The nitrogen insurance
expressed by the nitrogen index (IN) calculated according to the humus content and the degree of saturation
with bases (V%) is medium, the IN value being 2.70%.
The phosphorus content (P ppm) is 136 ppm, which is a high content of mobile phosphorus, so the
supply is good. The potassium content (K ppm) is 638 ppm, which is a very high content of mobile potassium,
so the supply is very good.
Table 3

Sample
no.
1
2
3
4

Particle size analysis for soil samples collected from the area
Cultivated with horseradish (Armoracia rusticana)
Sample depth Coarse sand Fine sand Total dust Clay ˂0,002 Physical clay
Texture
(cm)
(%)
(%)
(%)
mm (%)
(%)
0-10
9,7
45,1
18,8
26,4
33,2
LL=Medium Clay
10-20
10,2
43,4
17,8
28,6
35,8
LL=Medium Clay
20-30
11,1
43,3
15,2
30,4
36,0
LL=Medium Clay
TT= Medium clay
30-40
10,4
41,4
15,0
33,2
40,0
loam

Sample no. 3 (20-30 cm)
The soil reaction (pH) is weakly alkaline (7.75), representing a not very good reaction for the growth and
development of most vegetable plants.
pH higher than 7.5 is not desired as insolubation of certain nutrients, primarily phosphorus, begins.
The humus content has a value of 2.82%, which is a medium content, so the supply is medium. The
nitrogen assurance expressed by the nitrogen index (IN) calculated according to the humus content and the
degree of saturation with bases (V%) is medium, the IN value being 2.82%.
The phosphorus content (P ppm) has a value of 154 ppm, which is a very high content of mobile
phosphorus, so the supply is very good. The potassium content (K ppm) is 638 ppm, which is a very high
potassium content, so the supply is very good.
Sample no. 4 (30-40cm)
The reaction of the soil (pH) is weak alkaline (7.72), representing a not very good reaction for the growth
and development of most vegetable plants.
pH higher than 7.5 is not desired as insolubation of certain nutrients, primarily phosphorus, begins.
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The humus content has a value of 2.86%, which is a medium content, so the supply is medium. The
nitrogen assurance expressed by the nitrogen index (IN) calculated according to the humus content and the
degree of saturation with bases (V%) is medium, the IN value being 2.86%.
The phosphorus content (ppm) has a value of 166 ppm, which is a very high content of mobile
phosphorus, so the supply is very good. The potassium content (Kppm) has a value of 638 ppm, which is a very
high content of mobile potassium, so the supply is very good.
CONCLUSIONS
Herring (Armoracia rusticana) is a rustic plant with low claims to vegetation factors. Cold-resistant,
withstands temperatures of -200 C and even -300 C, wintering in the field in good conditions. With the deep root
system, horseradish can be supplied with water from greater depths, but the lack of moisture in the soil
determines the branching of the roots that lignify, are no longer succulent, have a reduced value.
The horseshoe vegetates well and gives high quality production on medium, deep, humus-rich soils,
fertilized with manure, with a pH between 6.5 and 7.5. The choice of land for horseradish cultivation will aim to
avoid soils that are too light, too compact, acidic and with groundwater close to the surface.
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ABSTRACT
The current trends reflect a stage of agriculture that is increasingly concerned with the most rational,
sustainable but at the same time productive use of soil, which is why, on an international level, conservative
agriculture is an alternative for many crops beeing more suitable to answer all these requirements.
The purpose of this study was to analyze current technology methods applied in tomato crop, both in
conventional practice, widely used and in new conservative practice that answer to the new requirements for
sustainable agriculture. The success of the new proven practices in the specialized works results in a positive
impact in terms of soil characteristics, but this method is exposed to high economic pressure.
REZUMAT
Cercetările actuale reflectă un stadiu al agriculturii din ce în ce mai preocupat de o folosire cât mai
rațională, durabilă, dar în același timp la fel de productivă a solului, motiv pentru care la nivel internațional
agricultura conservativă reprezintă o variantă tot mai potrivită pentru a răspunde tuturor cerințelor.
Scopul acestui studiu a fost de a analiza metodele tehnologice actuale aplicate în cultura de tomate,
atât în practica convențională, utilizată pe scară largă, cât și a noilor practici conservative care răspund
cerințelor pentru o agricultură durabilă. Succesul noilor practici dovedite în lucrările de specialitate are un impact
pozitiv în ceea ce privește caracteristicile solului, însă această metodă este expusă presiunii economice
ridicate.

INTRODUCTION
All over the world, tomato, one of the most popular and widely grown vegetable in world, has been the
subject of numerous studies on production technology (Singh, 2010, Murthy, 2018, Sekhon, 2018), constraints
as faced by the tomato growers in use of improved tomato production technology (Jat et al., 2010, Pervaiz et al.,
2018), unit production cost and labor force productivity of tomato (Keskin et al., 2010). Tomato production
guideline (2014) is also available on-line. Conventional agriculture is widespread in Romania, and it is
nowadays unanimously accepted that this type of agriculture can affect the environment, especially if the
different components of the agricultural technological system are applied without taking into account local
variations: climate, soil, relief, social conditions and economic factors that cause the level of vulnerability or
susceptibility to the various processes of chemical, biological, physical environmental degradation.
In Romania, conservation agriculture applies to approx. 10% of the arable land and includes a range of
complementary agricultural practices (Rusu et al., 2009; Stanila et al., 2012; Sandoiu et al., 2012), through a
system with few or without mechanical treatment of soil, fauna and organic matter in the soil; permanent soil
cover (covered crops, residues and mulch) to protect the soil and to help remove and control weeds; different
crop combinations and rotations that stimulate soil microorganisms and control pests, weeds, and plant
diseases.
Soil conservation systems must be implemented in the vegetable production in order to satisfy their
requirements (quality and production). The concept of working soil with minimum of mechanical, has emerged
as a viable and sustainable alternative to traditional crop production systems that have led to soil degradation
(Derpsch, 2008). Also, conservation agriculture aims to prevent soil erosion and compaction, as well as saving
labor and energy costs (Koepke, 2003).
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MATERIAL AND METHOD
In specialized studies realized for tomato crop, in which conservative or conventional systems were
applied, a number of advantages and disadvantages were found for both methods, the ultimate purpose being
to identify the method best suited to both the requirements, field and economic.
The research focused, for both methodes, on the direct impact of all elements applied in tomato
technology on soil culture: moisture, pH, availability of nutrients, organic material, weed infestation, soil structure
and texture, as well as the influence on soil microbiota. New measures have also been integrated, combining
both the principles of the conventional and the conservative methods, thus trying to redesign the tomato crop
technology, technology that responds to all the yield and sustainability parameters.

RESULTS AND DISCUSSIONS
Traditional tomato processing uses intensive conventional farming practices together with herbicides to
maintain a weed-free environment for at least 5 to 7 weeks after transplantation, achieving in this way maximum
yield potential. These cultural practices in tomatoes grown in the field may include the plowing, multiple disc or
cultivator passes, all for ensuring optimal transplant conditions.This technique provides an ideal environment for
tomato planting and and also for maximizing yield.
Under standard production technology, land can be crossed more than 20 times, resulting an increase of
soil compaction, destruction of its structure, exposure to surface erosion, and also the stimulation of weed
growth, all having a final impact on productivity (Zimdahl, 1993; Johnson 1998). However, due to this method of
soil preparation there are problems with the soil structure, exposing it to a strong potential for erosion, especially
on sandy soils.
Soil compaction due to mechanical working is one of the major problems of the conventional system,
which results in large crop losses at harvest time (Gebhardt et al., 1985). Tomato cultivation potential can be
reduced if soil works are not monitored in terms of impact or even better, minimized. The existence of a soil
management system that minimizes both crop traffic and works of any nature must be necessary to maintain the
high potential of the soil.
Setting up the vegetable crops in spring implies seed bed preparation, fertilization, opening the gutters,
working the field and sowing. These actions cause energetic consumption and soil compaction by many passes
with machines for every work. These were the reasons for building at VRDS Buzau (Vegetable Research and
Development Station Buzau) an experimental pattern of an complex aggregate which executes in a single pass
the preparation of the seed bed, opening the gutters, soil working, starter fertilization and vegetable crops
sowing in the spring time, ploughing in the autumn, reducing, in the same time, energetic consumption and
preserving the soil structure. Fuel consumption represents 54% of machines total consumption which compete
to execute the same work, the aggregates productivity being 113%.
Conservative agriculture aims to increase agricultural production by optimizing the use of agricultural
resources and by helping to reduce widespread land degradation through integrated management of available
soil, water, and biological resources combined with external raw materials. The mechanized work is replaced by
soil biological mixing, soil microorganisms, roots and soil fauna taking on the function of balancing nutrients in
the soil.
For tomato production, according to the preservation treatments, in order to be accepted by the industry,
the yields should not differ from those obtained under conventional practices. With low soil cultivation systems,
soil moisture is preserved, therefore there will be less intra-specific competition for essential nutrients and water.
The humidity that is preserved in the minimum work system is advantageous for the root system. Excessive
processing of soils with sandy texture do not improve their functions, on the contrary, causing an increase in the
rate of water loss in the soil, resulting in a decrease in humidity at the level.
The frequency of crust occurrence is greatly reduced in the preserved system, thus increasing the water
infiltration capacity, which allows a greater accumulation of water from precipitations (Gebhardt et al.,
1985).Usually in soil conservation systems, water is preserved compared to conventional practices.
Organic material, pH and availability of nutrients (nitrogen) in plants are the most important factors that
influence crop growth. The surface of nutrients that are easily available for plant absorption depends on soil and
climate conditions (Battison et al., 1984).
NaNagara et al. (1976) found that nutrients (like calcium) have a better absorption through root systems
of plants established in no-till. However, in the case of poorly drained soils, water management and nutrient
cycle is reduced and may lead to a reduction in yield.
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In the preservation system, compared to the traditional one, distinct layers of nutrients can be observed.
From the point of view of their effectiveness, in the fields worked with conservative technology, higher soil
concentrations of nutrients are found in higher soil layers. Such nutrients as phosphorus and potassium,
including organic matter, tend to be found near soil surface where they can be distributed more easily (Gebhardt
et al., 1985). One incovenient with this conservative system is that after two to three years of conservation work,
there is a greater probability of obtaining more perennial weeds that are adapted to areas with reduced soil
disorders (Gebhardt et al., 1985). It is necessary for the herbicides to be evaluated in soil conservation systems
to determine if additional stress of tomato plants is observed compared to conventional practices. Conservation
of weeds can be a problem if good crop management practices are not used. If soil cultivation practices are
conventionally changed, there is a greater distribution of weed seeds in the upper soil layer (Buhler et al., 1997).
Clernents et al. (1996) showed that the weed seed concentration found in the first 5 cm of the soil profile in a
no-till system was 74% compared to 37%. An increase in disease caused by soil (fungi and bacteria) was
anticipated in the conservative system, but this was not observed (Gebhardt et al., 1985). This is primarily due
to precautions that have been taken, such as the use of disease-resistant cultivars, timely fungicide
applications, crop rotation, etc.
Increased numbers of insects and diseases can cause problems if they are not controlled in this
conservative system (Gebhardt et al., 1985; McKeown et al., 1988). Producers have traditionally used good
crop management tools, including high quality seeds, fungicides, resistant cultivation, and herbicides that could
help compensate for these high populations (Gebhardt et al., 1985). Research data from the literature suggests
that soil microorganisms responsible for some of its attributes are spread especially in superficial layers. Also,
with regard to the vertical spread of microorganisms, it is found that in general the number of microorganisms
decreases with depth, sometimes sterile layers can be encountered between populated layers with
microorganisms. Thus, it can be assumed that the continuous decrease of the microbiological activity in the
lower horizons of the soil would be due either to the lack of air or the alkalinity of the soil solution or to the
insufficiency of nutrients or, rather, to the complex and concurrent action of all these factors. The loss of energy
that may be located at the surface of the soil is reduced by keeping the remained vegetal at the soil surface, soil
temperature being lower in conservative technology (Blevins et al., 1971; Gebhradt et al., 1985). While moisture
is better preserved at soil level (less evaporation), the heat is transferred in more depth and not near the seed
area (Gebhardt et al., 1985). When the humidity level is high, more and more energy (heat) is required to raise
the temperature per unit area.
Soil temperature is usually lower by 3-4 °C for conservative technology, thus reducing the negative
impact of temperature fluctuations from day to night (Griffith et al., 1986). The optimal root growth temperature
for most crops ranges between 25-35 ° C (Griffith et al., 1986). High temperature fluctuations may be in the
detriment of starting in vegetation, especially in cold and wet springs, the final consequences of which are
reflected tardivity and the reduction in marketable production. Reserves on the conservative system also include
a ripening delay due to lower temperatures and high humidity due to the presence of the soil mulch that can
inhibit root system development for crops started with seedlings (Hoyt et al., 1994).
CONCLUSIONS
Conservative agriculture aims to achieve a sustainable and profitable agriculture by applying three basic
principles: minimal soil degradation, soil mulching and crop rotation. Conservative agriculture has an
extraordinary potential for all farms and agro-ecological systems of all sizes, but its adoption is probably the
most needed small-scale farmers, especially those who face an acute lack of labor. It is a way to get profitable
agricultural production and to find effective solutions to environmental concerns.
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ABSTRACT
One of the ecological methods of agricultural crops protection through organic soil management
procedures consists of the application of entomopathogenic bioproducts for control soil pests which are
economically important and which, through the specific mode of damage, make it very difficult to successfully
apply other control methods. In the paper are reviewed results of some experiments conducted at RDIPP
Bucharest and INMA Bucharest, which aimed to develop technologies for the production and application of
entomopathogenic bioinoculants usable for the crops protection, as well as to increase fertility and biological
activity of soils.
REZUMAT
Una dintre metodele ecologice de protecție a culturilor agricole prin procedee de management organic
al solului constă în aplicarea de biopreparate entomopatogene pentru combaterea unor dăunatori de sol de
importanță economică majoră care, prin modul specific de daunare fac foarte dificilă aplicarea cu succes a
măsurilor de combatere. În lucrare sunt prezentate rezultatele unor experimente desfăsurate la ICDPP
București si la INMA București, care au vizat realizarea tehnologiilor de producere și aplicare a bioinoculanților
entomopatogeni utilizabili pentru protecția plantelor, precum și pentru sporirea fertilităţii şi activităţii biologice a
solurilor.
INTRODUCTION
Soil is an environment favorable for the application of biological means to control pest insects; attempts
to use entomopathogens as biological control agents of insects that live underground have not always been
successfully, since the survival of microorganisms is dependent on their ability to adapt and to their potential to
multiply and colonize an extremely complex and competitive environment. In the last decade, more-selective
and less-polluting products tend to be used in modern agriculture and farmers have been minimized the use of
insecticide to manage the pest population (Siegwart et al., 2015); the application of soil bioinoculants based on
beneficial microorganisms has started to be considered a feasible and effective alternative for pest control in
order to improve plant health (Adesemoye et al., 2008, Mazid et al., 2011, Richardson et al., 2009). Individual
strains or consortia of agrobeneficial microorganisms are used to create bio-inoculants for a range of soil type
and cropping systems (Ahmad et al., 2013). Now an increasing number of inoculants is commercialized for
various crops, resulting in reduce usage of chemical fertilizers and pesticides (Berg, 2009). Suppressive soils
may be an alternative to replacement of rootstock and fumigation, reducing farmer expenditures.
MATERIAL AND METHOD
The methods used to formulate agrobeneficial microorganisms as bioinoculants have been the subject
of national and international patents, as follows:
o Method and apparatus for producing organic fertiliser with the use of nitrogen fixing Bacillus (US
5071462/1991)
o Biological inoculant effective against Aphanomyces (US 5244658/1993)
o Produit d'addition biologique pour fertilisants organomineraux (WIPO WO2001032587/2001), Plant
growing media (US 6645267/2003)
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Soil conditioner and slow release bio-pesticidal and fertilizer composition (US 6596324/2003), Biological
addition to organic-mineral fertilizers (US 6939688B1/2005)
o Mycoatractants and mycopesticides (US 7122176 B2/2006)
o Procedure for obtaining bio agro-inoculants with dormant-state bacteria (RO 123144 B1/2009).
o Microbiological enriched organic fertilizers to prevent phylloxera infestation of vineyards (Andrei et al.,
2014).
In Romania, the biological material used at RDIPP Bucharest for experimentally obtaining of granular
soil bioinoculants was represented by entomopathogenic fungal strains isolated from natural epizootic
outbreaks. Considering that the biological cycle of the entomopathogenic fungi have two phases, namely the
vegetative mycelial phase and the reproductive phase, the multiplication of the monosporal fungal isolates in
order to obtain the inoculant fungal biomass was done in two stages: (i) obtaining the vegetative mycelium (the
fungicidal inoculum), starting from pure microbiological colonies on agarized medium and then transferred to
liquid culture medium based on glucose, maize extract and salts; (ii) obtaining the fungal spores (conidia) on
natural substrate (barley, corn) distributed in autoclavable plastic bags inoculated with 1.6% liquid fungal
inoculum; the inoculated substrate was then incubated under stationary conditions at 250 C for 28 days until
complete sporulation. The active substance content of the biomass obtained at the end of the cultivation period
was min. 6x1010 conidia/g.
The natural substrate represented by barley, respectivelly maiz covered with sporulated fungal
mycelium (fig. 1) was the final formulation in the case of bioinoculants for soil treatments of crops. The
assessment of insecticide and epizootic potential was done in field conditions, in potato, tomato, and forest
cultures.
o

Fig. 1- Natural substrate represented by barley (left) , respectivelly maiz (right) covered with Beauveria bassiana
sporulated mycelium

Assuming that the use of organic fertilizers and biological control agents make to increase the soil's
repressive effect against the development of grape phylloxera and other pests in the vineyard, it was conducted
laboratory experiments, in order to assess the effect of farm manure and compost on biological parameters of
some Beauveria strains belonging to the entomopathogenic microorganisms collection (RDIPP, Bucharest) and
selected for obtaining entomopathogenic bioinoculants usable for the crops protection, as well as to increase
fertility and biological activity of soils.
Barkley kernels colonised by fungal strains was incorporated in soil fertilizers; after a six months
incubation period at 240 C, the fungal strains were re-isolated from test fertilizers and it was quantified the following
biological parameters of single-conidium isolates: vegetative growth, conidiogenesis, viability and virulence. To test
the virulence, aqueous spray of conidia were applied on Plodia interpunctella larva, used as test insect. Beauveria
strains colonized organic substrates, the saprophytic development was abundant, the vegetative multiplication and
the sporulation were not inhibited in any of the experimental variants. The average size of fungal colonies and their
daily average growth rates were close to the control variants. Estimated conidia viability showed a mean percent
germination up to 91%. The conidia was high virulent, it was registered 89-93% P. interpunctella mortality. In order
to analyze the repressive activity of the microbiologically enriched organic fertilizers, it was proceeded according to
the method of grapevine micropropagation described by Boubals (1987), as follows: since June the plants have
been contaminated 5 times (in June 2 times, in July 2 times and in August once), with 2-3 leaves of vines having
numerous young gals, filled with phylloxera. Proceeding in this way, each plant was infested with about 20,000 (10
gales per leaf x 200 eggs x 2 leaves x 5 contamination) eggs or insects, capable of attacking roots.
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RESULTS
Meaningful results relate to the development of biological fertilizers
bacterial or fungal microorganisms as microbial inoculant or soil inoculum;
properties, help the soil achieve a healthy state of equilibrium improve the soil
structure in a positive way, increasing fertility, removing toxins, add

of agricultural interest using
they increase soil biological
by aerating, changing the soil
organic matter to the soil

(http://www.microlifefertilizer.com/academy/bio-stimulants-bio-inoculants/); they have a direct effect on plants,
stimulating their growth, promoting the healthy development of the root system, improving resistance to stress,
thereby increasing the capacity of defense against insects and diseases.
A method for obtaining organic fertilizer for olive, potato and vines crops, consisting of biological processing
of liquid wastes derived from processing of olives, used as substrate for cultivation of nitrogen-fixing bacteria
(Azotobacter vinelandii) was described in Greece (Ehaliotis et al., 1999). The process of obtaining a biological
fertilizer based on lipolytic bacteria (Brevibacillus borstelensis) was described in Taiwan (Shu-Hsien, 2007). There is
a study aims to assess the effect of entomopathogens application on the composting process of rice straw with goat
manure and green waste and to evaluate the quality of both compost treatments (Mohd et al., 2013). A procedure
for microbiological enrichment of fertilizers (Rice Straw Composting) by inoculation of actinomycetes of the genus
Micromonospora, Streptomyces and Nocardiodes was described in Egypt. There are also presented results on the
role of some mixtures of fertilizer products with biological control agents (Bacillus thuringiensis, Beauveria bassiana)
in protecting onion crop against pest attack. Efficacy results of some mixtures of fertilizers (compost banana,
livestock`s manure, poultry wastes, urea and ammonium nitrate), entomopathogenic microorganisms (B.
thuringiensis, B.bassiana, Metarhizium anisopliae, and Margosan-O, an insecticide formulated from extracts of
neem tree, Azadirachta indica, for control Phthorimaea operculella population infesting different fertilized potato
cultivation, were published in Pakistan (Sabbour, 2006). Sabbour and Abbass (2006) have presented the results of
a study on the role of some bioagent mixed with some fertilizers for the control onion pests.
Dinu et al. (2012) have presented an optimized technology aiming the mycrocyclic character of Beauveria
sp. strains conidiogenesis, which provides large amounts of fungal infective propagules and whichy is intended to
obtain entomopathogenic inoculants for granular soil treatments - method considered to be the most reasonable
application strategy, though it is only suitable if the target insect has a susceptible soil phase (Skinner et al., 2014).
Isolates of B.bassiana, Paecilomyces lilacinus and Isaria fumosorosea was also formulated in granulated baits with
a citric pulp base (Nagamoto, 2012). In 2018, at the ESA, ESC and ESBC Joint Annual Meeting Crossing Borders:
Entomology in a Changing World it was published a study aiming to evaluat the potential of Brazilian
entomopathogenic strains of M. robertsii and B. bassiana as inoculants of beans for plant growth promotion, for
suppression of Tetranychus urticae population growth and behavior of predatory mite (Canassa et al., 2018). The
interest in the application of soil inoculants made it necessary to develop methods for detecting them and to
evaluate their impact on microbial communities (Trabelsi and Mhamdi, 2013; Hong et al., 2017). In Poland, a culture
independent method based on qPCR was developed for detecting and quantification two different species of
bioinoculants in soil (Beauveria bassiana and B. brongniartii) after their in-field release (Canfora et al., 2016).
Studies on the Beauveria bassiana presence in soil and air, after application of granulated bioinoculants in
solanaceous crops are presented by Dinu et al. (2016). In Romania, RDIPP Bucharest was funded through
research projects to develop technologies for obtaining and applying soil entomopathogenic inoculants, by the
Ministry of Research and Innovation and by RNP-ROMSILVA, the Romanian state-owened enterprise responsible
for dealing with the protection, preservation and development of publicly owned forests of the Romanian state. In
the Useful Organisms from RDIPP it was obtained the following experimental bioinoculants of phytosanitary interest:
(i)
microbiologically enriched organic fertilizers based on native strains of B. bassiana and B. brongniartii
(Fig. 2), which have been applied experimentally by the Research and Development Institute for Viticulture and
Wine Making Valea Calugareasca on Vitis vinifera varieties with different resistance to Dactylosphaera vitifoliae,
using one-year string cuttings to prevent infestation of vineyards with grape phylloxera (Fîciu et al., 2011).
Microbiological enrichment of organic fertilizer process patented at RDIPP is characterized by the following
steps: selection of biological control agents based on criteria of biotechnology, epizootological and
pathogenicity; obtaining fungal inoculum culture in a liquid medium based on glucose, corn extract and salts,
during the vegetative pre-sporulated mycelium stage; obtaining fungal biomass inoculum by insemination of
vegetative pre-sporulated mycelium on nutritional organic substrate, until complete sporulation; sterilization of
organic fertilizers in autoclavable bags; making mixtures of fungal biomass with organic fertilizers; incubation of
mixtures in thermostat incubator in order to obtain fungal growth and sporulation. The method is based on
native isolates of Beauveria brongniartii and B. bassiana, used as biological control agents; the fungal inoculum
biomass is represented by sporulated fungal culture on nutrient substrate represented by barley (Andrei et al., 2014).
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Manure microbiologically enriched with autochthonous B.bassiana and B. brongniartii strains

Semifermented farmyard manure microbiologically enriched with autochthonous B.bassiana and B. brongniartii strains

Compost microbiologically enriched with autochthonous B.bassiana and B. brongniartii strains

Fig. 2 - Microbiological enriched organic fertilizers to prevent phylloxera infestation of vineyards

In order to verify under field conditions the effectiveness of microbiologically enriched organic fertilizers, in
an experiment carried out at Moara Domneasca, the repressive activity of microbiologically enriched organic
fertilizers (B. bassiana and B. bronganiarttii) on the grape phylloxera was analyzed. The experimental variants
was compared to the untreated control and chemical control, respectively with the average effectiveness of the
treatments applied on 3 vines with different sensitivities to phylloxera: Merlot (very sensitive), Purple (weakly
resistant), R10 (resistant). The results are presented in fig. 3.

Fig. 3 – Repressive activity of microbiological enriched organic fertilizers
m.e. – microbiological enriched

(ii) soil bioinoculant based on a Romanian Beauveria bassiana strain, isolated from natural outbreak

selected to obtain biological insecticide to control the underground stages of the Colorado beetle (Andrei et al.,
2012). The soil bioinoculant was experimentally applied in potato crops belonging to the National Institute of
Research - Development for Potato and Sugar Beet, Brasov, respectivelly in tomato culture, in the experimental
field of RDIPP Bucharest (Fig. 4).

Fig. 4 - Soil bioinoculants (B. bassiana) for Colorado potato beetle control
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(iii) soil bioinoculant based on B. brongniartii isolated in Romania from a natural outbreak (Fatu et
al., 2014), experimentally applied in forest cultures belonging to some forestry districts belonging to RNPROMSILVA (fig. 5).

Fig. 5 - Soil bioinoculants (B. brongniartii) for scarabs control

In connection with attempts to complex organic fertilizers with plant protection products, the results of
some studies on the effect of chemical insecticides and manure on the Metarhizium anisopliae population
dynamics are presented (Xiangqun et al., 2015). The authors appreciate that low concentrations of an acaricide
organothiophosphate may stimulate M. anisopliae sporulation and proliferation, and that manure may increase
space and nutrient competition between soil microbes and increase M. anisopliae proliferation. However, it is
recommended that the pesticide should be used with caution since some insects like Helicoverpa assulta (the
oriental tobacco budworm), become even more resistant when exposed (Wang et al., 2010).
For the application of soil bioinoculants realised at RDIPP Bucharest (fig. 6, 7), manual and mechanized
application/incorporatin was experimented; at INMA Bucharest it was designed a technical equipment for
biological soil treatment, that can apply microbial bioinoculants on the line (liquid formulations) or in the soil at a
depth of 5 ... 10 cm (granular formulations). For the application of microbial bioinoculants (liquid formulations),
the experimental model of the technical equipment consists of a special device for dosing and distributing the
liquid, devices attached to the coulters for soil mobilization, inoculum fluid conduction tubes and application
nozzles. For application of granular formulations, it consists of a box equal in length to the working width, which,
in a single pass, dosages the microbial inoculant in precise quantities, using some dosing devices and applies it
by uniform incorporation into the soil. The norm per hectare is carried out according to agrotechnical
requirements, with an automated liquid control and regulation system or granulated formulations depending on
the working speed and the working width of the equipment.

Fig. 6 - Manual application of entomopathogenic soil inoculants
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Equipments experimented in forest field
Equipment experimented in tomato crop
Fig. 7 - Mechanized application / incorporation in soil of entomopathogenic inoculants

Figs. 8 and 9 show micosed insects following application of entomopathogenic soil inoculants. Insects
covered by sporulated mycelium become outbreaks of fungal infection, they multiply and spread into the soil,
favoring its colonization with entomopathogenic fungi. The efficiency of using this type of bioinoculants results
from the fact that the specific mode of action of the entomopathogenic fungi being through contact, soil
bioinoculation can ensure the control of soil pests over several generations, without having to repeat the
treatments (Andrei et al., 2015).

Fig. 8 – Micosed insects after entomopathogenic inoculants application

Fig. 9 – Soil colonised by entomopathogenic fungi after entomopathogenic inoculants application

CONCLUSIONS
The most effective method of controlling insects with developmental stages in the soil is the application
of granular entomopathogenic bioinoculant formulations. The bioinoculation method aims to colonize
entomopathogenic microorganisms in the soil and to create epizootic outbreaks. Entomopathogenic fungi
(Beauveria sp.) that have been artificially introduced into the soil on organic substrate (barley, corn, manure,
compost) have retained their pathogenic character, multiplied and ensured effective control of soil pests.
Biologically active substances of fungal origin has been experimented for increasing the repressive
nature of the soil against some pests colonization: organic fertilizer products tested are substrates that fungal
strains colonize and efficiently exploit in the multiplication and conidiogenesis process, ensuring the spread of
the pathogen. Manure, compost and semifermented farmyard manure proved to be organic substrates that
Beauveria sp. strains can efficiently colonise and exploit for vegetative growth and sporulation, to ensure the
fungal entomopathogens widespread. The organic farm fertilizers are compatible with the Romanian B.
bassiana and B. brongniartii strains which makes them usable for a inoculation conservation strategy in organic
viticulture.
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In Romania, there have been researches on the realization, testing and functionality demonstration of
some procedures for the obtaining and application of entomopathogenic bioinoculants in partnerships between
research-development institutes (Research-Development Institute for Plant Protection, Bucharest, ResearchDevelopment Institute for Viticulture and Winemaking, Valea Calugareasca, National Institute of Research and
Development - INMA, Bucharest) and state-owened enterprise (RNP-ROMSILVA).
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ABSTRACT
The use of renewable sources is a necessity for the present and future of our civilization, biomass being
one of the raw materials for ensuring the energy needs. The vineyards cover about eight million hectares
worldwide, and the annual pruning generate a significant amount of lignocellulosic biomass, which can be a
significant potential for solid biofuel used for the generation of thermal energy for industrial and household
purposes. For a superior valorisation of the biomass, resulted from the vine pruning, it is subjected to the
technological process of densification, resulting in pellets and/or briquettes.
The research carried out within this work was aimed to establish the technological conditions for the
valorisation of the vine pruning residues as densified biomass.
REZUMAT
Utilizarea surselor regenerabile reprezintă o necesitate a civilizației prezente și viitoare, biomasa fiind
una dintre materiile prime pentru asigurarea necesarului de energie. Podgoriile acoperă aproximativ opt
milioane de hectare în întreaga lume, iar tăierile anuale de fructificare generează o cantitate importantă de
biomasă ligno-celulozică, care poate fi un potențial semnificativ de biocombustibil solid utilizat pentru generarea
de energie termică în scopuri industriale și casnice. Pentru valorificarea superioară a biomasei, rezultată din
coardele de viță de vie, aceasta este supusă procesului tehnologic de densificare, rezultând pelete şi / sau
brichete.
Cercetările efectuate în cadrul acestei lucrări au avut drept scop să stabilească condițiile tehnologice
pentru valorificarea ca biomasă densificată, sub formă de pelete, a coardelor rezultate de la tăierile de
fructificare a plantațiilor de viță de vie.

INTRODUCTION
The energy requirements are now covered from three types of resources: conventional fossil fuels,
respectively coal, oil and natural gases; nuclear fossil fuels (uranium mainly) and finally from renewable
sources. Different forms of energy available in the environment may be enclosed in this latter category (radiant
solar energy, the energy of running waters, wind energy, geothermal energy, potential chemical energy stored in
biomass), which are collected and converted into usable forms of energy.
In comparison with other combustible materials (coal, oil etc.) biomass is spread all over, may be found
under different forms (wood, wooden plants, aquatic plants, residues etc.), does not increase the concentration
of CO2 into the atmosphere, diminishes the glasshouse effect and does not cause acid rains due the low
sulphur content. These are the reasons why scientists are concerned with perfecting the technologies which aim
to produce green energy from biomass (Muntean et al, 2010; Gageanu et al, 2017). It represents an
inexhaustible reserve and an important energy source for mankind. In the formation process the carbon dioxide
from the atmosphere and the water on the ground are combined through photosynthesis, resulting in
carbohydrates, which form the constitutive elements of biomass. Solar energy is accumulated through
photosynthesis into the chemical bonds of the structural elements of biomass. Through the combustion of
biomass, the atmospheric oxygen is combined with the carbon contained by the plants, resulting in carbon
dioxide and water. Thus, a cyclic process takes place, the carbon dioxide from the atmosphere being absorbed
again by the plants (Houghton et al, 2009).
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The tendrils resulting from the dormant pruning of vines are included into the category of combustible
lignocellulose raw materials. The valorisation of vine residues is important from both the economic point of view
and for the environment protection. Taking into account that the European Union has over 3.2 mil. ha of
vineyards and that at least one ton of dried biomass can be harvested from each hectare (Picchi et al, 2013;
Spineli et al, 2010, Silvestri, 2011; Tenu et al, 2018), it may be concluded that over 3.2 mil. tons of biomass are
available each year in order to be used as an energy source.
Vine tendrils are an important energy source as they have a high calorific value: from 14.49 MJ/kW for
the Pinot noir variety to 18.31 MJ/kg for the Fetească regală variety (Tenu et al., 2018); from the point of view of
chemical content, carbon represents more than 43.1% for the studied varieties (Tenu et al, 2018).
Regarding the content of lignocellulose substances, the vine tendrils contain lignin (24-32%), cellulose
(29-40%) and hemicellulose (17-28%, depending on variety) (Amendola et al., 2012; Spigno et al., 2013; Prozil
et al., 2012; Tenu et al, 2018). The high content of lignocellulose substances favours the production of densified
biomass as pellets and briquettes.
The tendrils considered in our study have a high content of ash (2-6%) (Spigo, et al, 2013; Tenu et al,
2018), thus affecting the quality of the densified biomass (according to the requirements of SR EN ISO 17225-62014 the ash content should be lower than 2%).
An analysis of the research results regarding the use of vine tendrils resulted from dormant pruning of
vines as densified biomass has proved that this resource could be used in order to produce pellets or briquettes.
In the present paper we have performed experimental researches in order to establish the technological
conditions for producing pellets from vine tendrils; the quality of the final product was also assessed in
accordance with the requirements of the SR EN ISO 17225-6-2014 standard.

MATERIAL AND METHOD
In order to perform the researches aiming to establish the technological conditions for biomass
densification as pellets tendrils resulted from the dormant pruning of vine were collected from the vineyard
belonging the Didactic Station of the University of Agricultural Sciences and Veterinary Medicine “Ion Ionescu
de la Brad” from Iași, no. 3 „Vasile Adamachi” horticultural farm. Tendrils from the following varieties were
collected: Sauvignon Blanc; Pinot Noir; Fetească Albă; Fetească Regală; Fetească Neagră; Busuioacă de
Bohotin; Cabernet Sauvignon and Muscat Ottonel. The initial humidity of the tendrils was 44-46%; the tendrils
were dried in open air until they reached a humidity of 6-8%.
In order to achieve densification as pellets the tendrils were chopped-grinded in two stages (fig.1.b and
fig.1.c) until the dimension of the particles was smaller than 4 mm, using the BIO 90 chopper (fig.1.), produced
by Caravaggi, Italy; the equipment was mounted on a 30-60 HP tractor.
In order to chop-grind the tendrils the equipment is provided with two knife-counter knife type copping
device and with a hammer mill type grinding device with 6 hammers and a sieve-type counter bar. In the first
stage the sieve has 12-15 mm orifices, while the orifices of the second stage sieve have a dimeter smaller than
5 mm.
The mixture was sieved after each chopping stage, in order to separate the large particles from the fine
ones (smaller than 4 mm) using a mechanical separator (fig. 2) which was equipped with a sieve having round 4
mm orifices.
The grinded tendrils were pelletized by the means of a pelletizing machine (fig. 2a) with the following
characteristics: operating capacity 80-120 kg/h; diameter of the matrix 170 mm; 6 mm orifices on the surface of
the matrix; 98 mm diameter and 40 mm width rollers; power of the electric motor 7.5 kW. The rollers are free on
an axis which is provided with a screw type device for the adjustment of the pressure on the matrix. An electrical
command panel is used to power the electric motor.
The humidity of the chopped tendrils was 12±0,5%. The water content was evaluated after the initial
tests, when it was concluded that the pelletisation ratio was over 90%. The specialized literature indicates that
the moisture content, in order to obtain high quality pellets from lignocellulose biomass, should be between 11
and 13% (Samuelsson et al, 2012; Yance et al, 2013; Obernbeger I.and Thek G., 2013), in order to ensure the
formation of the cohesion bonds between the pressed particles. The water content was corrected to the
necessary value with the addition of water, using the following equation:


 100 − U i
− 1 ,
U = Q

100 − U f
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where U is the amount of water, Q is the amount of chopped tendrils [kg], Ui is the initial water content [%] and
Uf is the desired final water content [%],
A cylindrical type stirrer was used in order to obtain an uniform humidity of the tendrils before
palletisation; the cylindrical drum of the stirrer has a diameter of 500 mm, is tilted and is rotated manually (at
least 40 complete rotations).

a

b

c
d
Fig.1 Chopping and sorting of biomass from vine tendrils:
a –BIO-90 chopping-grinding equipment; b – mechanical separation equipment for sieving grinded tendrils; c – coarse grinded
tendrils; d – fine grinded tendrils, with particles smaller than 4mm: 1 - Busuioacă de Bohotin; 2- Fetească neagră; 3 - Fetească albă; 4
- Fetească regală; 5 - Sauvignon blanc; 6 - Muscat ottonel; 7 -Pinot noir; 8 –Cabernet sauvignon

The water content was measured using a thermo-balance with the following features: max. drying
temperature 160°C; precision: sample mass 0.1- 5 g... ±0,3%; sample mass 5 - 15 g... ±0,06%; sample mass >
15 g... ±0,04%. The tendrils were dehydrated at 1050 C.
The operating parts of the matrix were heated at 90-1000 C before pelletisation, in order to achieve the
optimum conditions for densification: because of friction, the inside temperature of the pellet should reach at
least 1300 C (Nielsen et al, 2009; Biswas et al, 2014).
After the pelletisation of the tendrils the following parameters were evaluated: pelletisation ratio,
mechanical durability of the pellets, dimensions of the pellets (diameter and length), bulk density and unit
density of the pellets, water and ash content.
The pelletisation ratio (Gp) was evaluated after sieving the pellets resulted from the chopped tendrils; the
parameters of the sieve were in accordance with the requirements of the SR EN ISO 17831-1 standard:
diameter of the shell - 500 mm; diameter of the round orifices – 3.25 mm (fig. 3). The initial sample which was
sieved (mpi) was divided into two components: pellets which remained on the sieve, with dimensions larger than
3.15 mm, and fragments which passed through the orifices of the sieve. The initial sample and the pellets larger
than 3.15 mm were weighted with an electronic scale (precision 0.01g) and the pelletisation ratio was than
calculated:

Gp =

mp
m pi

× 100 [%]
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a

c

Fig.2 Pelletisation of vine
tendrils:
a – pelletizing equipment; b – active
parts of the pelletizing equipment: 1 –
matrix; 2 – cylindrical roller; 3 – axis ;
c – pellets from tendrils of different
varieties of vine

b

Fig. 3 Perforated sheet sieve with
3.15 mm orifices

Fig. 4 One litre cylinder and
precision scale for measuring the
density of the pellets

Fig. 5 Picnometer for measuring
the unit density of the pellets

In order to evaluate the bulk density a calibrated 1 dm3 aluminium cylinder was used; it has an interior
diameter of 00.00 mm and height of 164.50 mm. The electronic scale was used to weight the sample.
The unit density was evaluated based on the relative density method, which was measured with a
picnometer. The picnometer is a glass balloon, having a plug with a duct for draining the liquid surplus and air
bubbles. The picnometer is filled with distillate water, is whipped and weighted in order to obtain the mass ma;
the studied body is than added on the scale pan and weighted, thus obtaining the mass mb. The difference ma mb represents the mass of the body; the body is then introduced into the picnometer and the dislocated water
flows out. The picnometer is then wiped again and weighted, obtaining the mass mc; the difference mb – mc
represents the mass of the dislocated water. The unit density of the pellets is calculated with the formulae:
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ρp =

Fig.6. Thermo-balance for measuring the humidity

mb − ma
[kg/m3]
mc − ma

(3)

Fig. 7. Equipment for the evaluation of the durability
of the pellets, according to SR EN ISO 17831-1/2016

Fig. 6. Bomb calorimeter, type XRY-1C, for measuring the calorific value of the pellets (ICIA Cluj-Napoca)

The mechanical durability of the pellets was tested using the method indicated by SR EN ISO 17831-1,
2016 standard, using the device shown in fig. 7. The device is comprised from a sealed box with the dimensions
of 300x300x125 mm (Lxlxh), which has an internal baffle and a driving mechanism. The device was equipped
with a revolutions counter, for measuring the rotational speed and the number of revolutions. The tested sample
(500±10 g) is inserted into the box and the box is rotated with 50±2 rot/min for the time needed to perform 500
rotations. After this test, the pellets are sieved using the sieve shown in fig. 3, with a shell diameter of 500 mm
and 3.15 mm orifices. The sample is weighted before the test (mE) and the amount of pellets on the sieve is also
weighted after the test (mA); the mechanical durability is calculated with the relation:

DU =

mA
x100 [%]
mE

(4)

The samples for the mechanical durability test were prepared according to the SR EN ISO 17831-1, 2016
standard. A 2 kg sample was drawn, which was divided into four samples; one sample was used for the
evaluation of the water content, while the other three were used for the durability tests (three replicates)
The lower and higher calorific values of the pellets were evaluated according to the requirements of SR
EN 14918:2010 standard (Solid biofuels. Evaluation of the calorific value), using the bomb calorimeter from the
Research Institute for Analytic Instrumentation Cluj-Napoca (fig. 8).
The ash content was calculated to the SR EN ISO 18122:2016 standard (Solid biofuels); the tests were
performed at the Research Institute for Analytic Instrumentation Cluj-Napoca, through combustion of the
samples in porcelain bowls placed in the roasting oven.

RESULTS
Dimensions of the pellets
The pellets had a diameter of 6±0.5 mm, while their lengths were comprised between 3.15 and 4 mm.
The measurements proved that the dimensions have achieved the requirements of the ISO 17829 standard.
Pelletisation ratio
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The results presented in fig. 9 show that the pelletisation process was successful, with values comprised
between 93.13% for the variety Fetească albă and 94.65% for the variety Fetească Regală. The differences
may be explained by the different content of lignocellulose components and their different texture.

Fig.9. Pelletisation ratio of the vine tendrils

Bulk and unit density
Fig. 10 presents the results concerning the bulk and unit density of the pellets. The results show that bulk
density has achieved values over 600 kg/m3, being in accordance with the requirements of the ISO 17828
standard; the only exceptions were recorded for the pellets produced from the Fetească Albă and Cabernet
Sauvignon varieties.
The unit density has recorded values of 1039,25 kg/m3 for the Cabernet Sauvignon variety and of
1225,21 kg/m3 for the variety Fetească Regală.
Bulk density and unit density of pellets (kg/m3)
SAUVIGNON BLANC
Soiul

1400
1225,21
1207,31
1158,72
1125,54
1092,57
1086,42
1065,39
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800
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616,87
592,65 606,73
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400
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200
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0

Bulk density of pellets [kg/m3]

Unit density of pellets [kg/m3]

AMESTEC

Fig.10 Bulk and unit density of the pellets from vine tendrils

Calorific value
Calorific value is the main parameter which defines the energy value of densified biofuels. The data
presented in Table 1 show that both the higher and lower calorific value do not differ significantly according to
variety; the relative standard error has achieved 2.3% for the higher calorific value and 3.68% for the lower
calorific value, meaning that there are no significant differences.
Mechanical durability
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Mechanical durability defines the conservation properties of the final product on the sales chain. The
results displayed in Table 1 show that the requirements of the ISO 17225-6/2014 standard are fulfilled only for
the pellets which were produced from the Cabernet Sauvignon, Fetească Neagră and Pinot Noir varieties, while
for all the other varieties the durability was lower than then one required by the standard, although the
differences were not significant. Increasing the pelletisation temperature above 1300 C resulted in an increased
mechanical durability for all the varieties considered in this study, with values above the ones imposed by the
standard.
Table l
Results concerning the calorific value, mechanical durability, water and ash content of the pellets from vine tendrils
Higher
Lower
Mechanical
Ash
Item
Water content
Variety
calorific value calorific value
durability
content
no.
[MJ/kg]
[MJ/kg]
[%]
[%]
[%]
1

Busuioacă de Bohotin

18581

17005

97,4

9.62

3.67

2

Cabernet Sauvignon

18866

17346

97,8

9,34

3,50

3

Fetească Albă

18719

17192

97,2

9,45

4,79

4

Fetească Neagră

18761

17203

97,6

9,68

4,02

5

Fetească Regală

19117

17601

96,7

9,74

4,47

6

Muscat Ottonel

18707

17182

97,3

9,86

4,29

7

Pinot Noir

18732

17183

97,5

9,88

4,42

8

Sauvignon Blanc

19016

17492

96,7

9,74

3,57

Water content
The humidity of the pallets affects the storage and transportation conditions and also the combustion
process. Although the initial water content of the raw material was 12%, the resulted pellets had a humidity
lower than 10% (Table 1), due to the increased temperature during the densification process (over 1000 C),
which causes water to boil and evaporate.
Ash content
The ash content is an important parameter of densified biofuels because it is a secondary product of the
combustion process and should be lower than 2% according to the ISO 17225-1 standard.
Taking this item into account it was conclude that none of the tested varieties does not fulfil the above
mentioned requirement; the ash content was comprised between 3.5% for the Cabernet Sauvignon variety and
4.79% for the Fetească Albă variety (Table 1).

CONCLUSIONS
The use of renewable energy sources is a necessity of the present and future civilization, as biomass is
an important raw material for ensuring the energy necessities. The tendrils resulted from the dormant pruning of
vines are a lignocellulose based combustible raw material; as it has an elevated calorific value it may constitute
in important source of energy.
The research presented in this paper was aimed to establish the technological conditions for the
valorisation as densified biomass of the tendrils resulted from the dry pruning of vine. All the technological
phases for the production of densified biomass in the form of pellets were investigated. In order to achieve the
technological phases specific equipment were designed, built or acquired, leading to the creation of a complex
and original laboratory which allows the measurement of parameters defining the quality indices of the pellets.
The analysis of the experimental results led to the conclusion that the tendrils obtained from the dry
pruning of vine may be used for the production of pellets, as most of the quality indices required by the SR EN
ISO 17225-6-2014 regarding the quality of the pellets were achieved, with the exception of the ash content.
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ABSTRACT
Emerging contaminants are micropollutants found in wastewater, such as antibiotics widely applied to
prevent or treat human and animal diseases, and steroid hormones used for animal fattening. Anaerobic
processes are widely applied in the treatment of swine, cattle and poultry wastewater, but their performance can
be diminished by the inhibition effect of antibiotics. Emerging contaminants cannot be entirely removed by
conventional wastewater treatment. They accumulate in sludge and manure applied as fertilizers on the
agricultural soil, resulting in localized contamination of surface and ground waters. Released in the environment,
the emerging contaminants have eco-toxicological effects in aquatic and terrestrial organisms and human
health: feminization of aquatic organisms, bacterial resistance, endocrine disruption, neurotoxicity and cancer.
Emerging contaminants endanger the reuse of treated wastewater for irrigation of vegetable and energy crops,
a regular practice among farmers trying to overcome water scarcity in arid and semiarid areas. The uptake and
bioaccumulation of emerging contaminants in plants and fodders and their subsequent entry in the human food
chain have been gaining attention over the last decade. This paper provides a review on the existence and the
removal of antibiotics and steroid hormones in wastewater via different treatment technologies.
REZUMAT
Contaminanții emergenți sunt micropoluanți aflați în apele uzate, precum antibioticele utilizate pe scară
largă pentru a preveni sau trata bolile oamenilor și animalelor și hormonii steroizi utilizați pentru îngrășarea
animalelor. Procesele anaerobe sunt utilizate pe scară largă în tratarea apei uzate de la porcine, bovine și
păsări, însă performanțele acestora pot fi diminuate de efectul inhibitor al antibioticelor. Contaminanții emergenți
nu pot fi îndepărtați complet prin tratarea convențională a apelor uzate. Aceștia se acumulează în nămolul și
gunoiul de grajd aplicate ca îngrășăminte pe solul agricol, rezultând o contaminare localizată a apelor de
suprafață și subterane. Eliberați în mediu, contaminanții emergenți au efecte ecotoxicologice asupra
organismelor acvatice și terestre și a sănătății umane: feminizarea organismelor acvatice, rezistență bacteriană,
tulburări endocrine, neurotoxicitate și cancer. Contaminanții emergenți pun în pericol reutilizarea apelor uzate
tratate pentru irigarea culturilor vegetale și energetice, o practică obișnuită în rândul fermierilor care încearcă să
depășească deficitul de apă din zonele aride și semiaride. Absorbția și bioacumularea contaminanților
emergenți în plante și în furaje și intrarea lor ulterioară în lanțul alimentar uman a atras atenție în ultimul
deceniu. Acest articol oferă o imagine de ansamblu asupra existenței și eliminării antibioticelor și hormonilor
steroizi din apele uzate prin diferite tehnologii de tratare.
INTRODUCTION
In arid and semiarid areas, the reuse of wastewater for irrigation is regularly applied by farmers.
Micropollutants in municipal wastewater, such as pharmaceutics, personal care products, pesticides,
insecticides, surfactants, detergents, dyes, polymers, plastics, phthalates, flame retardants, industrial additives,
and the micropollutants in livestock wastewater, such as antibiotics applied to prevent or treat animal diseases
and steroid hormones used for farmed animal fattening, are known as emerging contaminants (ECs). Since they
cannot be entirely removed by conventional wastewater treatment, the ECs are released into the receiving
environments including rivers, fishponds, and crop fields.
Most commonly found molecules of human drugs in treated effluents and the environment include
antibiotics, analgesics, contraceptives, anti-cancer agents, beta-blockers, lipid regulator agents, antiinflammatory drugs, anticonvulsants, contrast agents, hormones and even disinfectants (Deblonde et al., 2011).
Chemical, natural, or synthetic antibiotics are widely administered drugs in human and veterinary medicine and
in aquaculture to block the multiplication of pathogenic microorganisms or to treat diseases caused by bacteria
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(Marcelino et al., 2017). More than 150 antibiotics are currently in use, of which over 90% are natural products
of bacteria, fungi and semisynthetic modifications of natural compounds, and only a few are entirely synthetic
(von Nussbaum et al., 2006). The increasing use of antibiotics and the subsequent development of multiresistant bacteria pose severe risks to human and animal health (Grenni et al., 2018) and the environment (Pan
and Chu, 2017).
The problem of ECs is the lack of knowledge of their impact in the long-term effect on human health and
the environment. Antibiotic residues have been frequently identified in rivers, sediments and soils (Michael et
al., 2013). Often, antibiotics manufacturers discharge illegally the wastewater in their neighboring environment,
causing further contamination to groundwater, waterways, soil and local communities (Pan and Chu, 2017). A
preliminary risk assessment database for common pharmaceuticals and their risk to the environment has been
developed (Cooper et al., 2008). When these undesirable compounds end up in the environment, they pose
risks to all living organisms: antibiotic-resistant bacteria, antibiotic-resistant genes, neurotoxicity, endocrine
disruption, cancer, allergic reactions (Martinez et al., 2014) and feminization of aquatic organisms such as fish,
alligators and frogs (Orlando and Ellestad, 2014). Endocrine-disrupting products (steroid hormones, antibiotics
and other pharmaceuticals) interfere with normal functioning of hormone systems in wildlife and influence plant
development (Habteselassie et al., 2013).
Antibiotics cannot be fully metabolized by humans and animals. During their transfer from ingestion by the
animal to the environment and then in wastewater treatment processes, antibiotic molecules could undergo
transition and degradation. Thus, various unknown metabolites could be produced through different
physicochemical processes, i.e. oxidation, hydrolysis, photodegradation and reduction reactions, which might
produce compounds with higher toxicity than those of the antibiotics (Cheng et al., 2018). Eighteen antibiotics
have been detected in soil, and seventeen in animal manure and biosolids, the most abundant of which was
tetracyclines, with 2.68 μg/g in soil and 184 μg/g in manure, as well as ciprofloxacin with 3.26 μg/g in biosolids
(Pan and Chu, 2017). Sabourin et al. (2012) have studied the uptake of antibiotics by different crops (potato,
carrot, tomato and sweet corn) from field soils previously treated with municipal biosolids and reported
sulfonamides, trimethoprim and quinolones with concentrations ranging from 0.02 to 14 ng/g (dw) in the edible
parts of the crops. The residual antibiotics may be taken up by crops which can be used for animal or human
consumption (Dolliver et al., 2007). Once transmitted in the water environment, the residual antibiotics are toxic
to algal and cyanobacterial populations that have crucial roles in the health of aquatic ecosystems (GonzalezPleiter et al., 2013). Long-term exposure to residual antibiotics generates antibiotic resistant bacteria and
antibiotic resistant genes, and this is recognized as one of the most serious overall public health issues (Davies
and Davies, 2010). The prevalence of resistance to old antibiotics (aminopenicillins, tetracyclines, sulfonamides,
or erythromycin) can reach more that 50% of some bacterial populations discharged in the final effluents of
WWTPs with conventional treatment (Rizzo et al., 2013). Antibiotics and antibiotic resistant genes are emerging
environmental contaminants (Pruden et al., 2006) and they have been detected in soils at depth of 20–30 cm
(He et. al., 2019) or 40–60 cm (Tang et al., 2015), showing the transfer of antibiotics and migration of resistance
determinants to deeper layers of soil by long-term application of animal manure and biosolids. Antibiotic
resistance gene levels in the soil increase after irrigation with wastewater (Dungan et al., 2018). Antibiotic
resistant bacteria are considered to be ECs (Pruden et. al., 2006) and they can make their way from the farm
environment to humans through occupational exposures on farms and at meat processing facilities, as well as
by food borne exposures among consumers, use of animal manures as crop fertilizers, and contamination of
surface water and groundwater at animal production facilities (Koch et al., 2017).
In recent years, biocides have also been seen as ECs, due to their widespread use in household products.
Biocides have adverse effects on aquatic organisms, such as toxicity to algae, weak estrogenic activity, and
potential role as endocrine disruptors due to aromatase inhibition (Oliveira et al., 2017). Exposure of aquatic
organisms to ECs may cause sexual disruption, such as feminization, intersex, altered oogenesis (Kidd et al.,
2007) and could interfere with their growth, aging, survival and reproduction at ng/L levels in aquatic
environments (Biswas et al., 2017). Wastewater treatment plants (WWTPs) are the most important source of
ECs in the water environment (Sim et al., 2011). Due to their high solubility, low volatility and low degradability,
the ECs can survive wastewater treatment processes in WWTPs and be sorbed by biosolids, which are
subsequently applied to agricultural lands as fertilizer.
HUMAN ANTIBIOTICS
In developed countries, the annual consumption of pharmaceuticals per capita is of 50–150 g (Zhang et.
al., 2008). Human antibiotics are only metabolized partially and after use, their metabolites are excreted into the
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sewerage network with 30–90% of the parent compounds in feces and urine, and finally end up in the receiving
environment (Zhou et al., 2013), not only in wastewater treatment plants (WWTP) but also in surface waters
(Hussain et al., 2012), groundwater and soil. In addition, a significant percent is given by expired and unused
medicines, inadequately disposed through sinks and drains (Kümmerer, 2009).
Antibiotics reach water and soil (Fig. 1) by discharge of municipal sewage, animal husbandry,
manufacturing industry, landfill leachates of antibiotic disposal, runoff from agricultural field containing livestock
manure, aquaculture ponds (Ben et. al., 2019), hospital and pharmaceutical wastewater (Gadipelly et al., 2014),
irrigation with treated wastewater in arid and semi-arid regions, application of biosolids - manure and sludge - to
fertilize the soil (Pan and Chu, 2017; Grenni et al., 2018).

Fig. 1 - Human exposure to antibiotic resistance due to antibiotic residues in environment (Ben et al., 2019)

When wastewater, animal manure or biosolids are used in the soil-plant system, the antibiotics might
accumulate in irrigated soil, then can be taken up by crops and accumulate in different plant tissues. The uptake
and bioaccumulation of pharmaceuticals active compounds in the edible parts of food crops and fodders and
their subsequent entry into the human food chain have been gaining prominence over the last decade (Christou
et al., 2017).
VETERINARY ANTIBIOTICS
Veterinary antibiotics are extensively used in prevention and treatment of animal diseases, but they are
also administered on a large-scale basis, often in feed and water, to enhance productivity, which far outweighs
their use as animal therapeutics at present (Gelband et al., 2015). Common antibiotics used as growth
promoters in animal breeding are ampicillin, tetracycline, sulfonamide, chlortetracycline and colistin (Tao et al.,
2014). Other widely used veterinary antibiotics belong to the following four classes: oxytetracycline (OTC), sulfamethoxazole (SMX), tylosin (TYL), and monensin (MON) (Tasho and Cho, 2016; Pan and Chu, 2017).
Globally, the annual usage of antibiotics has been estimated in the range of 100000 and 200000 tons
(Kümmerer, 2003). China, the biggest swine (Liu et al., 2012) and poultry (Wei et al., 2011) breeding country in
the world, is also the largest producer and consumer of veterinary antibiotics in the world, with annual usage of
over 25000 tons in 2007 (Xu et al., 2007) and 84000 tons in 2015 (Zhang et al., 2015). In United States, about
11200 tons of antibiotics are used for non-therapeutic purposes, mostly to promote the growth of poultry, swine
and cattle (Kümmerer, 2009). According to the European Center for Disease Prevention and Control (ECDPC),
in 2014, the consumption of veterinary antibiotics in Spain, Italy, and Germany was of 2964, 1432, respectively
1306 tons; the lowest consumption and the lowest consumption were recorded in Luxembourg (2.1 tons) and
Iceland (0.6 tons) (Pan and Chu, 2017). In 2030, China would still be the largest consumer of antibiotics in foodproducing animals, followed by the USA, Brazil, India and Mexico (van Boeckel et al., 2015).
Given their over-dosage and low assimilation, 70–90% of veterinary antibiotics are excreted into the
environment with animal wastes (urine and manure) and thus threaten the health of humans and other
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organisms by inducing the prevalence of antibiotics resistant bacteria and genes (Cheng et al., 2018). It was
estimated that the antibiotics residue excreted from a swine was about 18.2 mg/day (Zhou et al., 2013).
Moreover, antibiotics do not emerge in swine wastes individually, but with many other types of antibiotics or
toxic pollutants, for example with hormones or heavy metals (Zhang et al., 2017).
Due to the effectiveness, broad-spectrum and favorable price, sulfonamides, tetracyclines,
fluoroquinolones, macrolides (Chen et al., 2012) and other antibiotics (bacitracin, lincomycin, ormetoprim and
trimethoprim) were extensively used in swine industry (Zhang et al., 2015). These antibiotics have different
operation modes on microorganisms, such as interfering with the functions of cell membranes, blocking protein
synthesis and preventing nucleic acid synthesis (Cheng et al., 2018). The maximum concentrations of
sulfonamides, tetracyclines, fluoroquinolones and macrolides have ranged from 23.8 µg/L to 685 µg/L, with
some varying from trace amounts to those as high as the ppm levels in manure slurry (Chen et. al., 2012). In
liquid swine manure, concentrations of tetracycline from 14 to 41 mg/kg, chlortetracyclinefrom 0.9 to 1.0 mg/kg,
and sulfamethazine at 7.2 mg/kg were reported (Hamscher et al., 2005). Tetracyclines from 0.05 to 15.7 µg/g
and sulfonamides from 0.015 to 2.1 µg/g were discovered (Jacobsen and Halling-Sorensen, 2006).
Oxytetracycline, erythromycin, florfenicol, sarafloxacin, premix, sulphonamides are commonly used antibiotics in
aquaculture (Kumar and Pal, 2018).
The possible remanence of veterinary antibiotics in the environment is influenced by animal excreta, soil
type, pH, temperature and UV light. Some antibiotics, for example fluoroquinolones and sulphonamides, are
very strongly adsorbed by animal faeces and manure, and they remain unaltered even with increased aeration
and temperature in the manure, thereby spreading into the environment in their original active form (Tasho and
Cho, 2016). To reduce the environmental and health risk of antibiotics, their use as animal growth promoters
has been forbidden in the E.U countries (Alban et al., 2008) and in the United States (FDA, 2003). Current
legislation at European level does not contain an antibiotic concentration requirement for discharge from
WWTPs to receiving water (Carvalho and Santos, 2016). However, the E.U Water Framework Directive
2015/495 requires those responsible for wastewater treatment to monitor the presence of emerging pollutants
with the future aim of improving the quality of the effluent released to surface waters (Acheampong et al., 2019).
STEROID HORMONES
Steroid hormones can interfere with the endocrine function in organisms at low concentrations (Wu et al.,
2017). Natural steroids are mainly originated from the feces and urine of human, livestock and aquaculture (Liu
et al., 2009). Some natural and synthetic steroids have been used in human daily life for contraception and
therapy, and in livestock production to prevent and treat diseases, to promote growth and to improve
productivity (Liu et. al., 2012) and animal breeding control (Liu et al., 2015). Natural and synthetic steroid
hormones, which are proved to induce biological effects on some organisms at part per trillion concentrations
(ng/L), are poorly eliminated by conventional wastewater treatment processes (Fatta-Kassinos et al., 2011).
Steroids are estrogens, androgens, glucocorticoids and progestagens. Estrogens, a group of endocrine
disrupting compounds (Amin et. al., 2018), are natural (estrone, 17β-estradiol and estriol) when are produced in
humans and animals, and synthetic (17α-ethynil estradiol) used as birth-control drugs (Zheng et al., 2008).
Women daily excrete 10–100 µg of estrogen, and excretion increases up to 30 mg during pregnancy. The
average human excretion of estrone and 17b-estradiol was 10.5 µg/day and 6.6 µg/day (Tiwari et al., 2017). In
influents, the concentrations of estrone, 17β-estradiol and 17α-ethynil estradiol were measured in ranges from
2.4–116, 4–150 and n.d-14.4 ng/L (Amin et al., 2018). In effluents, the concentrations of estrone, 17β-estradiol
and 17α-ethynil estradiol were measured in ranges from n.d-96, n.d-30, and n.d-5 (Combalbert and HernandezRaquet, 2010). It was found that 10–100 ng/L concentrations of natural estrogens have an effect on the levels of
the estrogenic exposure biomarker, vitellogenin, in fish (Cai et. al., 2013).
Dairy cows are the largest contributor of excreted estrogens in comparison to pig, sheep and chickens (Cai
et al., 2013). Sewage and livestock wastewater are major pathways of estrogens in aquatic environment (Zheng
et. al., 2008). Progestagens are growth promoters that improve the efficacy of feed conversion in animals
through increasing bone density and muscular mass (Yang et al., 2009). The E.U, Netherlands and China have
prohibited the administration of steroid hormones for farmed animal fattening due to adverse human health
effects of hormone residues in animal meats (Liu et al., 2015).
REMOVAL OF EMERGING CONTAMINANTS FROM THE WASTEWATER
Different types of treatments are currently being tested to effectively remove the ECs from wastewater, with
the lowest possible economic cost, before being discharged into the ecosystems. Tertiary treatment
587

INTERNATIONAL SYMPOSIUM

technologies (ozonation, chlorination, ultraviolet, membrane technologies, sand filters) are the most promising
options for reducing ECs.
The conventional activated sludge (AS) and anaerobic digestion (AD) processes are ineffective for
antibiotics and hormones removal, and they can still pose risks to the surrounding environment (Fig. 2).
Nevertheless, AD systems can degrade the antibiotics in swine wastewater to various degrees, depending on
the initial concentrations and classes of antibiotics, type of bioreactor and operating conditions. More attention
should be given to the toxic effect of antibiotics on micro-organisms involved in anaerobic processes of
wastewater treatment. The presence of antibiotics in anaerobic processes changes the microbial structure by
altering microorganisms to less sensitive ones to specific antibiotics or by promoting strains with antibiotic
resistant genes (Angenent et al., 2008). In biological treatment, biosorption and biodegradation are two major
mechanisms for antibiotics and hormones removal (Cheng et al., 2018). Biosorption and biodegradation
followed by the removal of excess sludge can be considered for the removal of the estrogens in WWTPs (Luo et
al., 2010), with reported removal rates between 19-98% for estrone, 62-98% for 17β-estradiol and 76-90% for
17α-ethynil estradiol (Mohagheghian et al., 2014).

Fig. 2 - Removal possibilities of antibiotics and hormones from swine wastewater (Cheng et al., 2018)

Membrane bioreactors (MBRs), constructed wetlands (CWs), stabilization ponds and modified processes
perform better due to higher biodegradation of toxicants (Cheng et al., 2018). Microalgal-bacterial processes
developed in photobioreactors have recently been recognized as environmentally friendly and cost-effective
alternative for ECs removal from wastewater, especially at: high sludge retention time (4–20 days), enhanced
penetration of UV light as a result of their high surface area to volume ratios, high daily variations of pH
(between 7–11), 2–25 mg O2/L dissolved oxygen concentration (Norvill et al., 2017). Ibuprofen, naproxen,
salicylic acid, triclosan and propylparaben were removed by photodegradation in novel algal-bacterial
photobioreactors (Lopez-Serna et al., 2019).
Lagoons as secondary or tertiary treatment have proved to be viable solutions for estrogens removal from
livestock wastewater. Large-scale CW systems can effectively remove antibiotics, antibiotic resistant genes,
non-steroidal anti-inflammatory drugs, analgesics, stimulants, psychoactive drugs, highly chlorinated
compounds (Zhang et al., 2012). The presence of plants in CW improves the removal capacity for pollutants by
direct absorption, by providing retention sites and by increasing microbial activities (Carvalho et al., 2014).
Vertical subsurface flow CW obtained higher antibiotic removal efficiencies than horizontal subsurface flow and
free water surface flow counterparts (Liu et al., 2014).
Antibiotic resistant genes (tetracycline and macrolide-lincosamide-streptogramin B) arising from swinefeeding operations can survive typical animal waste treatment processes, because their levels remained high in
588

INTERNATIONAL SYMPOSIUM

swine wastes during composting (Wang et al., 2012), lime stabilization, anaerobic digestion (Tao et al., 2014),
constructed wetlands (Liu et al., 2014) and lagoons (Brooks et al., 2014). Membrane processes (reverse
osmosis and nanofiltration), have been effective in the removal of different ECs and allow the separation of
divalent and monovalent ions from wastewater. In a feasibility study of removing antibiotics (norfloxacin,
ofloxacin, roxithromycin and azithromycin) from a WWTP by secondary treatment followed by nanofiltration
were obtained up to 98% removal rates (Liu et al., 2014). Photocatalytic oxidation, intermittent sand or coke
filters can remove the ECs from wastewater (Egea-Corbacho et al., 2019).
Adsorption on activated carbon, ozone-based advanced oxidation, photooxidation, radiolysis and
electrochemical oxidation have been tested at lab and industrial scale to remove the ECs from wastewater, but
toxic by-products are formed and these technologies are quite expensive to be widely applied in WWTPs
(López-Serna et al., 2019). Adsorption on multi-walled carbon nanotubes was studied to remove 1,8dichlorooctane, nalidixic acid and 2-(4-methylphenoxy) ethanol (Patino et al., 2015). Indomethacin, diclofenac,
betablockers (atenolol, metoprolol and propranolol), which are poorly removed in AS conventional treatment,
showed large ozonation rates and were removed from treated wastewater using moderate ozone doses (Rosal
et al., 2010). Electrooxidation using boron doped diamond electrodes is a promising technology to reduce Ecs in
wastewater sludge (Barrios et. al., 2015). Acetaminophen and sulfonamide were removed from wastewater
using spent mushroom compost of Pleurotus eryngii (Chang et al., 2018).
CONCLUSIONS
The presence of emerging contaminants, a category of micropollutants that include any chemical that is
not usually monitored in the environment, was observed in treated wastewater effluents, aquatic environments
and soil. Even at low concentrations, the emerging contaminants can increase the resistance among
microorganisms and can have a significant impact on the aquatic ecosystems and human health. The
development of antibiotic resistant bacteria and antibiotic resistant genes also pose an increasing concern.
Although intensely studied, there are still knowledge gaps in the ecotoxicological effects of antibiotics and
hormone steroids.
Conventional WWTPs, usually based on biological processes, are unable to fully remove the emerging
contaminants from wastewater. Tertiary treatment technologies are the most promising options for reducing
ECs. Future research must concentrate on developing sustainable and innovative treatment processes to
increase the removal efficiency of emerging contaminants in WWTPs.
ACKNOWLEDGEMENT
This work was supported by a grant of the Romanian Ministery of Research and Innovation CCDI UEFISCDI, Project INNOVATIVE TECHNOLOGIES FOR IRRIGATION OF AGRICULTURAL CROPS IN ARID,
SEMIARID AND SUBHUMID-DRY CLIMATE, project number PN-III-P1-1.2-PCCDI-2017-0254, Contract no. 27
PCCDI / 2018, within PNCDI III.
REFERENCES
[1] Acheampong E., Dryden I.L., Wattis J.A.D., Twycross J., Scrimshaw M.D., Gomes R.L., (2019), Modelling
emerging pollutants in wastewater treatment: A Case study using the pharmaceutical 17 α−ethinylestradiol,
Computers and Chemical Engineering, vol. 128, pp. 477–487;
[2] Alban L., Nielsen E.O., Dahl J., (2008), A human health risk assessment for macrolide-resistant
Campylobacter associated with the use of macrolides in Danish pig production, Prev. Vet. Med., vol. 83, pp.
115–129;
[3] Amin M.M., Bina B., Ebrahimi A., Yavari Z., Mohammadi F., Rahimi S., (2018), The occurrence, fate, and
distribution of natural and synthetic hormones in different types of wastewater treatment plants in Iran,
Chinese Journal of Chemical Engineering, vol. 26, pp. 1132–1139;
[4] Angenent L.T., Mau M., George U., Zahn J.A., Raskin L., (2008), Effect of the presence of the antimicrobial
tylosin in swine waste on anaerobic treatment, Water Res., vol. 42, no. 10, pp. 2377–2384;
[5] Barrios J.A., becerril E., De Leon C., Barrera-Diaz C., Jimenez B., (2015), Electrooxidation treatment for
removal of emerging pollutants in wastewater sludge, Fuel, vol. 149, pp. 26–33;
[6] Ben Y., Fu C., Hu M., Liu L., Wong M.H., Zheng C., (2019), Human health risk assessment of antibiotic
resistance associated with antibiotic residues in the environment: A review, Environmental Research, vol.
169, pp. 483–493;
[7] Biswas S., Kranz W.L., Shapiro C.A., Snow D.D., Bartelt-Hunt S.L., Mamo M., Tarkalson D.D., Zhang T.C.,
Shelton D.P., van Donk S.J., Mader T.L., (2017), Effect of rainfall timing and tillage on the transport of steroid
hormones in runoff frommanure amended row crop fields, J. Hazard. Mater., vol. 324, pp. 436–447;

589

INTERNATIONAL SYMPOSIUM

[8] Brooks J.P., Adeli A., McLaughlin M.R., (2014), Microbial ecology, bacterial pathogens, and antibiotic
resistant genes in swine manure wastewater as influenced by three swine management systems, Water
Res., vol. 57, pp. 96–103;
[9] Cai K., Phillips D.H., Elliott C.T., Muller M., Scippo M.-L., Connolly L., (2013), Removal of natural hormones
in dairy farm wastewater using reactive and sorptive materials, Science of the Total Environment, vol. 461–
462, pp. 1–9;
[10] Carvalho I.T., Santos L., (2016), Antibiotics in the aquatic environments: a review of the European scenario,
Environ. Int., vol. 94, pp. 736–757;
[11] Carvalho P.N., Basto M.C.P., Almeida C.M.R., Brix H., (2014), A review of plant– pharmaceutical
interactions: from uptake and effects in crop plants to phytoremediation in constructed wetlands, Environ.
Sci. Pollut. Res. Int., vol. 21, no. 20, pp. 11729–11763;
[12] Chang V.-V., Fan S.-N., Tsai Y.-C., Chung Y.-L., Tu P.-X., Yang C.-W., (2018), Removal of emerging
contaminants using spent mushroom compost, Science of the Total Environment, vol. 634, pp. 922–933;
[13] Chen Y., Zhang H., Luo Y., Song J., (2012), Occurrence and dissipation of veterinary antibiotics in two
typical swine wastewater treatment systems in east China, Environ. Monit. Assess., vol. 184, pp. 1–13;
[14] Cheng D.L., Ngo H.H., Guo W.S., Liu Y.W., Zhou J.L., Chang S.W., Nguyen D.D., Bui X.T., Zhang X.B.,
(2018), Bioprocessing for elimination antibiotics and hormones from swine wastewater, Science of the Total
Environment, vol. 621, pp. 1664–1682;
[15] Cheng D.L., Ngo H.H., Guo W.S., Chang S.W., Nguyen D.D., Kumar S.M., Du B., Wei Q., Wei D., (2018),
Problematic effects of antibiotics on anaerobic treatment of swine wastewater, Bioresour. Technol., vol. 263,
pp. 642–653;
[16] Christou A., Karaolia P., Hapeshi E., Michael C., Fatta-Kassinos D., (2017), Long-term wastewater irrigation
of vegetables in real agricultural systems: Concentration of pharmaceuticals in soil, uptake and
bioaccumulation in tomato fruits and human health risk assessment, Water Research, vol. 109, pp. 24–34;
[17] Combalbert S., Hernandez-Raquet G., (2010), Occurrence, fate, and biodegradation of estrogens in
sewage and manure, Appl. Microbiol. Biotechnol., vol. 86, pp. 1671–1692;
[18] Cooper E.R., Siewicki T.C., Phillips K., (2008). Preliminary risk assessment database and risk ranking of
pharmaceuticals in the environment, Sci Total Environ., vol. 398, pp. 26–33;
[19] Davies J., Davies D., (2010), Origins and evolution of antibiotic resistance, Microbiol. Mol. Biol. Rev., vol.
74, pp. 417–433;
[20] Deblonde T., Cossu-Leguille C., Hartemann P., (2011), Emerging pollutants in wastewater: A review of the
literature, International Journal of Hygiene and Environmental Health, vol. 214, pp. 442–448;
[21] Dolliver H., Kumar K., Gupta S., (2007), Sulfamethazine uptake by plants from manure amended soil, J.
Environ. Qual., vol. 36, pp. 1224–1230;
[22] Dungan R.S., McKinney C.W., Leytem A.B., (2018), Tracking antibiotic resistance genes in soil irrigated
with dairy wastewater, Science of the Total Environment, vol. 635, pp. 1477–1483;
[23] Egea-Corbacho A., Gutiérrez S., Quiroga J.M., (2019), Removal of emerging contaminants from
wastewater through pilot plants using intermittent sand/coke filters for its subsequent reuse, Science of the
Total Environment, vol. 646, pp. 1232–1240;
[24] Fatta-Kassinos D., Kalavrouziotis I.K., Koukoulakis P.H., Vasquez M.I., (2011), The risks associated with
wastewater reuse and xenobiotics in the agroecological environment, Science of the Total Environment,
vol. 409, pp. 3555–3563;
[25] FDA, 2003. New Guidance for Industry on Antimicrobial Drugs for Food Animals. GFI#152. Released
October 23. US Food and Drug Administration, p. 35;
[26] Gadipelly C., Pérez-González A., Yadav G.D., Ortiz I., Ibáñez R., Rathod V.K., Marathe K.V., (2014),
Pharmaceutical industry wastewater: review of the technologies for water treatment and reuse, Ind. Eng.
Chem. Res., vol. 53, pp. 11571–11592;
[27] Gelband H., Molly Miller P., Pant S., Gandra S., Levinson J., Barter D., White A., Laxminarayan R., (2015),
The state of the world's antibiotics, Wound Heal. South. Afr., vol. 8, pp. 30–34;
[28] Gonzalez-Pleiter M., Gonzalo S., Rodea-Palomares I., Leganes F., Rosal R., Boltes K., Marco E.,
Fernandez-Pinas F., (2013), Toxicity of five antibiotics and their mixtures towards photosynthetic aquatic
organisms: implications for environmental risk assessment, Water Res., vol. 47, pp. 2050–2064;
[29] Grenni P., Ancona V., Barra Caracciolo A., (2018), Ecological effects of antibiotics on natural ecosystems:
A review, Microchemical Journal, vol. 136, pp. 25–39;
[30] Habteselassie M.Y., Xu L., Norton J.M., (2013), Ammonia-oxidizer communities in an agricultural soil
treated with contrasting nitrogen sources, Front. Microbiol., vol. 4, 00326;
[31] Hamscher G., Pawelzick H.T., Höper H., Nau H., (2005), Different behavior of tetra-cyclines and
sulfonamides in sandy soils after repeated fertilization with liquid manure, Environ. Toxicol. Chem., vol. 24,
pp. 861–868;
590

INTERNATIONAL SYMPOSIUM

[32] He L.-Y., He L.-K., Liu Y.-S., Zhang M., Zhao J.-L., Zhang Q.-Q., Ying G.-G., (2019), Microbial diversity and
antibiotic resistome in swine farm environments, Science of the Total Environment, vol. 685, pp. 197–207;
[33] Hussain S.A., Prasher S.O., Patel R.M., (2012), Removal of ionophoric antibiotics in free water surface
constructed wetlands, Ecological Engineering, vol. 41 (0), pp. 13–21;
[34] Jacobsen A.M., Halling-Sorensen B., (2006), Multi-component analysis of tetracyclines, sulfonamides and
tylosin in swine manure by liquid chromatography-tandem mass spectrometry, Anal. Bioanal. Chem., vol.
384, pp. 1164–1174;
[35] Kidd K.A., Blanchfield P.J., Mills K.H., Palace V.P., Evans R.E., Lazorchak J.M., Flick R.W., (2007),
Collapse of a fish population after exposure to a synthetic estrogen, Proc. Natl. Acad. Sci., vol. 104, no. 21,
pp. 8897–8901;
[36] Koch B.J., Hungate B.A., Price L.B., (2017), Food-animal production and the spread of antibiotic resistance:
the role of ecology, Front. Ecol. Environ., vol. 15, pp. 309–318;
[37] Kumar A., Pal D., (2018), Antibiotic resistance and wastewater: Correlation, impact and critical human
health challenges, Journal of Environmental Chemical Engineering, vol. 6, pp. 52–58;
[38] Kümmerer K., (2003), Significance of antibiotics in the environment, J. Antimicrob. Chemother., vol. 52, pp.
5–7;
[39] Kümmerer K., (2009), The presence of pharmaceuticals in the environment due to human use - present
knowledge and future challenges, J Environ Manage, vol. 90, pp. 2354–2366;
[40] Kümmerer K., (2009), Antibiotics in the aquatic environment – a review – part I, Chemosphere, vol. 75, no.
4, pp. 417–434;
[41] López-Serna R., Posadas E., Garcia-Encina P.A., Muñoz R., (2019), Removal of contaminants of emerging
concern from urban wastewater in novel algal-bacterial photobioreactors, Science of the Total Environment,
vol. 662, pp. 32–40;
[42] Liu Z.H., Kanjo Y., Mizutani S., (2009), Urinary excretion rates of natural estrogens and androgens from
humans, and their occurrence and fate in the environment: a review, Science of the Total Environment, vol.
407, no. 18, pp. 4975-4985;
[43] Liu S., Ying G.-G., Zhou L-J., Zhang R.-Q., Chen Z.-F., Lai H.-J., (2012), Steroids in a typical swine farm
and their release into the environment, Water Research, vol. 46, pp. 3754–3768;
[44] Liu P., Zhang H., Feng Y., Yang F., Zhang J., (2014), Removal of trace antibiotics from wastewater: A
systematic study of nanofiltration combined with ozone-based advanced oxidation processes, Chem. Eng.
J., vol. 240, pp. 211–220;
[45] Liu L., Liu Y.H., Wang Z., Liu C.X., Huang X., Zhu G.F., (2014), Behavior of tetracycline and sulfamethazin
with corresponding resistance genes from swine wastewater in pilot-scale constructed wetlands, J. Hazard.
Mater., vol. 278, pp. 304–310;
[46] Liu S.-S., Ying G.-G., Liu Y.-S., Yang Y.-Y., He L.-Y., Chen J., Liu W.-R., Zhao J.-L., (2015), Occurrence
and removal of progestagens in two representative swine farms: Effectiveness of lagoon and digester
treatment, Water Research, vol. 77, pp. 146–154;
[47] Luo Y., Guo W., Ngo H.H., Nghiem L.D., Hai F.I., Zhang J., Liang S., Wang X.C., (2010), A review on the
occurrence of micropollutants in the aquatic environment and their fate and removal during wastewater
treatment, Science of the Total Environment, vol. 473–474, pp. 619–641;
[48] Marcelino R.B.P., Leao M.M.D., Lago R.M., Amorim C.C., (2017), Multistage ozone and biological
treatment system for real wastewater containing antibiotics, Journal of Environmental Management, vol.
195, pp. 110–116;
[49] Martinez J., Coque T.M., Baquero F., (2014), What is a resistance gene? Ranking risk in resistomes. Nat.
Publ. Group, 1–8 (https://doi.org/10.1038/nrmicro3399, accessed 19.07.2019);
[50] Michael I., Rizzo L., McArdell C.S., Manaia C.M., Merlin C., Schwartz T., et al., (2013), Urban wastewater
treatment plants as hotspots for the release of antibiotics in the environment: a review, Water Res., vol. 47,
pp. 957–995;
[51] Mohagheghian A., Nabizadeh R., Mesdghinia A., Rastkari N., Mahvi A.H., Alimohammadi M., Yunesian M.,
Ahmadkhaniha R., Nazmara S., (2014), Distribution of estrogenic steroids in municipal wastewater
treatment plants in Tehran, Iran, J. Environ. Health Sci. Eng., vol. 12, pp. 1–7;
[52] Nikolaou A, Meric S, Fatta D., (2007), Occurrence patterns of pharmaceuticals in water and wastewater
environments, Anal Bioanal Chem., vol. 387, pp. 1225–1234;

591

INTERNATIONAL SYMPOSIUM

[53] Norvill Z.N., Toledo-Cervantes A., Blanco S., Shilton A., Guieysse B., Muñoz R., (2017), Photodegradation
and sorption govern tetracycline removal during wastewater treatment in algal ponds, Bioresour. Technol.,
vol. 232, pp. 35–43;
[54] Oliveira I.B., Groh K.J., Schönenberger R., Barroso C., Thomas K.V., Suter M.J., (2017), Toxicity of
emerging antifouling biocides to non-target freshwater organisms from three trophic levels, Aquat. Toxicol.,
vol. 191, pp. 164–174;
[55] Orlando E.F., Ellestad L.E., (2014), Sources, concentrations, and exposure effects of environmental
gestagens on fish and other aquatic wildlife, with an emphasis on reproduction, Gen. Comp. Endocrinol.,
vol. 203, pp. 241–249;
[56] Pan M., Chu L.M., (2017), Fate of antibiotics in soil and their uptake by edible crops, Science of the Total
Environment, vol. 599–600, pp. 500–512;
[57] Patino Y., Diaz E., Ordonez S., Gallegos-Suarez E., Guerrero-ruiz A., Rodriguez-Ramos I., (2015),
Adsorption of emerging pollutants on functionalized multiwall carbon nanotubes, Chemosphere, vol. 136,
pp. 174–180;
[58] Pruden A., Pei R.T., Storteboom H., Carlson K.H., (2006), Antibiotic resistance genes as emerging
contaminants: studies in northern Colorado, Environ. Sci. Technol., vol. 40, pp. 7445–7450;
[59] Rizzo L., Manaia C., Merlin C., Schwartz T., Dagot C., Ploy M.C., et al., (2013), Urban wastewater
treatment plants as hotspots for antibiotic resistant bacteria and genes spread into the environment: a
review, Science of the Total Environment, vol. 447, pp. 345–360;
[60] Rosal R., Rodriguez A., Perdigon-Melon J.A., Petre A., Garcia-Calvo E., Gomez M.J., Aguera A.,
Fernandez Alba A.R., (2010), Occurrence of emerging pollutants in urban wastewater and their removal
through biological treatment followed by ozonation, Water Research, vol. 44, pp. 578–588;
[61] Sabourin L., Duenk P., Bonte-Gelok S., Payne M., Lapen D.R., Topp E., (2012), Uptake of
pharmaceuticals, hormones and parabens into vegetables grown in soil fertilized with municipal biosolids,
Science of the Total Environment, vol. 431, pp. 233–236;
[62] Sim W.-J., Lee J.-W., Shin S.-K., Song K.-B., Oh J.-E., (2011), Assessment of fates of estrogens in
wastewater and sludge from various types of wastewater treatment plants, Chemosphere, vol. 82, pp.
1448–1453;
[63] Tang X., Lou C., Wang S., Lu Y., Liu M., Hashmi M.Z., Liang X., Li Z., Liao Y., Qin W., Fan F., Xu J.,
Brookes P.C., (2015), Effects of long-term manure applications on the occurrence of antibiotics and
antibiotic resistance genes (ARGs) in paddy soils: evidence from four field experiments in south of China,
Soil Biol. Biochem., vol. 90, pp. 179–187;
[64] Tao C.-W., Hsu B.-M., Ji W.-T., Hsu T.-K., Kao P.-M., Hsu C.-P., Shen S.-M., Shen T.-Y., Wan T.-J., Huang
Y.-L., (2014), Evaluation of five antibiotic resistance genes in wastewater treatment systems of swine farms
by real-time PCR, Science of the Total Environment, vol. 496, pp. 116–121;
[65] Tasho R. P., Cho J. Y., (2016), Veterinary antibiotics in animal waste, its distribution in soil and uptake by
plants: A review, Science of the Total Environment, vol. 563–564, pp. 366–376;
[66] Tiwari B., Sellamuthu B., Ouarda Y., Drogui P., Tyagi R.D., Buelna G., (2017), Review on fate and
mechanism of removal of pharmaceutical pollutants from wastewater using biological approach,
Bioresource Technology, vol. 224, pp. 1–12;
[67] van Boeckel T.P., Brower C., Gilbert M., Grenfell B.T., Levin S.A., Robinson T.P., Teillant A., Laxminarayan
R., (2015), Global trends in antimicrobial use in food animals, Proceedings of the National Academy of
Sciences of the United States of America- PNAS, vol. 112, no. 18, pp. 5649-5654;
[68] von Nussbaum F., Brands M., Hinzen B., (2006), Medicinal chemistry of antibacterial natural products
exodus or revival? Angew. Chem. Int. Ed.. vol. 45, pp. 5072–5129;
[69] Wang L.L., Oda Y., Grewal S., Morrison M., Michel F.C., Yu Z.T., (2012), Persistence of resistance to
erythromycin and tetracycline in swine manure during simulated composting and lagoon treatments, Microb.
Ecol., vol. 63, no. 1, pp. 32–40;
[70] Wei R., Ge F., Huang S., Chen M., Wang R., (2011), Occurrence of veterinary antibiotics in animal
wastewater and surface water around farms in Jiangsu Province, China, Chemosphere, vol. 82, pp. 1408–
1414;
[71] Wu Q., Lam J.C.W., Kwok K.Y., Tsui M.M.P., Lam P.K.S., (2017), Occurrence and fate of endogenous
steroid hormones, alkylphenol ethoxylates, bisphenol A and phthalates in municipal sewage treatment
systems, Journal of Environmental Sciences, vol. 61, pp. 49-58;

592

INTERNATIONAL SYMPOSIUM

[72] Xu W.H., Zhang G., Zou S.C., Li X.D., Liu Y.C., (2007), Determination of selected antibiotics in the Victoria
Harbour and the Pearl River, South China using high performance liquid chromatography spectrospray
ionization tandem mass spectrometry, Environ. Pollut., vol. 145, pp. 672–679;
[73] Yang Y., Shao B., Zhang J., Wu Y.N., Duan H.J., (2009), Determination of the residues of 50 anabolic
hormones in muscle, milk and liver by very-high-pressure liquid chromatography-electrospray ionization
tandem mass spectrometry, J. Chromatogr. B., vol. 877, no. 5, pp. 489–496;
[74] Zhang Y., Geißen S.U., Gal C., (2008), Carbamazepine and diclofenac: removal in wastewater treatment
plants and occurrence in water bodies, Chemosphere, vol. 73, pp. 1151–1161;
[75] Zhang D.Q., Gersberg R.M., Hua T., Zhu J., Tuan N.A., Tan S.K., (2012), Pharmaceutical removal in
tropical subsurface flow constructed wetlands at varying hydraulic loading rates, Chemosphere, vol. 87, no.
3, pp. 273–277;
[76] Zhang Q., Ying G., Pan C., Liu Y., Zhao J., (2015), Comprehensive evaluation of antibiotics emission and
fate in the river basins of China: source analysis, multimedia modeling, and linkage to bacterial resistance,
Environ. Sci. Technol., vol. 49, no. 11, pp. 6772–6782;
[77] Zhang R., Wang X., Gu J., Zhang Y., (2017), Influence of zinc on biogas production and antibiotic
resistance gene profiles during anaerobic digestion of swine manure, Bioresour. Technol., vol. 244, pp. 63–
70;
[78] Zheng W., Yates S.R., Bradford S.A., (2008), Analysis of steroid hormones in a typical dairy waste disposal
system, Environ. Sci. Technol., vol. 42, pp. 530–535;
[79] Zhou L.J., Ying G.G., Zhang R.Q., Liu S., Lai H.J., Chen Z.F., Yang B., Zhao J.L., (2013), Use patterns,
excretion masses and contamination profiles of antibiotics in a typical swine farm, south China, Environ. Sci.
Processes Impacts, vol. 15, pp. 802–813;
[80] Zhou L.J., Ying G.G., Liu S., Zhang R.Q., Lai H.J., Chen Z.F., Pan C.G., (2013), Excretion masses and
environmental occurrence of antibiotics in typical swine and dairy cattle farms in China, Science of the Total
Environment, vol. 444, pp.183–195.

593

INTERNATIONAL SYMPOSIUM

TiO2 PHOTOCATALYST IN WASTEWATER TREATMENT – REVIEW
/
FOTOCATALIZATORUL TiO2 ÎN TRATAREA APEI UZATE – REVIEW
1)

Ungureanu N.1*), Biriş S.Şt.1), Vlăduţ V.2), Zăbavă B.1), Popa M.1), Biriş S.I.2)

University Politehnica of Bucharest, Faculty of Biotechnical Systems Engineering, Romania; 2) INMA Bucharest, Romania
Corresponding author: Nicoleta Ungureanu; Phone: 0724086492 / E-mail: nicoletaung@yahoo.com

Keywords: wastewater, organic pollutants, nanomaterials, catalyst, oxidation

ABSTRACT
Photocatalysis is one of the most advanced oxidation processes that has emerged as a promising
wastewater treatment technology for the complete degradation or mineralization of a wide range of organic
pollutants (dyes, pharmaceutical compounds, pesticides, phenols) and toxic metal ions, at ambient temperature
and pressure. Catalysts such as titanium dioxide (TiO2), zinc oxide (ZnO), tungsten trioxide (WO3), cadmium
sulphide (CdS), zinc sulphide (ZnS), tin dioxide (SnO2), molybdenum trioxide (MoO3), magnetite (Fe3O4),
gallium phosphide (GaP), graphitic carbon nitride (g-C3N4) etc., are used to mineralize the harmful organic
pollutants from wastewater into less toxic non-toxic inorganic compounds like CO2 and H2O. First studied in
1972 by Fujishima and Honda, TiO2 (immobilized or suspended) is the most widely studied and used
nanomaterial catalyst in wastewater oxidation. TiO2 can be activated with sunlight or UV radiation present in the
solar spectrum at a rate of 1-8%. TiO2 is non-toxic, biologically and chemically inert, photostable, reusable,
commercially available, it has relatively small price, high transparency to visible light and requires only 1 W/m2
light. Nevertheless, there are still some limitations to overcome on the application on industrial scale of TiO2 in
wastewater treatment.
REZUMAT
Fotocataliza este unul dintre cele mai avansate procese de oxidare care a apărut ca o tehnologie
promițătoare de tratare a apelor uzate, pentru degradarea sau mineralizarea completă a unei game largi de
poluanți organici (coloranți, compuși farmaceutici, pesticide, fenoli) și ioni metalici toxici, la temperatura și
presiunea ambiantă. Catalizatori precum dioxidul de titan (TiO2), oxidul de zinc (ZnO), trioxidul de tungsten
(WO3), sulfura de cadmiu (CdS), sulfura de zinc (ZnS), dioxidul de staniu (SnO2), trioxidul de molibden (MoO3),
magnetita (Fe3O4), fosfura de galiu (GaP), nitrura de carbon grafitic (g-C3N4) etc., sunt folosiți pentru a
mineraliza poluanții organici nocivi din apele uzate în compuși anorganici mai puțin toxici, cum ar fi CO2 și H2O.
Studiat pentru prima dată în 1972 de către Fujishima și Honda, TiO2 (imobilizat sau suspendat), este cel mai
intens studiat și utilizat nanomaterial catalizator în oxidarea apei uzate. TiO2 poate fi activat cu lumină solară
sau radiație UV prezentă în spectrul solar în procent de 1-8%. TiO2 este netoxic, inert biologic și chimic,
fotostabil, refolosibil, disponibil comercial, are preț relativ mic, transparență ridicată la lumina vizibilă și necesită
doar 1 W/m2 lumină. Cu toate acestea, încă există unele limitări care trebuie depășite pentru aplicarea la scală
industrială a TiO2 în tratarea apei uzate.

INTRODUCTION
In line with population growth and industrialization, municipal, livestock and industrial wastewater is
becoming more contaminated and difficult to process. Organic and inorganic compounds, emerging
contaminants and toxic pesticides, petroleum oil and grease products present at trace levels are polluting the
wastewater and they cannot be completely removed by conventional wastewater treatment, such as physical–
chemical methods and biological methods. Wastewater treatment is an important component in environmental
management and as such the use of suitable and cost effective methods in the treatment of all wastewater is
fundamental in accomplishing environmental sustainability.
Advanced oxidation processes (AOPs) combine high performance of pollutant removal through oxidation
reactions involving reactive oxygen species with greatly efficient generation of hydroxyl radicals (•OH), usually
aided by catalytic and photocatalytic processes (Gagol et al., 2018).
AOPs are recommended when water pollutants have a high chemical stability (Texteira et al., 2016) and
have the ability to treat wastewater with very low organic loads (in ppb) and containing dissolved organic
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compounds which are difficult to remove by biological technologies (Litter, 2005). In AOPs, the organic
compounds are reduced to simpler compounds or to CO2, H2O and inorganic salts. In addition, the AOPs take
place without sludge production, so there is no need of subsequent sludge treatment.
Reactive oxygen species in AOPs inactivate the microorganisms and degrade the organic and inorganic
substances. Hydroxyl radicals are practically non-selective (Valero et al., 2017), the 2nd strongest oxidizing
agents known after fluorine, degrading even highly recalcitrant compounds and having a high standard redox
potential of E◦(•OH/H2O) = 2.80 V/SHE (Moreira et al., 2017). Due to short life-time of hydroxyl radicals in water
(a few nanoseconds), they can be self-eliminated from the treatment system.
The conventional disinfection techniques for wastewater treatment are chlorination, ozonation and UV, but
they are not completely sustainable for the environment as they lead to the accumulation of concentrated
residues that pose storage problems as well as secondary pollution with chemical compounds that are
excessively used in chemical processes. AOPs for wastewater treatment include ozonation, photolysis and
photocatalysis, Fenton and photo-Fenton, sonolysis, ultrasound radiation, electrochemical oxidation, wet air
oxidation (Kanakaraju et al., 2014). AOPs have been widely applied for the treatment of a wide range of
wastewaters from chemical, pharmaceutical, food, oil refineries, petrochemical, dyes, textile and agro-industries.
So, more effective technologies of advanced oxidation, such as TiO2 photocatalysis or the photo-electro-Fenton
process have gained importance (Malato et al., 2009). Homogenous AOPs combine ozone (O3), UV radiation,
hydrogen peroxide (H2O2) and Fe2+. Heterogeneous AOPs combine UV radiation, catalyst and hydrogen
peroxide. AOPs that use ozone or UV light require large amounts of electricity especially when using them in
large scale municipal wastewater treatment.

CHARACTERIZATION OF PHOTOCATALYSIS
Photocatalysis is an AOP applied for the treatment of wastewater and air, defined as a light generated
catalytic process that reduces or oxidizes the organic molecules by redox reactions activated through the
electron-hole pairs generated on the surface of metal oxide semiconductors upon beyond band gap light
irradiation. Although photocatalysis is an effective process in the mitigation of environmental pollution, when
applied in wastewater treatment, a drawback is the lower quantum efficiencies in comparison to gas-phase
photocatalysis, mainly due to the smaller availability of oxygen in liquid (wastewater) and reduced mass
transport of target chemicals compared to air. Photocatalysis is influenced by the operational parameters: light
intensity, nature and concentration of organic pollutants, photocatalyst particle size, concentration of
photocatalyst, pH and reaction temperature (Gaya and Abdullah, 2008). The mild operation conditions of
pressure and temperature, respectively the use of an low-cost and chemically stable catalyst (TiO2) are very
attractive for the complete mineralization of contaminants and by-products.
Heterogeneous photocatalysis (UV/TiO2) is an eco-friendly AOP, consisting in the irradiation of a
semiconductor by photons with proper wavelengths to promote electrons from the valence band to the
conduction band, developing positively charged holes (Herrmann, 2010). There are five essential key steps in
the heterogenous photocatalysis on the surface of TiO2: photoexcitation (light absorption and charge carriers
generation, diffusion, trapping, recombination and oxidation (Foo and Hameed, 2010).
The mechanism of the electron - hole pair formation when the TiO2 particle is irradiated with UV light of
adequate energy is presented in Figure 1. The light wavelength for such photon energy usually corresponds to λ
< 400 nm. Semiconductor molecules contain a valence band (VB) occupied with stable energy electrons and
empty higher energy conduction bands (CB). As shown in Figure 1, the band gap of the semiconductor energy
with higher energy is used to emit light inside the semiconductor to induce a photocatalytic reaction with the
absorbent material on its surface via a redox reaction (Fujishima et al., 2008). The photonic excitation leaves
behind an empty unfilled valence band, generating the (e- / h+) electron - hole pair (Dong et. al., 2015). Photon
energy of 400 nm corresponds to a thermal energy of > 30000 oC. When TiO2 is irradiated with UV light < 400
nm, its surface is likely to achieve a temperature > 30000 oC which oxidizes all materials, and the organic
compounds are decomposed completely into H2O and CO2, as seen in Figure 2 (Hernandez-Alonso et al.,
2009).
Limiting the recombination of the electron‐hole is essential for the efficiency of photocatalytic oxidation
processes because, if there is recombination, the semiconductor particle will not take part in the reduction or
oxidation of the organic and inorganic pollutants (Brooks, 2013).
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Fig. 1 - Formation of photoinduced charge carriers
(e-/ h+) on absorption of UV light
(Lee and Park, 2013)

Fig. 2 - Removal of pollutants by the formation of photo
induced charge carriers (e-/ h+) in a semiconductor TiO2
particle surfaces (Lee and Park, 2013)

Photoreactor design has an important role to obtain high photocatalytic efficiency. In photocatalysis, the
catalyst surface must be lightened as efficiently as possible. Depending on the photocatalyst’s configuration,
there are two types of photoreactors (Fig. 3): suspended or slurry reactors, and immobilized film reactors
(Romão, 2015), with UV/visible illumination supplied to the reactor from the top.

Fig. 3 - Types of photoreactors: a) slurry reactor; b) immobilized film reactor (Romão, 2015)

Light distribution within the reactor and its resulting penetration to reach the catalyst particle surface, as
well as mass transfer limitations must be carefully considered (Romão et al., 2014). In any application, the
photocatalytic reactor must operate with the optimal catalyst dose to avoid the occurrence of undesirable
phenomena specific to its excess, which will allow for efficient absorption of photons and advanced degradation
of the pollutant.

CHARACTERIZATION OF TiO2 PHOTOCATALYST
Photocatalysts are substances that are activated by the absorption of a photon and help to accelerate a
reaction, without being consumed (Abhang et al., 2011). A photocatalyst should not participate directly in the
reaction or be consumed and it needs to produce other mechanism routes from existing photo reactions and
accelerated reaction rate (Lee and Park, 2013).
Most photocatalysts are semiconductors, due to the relatively high stability and mobility of charge carriers
on these solids, which simplifies their transport to the surface where they can interact with the adsorbed
molecules (Hernandez-Alonso et al., 2009).
There is a variety of catalysts or metal oxides used for their photocatalytic properties, namely: TiO2
(titanium dioxide), ZnO (zinc oxide), ZnS (zinc sulphide), CeO2 (cerium oxide), WO3 (tungsten trioxide), CdS
(cadmium sulphide), SnO2 (tin dioxide), MoO3 (molybdenum trioxide), GaP (gallium phosphide), Fe3O4
(magnetite), g-C3N4 (graphitic carbon nitride) (Xu et al., 2013; Boczkaj and Fernandes, 2017). Coupled
semiconductors: TiO2/SnO2, TiO2/ZnO, TiO2/WO3 are also used in wastewater photocatalysis (Andronic et al.,
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2011). The photocatalytic activity of TiO2/SiO2 catalysts is linked to the preparation process, the presence of
impurities, the allotropic crystal form and the specific surface area (Kamil et al., 2006).
Several catalyst properties, such as crystal size and shape, phase composition, crystallinity, specific
surface area, presence of doping impurities, textural or surface properties are related to photo-efficiency
(Carbajo et al., 2017). Changing the surface of semiconductor materials with dyes through sensitization
processes involves the adsorption of dye molecules on the surface of semiconductor particles by physical or
chemical interactions, the electronic injection of the excited state of the dye into the conductor band of the
semiconductor, under the action of visible light, thereby increasing the photoactivity of semiconductor materials
(Karaca et al., 2011).
In order to find the most efficient method for producing photocatalytic materials used in wastewater
photodegradation, a large number of synthesis techniques have been tested. Techniques based on physical
processes (electric and magnetic field, plasma, vacuum or non-vacuum) allow material control but are
expensive and limited in terms of layer sizes. The chemical techniques for the synthesis of photocatalytic
nanoparticles are based on chemical transformations through various methods: sol-gel, hydrothermal process,
electrochemical deposition, pyrolytic spraying, chemical vapor deposition, photochemical deposition (Dundar et
al., 2019). Most commonly used catalysts in wastewater treatment for the decomposition of organic pollutants
are ZnO and TiO2.
Zinc oxide (ZnO) is a promising solar light photocatalytic material with high photocatalytic efficiencies for
the degradation of organic pollutants (Danwittayakul et al., 2015). ZnO is an n-type semiconductor, it has a wide
band gap of 3.2 eV and and generates large quantities of hydroxyl radicals (•OH), hydrogen peroxide (H2O2)
radicals and superoxide ( O −2 * ) radicals (Shinde et al., 2017). ZnO nanoparticles are doped with metals and
transition metals (Ag, Pb, Mn, and Co) to increase the photocatalytic activity because doping increases the
surface defects (Sood et al., 2014). Although zinc oxide is usually described as the most active semiconductor
(Fujishima et al., 2008), titanium dioxide is used more frequently because it is more stable than ZnO in aqueous
solution (Pan et al., 2013).
Titanium dioxide (TiO2) was first studied by Fujishuma and Honda K. (1972), who revealed the possibility
of hydrogen production through water decomposition by photocatalysis and solar energy. Since then, it became
the most widely studied and used nanomaterial catalyst in wastewater oxidation.
Titanium (Ti) is the 9th most abundant element on earth and since it is not found unbound to other elements
it is primarily found in minerals like rutile, anatase, brookite, leucoxene and ilmenite (Brooks, 2013). With
worldwide reserves over 600 million tons, the estimated annual production of titanium is 90000 tons, while the
annual production of titanium dioxide is 4.3 million tons (Kiser et al., 2009).
TiO2 is a wide band gap semiconducting material. The band gap of TiO2 is larger than 3 eV (~3.0 for rutile
and ~3.2 for anatase), thus making pure TiO2 primarily active for UV light (Luttrell et al., 2014). The wide band
gap requires UV light during photocatalytic reaction, because only a small fraction of solar energy (4–5 %) is
adsorbed, leading to inefficient photocatalytic reaction when using sunlight (Zhan et al., 2014).
There are a number of recognized advantages of TiO2: is non-toxic, biologically and chemically inert,
photostable, reusable, commercially available, high transparency to visible light and requires only 1 W/m2 light
(Nakata and Fujishima, 2012; Lee and Park, 2013). Moreover, TiO2 photocatalysis has relatively small price and
is much cheaper than other AOPs (UV/O3; UV=H2O2, photo-Fenton).
Limitations in the use of TiO2 particles for the photocatalytic degradation of organic pollutants include:
inefficient use of visible light, aggregation of nanosized particles, low adsorbtion of organic pollutants, difficulties
in distributing the particles uniformly and in recovery of nanosized particles.
Titanium dioxide has three polymorphic forms (Fig. 4): rutile (tetragonal mesh), anatase (tetragonal mesh)
and brookit (ortorombic mesh). Rutile consists of 93% TiO2 (Brooks, 2013), it has a band gap of 3 eV and is
thermodynamically stable at high temperature. Anatase has higher photocatalytic activity compared to rutile (Liu
et. al., 2012), it has a wider band gap than rutile, of 3.2 Ev (Luttrell et al., 2014) and it is active only under UV
light irradiation corresponding to 388 nm (Oprea et al., 2013). Atanase is a mineral form and the most
photoactive phase of TiO2, due to its particular crystallographic structure, which increases electron-hole
recombination times (Elsellami et al., 2015) and can be obtained in the form of thin film deposited at low
temperature of 400-500°C. Brookite has a band gap of 3.13 eV. The most common commercial TiO2
photocatalyst is Degussa P-25, a powder consisting of anatase crystallites and rutile (Ohno et al., 2001), with an
approximate 80/20 ratio (Brooks, 2013).
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Fig. 4 - Structures of TiO2 crystalline forms (Dobrzański et al., 2016)

Figure 5 shows various sizes of manufactured structures of TiO2, such as zero-dimensional TiO2 spheres,
one-dimensional with TiO2 fibers, nanorods and tubes, two-dimensional with TiO2 nanosheets, and threedimensional with interconnected architectures (Lee and Park, 2013).

Fig. 5 - Structural dimensionality of TiO2 materials with expected properties (Nakata and Fujishima, 2012)

Nanostructured materials have nanoscale sized crystals, long-order structures, disordered structures or
pore spaces. Nanostructured photocatalysts are used to maximize the absorption of reactants and photons.
However, since its use to the treatment of large volumes of wastewater is hampered due to expensive cost of
artificial irradiation (UV lamps + electricity), the solar irradiation is seen a useful approach for reducing the cost
of large-scale aqueous-phase applications (Braham and Harris, 2009).
Titanium nanopowders have gained attention in wastewater treatment, but the use of photocatalysts in
powder form damages the recirculation pumps. When they are suspended in the wastewater to be treated, TiO2
nanoparticles are difficult to separate from the reaction solution and separation by sedimentation followed by
membrane filtration is costly. Moreover, the turbidity of highly concentrated TiO2 suspensions is responsible of a
light shadowing effect, which can seriously decrease the rate of the photocatalytic reaction (Kamil et al., 2006).
To overcome the drawbacks of suspended solution, TiO2 nanoparticles are immobilized on supporting materials
such as eco-friendly activated carbon (Liu et al., 2007), silica, alumina, clays, zeolites, quartz, glass, steel, or
membrane (Andriantsiferana et al., 2015). Immobilization of TiO2 ensures superior adsorption properties, higher
surface area, surface hydroxyl groups increase and charge recombination reduction (Gong et al., 2015).
The latest toxicity studies on TiO2 powders indicated that TiO2 nanoparticles, smaller than 20–30 nm, may
cause a severe health risk (Wu et al., 2009). Thus, the immobilization of TiO2 with good adhesion, in the form of
thin films is needed to avoid the release of nanoparticles into the atmosphere.
Nanocrystalline titanium dioxide (NTO) is a multifunctional semiconductor photocatalyst that can function
as an energy catalyst (in water splitting to produce hydrogen fuel), an environmental catalyst (in air and water
treatment), or an electron transport medium in dye-sensitized solar cells (Palaez et al., 2012).
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Semiconductors are subjected to photo-corrosion that can be induced by irradiation, if the photogenerated
charge carriers attack the solid constituents. However, photo-corrosion does not affect TiO2 because water
oxidation is thermodynamically more favoured than the formation of molecular oxygen from oxide anions
(Hernandez-Alonso et al., 2009).
TiO2 DOPING
The poor visible light absorbtion and fast electron-hole recombination, and the sluggish transfer kinetics of
the charge carriers to the surrounding media, can limit the photocatalytic activities of TiO2. To extend the visible
light response of TiO2, ion doping is applied, where a variety of metal ions are introduced into the TiO2 matrix in
order to change its band structure (Kang et al., 2019). The doping ions can act as traps, both for voids and
electrons, or they can mediate the interfacial load transfer.
TiO2 can be doped with metal ions, (including noble metals): Fe, Mn, V, Cu, Cr, La, Ag, Co, Mo, Sn, Sb, Li,
Au, Pt. Improving the photocatalytic activity of modified TiO2 with noble metals (Pt, Pd, Au, Ag, etc.) was
explained by the photoelectrochemical mechanism in which the electrons generated by the UV light of the
semiconductor (TiO2) are transferred to the metallic particles with which it is charged, while the voids remain in
semiconductor, which results in a delay in electron-void recombination (Zhang et al., 2001).
Non-metal ions such as C, N, P, S, I, B and F can also be used as TiO2 dopants (Chen et. al., 2007), of
which N and C doped TiO2 nanomaterials have superior photocatalytic activity under visible light irradiation
(Dong et al., 2015). Modification of TiO2 by doping with nitrogen has various advantages, such as narrowing of
bandgap tuning toward absorbing visible light, increased impurity energy levels, and mitigating the
recombination processes (Vinod et al., 2015). Non-metal dopants seem to be more convenient for the increase
of the photocatalytic activity of TiO2 into the visible region because their impurity states are near the valence
band edge, but they do not act as charge carriers, and their role as recombination centers might be reduced.

Fig. 6 - TiO2 nanoparticles with different doping elements (Kang et al., 2019)

When two or three doping elements are used, a significantly improved adsorption of light in the visible light
range and increased photocatalytic activities of TiO2 are observed (Cheng et al., 2012). The photocatalytic
activity of metal-doped TiO2 is influenced by dopant concentration. The most effective enhancement of doping
photoactivity was found for particle sizes of the "nano" order in which the dopant ions are located in the first 1-2
nm from the surface.
OTHER APPLICATIONS OF TIO2
Applications and products of TiO2 can be divided into "energy" and "environment" categories (Fig. 7), many
of which depend on the interaction properties of TiO2 - based materials with the environment.
TiO2 has become a photocatalyst in environmental decontamination for a wide range of organics, viruses,
fungi, bacteria, algae and cancer cells, which can be totally degraded and mineralized to CO2, H2O and
harmless inorganic anions (Carp et al., 2004).
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Fig. 8 - Applications of TiO2 photocatalysis (Nakata and Fujishima, 2012)

Photo-induced process paths for TiO2 presented in Figure 7 begin with the excitation of a TiO2 electron
from the valence band (VB) to the conduction band (CB).

Fig. 8 - Photo-induced processes on TiO2 (Carp et al., 2004)

More than 3000 types of recalcitrant organic compounds found in dyes, pharmaceuticals, endocrine
disrupters, pesticides, phenols, explosives, nitrobenzene and chlorine hydroxybenzene wastewaters can be
degraded by TiO2 photocatalysis. Hazardous inorganic pollutants, such as heavy metals Hg(II), Pb(II), Cr(VI),
cyanide and NO −2 - containing waste, are removed by photocatalytic reduction and photocatalytic oxidation
(Lijuan et al., 2012).
TiO2 is also used in heterogeneous catalysis; as photocatalyst; in solar cells for the production of hydrogen
and electric energy; as white pigment; in cosmetics; as corrosion-protective or optical coating; as spacer
material in magnetic spin-value systems (Diebold, 2003). Other applications of TiO2 include: water splitting,
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disinfection and decontamination of water and air, reduction of CO2 into gaseous hydrocarbons, surfaces selfcleaning and antimicrobial biomedical materials (Ren, 2015).
Ultrafine TiO2 is known for its many versatile applications emanating from its very small particle size and
semiconductor properties. These applications include UV absorbing transparent coatings, flip‐flop automobile
coatings, plastic additives, cosmetic UV blockers and electronic components characterized by rutile ultrafine
particles. Anatase based applications are even more versatile and include photocatalysis (self‐cleaning effect,
decomposition of harmful nitrous oxides from automobile exhausts, water and air purification),
photoelectrochromic windows, dye‐sensitised solar cells, etc. TiO2 photocatalysts can be used for air treatment
by adding TiO2 nanoparticles in roof or concrete tiles, for dirt removal by a thin hydrophilic and photocatalytically
active layer on glass (www.cinkarna.si).
CONCLUSIONS
Within the last decade, there has been quite a lot of attention on advanced oxidation processes (AOPs)
and their use in wastewater treatment, mainly because the AOPs are effective in destroying a wide variety of
organic and inorganic compounds.
Heterogeneous photocatalysis using semiconductor materials is one of the emerging AOPs. Of the many
different photocatalysts, TiO2 is one of the most widely studied in wastewater treatment. TiO2 is a semiconductor
material which can be improved by doping with various chemical elements (metallic, non-metallic, or other
oxides).
The photocatalytic activity of TiO2 is observed under UV irradiation, but it only uses 5% of the solar energy
that reaches the Earth. Among the advantages of using TiO2 in wastewater photocatalysis there are: biologically
and chemically inert, photostable, reusable, corrosion resistance, transparent in the form of thin films, not toxic
when particles are large enough, and low cost of production.
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ABSTRACT
Cold pressed oils are manufactured by seeds mechanical pressing. These are important for a healthy
and balanced diet, being rich in polyunsaturated fatty acids, vitamins, minerals and antioxidants. Action to
human body is considered a high benefit with complex metabolic activity. This study is a comparison between
ecological oils processed by Hofigal and other commercial oils. This is to prove that NMR technique is able to
fast characterize these products, in order to expose to consumer all benefits for human health. Thistle,
safflower, flax, hemp oils were tested and compared by 1H NMR. From spectra, fatty acids profile was
calculated.
REZUMAT
Uleiurile presate la rece sunt obținute prin presarea mecanică a semințelor. Acestea sunt foarte
importante pentru o dietă sănătoasă și echilibrată, fiind bogate în acizi grași polinesaturați, vitamine, minerale și
antioxidanți. Acțiunea acestora în corpul uman este considerată ca un beneficiu cu o activitate metabolică
complexă. Studiul este o analiză comparativă între uleiurile ecologice procesate de Hofigal și alte uleiuri
comerciale. A fost realizat pentru a demonstra capacitatea tehnicii de Rezonanță Magnetică Nucleară de a
caracteriza rapid acești compuși, putând astfel expune către consumator toate beneficiile cu acțiune asupra
sănătății. Uleiul de armurariu, de șofrănel, de in și de cânepă au fost analizate și comparate prin 1H-RMN. S-a
obținut pentru fiecare un profil de acizi grași din spectrele înregistrate.

INTRODUCTION
Ecological vegetable oils are excellent functional foodstuff because of their nutrients richness. In order to
keep a good health and prevent disease, cold pressed oils are important players because of their amount of
unsaturated fatty acids and vitamins (A, D, E, F). The beneficial effects of polyunsaturated fatty acids (PUFA),
and particularly of ω-3 fatty acids on human health have also been reported (Barcelo et al, 2009).
In our days, in modern food intake starts to be used a lot of synthesized chemicals. These ingredients
can’t solve nutrition and health issues, and on the other hand can be even determining factors for adverse
reaction to health and environment. From this point of view, the need to use more ecological products and their
recipes with natural aromatic or medicinal plants became a fact.
NMR is a physical method which gives the most complete structural, configuration and conformational
information regarding organic compounds. Initially applied in 1H protons was extended to other nuclides as 13C,
19F, 31P, 17O etc. NMR spectroscopy is based on electromagnetic energy absorption when parallel
orientations goes to antiparallel orientation, passing from one energetic level to another in the same time with
spin inversion according to external applied magnetic field. Phenomena appear when nucleus placed in a
homogenous magnetic field is irradiated with specific frequency electromagnetic waves (Balaban et al, 1983).
Nuclear Magnetic Resonance could be used to quantify lipids from foodstuff in a non-destructive way. It is
one of the most popular standardized AOAC methods for measuring total fat content, by measuring melting
curves of these, more specific of density variation of solid fat vs. liquid fat. Total fat content is made by low
resolution NMR (Nielsen S.S., 2010).
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In terms of NMR studies regarding oils, (Mihalache et al., 2012) worked on 1H-NMR fatty acid profile of
vegetable oils and developed a chemometric quantitative calculation of four classes of fatty acids: triunsaturated, di-unsaturated, mono-unsaturated and saturated. Using chemometric equations, saturated fatty
acids and short chain fatty acids ratio could be calculated very fast.
Combining chemometric equation systems with 1H-NMR analyse is an already applied technique in fast
screening of the four groups of fatty acids from lipid profile. These quantifiable compounds are:
- saturated fatty acids (mainly C16:0; palmitic acid and C18:0; stearic acid);
- mono-unsaturated fatty acids (mainly C18:1; oleic acid);
- di-unsaturated fatty acids (mainly C18:2; linoleic acid);
- tri-unsaturated fatty acids (mainly C18:3; linolenic acid) (Chira et al., 2011)

MATERIAL AND METHOD
In order to prepare commercial recipes for flavoured food products, where selected 4 ecological
vegetable oils with very good antioxidative properties: thistle oil, safflower oil, flax oil and hemp oil. All of these
ecological oils where manufactured by SC Hofigal Export Import SA (Bucharest, Romania) from own cultivated
crops.
• Thistle oil is an oily liquid, clear to weak opalescent, yellow – greenish coloured, with specific taste and
fragrance.
• Safflower oil is an oily liquid, clear to weak opalescent, yellow to pale yellow coloured, with typical taste
and fragrance.
• Hemp oil is an oily liquid, clear to weak opalescent, yellow to greenish coloured, with specific taste and
fragrance. When oxidized becomes solid and can be used in the manufacture of oil-based paints, in
creams as a moisturizing agent, for cooking, and in plastics.
• Flax oil is an oily liquid; clear to pale opalescent, yellow or yellowish brown. Exposed to air is darkening
and slowly became thicker. By cooling to -20 Co become a soft form, with characteristic taste and smell.
It has been added for comparison, a fatty acids profile made from a commercial refined sunflower
vegetable oil. All of the samples where compared with randomly tested oils from the market and added to NMR
Laboratory Database. Experiments have been made in conformity with validated analysis methods in NMR
Laboratory of INCDBA-IBA Bucharest.
NMR sample was prepared with deuterated chloroform (CDCl3, min. 99.8%) to the dilution of 2:8 (v/v).
Four samples were analysed in 5mm NMR tubes (Wilmad, Vineland, NJ, USA). The 1H-NMR spectra of the oils
were run on a Bruker Avance III, 400 MHz spectrometer, operating in a 9.4T electromagnetic field. This
corresponds to a resonance frequency of 400.13 MHz for 1H nucleus. Magnet is equipped with a direct
detection four nuclei probe head and field gradient on z axis. We used for 1H-NMR spectra typical parameters
as 450 pulse without attenuated power, 2.05s acquisition time, 6.4 KHz spectral window, 16 scans, 26K data
points, 1s relaxation time. FID was not processed prior to Fourier transformation. The 1H-NMR spectra
acquisition time was approximatively 2 minutes and taken with IconNMR, Bruker. All spectra were processed
with TopSpin and MestreNova. Chemical shifts are reported in ppm.
RESULTS
Using ¹H-NMR spectral technique, fatty acids composition was determined, especially the
concentrations of short-chain saturated fatty acids (C4-C8), di-unsaturated fatty acids, mono-unsaturated fatty
acids and long-chain saturated fatty acids (>C8). By NMR chemometric calculations, it have been obtained a
fatty acids profile contained by the analysed sample.
Table 1
Sample

Calculated values for fatty acids profile of studied oil samples
tri-unsaturated
di-unsaturated
mono-unsaturated
fatty acids, %
fatty acids, %
fatty acids, %

saturated fatty
acids, %

Thistle oil

0.98

41.82

35.70

21.50

Safflower oil

0.17

64.22

23.41

12.20

Flax oil

51.18

12.74

23.23

12.84

Hemp oil

13.14

59.50

15.86

11.51

Sunflower oil - REFERENCE

0.00

55.05
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Fig. 1. Typical 1H-NMR spectra with fatty acids profile and corresponding chemical structure

Spectra integration and chemometric calculations have been made taking in consideration the areas
assigned to specific resonances 0,79-0,89 ppm; 0,89-0,94 ppm; 1,15-1,36 ppm; 1,52-1,66 ppm; 1,90-2,04 ppm;
2,23-2,32 ppm; 2,71-2,81 ppm; 4,07-4,31 ppm; 5,19-5,27 ppm; 5,27-5,40 ppm.
It was emphasized the area of tri-unsaturated fatty acids, a clear difference between the 4 studied
samples.

Fig. 2. 1H-NMR spectra of thistle oil
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Thistle oil shows the highest saturation levels. This type of oil is not siccative, explained by very low
level of poly-unsaturated fatty acids.
For many centuries extracts of milk thistle have been recognized as "liver tonics." (Gazak et al, 2007).
Milk thistle has been reported to have protective effects on the liver and to greatly improve its function. It is
typically used to treat liver cirrhosis, chronic hepatitis (liver inflammation), toxin-induced liver damage including
the prevention of severe liver damage from Amanita phalloides ('death cap' mushroom poisoning), and
gallbladder disorders (Greenlee et al, 2007, Tamayo et al, 2007).

Fig. 3. 1H-NMR spectra of hemp oil

Hemp oil shows the lowest level of saturation from all samples. In the same time, because of the
medium to high grade of poly-unsaturated fatty acids, presents siccative behaviour. In terms of health, hemp oil
becomes more and more studied in correlation with neurological diseases and cancer and even if development
is at beginnings, it shows great expectations.

Fig. 4. 1H-NMR spectra of flax oil
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Flax oil shows the lowest grade of saturation. On the other hand, it is one of the most siccative oils,
clearly explained because of high amount of poly-unsaturated fatty acids, easy to polymerase in presence of air.
It is one of the oldest commercial oils. It was used for centuries in paints, but shows a multiple health benefits.
One study of research published between 1990 and 2008 showed that consuming flaxseed or its derivatives
may reduce total and LDL-cholesterol in the blood, with greater benefits in women and those with high
cholesterol (Pan et al, 2009) Flaxseed supplementation showed a small reduction in C - reactive protein (a
marker of inflammation) only in persons with a BMI greater than 30 (Ren et al, 2016)

Fig. 5. 1H-NMR spectra of safflower oil

Safflower oil shows a high grade of saturation, in the same time with the lowest level of polyunsaturated fatty acids from all our studied samples. The linolenic and linoleic acids ratio in safflower seed oil
might help prevent "hardening of the arteries," lower cholesterol, and reduce the risk of heart disease. Safflower
contains chemicals that may thin the blood to prevent clots, widen blood vessels, lower blood pressure, and
stimulate the heart.
We have checked the differences between oils in terms of 1H-NMR resonance response.

Fig. 6. 1H-NMR spectra side by side for thistle, hemp, safflower and flax oil
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From the side-by-side spectra it has been observed quantitative arrangement of signals.

Fig. 7. 1H-NMR spectra superimposed for thistle, hemp, safflower and flax oil

From the superimposed spectra, we checked any chemical displacements of the signals, or specific
signals for the 4 studied oils.
CONCLUSIONS
From 1H-NMR spectra analyse of the 4 studied oils, it can be easily observed saturation/un-saturation
ration qualitative and quantitative. A very good and fast approach for commercial oils can be done with Nuclear
Magnetic Resonance, in order to obtain a profile for controlling the quality of these.
These differences, more clearly saturation level ratios can provide the different action from health
activity of these oils. These opens area to development NMR studies correlated to clinical studies.
It have been made a comparison with some others commercial oils and Nuclear Magnetic Resonance
with 400MHz resolution can’t emphasize significant differences between products.

Fig. 8. 1H-NMR spectra superimposed for hemp oil
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Fig. 9. 1H-NMR spectra superimposed for flax oil

Fig. 10. 1H-NMR spectra superimposed for safflower oil
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Fig. 11. 1H-NMR spectra superimposed for thistle oil
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ABSTRACT:
Lately, people have become increasingly interested in having a healthy diet, consuming organic food, as
little as processed, including fruit occupies an important place.

Fruit trees produce fruit containing almost the whole range of natural vitamins, oils with curative effects,
organic acids, mineral salts (calcium, magnesium, potassium, etc.) and many other biologically active
substances. Because these species are considered true "live plants", the cultivated areas have grown
considerably. The species of shrubs is also part of the Siberian blueberries, less known and cultivated in us.
The work aims to synthesize some results related to the cultivation and processing of Siberian blueberry. They
can be a starting point for niche crops, with benefits for domestic farmers and consumers.
REZUMAT:
În ultima vreme, oamenii au devenit tot mai interesați de a avea o alimentație sănătoasă, consumând
alimente ecologice, cât mai puțin procesate, printre care fructele ocupă un loc important.
Arbuștii fructiferi produc fructe ce conțin aproape toată gama de vitamine naturale, uleiuri cu efecte
curative certe, acizii organici, săruri minerale (calciu, magneziu, potasiu etc.) si multe alte substanțe cu rol
biologic activ. Deoarece aceste specii sunt considerate adevărate „uzine vii', suprafețele cultivate au crescut
considerabil. Dintre speciile de arbuști face parte și afinul siberian, mai puțin cunoscut și cultivat la noi.
Lucrarea își propune să sintetizeze câteva rezultate referitoare la cultivarea și procesarea afinului
siberian. Acestea pot constitui un punct de plecare pentru realizarea unor culturi de nișă, cu beneficii pentru
fermierii și consumatorii autohtoni.
INTRODUCTION:
Lonicera caerulea L., fam. caprifoliaceous, called Popular Siberian Blueberry or siberian aphin, is native
to Kamtchatka, eastern Siberia. Having a flavor reminiscent of blueberries, grapes, raspberries and
blackberries, or all in one place, the fruit of the Siberian Thrush is both a food and a medicine. Due to the high
content in minerals, vitamins, antocians and resveratrol is considered fruit of youth. Also, due to the large
quantities of polyphenols and the resulting antioxidant properties, Siberian blueberry fruits were included in the
special category called Superfruits. This term was born in the United States to promote forest fruit with high
polyphenols, which have beneficial effects on health. Superfruits also include other berries such as black
currant, blueberry and strawberries; In the diet being appreciated more and more by European consumers
(Reinhard T. 2014).
The Japanese were the first to realize the real value of this species and began to create new varieties.
Canadian researchers have taken over and continued the study in the field, transforming wild, astringent and
bitter fruits into some with higher qualities (https://honeyberry.ro).
As a food, fruits are consumed fresh, being very rich in vitamin C and having antioxidant properties. In
medicine, they are used in the therapy of cardiovascular diseases, as they reduce blood pressure and may have
curative effects for malaria and gastrointestinal diseases. Phenolic compounds present in these fruits have antiinflammatory properties, preventing the appearance of metabolic diseases, such as diabetes and obesity. They
also reduce the oxidation of LDL cholesterol levels, which affect the increased risk of heart disease, including
atherosclerosis (Skupień et al., 2007).
The main benefits of the consumption of Siberian blueberry fruits are: cause lowering of arterial tension;
Improve visual acuity; Ensure the protection of the urinary system; Protects the body from the harmful effects of
ultraviolet (UV-A, UV-B); contributes to the prevention of some cancers and the improvement of side effects due
to chemotherapy; Helps to maintain the balance of intestinal microflora and help to combat colds (Reinhard T.
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2014). Due to the beneficial health properties, the fruit of Lonicera Caerulea is appreciated by both consumers
and nutritionists.
The varieties of Siberian blueberry that dominate the market are Karina – one of the most productive –
atut, Duet and Wojtek (https://www.pestre.ro/blog/cultura-de-afin-cu-port-inalt-si-afin-siberian/). In the year 2012
the Institute of Research – Development for Pomiculture Piteşti-Mărăcineni has been approved a new kind of
Siberian-Kami bilberry, which is characterized by vigorous bushes, with a production of 5-6 kg/tuffle. The variety
shows resistant to frost and drought, but also to diseases and pests.
The paper is a brief communication on the culture technology of this species and the processing of
Siberian blueberry.
MTERIALS AND METHODS:
The Siberian blueberry is a shrub, which develops as a branted bush, reaching a height of 1.5 – 2 m
and a width of 1.2 m. It is very resistant to frost (up to-40 °c) and drought, is a longevious species with a lifespan
of more than 30 years. Because it is one of the early plants (confronts in March, flourishes in April and spins in
May, a week or two before the strawberries), it is recommended in combating spring asthenia (Preston T. 2016).
The fruits are oval or fatigable, bombed in the middle, as shown in Figure 1 dark blue coated with
prubine, with the mass between 0.7-1.3 g (depending on the variety ), long up to 2 cm and 0.5 cm in diameter
and contain about 20 undetectable soft seeds during consumption ( Fig 1).

Fig.1. Siberian blueberry
(Source: www.flowertime.ro)

Fig. 2. Trimming of the resin
(Source: www.fermaiancu.ro)

In general, the Siberian blueberry inflow prefers poorly acidic soils with a pH of between 6.5 and 7.2,
with the southern exhibition of the land. The planting distance between the rows is between 3 – 4 m, and
between the plants at the same time 1, 5 m (Chira L. C., 2009).
Planting is carried out in the autumn, using bottled seedlings when the humidity in the soil is high, but it
can be performed and early spring (March). Before planting, the root-shaping operation is performed, removing
1/3 from their length (Fig. 2). Their mulching helps to natural agricultural fertilizer cauterize wounds formed after
cutting, stimulating the radicular elevating. In the planting pit is introduced Earth and water, and after the
planting operation runs watering abundantly for the Earth to adhere to the roots as well (Chira L. C., 2009).
culture, a minimum of two varieties are used for pollination, as it is an anemophilic plant (pollination is done by
wind) but it can also be done with the help of bees.
Lonicera Caerulea is a shrub that does not require special maintenance work, being very resistant to
diseases and pests. According to some research carried out in the Siberian fore sts where this species grows by
itself, uncultivated, it has been found that it can be attacked by fungi of the species Phellinus Lonicerinus
(Vlasenko V.A. 2013.)
The organic crops of Siberian blueberry require a minimal of sprintions made with substances
recommended for this type of agriculture. Thus, autumn after planting the Siberian afin is sprint with solutions
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based on copper, and the spring besides it can also be used essential oils, extracts from herbs and herbs.
During the vegetation period it is recommended to perform preventive sprints with ORGANIC fungicides and
insecticides and the application of foliar fertilizing (Gosch T. 2014).
The lack of water significantly affects the growth and development of the plant, so in times of drought
is recommended drip irrigation. In the early years of planting the growth is slow, no cuts are carried out, only
remove the dried or torn branches. Only after 5 years of planting can the old branches be cut.
In the first years after planting the growth is slow, no cuts are made, only the dried or broken branches
are eliminated. Only 5 years after planting, old branches can be cut.
Fruiting begins after 3-4 years, when the bush reach about 1.5 to 2 m high, finnd possible to harvest the
fruits 5 kg / bush.

RESULTS
Siberian blueberry, like most fruits of fruit shrubs are extremely perishable. For fresh consumption with
the maintenance of high quality of fruit it is recommended to quickly cooling them after harvesting and storage in
refrigerated rooms with controlled atmosphere (K. Kozos 1989).
In the preserved state they can be consumed in the form of various preparations such as: sweetness,
jam, marmalade, syrup, juice, wine, candied fruit, etc., may undergo conservation processes by drying, freezing
or freeze-dried. Among the conservation processes of the fruit, lyophilisation is a modern method that
contributes to the preservation of important properties of them. Thus, the fruit preserved by liophilosophation is
characterized by:
• preservation of nutritional properties and colour;
• low content of water, carbohydrates and calories;
• lack of additives.
As a disadvantage, the lyophilised fruit are very hygroscopic (Preston T. 2016).
Lyophilisation is the process by which of the frozen fruits at temperatures ranging from-30...-60 ° C
sublimates the water in the vacuum. The process can take place continuously, continuous semi or
discontinuous.
The installation in Figure 3 is of the type with continuous operation, to which the loading and unloading
of the products is carried out through the chassis (3), (4) and (5), which allow the sealing of the tunnel in which
the lyophilisation takes place. The tunnel contains inline lyophilisation units; each unit is separated by external
condensing enclosures, which can be isolated by taps and defrosting, without stopping the freeze-drying
process.
Frozen products are loaded through the inlet space (2) and pass through the freeze-drying units to the
outlet. When a trolley with products enters the tunnel, another, with lyophilised products, exits the opposite end
(7), (http://www.creeaza.com/tehnologie/constructii/instalatii/LIOFILIZAREA678.php). From 30g of lyophilised
fruit can be reconstructed after adding water, about 300g fruit.

Fig. 3 Installation for continuous lyophilisation (source: www. create. com/files/installations)
1-tray; 2-loading system; 3 4-SAS charging; 5-SAS download; 6-Elevators 7-Product Download system

Freezing is another method of preservation that almost fully preserves the quality of the fruit. Industrial
freezing is the process of cooling food at a temperature far below the solidification temperature of water (0°C).
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It uses several types of freezing technologies, after the cooling medium and the heat processing system
of processed fruits. Of these are also part of freezing by indirect contact, in the current of cold air in the fluidized
layer. This procedure is also called a scraping freeze, because each particle comes into contact with the cold
air. An upward circulation of air among the products is carried out, printing them a permanent movement. This
process is very used for the freezing of small-sized products (berries), as it provides fast freezing speeds (up to
10 cm/h), which leads to their optimal preservation.
OCTO FROST (Sweden) produces fluidized bed freezing facilities (fig. 4) with nominal capacities
ranging from 1350-9300 kg/h.
The thickness of the product layer at cooling in fluidized coating varies according to the dimensions of
the products, being maximum 150 mm. For larger thicknesses, fluidization is no longer economical or can no
longer be achieved. By blowing the air from the bottom up to the products placed on the metal sieve, it
streamlines (loosens), and at a certain optimum speed, the product particles become very mobile, prompting the
state of fluidization. The image of a fluidized layer is similar to a boiling liquid. Each fruit comes into contact with
cold air all over the outside surface, quickly achieving freezing. The mobile sieve is actuated by an eccentric (fig. 5).

Fig. 4 Freezing plant in bed fluidized OCTO-FROST
(source: https://www.octofrost.com/iqf-tunnel-freezer)

Fig. 5 Air cooling in fluidized layer
(source: https://www.octofrost.com/iqf-tunnel-freezer)

Some of the important advantages of this process are:
• increased productivity;
• reduction of juice losses;
• decrease in taste and aroma changes;
• reduction of weight loss by evaporation (3%) Compared to 5-6 in fixed-layer freezing;
• lower specific weights of equipment;
• possibility of mechanization and automation of the process, which can be achieved in
continuous flux.
In table 1, the values of the main nutrients and compounds are presented, identified in 100 g of Siberian
blueberry fruit, reported at the percentage of the recommended daily dose (Preston T. 2016). It is noted that the
fruit of this species does not have cholesterol (0%) and a fiber content of 6.7 g (27%). Also, Siberian berries
contain vitamins (A, C, B1, B2, B6), calcium 24.5 mg (2%), microelements (Mg, Mn, Zn) in variable doses (
https://www.octofrost.com/iqf-tunnel-freezer).
Table 1
Nutrition facts for 100 g of product
Nutritional values
Nutrients
Protein
Total fat

Siberian blueberries
Nutritional values
1,6g

Percent DZR
3%

1,6g

3%

Cholesterol
Fiber
Vitamin A
Vitamin C

0 mg
6,7
438 IU
12,1mg

0%
27%
15%
20%

Vitamin B1

0,16mg

11%
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Vitamin B2

0,02mg

1%

Vitamin B6
Calcium
Sodium
Potassium
Phosphorus
Magnesium
Manganese
Zinc

0,02mg
24,5mg
9,3mg
211mg
15,1mg
13,5
0,14mg
0,17mg

1%
2%
0%
6%
2%
3%
7%
1%

CONCLUSIONS:
Since the Siberian blueberry is a very resistant plant both in temperature variations and in diseases and
pests, with a long lifespan and without special requirements towards the maintenance of culture, the introduction
into the culture of this species is recommitted.
In view of the quality and multiple benefits of using Siberian blueberry, it is recommended to use them
both in fresh or processed state throughout the year.
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ABSTRACT
The installation for the recovery of waste water from small agrozootechnical farms (fig. 1) is intended for
the collection and treatment of waste water within an energy-independent wastewater treatment plant (electricity
is produced from alternative sources through a solar and wind system) and drip irrigation of an agricultural land
using a distribution network that uses a surface solar electric pump.
REZUMAT
Instalația pentru valorificarea apei uzate din fermele agrozootehnice mici (fig. 1) este destinată colectării
și epurării apei uzate în cadrul unei stații de epurare independente din punct de vedere energetic (energia
electrică este produsă din surse alternative printr‐un sistem solar și eolian) și irigării prin picurare a unui teren
agricol cu ajutorul unei rețele de distribuție care utilizează o electropompă solară de suprafață.
INTRODUCTION
The agriculture practiced in Romania is largely polluting, and the phenomenon of pollution is largely
known by specialists in the field of environmental protection. The main aspects of the environmental pollution
caused by the agricultural activities in Romania can be summarized in:
The evacuation of several million cubic meters of wastewater, not purified or incomplete purified, coming
from the breeding complexes in the industrial system of pigs, birds and cattle, in surface waters and in
the drainage network. To these are added the infiltration of wastewater into the deep, during the storage
period in ponds, bats and basins, affecting the quality of the groundwater used as a source of drinking
water supply in many rural localities.
Use on agricultural land, for dual purposes, of fertilization and irrigation, of sludge and waste water from
animal breeders, containing harmful salts and pathogens contaminating soil, plants, animals and
humans.
The administration on agricultural lands bordering the zootechnical complexes of exaggerated norms of
manure (over 100 t / ha), at intervals of 2-3 years, which far exceed the needs of the plants and
determine the accumulation of nitrates in fodder, as well as the leaching of nitrates in the groundwater.
The use of chemical fertilizers (especially nitrogen) in doses too high and at times not correlated with the
consumption in different phases of development of the cultivated plants.
Application of chemicals (pesticides), with the purpose of combating diseases, insects, rodents,
nematodes and weeds in agricultural crops and apple orchards, by poorly trained people.
The uncontrolled storage of manure and the lack of manure collection basins from the animals belonging
to numerous private households have as negative effects their leakage in the running water, as well as
the nitrate infestation of the groundwater.
Aggravation of soil erosion phenomenon on sloping lands, as a result of practicing an inadequate
agricultural system, respectively: defective organization of the territory, execution of the works of the soil
from the hill to the valley, sunburns with a high share of pruning plants.
Degradation of the physical state of the soils (structure, porosity, permeability, resistance to plowing) as a
result of the decrease of the content of organic matter and the exaggerated traffic in the field with
agricultural equipment, to an inadequate soil moisture
The installation for the recovery of waste water from the small agrozootechnical farms it has a treatment
plant and an irrigation plant with energy-independent wastewater. The treatment plant is powered by a pump
mounted in the technical room. The unit is supplied with constant flow, while the blower supplies almost
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continuous air with the aerobic reactor. Feed pump pumps waste water into the first compartment (bioreactor) of
the unit. The biological treatment stage has the following sequence of compartments:
‐ a bioreactor with SAM technology with a slow mixer for denitrification and reduction of organic material;
‐ the second bioreactor with intensive aeration with SAM technology for nitrification and reduction of
organic material;
‐ a decanting pond with lamellar decanter;
‐ a sludge recirculation system.
The waste water is pumped and passes through bioreactors with SAM technology with intensive
aeration. The vertical partition walls of the bioreactor compartments with SAM technology have openings in the
lower and upper part, which impose a sinusoidal path and which helps to achieve the hydraulic mixing in each
compartment. The openings are protected with stainless steel nets with perforations up to 6 mm, which prevents
the migration of SAM from one compartment to another. The first compartment is intended for denitrification
under anoxic conditions where the nutrients are transformed by heterotrophic organisms into simple molecules
(CO2, N2 and H2O) using that carbon source organic substance. Simple molecules CO2, N2 being gases are
released into the atmosphere.
The second compartment is aerated and mixed through the compressed air produced by a blower. The
air is injected through a coarse bubble aeration system made of perforated pipes. In this compartment there is a
massive removal of the dissolved organic substance expressed by CBO5 concomitantly with the nitrification of
ammonium. A small part of the nitrates resulting from this process are used as nutrients in the process of
metabolizing the organic substance. The biodegraded water flows to the clearing compartment where the
sludge settles gravitationally. The water is directed to a decanter with highly efficient slabs which produces the
final clearing of the treated effluent. The sludge pump is activated by a timed programmer and has the
aspiration from the sludge collection system located at the bottom of the bioreactors and sedimentation
compartment. This drains into the anoxic compartment to ensure sludge recirculation. The irrigation system is
composed of a system for pumping purified water from the holding tank that uses a surface solar electric pump
and a distribution network for drip irrigation of agricultural land. The surface solar electric pump works with two 7
photovoltaic panels and a motor with a nominal power of 0.3kW. Two solar batteries are attached to the special
pump controller for non-stop operation. The distribution network is equipped with drip strips (flow rate, pressure
and mounting equidistance) depending on the pedotechnical study and the specific requirements of the crop
plant.
The main technical characteristics of the Treatment Plant
‐ Diameter of the above-ground module of the water treatment plant: 2500 mm
‐ Length above ground module of the water treatment plant: 5580 mm
‐ Volume of the purified water storage tank: 1 m3
‐ Power supply: renewable energy sources, solar panels and fully autonomous wind turbine, 230 V.c.a. and a
nominal frequency of the 50 Hz network, and the power supply for control, trigger, alarm and signaling
installations is 24 VAC.

Fig. 1 -The installation for the recovery of waste water from the small agrozootechnical farms
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MATERIAL AND METHOD
The technology with mobile aerated support SAM developed and produced by DFR SYSTEMS is the
environment for fixing the microorganisms that produce the biodegradation of the organic substances in the waste
water. The purification technology using SAM has as its basic principle the development and fixation of a huge
population of bacteria on an intensely aerated plastic support. SAM consists of small pieces of round shape, with
fine rice on the outside, made of special plastic material, having a density close to that of water. This feature allows
SAM to float freely "between the waters", and due to the permanent revolutionary movement and the round shape,
it does not allow the adhesion of the sludge, being a non-collapsible - self-cleaning environment.
Advantages of using SAM: minimum occupied area; modular construction; fixed biofilm technology;
SAM guaranteed 20 years; adaptability to load shocks; produces extremely little sludge; reduced investments;
minimum workforce; quick and easy installation of the biological basin; constant performance; meets European
Union standards; reduces operating costs; the organic loading can be increased by 500% for the same volume
of the basin as compared to the biological sludge technology with active sludge; the technology can be used in
almost any kind of pool (shape and size); represents a method of increasing the efficiency of an existing
wastewater treatment plant; it can treat waste water from many sources, [1,2 3, 4].
Taking all these advantages into account, the research team wants to develop a purification technology
for agrozootechnical farms based on MBBR technology. When choosing a particular type of mobile artificial
media, certain parameters must be taken into account:
- Specific surface [m2/m3] – the ratio of the outer surface of the filling bodies to a volume of 1 m3. This parameter
characterizes the surface on which the biofilm is fixed. For a smaller footprint of the MBBR type reactor it is
recommended that this parameter be as large as possible;
- Permeability – parameter that appreciates the possibility of fluid leakage through the spaces of the mobile
artificial support. Due to the thickness of the biological film, the space required for the flow of waste water and
air, the intersections must be at least 5 mm;
- Porosity – it must be large enough to allow excess biomass exchange and proper air circulation within the
biofilter. It should be noted that the porosity decreases with the reduction of the equivalent diameter of the filling
bodies. The porosity and roughness of the filler material play an important role in fixing and oxidizing the
biological film. A good filter ensures a compromise between the maximum specific surface area and the
sufficient porosity to allow biomass evacuation and optimal circulation of the phases.;
- Mechanical resistence – the mobile artificial support must withstand the interactions inside the treatment tanks.
In the anoxic basins, many decimals or mixing equipment can be found that can contact SAM. For this reason,
biofilm carriers must have a high resistance;
- Chemical resistance – it is imposed by the need to maintain the shape and thickness of the filling bodies. The
material from which the biomedical material is made must not enter into chemical reaction with water,
constituents from wastewater or with the biofilm fixed on the movable artificial support;
- The costs – represents a very important parameter in the treatment plants.
DFR Systems SRL holds a patent (RO 123174/28.01.2011) for such a biofilm carrier and has recently filed a
patent application for another model. The current model of SAM patented by DFR Systems (Figura 4), it has the
shape of small pieces of circular shape obtained by extrusion with six spokes inside for better strength and fine
wrinkles on the outside. These parts are made of high density polyethylene and have a density close to that of
water. This density allows SAM to float freely “ between the waters”, and due to the permanent revolutionary
movement and the round shape, it does not allow the adhesion of the sludge, being a non-collapsible
environment - self-cleaning. The mobile artificial support has a diameter of 15 mm and a height of 10 mm, [8].

Fig. 2. – Mobile artificial support, patented by DFR Systems SRL

The disinfection step is provided with multi-wave UV lamps. The UV multi-lamp system is a state-of-theart ultra-high performance system that does not offer the possibility of enzymatic reactivation of bacteria in the
presence of sunlight. The conventional UV lamp system reduces the population of microorganisms in the
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treated effluent, but in the presence of light leading to photoreactivation, the population of microorganisms will
be in less than 30 minutes equal to the one before UV treatment. Using the UV disinfection system eliminates
the disadvantages of chlorine disinfection systems, [5,6,7,8,9].

RESULTS
I qualitative indexes. Samples of waste water and purified water were taken, which were analyzed. It is
presented in tables 1 - 4, fig the results obtained as well as the degree of purification obtained. The values from
the exit of the treatment plant can be compared with the maximum allowed values of the quality indicators
stipulated in the normative NTPA 001, [10].
Tabel 1
Indicators of waste and purified water obtained during the experimentation period – set 1

Tabel 2
Indicators of waste and purified water obtained during the experimentation period – set 2

Tabel 3
Indicators of waste and purified water obtained during the experimentation period – set 3

Tabel 4
Indicators of waste and purified water obtained during the experimentation period – set 4
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In Fig. 7 - fig 10 we have the representation of suspended materials

Fig. 7. Evolution of the indicator of suspended matter

Fig. 8. Evolution of the CBO5 indicator

Fig. 9. The evolution of the CCOCr indicator

Fig.10. Evoluţia indicatorului azotaţi

622

INTERNATIONAL SYMPOSIUM

CONCLUSIONS
We can conclude that the need for the research theme within the project has left the market regarding
agrozootechnical farms. It is known that these farms occupy large areas of land and that by their activity, they
pollute the environment. As the farms must be located at a certain distance from the inhabited areas, they are
destroyed, most often outside the areas connected to centralized water and sewerage systems, sometimes
even outside the areas covered by the national energy system. In many cases, investments in new
agrozootechnical farms also involve inventions on the utilities side.
As stated above, the establishment of animal farms can be done only with respect to strict regulations,
especially with regard to the neighborhood, but also with the conditions for storing animals. At the level of the
EU, but also of Romania, there are certain regulations that prohibit the placing of livestock farms at short
distances from the inhabited areas.
In these conditions, it becomes necessary to make some inventions in order to provide the water and
sewage needs. In order to ensure the sewerage in some situations, the agro-zootechnical farm can be
connected to the sewerage system of the locality, but in order to achieve this, the water discharged from the
farm must comply with NTPA 002. As the evacuation of a water that is included in this regulation is most often
impossible, the farmer has to create, on the territory of his farm, a water treatment plant that will bring water at
least within the parameters specified by NTPA 002. In most cases, however, the agrozootechnical farm is
located at very far from the centralized sewerage system the farmer being forced to find alternative solutions.
Such a solution is represented by the technology proposed by the present project, where the waste water
generated by the farm is purified and reused in agriculture.
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ABSTRACT
Technological system for intensive farming of fish in polyculture system and the complex use of aquatic
bioresources (plants), ICP 0, presents in its composition the following main elements: ICP tank 1, 1 piece,
Feeding system (4 pieces), automated control system of the feeding system, 1 piece. Aeration system
(oxygenation) 2 pieces. Experimental model of the automated monitoring and control system for the polyculture
system for the intensive growth of some fish species, 1 piece.
REZUMAT
Sistemul tehnologic de creștere intensivă a peștilor in sistem de policultură și valorificarea complexă a
bioresurselor (plantelor) acvatice, ICP 0, prezintă în componența sa următoarele elemente principale: Bazin ICP
1, 1 buc, Sistem de hrănire (4 buc), sistem control automatizat al sistemului de hranire, 1 buc.Sistem de aerare
(oxigenare) 2 buc. Model experimental de sistemul de monitorizare si control automtizat pentru sistemul de
policultură pentru creșterea intensivă a unor specii piscicole, 1 buc.

INTRODUCTION
Aquaculture is a branch of agriculture that aims to grow animals and aquatic plants for marketing. In other
words, aquaculture deals with the controlled growth of fish, crustaceans, molluscs, aquatic plants or other
aquatic organisms. As marine resources have declined globally due to intensive fishing, but also due to
legislative interventions to stop this phenomenon, the main source of fish for consumers worldwide has become
aquaculture. In order to obtain a viable production and a profitable activity, aquaculture must be carried out
using the scientific and technological evolution in this field. Aquaculture is a useful and easy alternative to
classic fishing because it gives the possibility to grow under 100% controllable conditions of the entire process,
from the brood stage to the mature one from the moment of harvest, [1,2,3].
There are also numerous production methods used in aquaculture: intensive, extensive, in natural
environment or in basins, in freshwater or saltwater (mariculture), in traditional or modern, traditional or organic,
continuous or recirculating systems in spaces closed or in open spaces, etc.
Fish farming is a branch of aquaculture, dealing 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 of fisheries, guarding, importing of embryos, preserved milk or
fish .
According to the Register of Aquaculture Units (RUA), 518 units are registered in the aquaculture sector,
which owns 575 aquaculture farms (ponds, ponds, lakes, etc.). The 518 units are divided into:
19 seed beds (what is just a seed bed license);
324 farmers (who only hold a farm license));
175 farms and seed beds (which holds both a seed bed and a farm license).
At this moment, aquaculture in Romania is conducted in fresh water and is technologically characterized
by two directions:intensive growth (especially salmonids), and the extensive and semi-intensive growth of
cyprinids (carp, caraway) in polyculture, in ground pools (ponds, ponds and lakes). Extensive aquaculture farms
have diversified by providing environmental and social services: maintaining biodiversity, improving water
management and recreation, [4,5].
According to the Market Study, in Romania, the species structure of the production from aquaculture until
2005 was dominated by cyprinids, both of indigenous origin (crap, caraș) as well as of asian origin (novac,
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blood, moss), representing 85% of the total, the remaining 15% being represented by trout, shawl, pike, drill,
sleep, sturgeons, etc.
Between 2006 and 2013, the trend was slightly increasing towards cyprinids (carp, caraway, blood,
novac, moss), which represent an average of 87%, and the remaining 13% represent the other species, of
which the most important is the trout. In 2015, there were 635 production centers in the country. Almost all
farms were production units for freshwater fish. There were 501 carp farmers, 132 trout farms and other salmon
species, 1 heel farm, 1 midi farm and 4 fish brood farms, including 3 brood farms for cypress and one brood
species. for salmonid species. Although the contribution of fisheries and aquaculture to the gross domestic
product is very limited (0.0086%), this sector is particularly important in some isolated areas, where they
represent the main source of income for local communities. In Romania, the fisheries and aquaculture sectors
face several challenges. These mainly involve increasing competitiveness for the production and processing
sectors. As regards aquaculture, local stakeholders expect the sector to grow, as in the next years the available
area for fish farming will increase by an additional 25,000 ha, over time. what the recirculation systems will
expand.[6,8,9].
Systems for intensive breeding of fish species. Monoculture 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 used, the number of ponds increases if you want to grow more
species.
Monoculture is recommended, in classical, semi-intensive and intensive systems for brood rearing and is
obligatory for intensive breeding of consumer fish and for super-intensive rearing for any age category.
Species suitable for monoculture: Carp growing is generally done in earthen ponds. Although it is a
tolerant species to the environmental conditions, in the fish farms a good supply of quality water of the ponds
and a correct feeding must be ensured, in order to obtain reasonable productions in conditions of economic
efficiency. In Romania carp are grown in ponds and ponds, in monoculture or polyculture with other species of
cyprinids (Chinese carp). In growing monoculture it is recommended to use small ponds (<5 ha), with
independent power supply and outlet. The productions are realized in cycles of 2-3 summers (1.5-2.5 years)
and they can get used to it 2-3 t/ha, or 5-6 t/ha in the case of the use of aerators or with high flows of fresh
water. Carp can also be grown in cages or floating food. Feeding is traditionally done with mixtures of cereals,
fish meal and technical plants (soybean meal or sunflower), usually made on the farm. In recent years, extruded
feeds have begun to be used, which allow for high yields, excellent meat quality and increased economic
efficiency by reducing the production cycle, maneuvering and other expenses. Last but not least, feeding with
extruded granules may be cheaper than with conventional mixing. Thus, to obtain a kg of growth enhancement,
they are used 1.5-1.7 kg feed pellets (even less if the feed is of superior quality), compared to 3-5 kg mix of
cereals and other components (traditional feed), [5,10].
Polyculture growing system. Polyculture is the growth of several species of fish in the same space
(pond, pond, etc.). It has advantages: better exploitation of potential trophies, diversified assortment offer
addressed to consumers, increase of production with the same human and financial effort and disadvantages:
competition between species, need of additional labor force in harvest fisheries, additional deposits for parking
of fish. . Polyculture is recommended in lakes, ponds and some ponds for extensive, semi-intensive and
sometimes intensive productions
Polyculture mixed 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 he wants to use in polyculture. The more species that have a more varied trophic spectrum, the
higher the tophic niches of the populated pond are used in polyculture, leading to a high fish production, [5,10].
MATERIAL AND METHOD
The technological system of intensive growth of fish in polyculture system and the complex use of
aquatic bioresources (plants),ICP 0, it presents the following main elements in its composition:
Basin ICP 1, 1 piece.
Feeding system (4 pcs), automated feeding system control system, 1 piece.
Aeration system (oxygenation) 2 pieces.
Experimental model of the automated monitoring and control system
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Fig.1 - Technological system for intensive farming of fish in polyculture system and the complex use of aquatic
bioresources (plants), ICP 0, [8]

The fishing pond or pond, ICP 1 (fig.2, fig.3) it is a construction made of reinforced concrete with a
thickness of 300 mm, width of 14.4 m, length of 57 m, and depth of 4.6 m. good growth and development of fish
species and aquatic plants.

Fig.2 - Basin (pond ) piscicultural

Fig.3 - Lateral wall view piscicultural pond, [8]

The feeding system (4 pieces) with automated control system (1 piece) serves to reduce costs and
optimize feed ratios. The feeder with screw and disperser is perfectly suited for fish farms with controlled
feeding, pond and recirculating systems. The option of setting the operating and parking time ensures optimal
growth of the fish species. The feeder with screw and disperser is robust and is suitable for both indoor and
outdoor conditions. The feed is released by a screw, driven by a powerful DC motor (low voltage). A second DC
motor (low voltage) is used to drive the dispersing disk and ensures the dispersion of the feed over a radius of
between 2 and 12 m. In this type of feed, feeds with granulation up to 10 mm can be used; thus, fish of all sizes
can be fed, from fry to consumer fish. The operating time and the breaks are set by the automation system. The
screw feeder can also be used for the application of pond water conditioning agents. Each screw feeder can
also be individually set in the system.
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Fig.4 - Feeding system with automated control system, [8]

The aeration system (oxygenation) represented in the general drawing (fig.1) with the centrally located
point 3 it is capable of recirculating the entire volume of water due to the performance of the water vehicle and
the wide radius of water discharging as an umbrella. This mechanism ensures a high gas exchange in the fishgrowing area in the polyculture system and the complex use of aquatic bioresources (plants). Gas exchange
and oxygenation optimize fish growth and accelerate it. The aeration spray angle of the aeration system is thus
adapted to form light waves and prevent the occurrence of oxygen deficient areas. The aerator is operated by a
powerful submersible motor (protection class IP68). It is equipped with a stainless steel sieve (with 9.5 mm
slots) to prevent the entry of aquatic fish and plants into propellers. With the submersible engine and solid
construction, the aerator can also be used in winter (reducing the formation of ice).
The experimental model of automated monitoring and control system for the polyculture system
for the intensive growth of some fish species, (fig 5) is made of: Subsystem for monitoring water quality
(pond) polyculture system, subsystem for monitoring and control nutrition (feeding system) fish species, aeration
subsystem. All these three components are monitored and controlled through a PLC (programmable logic
controller). The monitoring of the quality of the water of the pool with a system for breeding fish species in
polyculture is done through specific sensors of temperature, pH, multi-parameter probe. The multi-parameter
probe is equipped with water conductivity sensor, turbidity sensor, nitrite sensor, dissolved oxygen sensor,
ammonium sensor, nitrate sensor, data being collected by a Data logger. All information received from the
component subsystems is displayed on an operating terminal.

Fig.5 - Experimental model of automated monitoring and control system (block diagram of principle), [8]

In fig. 6 we have represented the electrical diagram of the Experimental model of automated monitoring
and control system for the polyculture system for the intensive growth of some fish species.

Fig.6 - Experimental model of automated monitoring and control system(wiring diagram), [8]
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RESULTS
The main technical characteristics of the technological system of intensive growth of fish in polyculture
system and the complex use of aquatic bioresources (plants), ICP 0, are:
1. Bazinul sau iazul piscicol :
Width:
14,4 m;
Length:
57 m;
Depth:
4,6 m;
Construction:
Reinforced concrete;
Thick concrete:
300 mm.
2. Feeding system:
Bunker capacity:
5 - 10 kg;
Food scatter radius:
2 - 12 m;
Size of pelletized food:
0 - 10 mm.
3. The aeration system:
Power:
1100 W;
Feeding:
380 – 400 V;
Debit:
300.000 l / h;
Race:
5 m;
Weight:
25 kg.
4. Experimental model of the automated monitoring and control system for the polyculture system
for the intensive growth of some fish species
PLC:
12 input / output channels;
Sensor pH:
0-14;
Temperature sensor PT 100:
50 – 240°C;
Multi-parameter probe:
 Water conductivity
0 – 200 mS/cm;
 Water turbidity
0 – 99 FNU;
 Water salinity
0 - 70 PSU;
 Dissolved oxygen
0 - 500 %;
 Total Dissolved Solids (TDS)
0 – 400000m mg/l;
 Nitrate sensor
0,62 – 200 ppm;
 Ammonium sensor
0,02 – 200 ppm.
The working process of the experimental model of automated monitoring and control system for
the polyculture system for the intensive growth of some fish species
Water is introduced into the fish pond (pond) up to a maximum of 50% of the useful volume, after which it
is populated with fish species (common carp, sanger / novac) and aquatic plants (Nile salad, water mackerel).
The automated monitoring and control system will independently control and with a variable preset by the user
the feeding system and the aeration system. The decision of cyclical start of the two systems is also made
based on the information received by the PLC from the water quality monitoring system of the fish pond, [8].

CONCLUSIONS
Aquaculture is increasingly contributing to the global production of food of aquatic origin, given that, in
the case of most fish stocks in the wild, the limits of sustainable exploitation are now almost reached or even
exceeded. In the EU, aquaculture is an important economic activity in many coastal and continental regions.
European aquaculture offers good quality products, strictly adhering to the standards of environmental
sustainability, animal health and consumer protection. The excellent quality of EU aquaculture products should
be an important competitive advantage for EU aquaculture. However, production in the aquaculture sector in the
EU is stagnating, remaining stable in stark contrast to global trends, with strong growth occurring in other
regions of the world.
We can conclude that the necessity of the research theme within the project started from the
development of innovative solutions: regarding the development of an experimental model of control and
monitoring for a system of intensive growth of different fish species in polyculture regime (carp and Asian
cyprinids), the realization an experimental model of installation for the production of pelleted / pelletized feeds
for the feeding of fish species that respect the hygiene and environmental conditions, as well as the
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development of an innovative methodology for the growth of aquatic plants (water bream, Nile salad) in the
laboratory and outdoor for their integration in the fish farming system in polyculture, concurrently with the
exploitation of the aquatic plant culture in the sectors: zootechnical, food, cosmetic, agricultural biofertilizing
(mulch) for the soil.
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ABSTRACT
In this paper, the structural and kinematic analysis of the mechanism of a municipal waste pressing system is
made. The mechanism works in four phases. Two of the phases represent the operation itself, and two phases
are for bringing the mechanism into pressing position. For the modules of which the actuation mechanism is
constituted, kinematic calculation procedures have been drawn up, procedures that have been accessed by a
main computing program. The results obtained were transposed graphically in the form of diagrams to give a
clearer picture of the kinematic parameters of the mechanism elements.
REZUMAT
În lucrarea de față se face analiza structurală și cinematică a mecanismului unui sistem de presare a
materialului menajer. Mecanismul lucrează în patru faze. Două dintre faze sunt de lucru propriu-zis, iar două
faze sunt de aducere a mecanismului în poziție de presare. Pentru modulele din care este constituit mecanismul
de acționare s-au întocmit proceduri de calcul cinematic, proceduri ce au fost apelate într-un program principal
de calcul. Rezultatele obținute au fost transpuse grafic sub formă de diagrame, pentru a da o imagine mai clară
asupra parametrilor cinematici ai elementelor mecanismului.

INTRODUCTION
The transport of residues is the second operation of the organized evacuation process, linked to the
collection operation, as an inseparable part of it, after pre-collection at the level of economic agents and housing
assemblies. There are very varied types of machines which, in addition to transport, allow easier loading of
residues in the collector's bins (Voicu Gh., 2007). The basic condition of the transport economy is the
compaction degree of municipal solid waste in the garbage trucks, correlated with the loading to its useful
capacity (Voicu Gh., 2007).

Fig. 1 - Garbage truck for collecting and transporting municipal solid waste with hydraulic compaction
(Voicu Gh., 2007)
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The fast displacement of the material from the loading area to the front side of the collector container and
its uniform filling is a requirement that has been solved differently for different types of municipal waste trucks.
Most municipal waste collection and transport machines are today with transshipment compaction. In these, the
collection container has parallelipipedic shape, inside which a compaction and unloading plate moves from one
end to the other. At the back of the machine is located the system of pickup and lifting of waste in the collection
container, which effectively closes the collection container. The supply of the container is made through the
scraping system mechanism, which has different constructions. Compaction is progressively achieved between
the compaction plate in the container and the inclined plate of the scraping and lifting system as the waste is
raised in the container (Voicu Gh., 2007; Voicu Gh., Lazea M., Zabava B.S. et al, 2019; Voicu Gh., Lazea M.,
Tudor P.et al, 2019)
Most of the pick-up and precompacting mechanisms are plane mechanisms with articulated bars, the
elements of which are operated by one or two pairs of hydraulic cylinders (Voicu Gh., 2007; Voicu Gh., Lazea
M., Zabava B.S. et al, 2019; Voicu Gh., Lazea M., Tudor P.et al, 2019).

MATERIAL AND METHODS
In figure 2 is presented, the kinematic scheme of a mechanism for the scraping and precompaction of the
residual material from the collecting and transporting truck for municipal solid waste.

A

3

F
B

8

E

D
H

2

Fig. 2 – Kinematic scheme of the scraping and
precompaction mechanism
(Voicu Gh., Lazea M., Zabava B.S. et al, 2019;
Voicu Gh., Lazea M., Tudor P.et al, 2019)

1
6

7
I

C

A,F,D,H – fixed cylindrical joints ; C,E,G – mobile cylindrical joints; B,I
– hydraulic cylinders; 1,4,7,8 – fixed length bars;
2-3 and 5-6 – hydraulic cylinders

5

4

G

T
The displacement trajectory of the tracer T point is shown in figure 3. It should be noted that the tracer T
point is the tip of the collection and lifting plate of the machine, poss. 4, while the bare, pos.7, represents the
precompaction plate of the pickup and precompaction mechanism.

-1.1

a

Fig. 3 – Tracer T point displacement diagram
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Phase 1, trajectory ab:
s23(1) ∈ [s230,s230+course23];
s56(1) = s560;
Phase 2, trajectory bc:
s23(1) =s230+course23;
s56(1) ∈ [s560,s560+course56];
Phase 3, trajectory cd:
s23(1) ∈ [s230+course23,s230];
s56(1) = s560+course56;
Phase 4, trajectory da:
s23(1) = s230;
s56(1) ∈ [s560+course56, s560];
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To determine the kinematic parameters of the mechanism elements, theoretical research regarding the
structural analysis must first be carried out (Artobolevski I.I., 1977; Demidovitch B., Maron I., 1987; Duca C.,
Buium Fl., Părăoanu G., 2003; Moise V., Maican E., Moise Şt. I., 2003).
To determine the kinematic parameters of the mechanism elements, the procedures used were A2APVA
and D1PVA, drawn up by the authors (Moise V., Simionescu I., Ene M., et al, 2008; Moise V., Simionescu I.,
Ene M., Rotaru Al., 2015; Moise V., Simionescu I., Ene M., 2018; Simionescu I., Moise V., 1999).
1. Structural analysis of the mechanism
If the relative movements between the elements are taken into account, it is noted that the mechanism
has following kinematic joints:

A(3R0) , B(2T 3) , C12(1R 2) , C14(1R 4) , C17(1R 7) , E (7 R8) , F (8 R 0) ,

G (4 R5) , E (3R8) , F (4 R7) , I (7T 8)

(.

The number of upper couplings is zero.

1( A, B, C14 , C17 ) , 2( B, C12 ) , 3(C12 , D) , 4(C14 , G ) ,

The mobile elements of the mechanism are:

5(G, I ) , 6( H , I ) , 7(C17 , E ) , 8( E , F ) ;
Considering the number of mobile elements and the number of kinematic joints, the mobility of the
mechanism is: M=2.
The structural scheme of the mechanism is shown in the figure 4 a. The multipolar scheme and structural
relationship of the mechanism are presented in the figure 4 b and figure 4 c.

C1

4

1

4
G

C1
5

2

D
C1

A
F

6

RRR

RRTaR
(4,5,6)

C17 (7,8)

E

2

I

b)

G

H

D

0

B
C12

F

3

H

(1,2,3)

Z ( 0)

8

I

A R R T a R C14

7

7

E

B

Z (0) + RTaR(1,2,3) + RRR(7,8) + RRTaR( 4,5,6) c)

a)

Fig. 4 – Structural and multipolar schemes of the mechanism as the structural relationship

From the structural scheme, it is noted that the mechanism consists of the base Z(0), the motor groups
RRTaR(1,2,3), RRTaR(4,5,6) and dyad of appearance 1, RRR(7,8).
During the technological process, the mechanism in figure 2 has a variable structure, due to the fact that
hydraulic cylinders 2-3 and 5-6 do not work simultaneously.
Therefore, if the hydraulic cylinder 5-6 (fig.2) is blocked,
A
which means that the motor coupling I is canceled,
3
F
elements 5 and 6 form a rigid, denoted by 5. In this case,
B
the kinematic scheme of the mechanism is shown in
figure 5.
8
E
D
Structural and multipolar schemes, as well as the
H
structural relationship, are shown in figure 6.
2
1
From figures 5 and 6, it is noted that the mechanism
consists of Z base (0), RRTaR(1,2,3), motor groups and
7
dyads RRR(7,8) and RRR(4,5)
5
C

4

G

Fig. 5 - The kinematic scheme of the mechanism for the ab
and cd trajectory of the diagram in figure 3

T
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1
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E
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Z (0) + R TaR(1,2,3) + R R R(7,8) + R R R( 4,5)
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c)

Fig. 6 - Structural scheme, a); Multipolar scheme, b); Structural relationship, c), of the mechanism,
for the ab and cd branches of the diagram in figure 3

Observation. On the ab and cd branches of the diagram in figure 3, the mechanism can be studied from
kinematic and kinetostatic standpoint even if it considered the constant length of the hydraulic cylinder
consisting of elements 5 and 6 so, the relative velocity between these elements equals zero.
When the tracer T is moving on the branches of bc and da of the diagram in figure 3, it cancels the motor
coupling B, and elements 2 and 3 form a rigid, denoted by 2. As a result of the triangle formed by points A, C
and D, elements 1,2,7 and 8 form a rigid, fixed at the base. The kinematic, structural and multipolar schemes as
well as the structural relationship are presented in figure 7.
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I

G

C R R TaR

6
I

C

4

6

5

4

G

T

I

H
H

C

0
a)

(4,5,6)

Z (0)

c)

G

4,5,6)
Z (0) + R T a (R

d)

b)

Fig. 7 - The kinematic scheme, a), structural scheme, b), multipolar scheme, and structural relationship, c),
of the mechanism, for the bc and da branches of the diagram in figure 3

From figure 7, it is noted that the mechanism is composed of the base Z(0) and the motor group
RRTaR(4,5,6)

2. Kinematic analysis of the mechanism
The kinematic analysis of the mechanism consists in determining the parameters of positions, speeds
and accelerations, corresponding to all its elements.
Figure 8 presents the kinematic scheme of the mechanism, with the position parameters.
For the kinematic analysis of the mechanism there are several stages, namely:
a) elaboration of the calculation program for the determination of the kinematic parameters of the
mechanism elements, considering the four phases of a kinematic and dynamic cycle.
b) tabular presentation of the angles values made by vectors

AC , DC , CG , HG , CE and FE

corresponding to the elements of the mechanism, with the positive meaning of the axis AX
c) drawing the diagrams of variation of angles, velocities and angular accelerations of the mechanism
elements, depending on the position of the mechanism.
d) drawing of velocities and accelerations hodographs corresponding to the tracer T point.
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Fig. 8 - The kinematic scheme of the mechanism, with the parameters of positions

Figure 9 shows the kinematic diagrams of the structural groups, based on which the formal parameters of
the calculation procedures are selected.
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Fig. 9 - The kinematic diagrams of structural groups in the composition of the mechanism
motor group RRTaR(1,2,3); b) dyad RRR(7,8); c) motor group RRTaR(4,5,6)

RESULTS
The theoretical investigations presented in the previous chapter were used, taking into account the
constructive elements of the mechanism that equipped the machine, to obtain concrete results regarding the
kinematics of the mechanism.
For the analysis of the mechanism, they are known:
a) The kinematic scheme of the mechanism (Fig.3);
b) The position of the coupling adjacent to the base and dimension of the elements as follows: XA = 0 m,
YA = 0 m, XD = 1.000 m, YD = –0.733 m, XF = 0.800 m, YF = –0.270 m, XH = 1.100 m, YH = –0.800 m, CE =
0.770 m, CD = 0.870 m, EF = 0.900 m; CG = 0.330 m;
c) Phase working times: t1 = 5 sec, t2 = 5 sec, t3 = 5 sec, t4 = 5 sec,
d) Initial positions of the mechanism: S230 = 0.833 m, S560 = 0.667 m;
e) Hydraulic cylinder piston work strokes: Stroke23 = 0.600 m, Stroke56 = 0.400 m;
f) Transmission function used for hydraulic cylinder actuation: sinusoidal function (reduced acceleration is
of sinusoidal type)
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Figure 10 shows the variation diagram of the angles ϕ1, ϕ1, ϕ3, ϕ4, ϕ6, ϕ7 and ϕ8.

Fig. 10 – The diagram of variation of angles ϕ1,

ϕ2, ϕ3, ϕ4, ϕ6, ϕ7 and ϕ8

Figure 11 shows the diagrams of the angular velocities of the mechanism elements and in figure 12, the
diagrams of the corresponding angle accelerations.

Fig. 11 - The diagram of the angular velocities of the mechanism elements

From the analysis of the angular velocities hodographs (fig.11) of the working element 4 (fig.8) it is
observed that this follows a cyclical variation with maximum values (about 0.5 rad / s) for positions 30 and 70
respectively of the driving element ( ie the hydraulic drive cylinder), on the pushing stroke, respectively on the
retraction stroke.
The same cyclical variation is also observed for the angular acceleration of the working element 4 (see
fig. 12), maximum values for this being noted for four positions of the mechanism (respectively of the hydraulic
actuating cylinder).
The maximum values of the angular acceleration, for the working element of the mechanism, are around
0.35 rad / s2, for positions 23-24, respectively 63-64, slightly higher for positions 37-38 and 77-78 respectively.

Fig. 12 - The diagram of the angular accelerations of the mechanism elements
635

INTERNATIONAL SYMPOSIUM

Table 1 shows the numerical values of the kinematic parameters of positions for the mechanism elements
Table 1
Pos.
ϕ1
ϕ3
ϕ4
ϕ6
ϕ7
ϕ8
=========================================================
0
1
2
3
4
5

-3.0390
-3.0385
-3.0346
-3.0244
-3.0055
-2.9764

24
25
26
27
28
29
30
31

-2.3151
-2.3151
-2.3151
-2.3151
-2.3151
-2.3151
-2.3151
-2.3151

70
71
72
73
74
75
76
77
78
79
80

-3.0390
-3.0390
-3.0390
-3.0390
-3.0390
-3.0390
-3.0390
-3.0390
-3.0390
-3.0390
-3.0390

-1.4085 -0.3369 -2.9437
1.8536
-1.4086 -0.3366 -2.9431
1.8538
-1.4088 -0.3347 -2.9388
1.8553
-1.4093 -0.3297 -2.9277
1.8593
-1.4100 -0.3204 -2.9071
1.8667
-1.4103 -0.3061 -2.8753
1.8778
........................
-1.2802 -0.0358 -2.1222
2.1090
-1.2802 -0.0935 -2.1095
2.1090
-1.2802 -0.1695 -2.0958
2.1090
-1.2802 -0.2618 -2.0836
2.1090
-1.2802 -0.3671 -2.0749
2.1090
-1.2802 -0.4819 -2.0713
2.1090
-1.2802 -0.6023 -2.0732
2.1090
-1.2802 -0.7241 -2.0803
2.1090
........................
-1.4085 -1.0760 -2.7729
1.8536
-1.4085 -0.9535 -2.7820
1.8536
-1.4085 -0.8326 -2.7978
1.8536
-1.4085 -0.7171 -2.8198
1.8536
-1.4085 -0.6106 -2.8465
1.8536
-1.4085 -0.5169 -2.8752
1.8536
-1.4085 -0.4402 -2.9023
1.8536
-1.4085 -0.3847 -2.9239
1.8536
-1.4085 -0.3520 -2.9373
1.8536
-1.4085 -0.3388 -2.9429
1.8536
-1.4085 -0.3369 -2.9437
1.8536

-3.3513
-3.3507
-3.3465
-3.3355
-3.3152
-3.2842
-2.6285
-2.6285
-2.6285
-2.6285
-2.6285
-2.6285
-2.6285
-2.6285
-3.3513
-3.3513
-3.3513
-3.3513
-3.3513
-3.3513
-3.3513
-3.3513
-3.3513
-3.3513
-3.3513

CONCLUSIONS
From the analysis of numerical data, as well as the distribution diagrams of angles, speeds and
accelerations, conclusions can be drawn on the driveline operation of the mechanism. Based on this data, it can
be interfered with improving the performance of the mechanism. To improve the performance of the mechanism,
different transmission functions may be used to actuate hydraulic cylinders 2-3 and 5-6. After the cinematic
analysis of the mechanism, we passed to its kinetostatic analysis (determination of the forces and moments
acting on the elements of the mechanism).
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ABSTRACT
CÂNEPA (Cannabis Sativa-Industrial or Technique Hemp) is the technical plant with the highest use of all
the technical plants in the industry, since nothing is thrown from this plant. Hemp is the plant where everything is
used, and the products obtained are of great diversity, from the common rope to the medicinal or cosmetic
substances, textiles, automotive or construction materials. There are presented some theoretical considerations
for identifying and choosing the optimal technical solutions that will ensure the performance of intelligent
performing technical equipment and that will answer the users' requirements regarding the process of
harvesting the hemp strains.
REZUMAT
CÂNEPA (Canabis Sativa-Cânepa Industrială, sau Tehnică) este planta tehnică cu cea mai mare
utilizare dintre toate plantele tehnice în industrie, deoarece de la această plantă nu se aruncă nimic. Cânepa
este planta unde totul este valorificat, iar produsele obţinute sunt de o diversitate foarte mare, de la banala funie
până substanţele medicinale sau cosmetice, textile, materiale auto sau de construcţii. Sunt prezentate cateva
consideratii teoretice pentru identificarea şi alegerea soluţiilor tehnice optime care să asigure realizarea unor
echipamente tehnice performante inteligente şi care să răspundă cerinţelor utilizatorilor privind procesul de
recoltare a tulpinilor de canepa.

INTRODUCTION
Hemp is a high yielding, sustainable, and environmental friendly crop that can provide valuable raw
materials to a large number of applications (Carus M, et al,2013). Hemp has been grown for centuries in Europe
for the high quality of its fiber that was used to produce ropes, clothing, and paper (Ranalli P., Venturi G. 2004).
Traditionally harvested at full flowering to optimize long fiber bundle extraction, nowadays hemp is mainly
harvested at seed maturity for dual-purpose applications (Tang K et al,2017) and has a great potential as
multipurpose crop (Amaducci S et al , 2008). The economic value of hemp can be maximized if all plant
biomass (stems, inflorescences and seeds) is exploited; delaying harvest until the generative phase is
completed (Calzolari D, 2017). For this, agronomic techniques and genotypes should be adapted to preserve
fiber quality during grain ripening, enabling industrial processing and maintaining, or even increasing, actual
fiber applications (Amaducci S., Zatta A., Pelatti F, 2008).
Hemp for fiber is harvested at technical maturity, when the male plants shake their last blades of pollen,
and the stems have a yellowish-green color and the leaves fall to the ground. Production management is
different for an exclusive fiber production(Struik P et al , 2017). The selection of varieties is oriented towards the
production of biomass. The seed set is not important and should be avoided. When the seed set appears,
cellulose and pectin levels accumulate in the strain, making separation of wild fibers and shells more difficult.
Harvesting is done by cutting, both of the male plants reached maturity, as well as of the female plants
that are in vegetation.
The possibility to obtain long aligned fiber bundles from hemp is limited by the lack of dedicated
harvesting machines that can mow hemp stems, lay them on the field in aligned swaths and cut them in 1 m
long portions, so that they can be fed in flax scotching lines (Venturi P et al , 2007). Further bottlenecks, that
hamper the production of long hemp suitable for traditional wet spinning, are the retting process and the
availability of processing machines suitable for hemp (Sheychenko, V et al 2019).
Within the fiber crops, the harvesting process (Salentijn. EMJ, Petit. J, Trindade, LM, 2019) includes the
following operations:
- cutting plants;
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- defoliation of the stems;
- tying the stems into sheaves / leaving the cut stems on the furrow in the field;
- transport of the stems, to the primary processing stations

MATERIAL AND METHOD
At cutting machines, the plants cutting is done by moving the cutting blade to the counterpart, figure 1, the
plant being subjected to shearing under the action of the edges of the two elements . In order to be able to
produce the shear the plant stem does not have to come out of the two elements of the machine.

Fig. 1. Cutting plant

When the stem is caught , N1 ṣi N2 normal forces acting on it. When moving the stem in the direction of
the exit between the two elements, the frictional forces are opposed:
(1)
(2)
in which:
ṣi
represents the friction angles between the plant and the knife, respectively the contracting part.
The condition that the plant does not come out of the cutting elements is:
(3)
in which :
The condition (3) is satisfied if:
In general
ṣi
. In some combinations with blades with cut edges
. Slatted
slats ensure a better grip of the plant between the elements of the cutting machine ( has higher values).
For the cutting to occur with minimal effort it is necessary for the cutting to be sharp, and the gap δ to be
minimal (0,1 – 0,3mm).
The working process of the cutting machine is shown in figure 2.
By advancing the machine, the clutch of the machine (having the width b) separate the chain of plants into
strips. Plants of the width t0 are agglomerated over a width t0 –b.

Fig.2. The working process of the cutting machine
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Fig.3 The working process of the cutting machine

In its movement, from one external point to another, the cutting blade will initially tilt the plants between
the two fingers, until the point C comes in contact with the edge of the counter plate (position B1C1). From this
moment the cutting of plants begins.
Plant cutting continues until point B comes in contact with the edge of the counter plate (position B2C2).
The cutting of plants begins after the knife has crossed the space x1 and it's done on space xt. The speed at the
beginning of the cutting is vi and at the end of the cutting vf .
From position B2C2 and until the end of the run the blade crosses an empty space x2 . At the end of the
race the BC edge reaches the final position B3C3
Continuing the forward movement, the equipment will travel to another space ha, and the blade executes
a translation movement in the opposite direction (the return stroke), when the AD edge will execute an identical
process.
At a run the cutting blade performs cutting of the plants on the surface sha. respectively, the specific load
f0 of the blade cut is :
(4)
in which :
l - the cutting edge length of the blade, in cm. In general , f0 = 7,5 cm2/ cm , which corresponds to the
case of the grain cereals to a number of 0.4 - 0.5 plants cut 1 cm from the cut.
As shown in figure 2, two strokes of the cutting blade remain an uncoated surface f1, and on the surface f2
the blade has passed twice.
Plants found in the area of the surface covered by the AD edge and cut. These plants are inclined most
longitudinally, respectively in these areas the stem will have a higher height.
The quality of the cutting plants is influenced not only by the state of the cutting and by the play between
the cutting elements and the cutting speed.
Generally, by increasing the speed the quality of the cutting is improved, and the force required for cutting
is reduced,
The average speed of the blade is:
, m/s

(5)

in which :
n - crank speed, in rpm / min;
s - blade run, in m.
In general, the average cutting speeds are 1.1 - 2m / s in combines and 1.4 - 2.5m / s in mowers, the
speeds at the beginning and the end of the cutting being between 1.75 and 3m / s.
The speed of the drive shafts of the cutting devices is 300 - 500 rot / min at mowers.
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The power Pat required to operate the knife of the cutting machine can be determined approximately by
means of the relation:
Pat = BP0 , Kw
(6)
in which:
P0- specific power , în kW/m ;
P0 = 0,6 – 1,4 Kw/m Kw / m for cereal combinations and P0 = 1.4 - 2 kW / m for mowers.

RESULTS
In many countries of the world, including the countries of the European Community, Industrial Hemp is
grown under a simplified regime, under or without the authorization of the Ministries of Agriculture of the
respective countries.
The cannabis plant has an enormous industrial and horticultural potential of valorization, bringing together
three basic species, related and different at the same time: Cannabis Sativa (Industrial Hemp, or Technical),
Cannabis Indica (Marijuana) and Canabis Ruderalis (Wild Hemp).
These three species need to be differentiated, in order to simplify the requirements for obtaining the
authorization for cultivating the Cannabis Sativa plant for exclusively industrial and horticultural purposes, as the
exception in point 2 of art. 28 of the International Convention on Narcotic Drugs.
Hemp shortening with the windrower figure 4, is done to obtain a short-sized crop and to make harvesting
easier with the combine with the mulch.
By this method we obtain a low hemp crop and make harvesting easier, we do not need two more
harvesting equipment as in the case of high hemp, about 2 meters, where we need two equipment extension,
one that cuts the tips of the plant and one that cuts wood fiber of the hemp.

Fig. 4 Hemp harvest with windrower

The mechanized harvesting can be done with the MultiCombine HC 3400, this being a self-propelled
combination, intended for hemp harvesting launched in 2015 in Slovenia at the World Hemp Congress.
The MultiCombine HC 3400 (fig. 5) is equipped with a heder similar to that of the cereal harvesting combination.
This heder has: cutting machine with blades on the knife, folding, conveyor belt of the material cut to the right
end of the heder, where it unloads the material to another elevator type conveyor belt, which takes all the
material from the heder and transports it to the bin, the combine bunker.

Fig. 5 Multi Combie HC3400 for for harvesting hemp
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The multi-combine has tilt bucket so that the discharge of harvested material be easier, respectively of the
hemp tops where are the hemp seeds. While traveling in the field, the combine pulls the ivy on the ivy carriage,
and folds the conveyor belt, located on the right side of the multicombine, which takes the material from the ivy,
to move easier and to avoid problems with the gauge.
The company JOHN DEERE Hemplfax uses a of John Deere combine, figure 6, to harvest the hemp crop.

Fig. 6. HEMPFLAX Combine

Increased efficiency by carrying out at one pass the harvesting of seeds, stems and leaves;
Cost reduction by: reducing fuel quantity, labor force and working time;
Increased capacity by eliminating the transfer of fiber mass;
Greater efficiency of the harvesting process of the seed and stem mass.
Figure 7 shows the Claas Jaguar 650 combine equipped with 2 equipment extensions, the original one of the
combination, the lower one in the image that chops wood fiber, leaves in the separate hemp fiber hemp, and the two
equipment of the extension above ivy type equipment that cuts the tips and removes them in the furrow through the
right side of the top header, leaving in another separate fence the tips with harvested seed.

a

b

Fig. 8 Hemp Harvesters
a.CLAAS Jaguar 850 type; b.CLAAS Jaguar 650 type

The harvested material, the tops of the hemp seed is left in the furrow on the ground for several days to
dry, about 7-8 days, after which it is sown with the combine to harvest the seed.

CONCLUSIONS
The most common cutting devices used in combines, are those where the blade has a rectilinear
movement, with counter-cutting, fixed part (classical construction devices).
Constructively these devices are composed of a movable part and an actuating mechanism.
In some combinations the claws are not provided with counter plates, their role being fulfilled by the
edges of the body of the claw.
The movable part of the cutting machine is represented by the own blade - that is, formed by the rail of
the knife on which the cutting blades are mounted.
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ABSTRACT
The silage technology comprises a succession of operations that lead to the production of a good
quality pickled fodder: preparation of the storage facilities; establishing the harvesting age; harvesting and
transport; silage itself. This paper addresses the aspects of the process of flattening grain cereals corn and soy
in grain form with high moisture content for preservation by ensilage. In the paper are presented the advantages
of introducing into rations for feeding animals with wet corn grains flattened as well as their flattening and
ensiling technologies, as compared to soybean fodder technologies.
REZUMAT
Tehnologia de însilozare cuprinde o succesiune de operaţiuni care conduc la realizarea unui nutreţ
murat de bună calitate: pregătirea spaţiilor de depozitare; stabilirea epocii de recoltare; recoltarea şi transportul;
însilozarea propriu-zisă. Lucrarea de faţă abordează aspecte ale procesului de aplatizare a cerealelor, porumb
și soia sub formă de boabe, cu umiditate ridicată în vederea conservării prin însilozare. În lucrare sunt
prezentate avantajele introducerii în rațiile pentru furajarea animalelor a boabelor de porumb umed aplatizate,
precum şi a tehnologiilor de aplatizare şi însilozare a acestora, comparativ cu tehnologiile de furajare pe bază
de soia.

INTRODUCTION
Animal husbandry is a basic sector of modern agriculture, traditionally having an important place in the
structure of agriculture; it is an important factor of social stability and of maintaining the ecological balance while
being the main productive branch providing food for the population important quantities of raw materials for the
food and non-food industries.
Nutrition and nourishment have a direct and obvious effect not only on the level of animal production,
but also on reproduction, growth and development processes, animal health and, last but not least, economic
efficiency - a decisive factor in the development of livestock farming. Intensive animal husbandry of zootechnical
farms and providing high-quality feed for a rational diet results in a high production of animal products.
Particular attention is now paid to the ethical aspect of animal husbandry (Jochemsen H., 2013) and
ensuring their well-being. Animals should benefit from differentiated feeding, according to physiological
requirements, with quality feed, without risk to animal and consumer health. Fodder is any product or by-product
of vegetable, animal, mineral, and synthetic origin, which, used in animal feed, ensures vital functions and
exploits their productive potential (Samuil C., 2009).
The nutritional value of feed is given by the ability to meet the needs of the animal body with energy and
nutrients and how it influences the health, breeding function and animal production. This value, however,
depends on the feed content in energy and nutrients, as well as on the result of their interaction with the animal
body.
According to the feed source, we distinguish: grain (Wrigley C., 2019) and legume grain crops (MuimbaKankolongo A., 2018), which provide the bulk of the concentrated fodder (corn, barley, soybean, fodder peas
etc.) and roughage (straw, chaff, chickpeas, etc.), green fodder crops, hay, silo and semi-silo; stubble crops
(corn, sorghum, Sudan grass, etc.) and intercalated crops, which are additional sources of feed.
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The transformation of vegetable mass production into livestock products depends mainly on the quantity
and quality of the feed obtained, factors that are largely influenced by the mechanized execution of the works,
especially those of harvesting, transport and processing, (Nedelcu A. et al, 2015; Păun A. et al, 2007; Popa L. et
al, 2015; Voicu E. et al, 2010).
In regions with a temperate climate, green meats are not available throughout the year, fodder
production should be conveniently preserved. Thus it is necessary to harvest the plant in the optimal
physiological state, to reduce nutritional losses through preservation and to ensure increased palatability of the
feed. Consolidation is certainly the method that best meets these conditions if it is done according to welldefined criteria (Mănişor P., 1981).
MATERIAL AND METHOD
The silage technology comprises a succession of operations that lead to the production of a good
pickled fodder: preparation of the storage areas, the establishment of the harvesting period, harvesting and
transporting and silage itself (Vintu V., 2004). The optimal planting phase for plant harvesting is carried out
when the maximum yield is recorded from the quantitative point of view and shows the highest content of
nutrients.
The technological process of mechanization to obtain flattened concentrated concentrate for silage is
represented by the following works: harvesting, loading, transport, if necessary hydro-thermal treatment of grain
cereals, crushing / flattening without grinding and placing the material in the silo or „silo-bag”, fig. 1.

Fig. 1 - Technological scheme for mechanization and ensilage of grain harvesting works

The harvesting is done mechanically, preferring the machines, which simultaneously with the cutting
and the chopping, respectively the flattening of the fodder/grain. Several methods of silage are known: hot
silage, cold silage, silage by the use of additives and low moisture silage (Ciobanu V. G. et al, 2016).
The choice of method is based on the composition of the silage plant material, in particular, the content
in soluble carbohydrates, the water content of the silage plants/beans and the possibilities of the unit or the
farm.
In the researches, experiments were carried out with the help of the IAICU - for cereal silage in a wet
state fig. 2, which performs the crushing of the wet grains, collecting the material by a screw conveyor, spraying
a preservative on the crushed material, homogenizing the crushed material with a preservative inside the
conveyor, unloading the flattened material for silage.
The product obtained will be used for animal feed for a longer period of time as flaky energy
supplements in silage and other feeds in order to increase the nutritional value of silage fodder and the
digestibility of protein and starch from seeds. By using grain maize silage at 25% humidity, the feed is reused by
about 15% more than the use of dried grain maize.
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Fig. 2 - The flattened installation for the drying cereals in a wet condition, IAICU-0
1 - Food Bunker; 2 - Flattening installation; 3 - Chassis;
4 - Installation for administration liquid preservatives; 5 - Screw conveyor

The IAICU flattening plant can be used as a stand-alone installation or integrated into technological
flows depending on the technical facilities or the financial possibilities of the beneficiaries and the available
sowing technologies. The IAICU flattening plant was manufactured and tested as an experimental model by
INMA - Bucharest.
Cereal grains (corn or soybean) loaded into the hopper by means of a screw conveyor are taken up by
two feed rollers and inserted between the two rollers for flattening them. The flattened cereal grains are
collected in the hopper conveyor and mixing spirals in order for the preservative to be deposited uniformly. After
homogenization, the mixture is discharged into tunnel bags that are attached to a storage hopper.
The machine is used in aggregate with power tractors greater than 55CP, and the machine is operated
from the power take-off of the tractor by means of a cardan shaft. The work process takes place simultaneously
in every half of the roll. The drive of the rollers is achieved by means of a mechanical transmission with chain
wheels coupled to the power take-off of the tractor by means of a cardan shaft. The processed product is then
gravitationally directed to the following phases of the technological flow, namely to the helical conveyor carrying
the transport and mixing with the preservative. The product feed of the flattening plant, IAICU-1.0, was made
progressively, testing the hopper at maximum capacity.
The main technical characteristics of the experimental model of the flattening plant for ensiling cereals
in the wet state are as follows, table 1:
Table 1
The main technical characteristics of the experimental model
Constructive technical features:
Machine type
Overall dimensions of the installation [mm]:
- length:
- width:
- height:
Length of the flattening rollers [mm]
Diameter of flattening rollers [mm]
Volume of preservative tank [l]
Conveyor spindle diameter [mm]
Silage bag diameter [mm]
Functional features:
The power of the tractor in the aggregate [CP]
Speed of flattening rollers [rpm]
Feed roller feed rate [rpm]
Conveyor spindle speed [rev/min]
Capacity of the plant [t/h]
Work capacity of the plant [t/h]
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aprox. 5500
aprox. 2060
aprox. 2680
850
250
300
315
1200
>50
400
200
70
aprox. 25
aprox. 50
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RESULTS
In the experiment, maize and soybeans were subjected to laboratory tests on organoleptic and
physicochemical properties, as well as the degree of impurities and breaks in the mass of the raw material
which may influence the flattening process.
The working capacity of the machine was determined on the basis of the results obtained under operating
tests. The capacity of the flattened grain rolls is the amount of material passing through the gap between the
rollers in the unit of time. This depends on a number of factors, the main ones being: the work slot width, the
length of the rollers, the peripheral speed of the rollers, the properties of the work material and the degree of
filling of the working slit volume.
Theoretical work capacity (Zaica A. et al, 2017) is expressed by the relationship 1:

Q =B

⋅L ⋅ V ⋅ γ ⋅ k [t/h]
min v m

(1)

Where: Q - Theoretical working capacity [t/h];

Bmin - Distance between rolls, Bmin - 0.2 …0.5 [mm];
L v - Roll width [m];

V m - The average peripheral speed of the rollers [m/s];
γ - The bulk density of the material in the working area [t/m3];
k - Coefficient of filling of the slit in the working area; k = 0.1 ... 0.3.
Effective working capacity was determined by weighting the mass of grains flattened in the unit of time, in
this case within one minute, table 2 and table 3.
Table 2
Effective working capacity of the machine - measuring time: 1 min; material: corn
Characteristics and work
indices
Effective working capacity of
flattening- corn
Humidity of the material - corn
The minimum distance
between rollers

Number
of rolls
2
4
-

U.M.
t/h
t/h
%

Value of Test Determination Parameters
P.I
P.II
P.III
Average
2.2
2.35
2.38
2.31
4.35
4.53
4.58
4.486
28.3
28.9
29.8
29

2 of 4

mm

0.2

0.2

0.2

0.2

Table 3
Effective working capacity of the machine - measuring time: 1 min; material: soy
Characteristics and work
indices
Effective working capacity of
flattening - soy
Humidity of the material - soy
The minimum distance
between rollers

Number
of rolls
2

U.M.
t/h

Value of Test Determination Parameters
P.I
P.II
P.III
Average
2.05
2.29
2.32
2.22

4
-

t/h
%

4.26
31.2

4.45
31.8

4.49
32.3

4.40
31.8

2 of 4

mm

0.3

0.3

0.3

0.3

In all rollers machines, it is possible to change the width of the working slot by moving one of the rollers
relative to each other and varying the pressure value of the rollers on the material being processed. When
determining the width of the slot between the rollers, the initial and final dimensions of the particulate material.
For the operation of the flattening machines, it is suitable to sit in the working position so as to ensure the
crushing rolls horizontally, to ensure a material with a maximum humidity of 35% to avoid the rolling of the roller
ribs and to check the parallelism of the rollers and the minimum distance before putting into operation among
them.
Experiments resulted in data on the dimensions of the flattened grains, the percentage of flour and the
working capacity of the machine that varies depending on the moisture content of the material, the material's
working capacity decreases with the material's humidity decreasing and the percentage of broken grains
increases, fig. 3.
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Fig. 3 - Determination of the variation of the working capacity of the machine depending on the moisture
content of the material

The capacity of the corn grain equipment, fig. 3, is an important indicator of the technology and of the
results for balancing the rations in energy, representing a considerable percentage of the monogastric
concentrates with the highest energy value of the cereals berries used in animal feed.
CONCLUSIONS
Research on whey ensilage harvesting and harvesting technology (corn and soybean) was carried out by
experimenting with the flattening plant, IAICU-0. The process of the flattening machine is as follows: grain
cereals are loaded into the feed basket by means of a hopper / belt conveyor are taken over by the feed roller
and inserted between the rollers where the flattening process takes place. Grain fills are collected and
transported to the silo.
Determining the variation in the working capacity of the machine according to the humidity of the material
can bring new information in the field and increase the advantages deriving from the elimination of additional
works, obtaining a high-quality silo with high digestibility, and obtaining various feeds rich in nutrients and the
possibility of administering feed to the ration of animals at any time of the year.
Preservation of cereal grains with high moisture flatness by ensilage provides advantages such as the
reduction of the storage space and the possibility of using simple, less expensive constructions, of releasing the
land earlier for the successive crops and better preparation of the land for the crops of the future.
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ABSTRACT
The modern epoch is characterized by increasing concerns regarding the potentially negative effects for
the environment, as a result of human activities. The spectacular progress of industry and technologies as well
as the improving of life standards contributed to the introduction of an increasing number of pollutants in the
aquatic environment. The ability of plants to remove contaminants from the environment has been researched
over the last decades and has found a number of applications. In this paper are presented the most
representative studies on the use of plants in wastewater treatment.
REZUMAT
Epoca modernă se caracterizează prin preocupări tot mai mari cu privire la efectele negative potențiale
asupra mediului, ca urmare a activităților umane. Progresul spectaculos al industriei și tehnologiilor, precum și
îmbunătățirea standardelor de viață au contribuit la introducerea unui număr tot mai mare de poluanți în mediul
acvatic. Capacitatea plantelor de a elimina contaminanții din mediu a fost cercetată în ultimele decenii și au fost
găsite o serie de aplicații în acest sens. În această lucrare sunt prezentate cele mai reprezentative studii privind
utilizarea plantelor în tratarea apelor uzate.
INTRODUCTION
Water covering over 70% of the earth, is undoubtedly one of the most precious natural resource of the
world. However in spite of such large quantity of water present on the earth’s surface, only 0.4 % is available for
use, 97% is the salt water of oceans and seas while the remaining 2.6% is captured in polar ice caps, glaciers,
atmosphere or underground (Himesh et al., 2007).
Recycling and reuse of wastewater is one of the most effective ways to alleviate water resource scarcity
and to protect the environment. Due to high water treatment costs, interest in natural methods for wastewater
treatment has increased (Ungureanu et al., 2019). Water resources all over the world are threatened not only by
over exploitation and poor management but also by ecological degradation.
For centuries wastewater management was not given much, if any, consideration. In most cultures,
wastewater was disposed of in the streets and near population centres creating serious impacts on public health
and the environment. This is evident by the numerous epidemics which occurred throughout Europe until the
nineteenth century (Aiello et al., 2008). Sadly, when it came to waste management and sanitation, countries,
even those that suffered epidemics, tended to have short memories.
Access to safe drinking water is estimated by the percentage of the population using improved drinking
water sources, but a number of studies have documented higher concentrations of faecal coliforms in household
water containers (Suleyman AM., 2005). This indicates that access to safe drinking water depends not only on
the quality of water at source but also on contamination throughout its way to the user and practices related to
purification and sanitation.
Throughout history wastewater management has presented people and governments with far reaching
technical and political challenges. The story of waste and wastewater management is at once a story of human
ingenuity and human frailty. A number of keystone events defined the speed at which environmental
management evolved through the ages. Some of these events were scientific, such as stream purification
models, while others were socioeconomic such as two World Wars (Sorcinelli P., 1998).
Human waste disposal problems have been the focus of attention for a number of years, but now, with the
population increasing rapidly, more stringent controls over waster materials are urgently needed to protect our
potable and recreational waters. A primary goal of waste treatment management is to develop more efficient
systems of waste stabilization, leading ultimately to water purification and recycling (Wolverton et al., 1979).
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Standards for water quality define acceptable levels of chemical and microbial contaminants. Some of
these standards are not evidence based and others are adapted from standards for human drinking water.
Nevertheless, the concept of water quality standards is internationally accepted. Water can become
contaminated by faeces from humans, rodents, and birds, by recycled waste water, and by cattle faeces (Van
Eenige et al., 2013).
The concern for environmental health is a topic of discussion and a global alert that is reflected in many
movements of awareness.
In changing laws of many countries, the creation of international conventions and protocols and the
constant search for new industrial technologies that are environmentally friendly (Mayorca V. A., 2007).
Cleaning up soil and groundwater is a challenging proposition for a range of technical and economic
reasons. Although several methods of cleanup have been developed, the extent and types of contaminated
environments are practically endless. It therefore is necessary to implement situation-specific methods that
allow for optimal decontamination at the lowest possible cost with the fewest side effects (Negri et al., 1996).
In line with current problems facing local communities, the investigations into the possible usage of local
plant materials for water treatment in rural areas is becoming the major focus. Special considerations are placed
on the softening of hard water, lowering of turbidity, removal of suspended solids (SS) and elimination of
bacteria (pathogens), (Jodi et al., 2012).
The ability of plants to remove contaminants from the environment has been researched over the last
decades and has found a number of applications. In this paper are presented the most representative studies
on the use of plants in wastewater treatment.
MATERIAL AND METHOD
The treatment of effluents using biological methods such as plants is a complex waste manag-ement
option comprising water, substrate, plant roots, and a large number of microorganisms which interrelate. A
major advantage of this system is that it can be implemented in situ where the effluent is produced, with low
cost of operation, low energy consumption and operational simplicity (Vogelmann et al., 2016).
The second type of treatment system consists of submerged plants, which are distinguished by their
ability to absorb oxygen, carbon dioxide, and minerals directly from the water column.
Submerged plants are easily inhibited by high turbidity because their photosynthetic parts are under
water. In recent years, prominence has been given to rooted aquatic plants, mainly due to their greater root
surface and anchoring in the tank as well as not suffering from direct influence of effluent flow (Yang et al.,
2007). However, the selection of plants should not be so simplified and other characteristics that must also be
observed are:
 Ease in getting seedlings, seeds or vegetative propagules;
 Good natural adaptation to the local climate during all seasons of the year;
 Regeneration and ease of natural propagation;
 Resistance to the occurrence of pests and diseases;
 Rapid growth and high biomass production during all seasons of the year;
 Good root development with ease of anchoring to the substrate;
 High capacity of absorption of nutrients;
 Nutrient storage capacity for accumulation of bodies;
 Oxygen transfer capacity to the roots creating an aerobic environment.
For these characteristics, studies have been conducted in different countries in search for selection of
plants for use in constructed wetlands.
RESULTS
In line with current problems facing local communities, the investigations into the possible usage of local
plant materials for water treatment in rural areas is becoming the major focus. Special considerations are placed
on the softening of hard water, lowering of turbidity, removal of suspended solids (SS) and elimination of
bacteria (pathogens).
Zimmels Y. et al., (Zimmels et al, 2004) have examinated the potential uses of naturally growing aquatic
plants for wastewater purification.The following floating weeds were selected for laboratory experiments:
Alodea, E. crassipes, Hydrocotyle, Salvinia, and Lemna.Two experimental setups were used: the smaller unit
was operated inside and the larger was operated outside of the laboratory. A diagram of the laboratory unit is
shown in Figure 1.
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During the period from December 2000 to January 2001 samples of wastewater were collected from the
containers every 3 to 5 days. Standards analyses were made, including measurements of turbidity, BOD, TSS
and pH. Four small containers (0.45 m * 0.7 m floor area) were prepared with compositions of 100, 90, 80 and
70 % wastewater, the balance being downstream water from the Kishon River.

Fig. 1 - Schematic layout of laboratory setup

These tests were performed without aeration.The turbidity levels were reduced to the levels required by
U.S. EPA (1.5 to 2.4 NTU) – fig. 2a. After 19 days, the BOD concentration levels it was also reduced – fig.2b.

a
b
Fig. 2 – a) Turbidity concentration before and after treatment of four water mixtures, b) BOD before and after
treatment of the mixture

After 19 days retention, the TSS concentration of a mixture containing 30% Kishon water and 70%
wastewater was reduced from 99.9 mg/L to 26.9 mg/L. The results (Figure 3a) indicate that all of the treated
mixtures were acceptable for irrigation in Israel. After 19 days of retention, pH levels of 7.8 to 8.0 were reached
for all the compositions tested – Figure 3b.

a
b
Fig. 4 - a) Total suspended solids concentration before and after 19 days of treatment of four different water
mixtures and b) variation of pH versus time of the water mixtures
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The plants were capable of reducing indicators as BOD, TSS and turbidity to concentrations required by
national and local guidelines as well as international standards for irrigation water (Zimmels et al, 2004).
In study [7], potential uses of growing aquatic plants for wastewater purification were tested, the experiments
being performed on a laboratory scale in batch experiments. The experimental results presented in table 1 show
that all aquatic tested plants have a potential and real use for wastewater purification (Said et al., 2018).
Table 1
Chemical analysis of wastewater before and after growing duckweeds, water hyacinth and green algae for 21 days

They established that the aquatic plants (duckweeds, water hyacinth and green algae) are capable of decreasing
all tested indicator of water quality in wastewater to level that permit the use of the purified water for irrigation.
Chemical oxygen demand (COD) and biological oxygen demand (BOD5) reduced in wastewater to (43%
and 42%) by duckweeds, (28% and 33%) by water hyacinth, and (33% and 38%) by green algae for 21 days.
Duckweed was highly efficient in removal of pollutants from wastewater, especially, N, P, K and other heavy
metals than water hyacinth and green algae and it can be used as fodder for animal. Duckweed, therefore, was
promise to use in wastewater treatments than water hyacinth and green algae (Said et al., 2018).
In another study (Calheiros et al., 2007), the survival of different plant species in subsurface horizontal
flow constructed wetlands receiving tannery wastewater was investigated. Five pilot units were vegetated with
Canna indica, Typha latifolia, Phragmites australis, Stenotaphrum secundatum and Iris pseudacorus, and a
sixth unit was left as an unvegetated control. The treatment performance of the systems under two different
hydraulic loading rates, 3 and 6 cm d-1, was assessed.
In table 2 are presented the results obtained for a hydraulic loading rates (HLR) of 3 cm d-1. Minimum and
maximum values are indicated in brackets.
Table 2
Mean composition of the inflow and outflow of the pilot units for a HLR of 3 3 cm d-1
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The results obtained for a hydraulic loading rates (HLR) of 6 cm d-1 are presented in table 3.
Table 3
Mean composition of the inflow and outflow of the pilot units for a HLR of 6 cm d-1

COD was reduced by 41–73% for an inlet organic loading varying between 332 and 1602 kg ha-1 d-1 and
BOD5 was reduced by 41–58% for an inlet organic loading varying between 218 and 780 kg kg ha-1 d-1. Nutrient
removal occurred to lower extents.
Phragmites australis and Typha latifolia were the only plants that were able to establish successfully.
Despite the high removal of organic content from the influent wastewater, during 17 months of operation, no
significant differences in performance were observed between units (Calheiros et al., 2007).

CONCLUSION
The modern epoch is characterized by increasing concerns regarding the potentially negative effects for
the environment, as a result of human activities.
In line with current problems facing local communities, the investigations into the possible usage of local
plant materials for water treatment in rural areas is becoming the major focus. Special considerations are placed
on the softening of hard water, lowering of turbidity, removal of suspended solids (SS) and elimination of
bacteria (pathogens).
Zimmels Y. et al., have examinated the potential uses of naturally growing aquatic plants for wastewater
purification.The following floating weeds were selected for laboratory experiments: Alodea, E. crassipes,
Hydrocotyle, Salvinia, and Lemna. The plants were capable of reducing indicators as BOD, TSS and turbidity to
concentrations required by national and local guidelines as well as international standards for irrigation water.
In study was established that the aquatic plants (duckweeds, water hyacinth and green algae) are
capable of decreasing all tested indicator of water quality in wastewater to level that permit the use of the
purified water for irrigation.
In onother study was used Canna indica, Typha latifolia, Phragmites australis, Stenotaphrum secundatum
and Iris pseudacorus for wastewater treatment. This showed that Phragmites australis and Typha latifolia were
the only plants that were able to establish successfully.
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ABSTRACT
This paper presents data on synergism between two foliar fertilizers (Evobor and Rizammina 42) and two
fungicides (Folicur Solo 250 EW and Signum) on yield and fruit quality. The research was carried out during
2017-2018 on a sweet cherry orchard, in Ostrov, Constanța. Both the efficacy of fungicides in controlling
Monilinia spp. and the effect of treatments on fruit weight, production, size and cracking index were evaluated.
Best results were obtained when treatments with Signum and Evobor applied at the end of flowering were
followed by Signum and Rizammina 42 applied when the fruit had half the size characteristic of the Van variety.
REZUMAT
În lucrare sunt prezentate date privind sinergismul dintre doi fertilizanții foliari (Evobor și Rizammina 42) și
două fungicide (Folicur Solo 250 EW și Signum), asupra producției și calității cireșelor. Cercetările au fost
efectuate în perioada 2017-2018 în livada de cireș din Ostrov, județul Constanța. A fost evaluată eficacitatea
fungicidelor în combaterea moniliozei și influența tratamentelor asupra greutății, producției, mărimii și gradului
de crăpare al fructelor. Cele mai bune rezultate s-au obținut în varianta în care tratamentul cu Signum și Evobor
a fost aplicat la sfârșitul fenofazei de înflorire, urmat de un tratament cu Signum și Rizammina 42 când fructele
aveau jumătate din dimensiunea caracteristică soiului Van.

INTRODUCTION
Sweet cherries are among the first fresh fruits of the year, and by their high content of vitamins, minerals,
sugars, good – looking aspect, are the subject of one of the most effective commercial activities (Chira L.,
Asanică A., 2010). In fruit growing, the production of quantitatively and qualitatively high yields is inconceivable
without the use of fertilizers and fungicides, as fruit trees occupy for a long time lands generally poorly fertile,
terraced or unfit for other crops. In cherry orchards, in the wet springs, moniliosis may cause 60 – 100% loss of
the yield, damaging the trees until their death (Tomșa M., Tomșa E., 2003).
The long-term and excessive – doses application of chemical fertilizers with nitrogen, phosphorus and
potassium often leads to the occurrence of deficiencies induced by macro and microelements, even on wellsupplied soils. This affects the quality and quantity of the fruit. It is therefore necessary to adopt an efficient
system of application of the fertilizers, including the foliar ones, that should lead to new relations of reciprocity
between growth - fruiting and quantity – quality.
The food value, as well as other qualities of the fruits, such as size, colour and firmness of the flesh, are
generally the main criteria by which the destination to exploit the cherries is determined (Asanică et al., 2013.
Bălan V., 2015). Small fruits is one of the limiting factor in marketing cherry fruit (Sansavini S., Lugli S., 2005;
Whiting M.D., Ophardt D., 2005). As consumers prefer large – sized cherries, this fact represents a very
important marketing standard. So that the treatments that can improve the average fruit size associated with
disease control may lead to high economic benefits.
The use of different task – oriented but synergistic mixtures (fungicides, insecticides, fertilizers or growth
stimulants), increases the versatility of the treatment and ensures increased production qualitatively and
quantitatively. The phenomenon of synergy is produced by the joint action of several active substances that
increase efficacy (Baicu T., Floru Ș., 1972). Given the issues presented above, this paper highlights the effects
of two foliar fertilizers to the potential for growing and fruiting of the sweet cherry variety Van and its
responsiveness to foliar application against monilinia spp.
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MATERIAL AND METHOD
The research was conducted in a commercial sweet cherry orchard belonging to Ostrovit S.A., Constanta
county (fig. 1), between 2017 and 2018. Trees were planted in 1998 at a distance of 5.5 m x 4.5 m (400
trees/ha), trained as vase. They were grafted on Mahaleb rootstocks. Observations and determinations were
made regarding both the fruits features (the average weight, production, size and cracking index) and the
fungicide efficacy. Two fertilizers were used for foliar application: Evobor and Rizammina 42.
We used the fungicides: FOLICUR SOLO 250 EW containing tebuconazole 250 g/l (0.75 l/ha) and
Signum (0.5 l/ha) containing 26.7% boscalid and 6.7% piraclostrobin. Two treatments were made: the first
treatment at the end of the flowering stage: all petals fallen (BBCH 69), and the second when the fruit was about
half final size stage (BBCH 75). Treatments applications were performed with portable sprinklers in the morning.
The amount of the solution was 0.8 liters per tree, based on the number of trees per unit area and the amount of
water recommended of 1000 l/ha. Assessments to determine the degree of attack and efficacy were made 7
days after the first and last treatment. The experimental scheme is presented in table 1:
Table 1
The experimental scheme of the trial
Sample
First treatment
Second treatment
untreated
untreated
V1
V2
Folicur Solo 250 EW 0.75 l/ha
Signum 0.5 l/ha
Signum 0.5 l/ha + Rizammina 2.0 kg/ha
V3
Signum 0.5 l/ha+Evobor 0.5 l/ha
Folicur Solo 250 EW 0.75 l/ha + Evobor 0.5 l/ha
Folicur Solo 250 EW 0.75 l/ha + Evobor 0.5 l/ha
V4
Folicur Solo 250 EW 0.75 l/ha + Evobor 0.5 l/ha
V5
Signum 0.5 l/ha + Rizammina 2.0 kg/ha

The number of fruits, the average weight of a fruit, the production from a tree and a unit area were settled
during the harvest. The establishment of harvest for each variant was performed by individual weighing of the
fruits on 40 trees. The average weight of the fruits was determined by weighing a sample of 1 kg of cherries
from each repetition and counting them. The fruit diameter was determined during the harvesting period using
the template recommended for sorting cherries by holes of 22, 24, 26, 28, 30, 32, 34 and 36 mm. The percent of
natural cracking was determined by counting method at the harvest time. 100 fruits in a row were collected from
all the tree crown and it was counted the number of cracked fruits. The height of the fruits was determined by
the measuring and it was the distance between the base and the top. The large and small diameter of a fruit
was measured at the equatorial area. The evaluation of mentioned parameters was performed using calipers at
time of harvest gathering 40 fruits in the row from each repetition. The efficacy of fungicide was calculated
according to Abbott`s formula: (degree of attack in untreated control - degree of attack in treated plot)/ degree of
attack in untreated control x 100. All data were subjected to statistical analysis provided by ARM-8 software
(Jinga V. et al., 2013). The composition of Rizammina 42 is shown in table 2.
Table 2
Composition of Rizammina 42
Compound
Total nitrogen (N)
Organic nitrogen (N)
Nitric nitrogen (N)
Ammoniacal nitrogen (N)
Ureic nitrogen (N)
Phosphorus pentoxide (P2O5)
Potassium oxide (K2O)
Magnesium oxide (MgO)
Boron (B)
Copper (Cu) chelated
Iron (Fe) chelated
Iron (Fe) chelated
Manganese (Mn) chelated
Molybdenum (Mo)
Zinc (Zn) chelated
Organic carbon (C) of biological origin
PHYSICO-CHEMICAL PROPERTIES
pH (1% solution)

Percent
13%
1.1%
6.1%
2%
3.8%
8%
21%
2%
0.01%
0.01%
0.24%
0.02%
0.1%
0.005%
0.01%
7.5%
Fig. 1 - Location of the trial

4.2 ± 0.5
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RESULTS
Folicur Solo 250 EW is a compound with a broad-spectrum systemic action can be used as a foliar
spray or seed-dressing and has excellent plant compatibility. Shortly after treatment, the active ingredient
tebuconazole penetrates into the air and is distributed acropetally inside the tissues where it blocks the
development of the fungus. Signum has a double movement in the plant: translaminar and acropetal, systemic
local. It works by inhibiting germination and spores and germination tuber growth as well as spore growth. It is
used for the control of moniliosis in sweet cherry, sour cherry, apricot, peach, plum, it is used at a dose of 0.5
kg/ha. Evobor is a high boron content solution specifically formulated for foliar application as well as for
fertigation. Boron is an essential microelement for the differentiation of flowering buds, branches, increasing
resistance to stress factors, etc. Also, boron fertilization increases pollen germination and fruit set (Grāvīte I.,
Kaufmane E., Militaru M., 2017). It can be used in fertilization programs along with other biostimulators to
prevent and / or remove boron deficiency. It is applied foliarly or by fertigation in pre-flowering until the fruit set
and even after harvesting, in order to make the reserve necessary for restarting vegetative stage in the next
season.
Rizammina 42 is a stimulating action foliar fertilizer containing an extract from Ascophyllum nodosum
algae and free amino acids as well as microelements. It improves the caliber and quality of fruits and
vegetables. It also enhances the flowering, coloring, consistency and intensifies the accumulation of juice
concentrates in fruits. Other beneficial effects of Rizammina 42 are: increases crop resistance against diseases
and climatic stress conditions; stimulates natural auxin biosynthesis, because it supplies large amounts of
tryptophan, their precursor; facilitates photosynthesis because it contains glutamic acid (chlorophyll precursor),
magnesium and microelements; helps cell division and cell expansion, thanks to the Ascophyllum nodosum
extract, which is rich in active ingredients with auxine - and cytokinin - like activity. It is formulated as a mineral
organ fertilizer 13-8-21 (2) NPK (Mg O) with microelementsAs one can be seen, the incidence of the Monilinia
spp. attack was high being 48% in the untreated sample (Table 3). In this situation, the tested products have shown
a good effectiveness in the fight against moniliosis from 80.20% (V4) to 93.95% in sample 5.
As you can see in the table 3, sample 3 (Signum 0.5 l/ha+Evobor 0.5 l/ha – the first treatment followed
by Signum 0.5 l/ha + Rizammina 2.0 kg/ha – the second treatment) and sample 5 (Folicur Solo 0.75 l/ha +
Evobor 0.5 l/ha – the first treatment followed by Signum 0.5 l/ha + Rizammina 2.0 kg/ha – the second treatment)
showed the best effectiveness for the control of Monilinia spp. Sample 2 (Folicur Solo + Signum) had a regular
efficacy (88.33%) and could be recommended in brown rot control programs, while a double treatment with
Folicur Solo (sample no. 4) revealed the weakest protection against this disease. The degree of disease attack
was at a higher intensity (9.5%) in sample no. 4, where no foliar fertilizer was applied, demonstrating the high
importance of Rizammina 42 for increasing the resistance of sweet cherry to diseases (Ghena N., Branişte N.,
2003).
Table 3
The Monilinia control mean (Abbott %)
Sample
Degree of Attack %
Effectiveness%
V1- untreated
48
0
V2
5.6
88.33
V3
3.2
93.33
V4
9.5
80.20
V5
2.9
93.95

Table 4
Influence on the weight of the fruits
Sample
Weight of the fruits (g) Difference%
V1- untreated
6.82
V2
7.27
6.59
V3
8.48
24.34
V4
7.83
14.80
V5
8.35
22.43

In this trial, the influence on the weight of the fruits was also studied (table 4). The best results were
recorded in sample no.3 and no. 5, with an average value of 8.48 grams fruit weight and 8.35 grams
respectively.
Table 5
The share of fruits% according to their diameter (mm)
Sample
22-26
26-30
>30
V1- untreated
23,6
31,2
45,2
V2
19,4
30,8
49,8
V3
13,8
27,3
58,9
V4
17,5
28,7
53,8
V5
14,4
29,2
56,4
Fig. 2 - Fruits of Van variety
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There was an increase of up to 24.34% compared to the untreated check. The average fruit weight of
the untreated sample was only 6.82 grams.
Fruits of similar size and shape were separated into three fruit diameter categories: 22-26, 26-30 and
>30 mm (Cepoiu N. et al., 2005). As shown in table 5, the fewest fruits with a diameter over 30 mm were found
at untreated check (45.2%) and the most were measured at sample no. 3 (58.9%). This was closely followed by
sample no. 5 (56.4%). At the same time, the highest percentage of small fruits (22-26 mm) was found in the
untreated control (23.6%), while the lowest was of sample no. 3 (13.8%) and of sample no.5 (14.4%).
Consequently, the weight of the fruits and their share according to their diameter greatly influenced the
yield. According to the figure 3, the highest yields were noted to the samples no. 3 and no. 5 that is exactly the
ones which had the highest values for fruit weight and fruit diameter. The yield almost doubled compared to the
untreated check (11.16 and 11.4 t/ha respectively). There were satisfactory productions in the sample no. 2 and
no. 4 (8.85 and 9.45 t/ha).

Fig. 3 - Influence on yield

Fig. 4 - The influence of treatments on fruit cracking
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The percentage of fruit cracking was directly proportional to the effects induced by Rizammina and Evobor,
the best results being obtained at sample no 5. Thus, related to untreated check, where de fruit cracking percent
was 12.9%, sample no. 5 had only 1.6%. Sweet cherry obviously must be sweet and good-looking to maintain
market demand (figure 2).
CONCLUSIONS
The application of products with different modes of action have ensured this high effectiveness on the
moniliosis, a very harmful disease of the cherry, which decreases the quality and the degree of marketability of the
fruits.
Best results were obtained when treatments with Signum and Evobor applied at the end of flowering were
followed by Signum and Rizammina applied when the fruit had half the size characteristic of the Van variety.
Rizammina and Evobor increases crop resistance against diseases and improve the fruit shape,
diameter and yield. Also, the percentage of fruit cracking decreased. Consequently, the weight of the fruits and
their share according to their diameter greatly influenced the yield. The long-term and excessive – doses
application of chemical fertilizers with nitrogen, phosphorus and potassium often leads to the occurrence of
deficiencies induced by macro and microelements, even on well-supplied soils.
The use of different task – oriented but synergistic mixtures (fungicides, insecticides, fertilizers or
growth stimulants), increases the versatility of the treatment and ensures increased production qualitatively
and quantitatively.
In order to obtain stable and reliable yields, these measures should be included in an integrated
protection management program for fruit growing.
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ABSTRACT
This article presents some of the new-generation labels used in the food industry, but also their
integration into the new concept industrial revolution called Industrialization 4.0. Labellers are included in the
Hazard Analysis and Critical Control Point (HACCP) plan, which also contains the labelling procedure and
traceability of products. The equipment produced by Bizerba SE&Co.Kg,Teraoka Seiko Co. Ltd and MettlerToledo Inc. will be presented. Some of the technical specifications, work patterns and recommendation from the
manufacturer will also be presented.
REZUMAT
În acest articol sunt prezentate o parte din etichetatoarele din noua generație folosite în special în
industria alimentară dar și integrarea lor în noua revoluție industrială numită Industrializarea 4.0. Etichetatoarele
sunt incluse în planul Hazard Analysis and Critical Control Points (HACCP), care conține și procedura de
etichetare și trasabilitatea produselor. Vor fi prezentate echipamentele produse de Bizerba SE&Co.Kg,
specificațiile tehnice, modul de lucru și recomandări din partea producătorului. Echipamentele produse de
Bizerba SE&Co.Kg, Teraoka Seiko Co. Ltd și Mettler-Toledo Inc. vor fi prezentate. De asemenea, vor fi
prezentate și unele dintre specificațiile tehnice, modelele de lucru și recomandările producătorului.

INTRODUCTION
Nowadays global trend is the accelerated introduction of new technologies that can be considered
revolutionary. These include the production of nanomaterials and the new generation of robots (who are able to
perceive the environment). These technologies have innovative potential, some are already being implemented
to replace traditional methods with more efficient production methods with beneficial effects for manufacturers
around the world (L. Brennan et al., 2015).
The first industrial revolution arose when man began to widely use the power of water and steam within
the new machinery in the industry, when the large-scale use of electric current began the second industrial
revolution, the widespread introduction of electronics, the emergence automation in all areas, the integration of
IT equipment into industrial equipment has led to the third industrial revolution. Industry 4.0 is the new concept
that was launched in 2011 in Hanover, Germany, and where it has been proposed to accelerate the adoption of
new technologies such as Big Data, AI (Artificial Intelligence) or IoT (Internet of Things) (M. C. Türkes, 2019).
Technological development of Industry 4.0 is based on the concept of the Cyber-Physical System (CPS),
which is defined as a combination of physical and cybernetic systems, ie two systems behave as if one, what
happens in the physical environment having an impact on the virtual environment and vice versa (C. O.
Klingenberg, 2017).
In the manufacturing industry, CPS allows the development of processes that, based on a dual
representation, through communication and decision algorithms, become intelligent and can decide the
configuration and the way of working in the production line. With CPS, intelligence is not centralized but
distributed in the process, giving more stability and greater flexibility to operations. One of the industry's top 4
approaches is the development of plug-and-work modules to allow for different configurations and processes.
The physical process with embedded intelligence connected to the virtual environment over the internet has
flexibility and autonomy and can quickly respond to the requirements that occur in production [3].
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A survey conducted with SME managers has highlighted that more than 84% of them know the fourth
industrial revolution, while nearly 16% of them are unaware of this concept but are convinced the transition from
Industry 2.0 to 4.0 requires determination and ambition, an investment capital for the adoption of new
technologies and highly trained specialists. Research results indicate that 23.9% of managers in SMEs are
looking for partners to implement new technologies, and 26.1% of SMEs have already signed up with industry
specialists. Another segment representing 22.7% of managers has the skills to use the new technologies
needed in their field of activity, while the remaining 27.3% declared themselves undecided [2].
An analysis of the various sectors of industry shows that interest in a digital transformation in the food
industry is equal to that in the automotive industry and higher than in construction (M. Savastano, 2019).
In the connected industrial units, within the new Industry 4.0 structure, efficient management and
extraction of information from land-based data collection is a critical challenge. In order to solve some practical
problems, a systematic approach is needed, the administration of new databases with increasing volume and
the development of predictive models. This can lead to solutions to major engineering or management issues
through the ability to control and parameterize the design decisions underlying high-level automated learning
tools.
Technology development has put its mark on all areas, but especially in areas where there are processes
that can be automated or high precision processing is required.
The evolution of integrated circuits and the emergence of systems on a cheap circuit (SoC system on a chip),
the integration of widespread "intelligence" has led to the emergence of "smart" labels. The use of SoC in the
equipment allows them to store a larger volume of data, much more information formats, ie text, pictures, tables
and databases, the capacity for data processing being much larger and especially the possibility of wired
communication or WiFi.
Labelling equipment, in general, is used to label department information within the label. To a large
extent, the format of information printed on the label is organized in a well-defined structure because its content
can be decoded by as many equipment and software, labelled products transferred from producer to carrier,
then to warehouse and ultimately to end-user and this route being unlikely that the equipment and software
used will be the same as the one that generated and printed the label. As a result, a number of specifications
have been developed that apply to the format of the label depending on the domain in which it will be used.
Based on these specifications, lab equipment manufacturers have further developed dedicated labelling
machines, machines that are becoming more and more powerful over time and with increased integration
possibilities in complex labelling, packaging and delivery systems. These machines are developed in
accordance with the hygiene requirements imposed in the food field, as a result of which they do not rely on the
quality of the used materials.
Manufacturers of weighing and labelling machines take full advantage of the technological advances in
microelectronics, the evolution of communications, and the development of processors, this is visible in the
emergence of new models that are much smaller in size and can label a larger number of products in the same
unit of time compared to previous models. The emergence of new technologies has allowed the development of
print devices at higher resolutions on the label and much higher print speed. Power consumption has been
optimized with the help of processors that have integrated consumption management according to the tasks to
be performed at the time.
By integrating new equipment into systems corresponding to the Industry 4.0 concept, a step forward in
food hygiene imposed by the HACCP plan and the new ISO 22000: 2018 standard (issued in June 2018 and
following a transition period of three years) has been achieved.
In the field of food safety, other forms of certification accepted by the Global Food Safety Initiative (GFSI),
some based on local standards, for example, IFS Food-International Food Standard (IFS Management GmbH
Germany) and BRC Standard Global Food Safety.

MATERIAL AND METHOD
Label printers. Manufacturers of labelling equipment for the food industry are also present in Romania
with a wide range of technical solutions that are designed to integrate into customer requirements. Some of the
producers present in Romania are Bizerba SE & Co.Kg, Teraoka Seiko Co., Ltd and Mettler-Toledo Inc. Below
are presented three models of labels present within the Romanian market.
• Label printer Bizerba GLPmaxx 80/160.
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The currently used Bizerba labels are GLP-Imaxx, GLPmaxx 80/160, GLP 58, GLM-Ievo, GLM-Emaxx,
GLM-P 2S, GLM-B Label Label and Label Applicator model LDI 20.
The GLPmaxx Labeller is a direct thermal printer label designed to be easier to operate, offering comfort and
functionality. Whether used as a standalone printer, total printer or when used for product labelling by weight,
the GLPmaxx with the Intel® Atom ™ processor is the ideal solution for today's requirements. The GLPmaxx
series is comprised of GLPImaxx, GLPmaxx 80, GLPmaxx 160 and GLP 58 (bizerba.com)
The GLPmaxx label figure1 can be used as a printer for labelling products in the food industry as well as
in commerce or manufacturing logistics. It is suitable for shipping labels, sales labels, and storage labels.
Combined with Bizerba weighing technology, it is the perfect starter kit for manual price tagging (bizerba.com).

Fig. 1. Bizerbaseries GLPmaxx (bizerba.com)

Due to its modular design, it can be optimally configured for different products and performance
requirements in the packaging area where it works (bizerba.com).
The intelligent labelling system, unique in its class, is used with the intuitive BRAIN software (a suite of
software that manages, controls, and analyzes the production system).
An advantage of the equipment is servicing of printer unit without tools (e.g. replacing the thermal
printhead, pressure roller) (bizerba.com).
The flexible system will easily integrate into existing production lines without any problems. In addition,
the system will communicate with existing software packages using the "Connect BRAIN" software module.
• Label printer Digi DPS-700
Teraoka Seiko Co. Ltd. it is the manufacturer of weighing and packaging equipment and is distributed
under the name of DIGI Group.
The Digi range of labels is made up of automatic labels: HI 700, HI-700W, LI-700D, LI-700E, MI-700, WI700, WIL-700, WIW- DPS-800s, WPI-701&702, WPT-700 and Label Applicators: AP-700, AP-800, DTO-700,
HC-700E, HC-800.
The DPS-700 figure. 2 is a compact weighing system. easy to use and versatile. The DIGI-700 series
uses an industrial PC with software embedded in a Windows® operating system. It offers flexible integration for
two-way communication in XML format for data collection from the back-office server, programming and
monitoring processes.
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Fig. 2. Digi DPS-700 (digisystem.com)

This printer also has an optional printer, ethernet communication of the DPS allowing easy connection to
other types of printers. We can mount weighing platforms of different capacities (6kg/2g, 15kg/5g, 30kg/10g) as well
as a stand for mounting in different positions (digisystem.com).
It can be used in conjunction with the IT-Matex III program that helps minimize losses by managing inventory
data, expiration dates and batches (digisystem.com).
• Label printer Mettler Toledo 840
Mettler-Toledo Inc. is a global manufacturer and marketer of precision instruments for laboratory, industrial
and retail applications.
Part of the Mettler-Toledo labels are: Impact M Printer-Weight Indicator, bPro Terminal, 840 Manual Label Printer
Weigh Price Label.
Label 850 figure 3, is intended for retailers wishing to equip their meat department or bakery department.
Printing up to 4 packets per second, the 840 labeller offers volume-tagging, weight-independent applications,
whether in grocery backrooms or in deli stores for priced by count, prepacked items. Real-time non-stop access to
product and sales data is essential for profitable management of fresh food. Label 840 easily connects to Trader's
Enterprise Resource Planning (ERP) system for fresh food control and management both in terms of traceability
and back office connectivity (mt.com).

Fig. 3. Mettler Toledo 840 (mt.com)
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With the intuitive touch screen, employees advance quickly through the labelling process, reducing the time
required for training. More experienced operators can enter PLUs use the touch keypad for faster results (mt.com).
Table 1
Comparisons between the specifications of three manual labels
METTLER
Bizerba
Manufacturer
DIGI
TOLEDO
Model: manual label
840
printer
DPS 700
GLPmaxx 160
Weighing range 6 kg /
2g
Yes
Yes
Yes
Scale intervals 3000
Yes
Yes
Yes
Weighing range 12 kg
/2g
Yes
Yes
No
Scale intervals 6000
Yes
No
Yes
Weighing range 15 kg
/5g
Yes
Yes
Yes
Pack size l/w/h in mm
Not applicable
Not applicable
Not applicable
Pack speed
Not applicable
Not applicable
Not applicable
38.1-76.2/25.4Label size w./h.in mm
30-80/28-80
203.2
30-168/20-500
Label roll diameter
inside/outside
38/190
76.2/228.6
40-76/150
Label application
system
Manual
Manual
Manual
Print speed mm/s
200
150
250
80mm at 300
80/160mm at
Print head
dpi
80mm at 300dpi
300dpi
Lan
WiFi
Memory
Operating systems
Touch Screen
Keyboard
Traceability
Services/Software
option

Wired Ethernet
No
Not specified
Embedded
Windows
Yes
Option
Yes
IT-Matex III

Wired Ethernet
Option
34MB

Wired Ethernet
No
2GB

Embedded Linux
Yes
Yes
Yes
Good Weighing
Practice™

Embedded Linux
Option
Yes
Yes
Industrial software
BRAIN

As shown in Table 1 above, the differences between manual labels printers from the same range produced
by Digi, Mettler Toledo and Bizerba are small, which shows us that each of the three manufacturers applying
different technical solutions is able to offer customers consistent solutions with market requirements and vigilance
regulations.
Methods and means of hygiene. Under hygiene, the objective of sanitation is to remove organic food
residues from all surfaces that come into contact with food products, which usually contain many micro-organisms.
Sanitation is accomplished by mechanical and chemical means.
Hygiene plays an important role in the food industry, as equipment manufacturers use the Hygienic Design
guidelines as a guideline for designing new equipment. As a result, manufacturers are well-trained for all
international certifications, which are becoming increasingly indispensable for retail lists - such as the International
Food Standard (IFS) or the British Retail Consortium (BRC).
Moreover, the guidelines are used in the EHEDG (European Hygienic Engineering and Design Group), an
association of experts in mechanical engineering and food industry, research institutes and health authorities based
in Frankfurt am Main. This independent consortium develops principles for the hygienic design of devices and
components used for food production (ehedg.org).
At the same time, production systems follow the guidelines of the HACCP system, which also ensures
consumer and food safety. Under the 2006 EU hygiene package, only foods that comply with these HACCP
guidelines can be marketed within the European Union. Manufacturing companies should analyze all food safety
risks and continuously monitor critical control points. Visual inspection systems contribute to the preparation of
accurate records, which, in turn, support verification.
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The hygiene operation has several complementary operations, cleaning, washing and disinfection, which
mechanically follow the removal of all organic deposits on the surfaces and from the chemical point of view, the
elimination of all traces of chemicals from the washing or disinfection solutions for minimizing the existing
microflora.
Cleaning agents meet many conditions such as being lightweight, non-hazardous to use, penetrating and
easy to remove, the list including many more requirements and is regulated by accredited organizations.
The disinfection of equipment is carried out after washing and is aimed at decontamination of pathogenic
germs and potential pathogens. Also, disinfecting agents must meet certain criteria, for example, be effective,
corrosive and have germicidal action on as many groups of micro-organisms as possible. The most used
substance is caustic soda with concentrations between 0.5 and 2% because the germicidal power increases
with the temperature the most commonly used solutions are at 70-80 degrees Celsius. Also calcined soda,
sulfur dioxide, potassium permanganate and formalin are used.
Bizerba also produces cleaning and lubrication solutions that comply with the HACCP plan, these
solutions are for removing labels or label waste, cleaning screens with or without touch.
An important aspect in food hygiene is to prevent the occurrence of non-conformities so the use of
traceability in the product chain from the manufacturer to the final customer is mandatory.
The traceability system allows, with the help of security requirements, the elimination of inappropriate
food and the regulation of environmental conditions. As one of the criteria for food safety, the traceability system
is able to offer guarantees and the possibility for consumers to check the food safety standards. The problems
that arise in the food industry with regard in particular to product falsification, so concerns about food selection
that have doubts in determining product quality have led to the development of traceability systems. The
information technology traceability system is applied in the food industry to track product trajectory from the
manufacturer to the end user (D K Hadi et al., 2019).
The ability to use traceability is implemented on labels, but it is not enabled on all machines by default, so
at client's request it can be activated but this option may require the activation of parts of software from the
equipment that may result in additional cost. Once enabled all the traceability software options equipment is
ready to receive all the information required to be printed on the labels. Information that is printed on the label is
legally binding, but the information that the operator considers important can be added either in the packaging
process or in the sales process to the final customer.
Some of the information printed on the label, such as the country of origin, the slaughterhouse, the
country of growth, and others, can be configured from the label or even through the network even if it is a piece
of equipment or a network of equipment. In the food industry, traceability is a fundamental element for tracing
products, so traceability is included in all the equipment that is included in the processing, packaging and
delivery chain.

RESULTS
Under hygiene, the objective of sanitation is to remove organic food residues from all surfaces that come
into contact with food products, which usually contain many micro-organisms. Sanitation is accomplished by
mechanical and chemical means.
Hygiene plays an important role in the food industry, as equipment manufacturers use the Hygienic
Design guidelines as a guideline for designing new equipment. As a result, manufacturers are well-trained for all
international certifications, which are becoming increasingly indispensable for retail lists - such as the
International Food Standard (IFS) or the British Retail Consortium (BRC).
Moreover, the guidelines are used in the EHEDG (European Hygienic Engineering and Design Group), an
association of experts in mechanical engineering and food industry, research institutes and health authorities
based in Frankfurt am Main. This independent consortium develops principles for the hygienic design of devices
and components used for food production (ehedg.org).
At the same time, production systems follow the guidelines of the HACCP system, which also ensures
consumer and food safety. Under the 2006 EU hygiene package, only foods that comply with these HACCP
guidelines can be marketed within the European Union. Manufacturing companies should analyze all food
safety risks and continuously monitor critical control points. Visual inspection systems contribute to the
preparation of accurate records, which, in turn, support verification.
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The hygiene operation has several complementary operations, cleaning, washing and disinfection, which
mechanically follow the removal of all organic deposits on the surfaces and from the chemical point of view, the
elimination of all traces of chemicals from the washing or disinfection solutions for minimizing the existing microflora.
Cleaning agents meet many conditions such as being lightweight, non-hazardous to use, penetrating and
easy to remove, the list including many more requirements and is regulated by accredited organizations.
The disinfection of equipment is carried out after washing and is aimed at decontamination of pathogenic
germs and potential pathogens. Also, disinfecting agents must meet certain criteria, for example, be effective,
corrosive and have germicidal action on as many groups of micro-organisms as possible. The most used
substance is caustic soda with concentrations between 0.5 and 2% because the germicidal power increases
with the temperature the most commonly used solutions are at 70-80 degrees Celsius. Also calcined soda,
sulfur dioxide, potassium permanganate and formalin are used.
Bizerba also produces cleaning and lubrication solutions that comply with the HACCP plan, these
solutions are for removing labels or label waste, cleaning screens with or without touch.
An important aspect in food hygiene is to prevent the occurrence of non-conformities so the use of
traceability in the product chain from the manufacturer to the final customer is mandatory.
The traceability system allows, with the help of security requirements, the elimination of inappropriate
food and the regulation of environmental conditions. As one of the criteria for food safety, the traceability system
is able to offer guarantees and the possibility for consumers to check the food safety standards. The problems
that arise in the food industry with regard in particular to product falsification, so concerns about food selection
that have doubts in determining product quality have led to the development of traceability systems. The
information technology traceability system is applied in the food industry to track product trajectory from the
manufacturer to the end user (D K Hadi et al., 2019).
The ability to use traceability is implemented on labels, but it is not enabled on all machines by default, so
at client's request it can be activated but this option may require the activation of parts of software from the
equipment that may result in additional cost. Once enabled all the traceability software options equipment is
ready to receive all the information required to be printed on the labels. Information that is printed on the label is
legally binding, but the information that the operator considers important can be added either in the packaging
process or in the sales process to the final customer.
Some of the information printed on the label, such as the country of origin, the slaughterhouse, the
country of growth, and others, can be configured from the label or even through the network even if it is a piece
of equipment or a network of equipment. In the food industry, traceability is a fundamental element for tracing
products, so traceability is included in all the equipment that is included in the processing, packaging and
delivery chain.

CONCLUSIONS
The range of labels present on the EU market has been implemented some of the standard
specifications in the new Industry 4.0 concept, as well as hygiene standards in the EU. The technology used
for power consumption, network communication, remote control, integration of A.I. make these types of
equipment easier to work in businesses in the food industry and beyond. The materials used in their
construction meet the most demanding requirements in the field of food hygiene. Chemical solutions used in
the maintenance process stages are also in line with food hygiene standards.
Each manufacturer has developed a line of labels that cover all the requirements that appear in the
market. In addition to the labels, each developer has created its own accessories and software solutions that
help customers develop their already existing equipment or integrate equipment from different manufacturers
into production lines. Software solutions greatly increase productivity by reducing the time the equipment
needs to be turned off to change the settings, product or consumables used. The network connection makes
data transmission fast even if the equipment is in different locations within the range of tens or hundreds of
kilometres. In support of the customer, each manufacturer of labelling equipment also offers consumables
that best fit the equipment used by customers.
Producers' efforts in the food industry are visible, with products becoming more efficient each year, the latest
models being already "smart." Steps towards equipment with A.I. were made to the Industry 4.0 concept is
becoming more and more present in the food industry.
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ABSTRACT
Continuous development of the industry required the widespread use of cranes, which required their more
efficient use, as well as improved working conditions. Moving, transferring large and heavy loads from the
industry is done through cranes. The purpose of this study was to investigate the safety effects of the control of
ground-based cranes with buttons and/or levers, by radio control or by infrared control and to identify the
conditions in which their use is functional and, on the other part, problematic.
REZUMAT
Dezvoltarea continuă a industriei a necesitat utilizarea pe scară largă a macaralelor, ceea ce a impus
utilizarea mai eficientă a acestora, precum și îmbunătățirea condițiilor de muncă. Mutarea, transferul sarcinilor
mari și grele din industrie se realizează prin intermediul macaralelor. Scopul acestui studiu a fost de cercetare a
condițiilor de siguranță în controlul macaralelor cu comandă de la sol cu butoane şi / sau manete, prin comandă
radio sau prin comandă în infraroșu și de a identifica condițiile în care utilizarea se efectuează în condiții de
siguranță din punct de vedere funcțional.
INTRODUCTION
Cranes are widely used in industry, in construction to move materials, for transportation, loading,
unloading, in industry to assemble heavy equipment, etc (Milazzo et al., 2015)
In general, despite seemingly simple constructions, cranes are very difficult to control. In order to control
them, the operators follow qualification courses, they are rigorously trained to increase the efficiency of their
work and to minimize the risk of accidents (Hughes and Ferrett, 2011).
The correct use and installation of cranes simplifies the operations that ensure their operation. However,
even though technology and risk awareness have increased substantially, safety still needs to be improved, as
is emphasized by many crane accidents that occur every year worldwide (Paques, 1993).
In order to minimize visual problems, improve safety and prevent deaths and injuries related to the use of
cranes, studies and research have been carried out to identify the critical characteristics of existing cranes
related to operator visibility and posture (McCann M, 2010; Spasojevic Brkic et al, 2015).
In order to continuously improve the safety of the exploitation of the shellfish, a more integrated approach
is needed, in which the design safety and the safety of use are considered as a single entity, with a greater
attention paid to the problems of human error (Cheng and Teizer, 2014; Häkkinen, 1993).
A work accident study, conducted by OSHA in 1997, reported that most crane accidents are not fatal and
most injuries do not involve crane operators, but other workers (ironworkers, riggers, carpenters, rescue
workers, etc).
MATERIAL AND METHOD
Cranes are lifting machines used for handling loads by lifting them vertically and moving them
horizontally, being among the most dangerous equipment used both in industry and in construction sites.
Cranes and the lifting mechanisms can be classified according to various criteria taking into account the
drive mode, the constructive type, fixed or displaceable by self-propelled or self-propelled or self-propelled, selfpropelled or towed, operating mode, control location.
Depending on the complexity of the handling and the degree of danger presented by the cranes in
operation, they can be classified in:
 movable cranes without track and those mounted on rail cars;
 movable cranes with track rail with rotating arm and platform (tower cranes, gantry cranes) and
Derrick cranes;
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 movable cranes with treads (rolling bridges, portal and semiportal cranes, suspended beams, shuttles,
casting cranes, loading, stripping, forging and the like);
 special type cranes not included in the above groups (cable cranes, scissors cranes);
 cranes with ground control with buttons and / or levers, by radio control or by infrared control.
Rolling bridges consist of one or two main beams. In some cases also have secondary beams, at the
ends of which, on one side and the other, there is one end beam. The main and secondary trolleys run on the
main and secondary trolleys respectively, and on the end of beams are the mechanisms of translation of the
bridge (Alămoreanu and Tisea, 1996).

Fig.1 - Rolling bridge, [13]

Depending on the operation of the crane, this mechanism can be driven with:
 the force of the maneuver(s), by means of the crank or transmission with manual cable or blade;
 thermal engine specific to the crane or the vehicle on which the crane is mounted;
 electric motor;
 engine or hydraulic pump.
Regardless of type or constructive variant, in the composition of all lifting machines there are common
elements or parts having, within the machine, distinct functions well specified.
Complex lifting machines, such as cranes, are composed of the following structural elements:
 power equipment - represents the machine or the assembly of motor and generator machines,
including their attached installations, which provide the energy needed for the working equipment and
crane propulsion system;
 transmission - represents the assembly of simple organs and mechanisms that transform the
movement of the motor and transmit it to the working organs of the crane mechanisms;
 mechanisms of the crane - are assemblies with independent functioning that ensure the
accomplishment of a certain working movement. By successive or simultaneous action, it achieves the
necessary mobility for the working equipment. The main mechanisms of the cranes are:
 the lifting mechanism;
 the mechanism of moving the crane;
 the rotation mechanism;
 the mechanism of tilting the arm;
 the translation mechanism of the trolley;
 closing mechanism - opening of the cage;
 the telescoping mechanism of the arm.
 command and control installations - the assembly of devices and equipment with which the start-up,
adjustment, steering, control and stopping of a mechanism or of the whole crane is carried out;
 propulsion system - with this system only the movable cranes are equipped. Cranes can have track
and rail track propulsion systems. In this case, the propulsion systems can be provided with tire wheels,
crawlers or it can be made as a tread system;
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 safety installation - represents the set of devices and safety devices, some of them with automatic
operation, with the help of which ensure the operation of the cranes in safe conditions.
The security components are elements that equip the cranes and lifting mechanisms to eliminate the
danger of damage and accidents at work. They intervene in the situation of performing the wrong maneuvers or
in the case of a category of technical failures preventing the operating personnel or stopping the crane
operators (Alămoreanu andTisea, 2000).
Security components must meet the following conditions:
 simple construction for operation with minimum failure possibilities;
 maintain its adjustment to changes in environmental conditions;
 can be easily adjusted;
 their accuracy allows them to be within tolerable limits according to the technical prescriptions;
 be robust enough to withstand operating conditions;
 low weight.
The security components at the cranes are:
 end-of-stroke limiters;
 load limiters and moment load limiters;
 safety, locking, speed regulation valves;
 parachutors and speed limiters;
 anemometer;
 devices for blocking and avoiding oblique walking;
 buffer, stop, hook safety;
 spare parts, rail cleaners;
 electrical safety contacts;
 security switch.
End-of-stroke limiter is intended to automatically interrupt the operation of the crane mechanisms when its
moving parts exceed the set working limit parts. They must allow mechanisms to operate in the opposite
direction to the one in which the respective movement was limited.

Fig.2 - End-of-stroke limiter with threaded shaft, [16]
1 - housing; 2 - threaded shaft; 3 - bearing; 4 - nut; 5 - gearwheel; 6 - switch; 7 - limiting contact

Load limiters make it possible to operate the crane to its maximum potential without risk of damage or
accident. They are intended to automatically interrupt the operation of the lifting mechanism of the crane, in
case of exceeding the nominal load.

672

INTERNATIONAL SYMPOSIUM

Fig.3 - Load limiter with lever system, [16]
1 - load cable; 2 - deviation roller; 3,4 - lever; 5 - resort; 6,7 - bolt; 8 - electrical contactor

Anemometers. Cranes with arm at which there is a danger of overturning, as well as portal and similar
cranes with total beam lengths greater than 30 m or if the lower sole of these beams is at a height greater than
10 m from the tread level, mandatory with anemometers.
They must trigger an optical signal when exceeding the wind speed expressed by the pressure admitted
by the technical prescriptions.
When the wind pressure reaches 70-80% of the maximum allowed value, the optical and acoustic signal
is triggered.

Fig.4 - Load limiter with lever system, [14]
1 - ratchet; 2 - transmission; 3 – generator; 4,5 - l voltage relays; 6 - weathervane; 7,8 - recorders;
9 - temperature stabilizer; 10 - indicator lamp

Safety hook - it is mounted with the purpose of preventing the accidental exit of the connecting bodies to the
hook tasks; removing them is only possible by acting on safety.
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The acoustic signal can be canceled from the cabin, but when the wind pressure exceeds the allowed limit it
cannot be canceled. In some cases, the anemometer, when the maximum allowed is exceeded, commands the
servomotors to lock the crane on the rails, the only command that can be made is lowering the load.

Fig.5 - Safety hook, [15]

RESULTS
Safety hooks and stitches are replaced when they have one of the following defects:
 visible wear and tear with the free eye in the portion where the load-bearing body is placed;
 the thread is deformed or part is broken;
 the hook of the hook is opened above the allowed limit;
 cracks.
The operation of cranes is forbidden if the security components are not in perfect working order or do
not meet the technical conditions provided.
Cranes cannot operate unless hazardous areas are properly restrained or if moving machine parts and
non-insulated live parts are not provided with protective devices.
The maximum speed for moving the cranes, of 50 m/min, is allowed in the case of the ground controls,
only under optimum conditions of movement of the maneuver (the color of permanently free passage, without
sharp turns, of sufficient width, without unevennesses of the floor , with a good visibility of the whole field of
work, etc.)
CONCLUSIONS
Crane driver has the following obligations and responsibilities:
 to ensure the operation of the crane in accordance with the manufacturer's instructions;
 to know the crane they are working on and the technical conditions for its use, to apply them exactly;
 to know and respect the signalling code;
 not to operate any mechanism as long as there are persons on the crane; if this cannot be avoided as
for example in some repair, maintenance and repair work;
 to receive and deliver the crane by registering in the surveillance register; if the crane has defects that
endanger the safety in operation, the crane stops it from operation;
 to turn on the indicator lights (at the cranes that are equipped with such machines) in case of low
visibility, as well as at night;
 to participate in the repair, maintenance and overhaul work, as well as all the technical checks that are
carried out at the crane they handle;
 to prohibit access of strangers to the control room or crane;
 to record in the surveillance register of the crane all the observations regarding its operational
deficiencies;
 not to operate the crane as long as the safety conditions are not met in the hazardous area.
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ABSTRACT
Human activity will always require the existence of a large volume of energy to support it. Due to
climate change and the rapid depletion of conventional fuels, it is necessary to use renewable sources to
provide the necessary energy. The article presents a series of experimental researches in the field of solid
biofuels, namely pellets from biomass for determining their physical-chemical properties, determinants for
their use as solid biofuels.
REZUMAT
Activitatea oamenilor va necesita întotdeauna existența unui volum mare de energie care să o susțină.
Din cauza schimbărilor climatice și a epuizării rapide a combustibililor convenționali, este necesar să se utilizeze
surse regenerabile pentru a asigura necesarul de energie. Articolul prezintă o serie de cercetări experimentale
în domeniul biocombustibililor solizi, mai exact peletele din biomasă pentru determinarea proprietăților fizicochimice ale acestora, esențiale pentru utilizarea lor ca biocombustibili solizi.
INTRODUCTION
The need to limit the use of conventional (fossil) fuels and replace them with fuels obtained from
renewable energy has led to the intensification of researches in the field of obtaining biofuels from renewable
energy such as biomass (Mani et al., 2003; Tabil et al., 2011).
The benefits of biofuels compared to traditional fuels aim to lead to greater energy security, lower
environmental impact, financial savings and socio-economic aspects related to the rural sector.
Given that biomass is the most abundant renewable resource in the world being represented by any plant
component, including manure and sewage sludge. Under proper processing, freshly harvested biomass can be
converted into products similar to natural gas or liquid or solid biofuels (Stelte, 2012).
Biomass heating is the oldest and most well-established form of energy supply in the world, being
intrinsically linked to the development of the human race. However, it was made redundant by the high energy
density of fossil fuels, and its application in modern energy systems, especially in industrialized countries, has
until recently been declining. A renewed interest in biomass-based energy systems comes from a variety of
reasons. They are dominated by the interest in reducing greenhouse gas emissions, the emergence of new
efficient biomass conversion technologies, as well as rising prices of fossil fuels.
Except in cases where direct combustion is appropriate, crude biomass requires the conversion into solid,
liquid or gaseous fuels that can be used to produce heat, electricity and as fuel for vehicles. This conversion is
accomplished through a series of physical, biological, thermal and chemical processes (Ion, 2006).
In order to obtain solid biofuels that can replace fossil fuels such as coal from biomass is necessary to
undergo a compaction process, such as pelleting. The process of producing the pellets involves subjecting the
biomass material (sawdust from woody biomass, grinded agricultural biomass or combinations between the two
types, with or without using additives) to high pressures and forcing it to pass through the cylindrical orifices of a
flat or cylindrical die. Due to the temperature and the friction forces that develop inside the machine, the biomass
"fuses", resulting in compact and uniform pellets (Artemio et al., 2018; Smaga et al., 2018, Wu et al., 2011).
Pelleting materials of forest or agricultural origin have the following advantages: a considerable reduction
in the waste of wood material; higher capitalization of the by-products of agriculture and forestry; reduction of
handling and storage costs.
By pelleting, it is important preserve or enhance the physical-chemical properties of biomass that make
this type of biofuel suitable for large scale use. This paper shows a series of experimental researches
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conducted on biomass pellets to determine their physical-chemical properties, in comparison with those of the
raw material.
MATERIAL AND METHOD
For conducting the experimental researches, sawdust and pellets obtained from fir tree, oak and alder
sawdust were used. All sawdust samples had the same granulation (2 mm) and all pellets were obtained in the
same conditions (using a single pellet device with a 8 mm diameter die, at 80 oC). Table 1 shows the samples
used for experiments.
Table 1
Samples for analysis
Sample
no.
1
2
3
4
5
6

Type
Fir sawdust
Fir pellets
Oak sawdust
Oak pellets
Alder sawdust
Alder pellets

Fig. 1 – Sawdust and pellet samples used for experiments

The following equipment were used during the researches:
Table 2
Equipment used for determining the physical-chemical properties of pellets
Equipment/type
Precision weighing scales /AW 220 M, with
self-calibration (Shimadzu - Japan)
Furnace with temperature adjustment / -UFE
500 (Memmert - Germany)
Calorimeter /CAL 2k (DDS Calorimeters South Africa)
Calcination oven, with P 320 controller
(Naberterm - Germany)

Measure domain / division
0÷200 g / 0.1 mg
0÷260 ºC / 1 ºC
0.001 MJ kg-1
0 ÷ 1400 ºC / 10 ºC

All biomass and pellet samples for analysis were prepared according to the specifications found in standard
ISO 14780:2016 – Solid biofuels: Sample preparation.
Methods of analysis used:
1. Moisture content
677

INTERNATIONAL SYMPOSIUM

Moisture content (%) was determined on a wet basis, 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.
2. Energy content
The energy content (MJ/kg) of pellet samples was determined using the calorimeter bomb, according to
the specification found in ISO 18125:2016 standard – Solid biofuels – Determination of calorific power.
3. Ash content
The ash content (%) of sawdust and pellets samples was determined using the calcination oven, at 550
oC, according to the provisions of standard ISO 18122:2015 – Solid biofuels – Determination of ash content.
4. Volatile matter
The content of volatile matter (%) was determined by introducing the samples at 900 oC in the calcination
oven, according to the provision found in standard ISO 18123:2015 – Solid biofuels – Determination of the
content of volatile matter.
5. Sawdust and pellet density
Sawdust density (kg/m3) was determined using a cylinder that has a known volume and a precision scale
for weighing the samples, according to the provisions of standard ISO 17828:2015 – Solid biofuels –
Determination of bulk density.
Pellet density was determined by giving the pellet samples a cylindrical shape by sanding the
irregularities resulted from the pelleting process and weighing each sample.

Fig. 2 – Aspect during the experiments

RESULTS
Using the methods previously mentioned, after conducting the analysis, the following results were
obtained, presented in table 3:
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Table 3
Results obtained from the analysis of pellets
Moisture Energy
Sample
content content
no.
[%]
[MJ/kg]
1
2
3
4
5
6

13
9.21
13
9.53
13
9.86

16.589
15.981
15.788
16.021
15.521
15.470

Ash
content
[%]
4.22
4.18
5.21
5.18
5.88
5.76

Volatile
matter
content
[%]
73.50
72.58
73.48
73.42
74.23
72.81

Density
[%]
142.18
1001.47
184.75
1124.31
178.91
1024.31

It can be observed that the moisture content of pellets registered values ranging between 9.21 % and
9,86 % for pellets obtained, indicating that coniferous sawdust loses water more easily during the pelleting
process. The moisture obtained for the pellets is under 10%, indicating good storage combustion attributes.
Calorific power registered small increases for all samples after compaction, while volatile matter had
small decreases for pellets compared with sawdust, indicating that volatiles are released during the process,
due to the high temperature used. The ash content of pellets had small variations compared to sawdust.
Bulk density was found to increase greatly (7.04 times for fir, 6.08 times for oak and 5.72 times for alder
sawdust).
CONCLUSIONS
The experimental researches showed that the compaction of sawdust had an overall beneficial effect,
mainly on the stability of the biomass, storage characteristics and energy content, but also gives a solution for
ensuring quality solid biofuel. Therefore, this study has shown that the pelleting process is a represents a good
solution for valorizing the residues from silviculture, tree grooming, etc.
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ABSTRACT
Greenhouses are complex constructions that are designed and made so that within them a controlled
environment is obtained, which satisfies the conditions necessary for the development of plants. Lately, the
greenhouses have been modernized so much worldwide, by automating them, reaching the performance that
any of the activities of changing the parameters inside a greenhouse can be done remotely and accurately. At
present, intelligent greenhouses can be designed by implementing a system of continuous monitoring and
control of the necessary environmental conditions regarding the technology of plant growth, in order to obtain
good quality and quantity productions, seasonally or throughout the year.
REZUMAT
Serele sunt construcții complexe care sunt proiectate și realizate astfel încât în interiorul acestora să se obțină
un mediu controlat, care să satisfacă condițiile necesare dezvoltării plantelor. În ultima vreme, serele au fost
modernizate atât de mult la nivel mondial, automatizându-le, atingând performanța că oricare dintre activitățile
de modificare a parametrilor în interiorul unei sere se poate realiza de la distanță și cu exactitate. În prezent,
sere inteligente pot fi proiectate prin implementarea unui sistem de monitorizare continuă și control al condițiilor
de mediu necesare în ceea ce privește tehnologia creșterii plantelor, pentru a obține producții de calitate și
cantitate bună, sezonieră sau pe tot parcursul anului.
INTRODUCTION
The increase in the consumption of fresh vegetables and fruits throughout the year has led to the
development of cultivation methods, in cold and weather protected areas. The greenhouse effect arises from the
difference between the physical properties of the soil and the plants, respectively of the transparent materials
with which these protected spaces are covered. Apart from the greenhouse effect, the cultivation of plants in
protected areas allows a better control of the microclimate, with an efficient control of diseases and pests,
ensuring the necessary nutrients and water, with reduced consumption compared to the field crops.
The glass protected spaces, known as greenhouses, are the most advanced way of obtaining
vegetables and fruits. They are made of metal and glass skeleton, and in their design was also considered the
possibility of mechanized execution of soil works, maintenance of crops (fighting diseases and pests, hoeing,
administered fertilizers, etc.), which require a large volume of work. At the same time, the greenhouses can
benefit from automated installations to ensure the necessary environmental conditions (temperature, humidity,
aeration, etc.). [9]
Greenhouses and solariums are protected spaces in which the conditions of plant growth are improved
and artificially carried out throughout the year. They were first built in Britain in the 19th century, close to
farmers' homes and were used for cultivation or study of plant species for which the European climate was not
in terms of temperature. Later, in the twentieth century, the greenhouses entered the economic circuit offering
consumers fresh vegetables and flowers during the year when they cannot grow in open spaces. Greenhouses
and especially solariums are used to grow the seedlings of plants which are then planted in the field so
vegetables can be obtained much longer. The main objective of greenhouses and solariums is to ensure the
creation and maintenance of optimum conditions for plant cultivation controlled against the external climatic
conditions. [2]
Among the conditions to be monitored and controlled to obtain the most favorable microclimate for plant
development are related to air temperature and relative humidity, soil temperature and its water content, CO2
concentration, air movement, etc. [3]. Greenhouses are protected spaces for plant cultivation, they are complex
constructions, whose practical design and realization must take into account many factors depending on the

680

INTERNATIONAL SYMPOSIUM

requirements and characteristics of the plants, the local climatic conditions, the special materials for this type of
construction, from sources and heating equipment, irrigation systems, ventilation, etc. [4]
MATERIALS AND METHODS
With the development and automation of greenhouses, production has grown well above the level of
own consumption, the difference of production can be marketed, being considered as a profit-making
affection.Thus appeared the greenhouses of different sizes: small greenhouses that provide the necessary
consumption of the family and industrial greenhouses (Fig. 1) To make a greenhouse, in any variant, good
knowledge in the field and financial capital is required.

Fig. 1. Industrial greenhouse

The construction of industrial greenhouses consists of a series of works that must be performed at the
professional level. The fundamental factors that influence the efficiency of the greenhouses are:
- materials used for greenhouse construction,
- the presence of heating, lighting, automatic irrigation, as well as the additional functions of the
greenhouse equipment,
- the possibility of ensuring a constant temperature,
the value of costs. Therefore, special attention must be paid to the above points, because the success
of the greenhouse activity depends on them.
Modern greenhouse complexes are divided into two types, depending on the period of operation:
- seasonal. Seasonal greenhouses are usually used between March and November. They grow planting
materials (seedlings) and vegetable plants that are the most sought after on the market among consumers.
- throughout the year. These greenhouses make it possible to harvest at any time of the year. Although
these types of greenhouses are much more complex in terms of their construction and more expensive, they are
depreciated and return to profit much faster than seasonal ones.
Depending on the material planted in the greenhouses, the most common are:
Vegetable greenhouses, breeding greenhouses, flower greenhouses, combined greenhouses,

Fig.2. Greenhouse on industrial type shelves

Depending on the technology used we have greenhouses:
- on shelves, (Fig. 2 )
- on the ground,
- hydroponics (Cultivation of plants whose root is introduced into a substance that contains nutrients and
has no contact with the soil is called hydroponic culture.)
- aquaponics (The aquaponic system combines the two forms of agricultural production, recirculating
aquaculture and hydroponics.) [9]

681

INTERNATIONAL SYMPOSIUM

Depending on the technology used we have:
- hangar and block type greenhouses,
- greenhouses with straight and arched walls. (Fig. 3 )
From the point of view of the construction materials:
- greenhouses with wooden frames,
- greenhouses with polymer frames,
- greenhouses with metal frames

Fig. 3 Greenhouse with an arched building

Therefore, at the stage of choosing a grennhouse, it is important to determine the list of crops that are
supposed to be grown in it, as well as the optimal technologies and production volumes. After selecting the type
of greenhouse, it is necessary to determine its size. In addition, the positioning of the greenhouses according to
the cardinal points must be taken into account. [10]
RESULTS
Due to the fact that cutting-edge technologies are expanding in all fields of activity, the "smart
greenhouse" has become a reality. The development of the market of constructions and related technologies
has led to the fact that, at present, the automation can control all the processes necessary for the operation of a
greenhouse at the highest parameters of production and quality.
An automated greenhouse must necessarily meet the following characteristics:
- the temperature adjustment inside the greenhouse is done automatically using a temperature sensor (Fig. 4, b).

a)
b)
Fig. 4 a) Thermometer to measure temperature, b ) Temperature control system

- watering the plants to be done through a system of irrigation specific to the greenhouses; (Fig.5)

Fig. 5. Sisteme de udare prin picurare.
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An intelligent greenhouse can be created by automation, implementing a control system (Fig. 6)
(example – Arduino), through which continuous monitoring of the main processes is possible. This control
system (Arduino) automates and notifies the greenhouse owner about the operation of the ventilation system,
humidity, power outages and other functions. The data can be displayed on a computer, tablet, or other warning
system for example by light signaling.

Fig. 6 Greenhouse control system

The autonomous operation of a greenhouse by automation is achieved by installing a kit, which includes
connection diagrams, thermal sensor locks and various modules.Fig. 7)
The basic design of a "smart" greenhouse allows the following functions to be performed automatically:
- temperature control and regulation inside the greenhouse;
- air humidity monitoring;
- soil humidification;
- lighting regulation,etc.
Depending on the specific area and the interest of each country regarding the development of
greenhouses, we find different variants of greenhouses.

Fig. 7 Greenhouse variant with automatic control system [11]

English-style greenhouse constructions are divided into elite and ordinary structures,(Fig. 8, a), b)).
The first type of greenhouse has a larger surface area, double glazing, as well as increased strength. In
addition, elite greenhouses are equipped with internal heating, which allows them to be harvested throughout
the year, regardless of the climate area. The second type is more accessible, but it has only one glass window,
therefore it retains less heat and is designed more for milder climatic conditions. However, both types have a
number of common characteristics. The foundation of the greenhouse serves as a barrier between the cold land
on which the greenhouse is located and the germinal bed inside the greenhouse.

a)

Fig. 8 a) și b) English type greenhouses
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High walls are another feature of English greenhouses. They make it possible to plant shrubs and trees
indoors. In addition, in a high greenhouse it is possible to provide shelves for potted plants.
The roof of the English type greenhouse has an angular shape, with a double ramp. So the leaves,
snow and other rainfall are not on the roof, the inclination angle is from 30 to 45 degrees.
Sometimes, the greenhouses are part of the whole ensemble of a residential building (fig. 9) In some
cases, they even have a common wall. Then, in the wall you can make a door and enter the greenhouse directly
from the house. Typically, this technique is used for flowering greenhouses and winter gardens.

Fig. 9 Greenhouse part of a building complex for housing

Modern manufacturers of greenhouses and solariums are constantly improving their products and
developing new construction projects, taking into account the latest achievements of scientific progress. The
highest quality products are considered those produced by European companies. One of these producers is a
Danish company, Juliana. (Fig. 10) The greenhouses produced by this company do not just keep the heat, they
have the possibility to create a special comfort zone for plants, to maintain the set values: temperature and
humidity, water supply and other parameters.

Fig. 10 Greenhouse produced by Juliana Company

And Russia has developed and modernized the construction of high quality greenhouses. For example,
Britton Company is a manufacturer that offers quality products that can compete with many European brands
not only in price, but also in quality. The uniqueness of its products is due to the fact that it was created in
accordance with the English technologies, but taking into account the Russian weather conditions.

a)
b)
Fig. 11 a) și b) T-shaped greenhouses, [13]

The company is constantly expanding its range and has recently launched a new product: the "Maiden"
greenhouse with increased roof tilt. Due to the annex building, the greenhouse has an interesting T.-shaped
appearance (Fig. 11). This model is priced several times lower than the European luxury class counterparts.
[13]. The "Kapelka" greenhouse - it comes with a modern design is used especially for growing vegetables and
early plants, is durable, reliable and looks very unusual. (Fig. 12)
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Fig. 12 Kapelka type greenhouse

The structure of the greenhouse is of the "Droplet" type and belongs to the category of super-reliable
structures. This greenhouse is more resistant due to its frame and the metal profiles from which it is made.

a)
b)
c)
Fig. 13 "Droplet" Greenhouse a), Greenhouse-Sketch b), Greenhouse under construction c) Greenhouse completed

The unusual shape of the series, is constructed of square galvanized tube with 25x25 mm section and
arcs arranged at intervals of 65 cm between them helps the structure to withstand the most difficult weather
conditions. The guides are made of galvanized pipe with a section of 20x20 mm and a thickness of 2 mm. (Fig.
13 a), b), c)) [12]
In the Netherlands, more than half of the country’s surface is used for agriculture and horticulture. In the
fields you can see unusual structures that resemble giant mirrors. These days they shine in the sun, and at night
they emit a strange interior glow. This is what the Dutch greenhouse complexes look like, many of them have an
area of over 70 hectares. (Fig. 14) [5].

Fig. 14 Dutch greenhouses seen from above

An important component of the concept of “green city” refers to the cultivation of plants on the roofs and
balconies of buildings in large cities, aimed at improving the air quality and giving a more human aspect to these
cities [4].
Until recently considered a utopia, the idea of setting up greenhouses on the roofs of housing blocks,
businesses or institutions of all kinds, is gaining more and more land, this arrangement being not only an oasis
of silence, but also a way to reduce pollution, noise level, amount of dust and carbon dioxide in the atmosphere,
etc. [1] (Fig. 15) The economic aspect that such a greenhouse can offer should not be neglected. One of the
world’s largest manufacturers of greenhouses is the North American company Nexus Corporation. For more
than 10 years it has been producing roofing greenhouses, among others
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Fig. 15 Greenhouse built in Gotham Greens-Greenpoint, New York, USA. [7]

According to research conducted by Penn State Center for Green Roof Research at Pennsylvania State
University in the US [8], the benefits of mounting an ecological roof are obvious, which is also noted in Figure
16.

Fig. 16 Surface temperature variation of a standard roof, compared to that of a green roof, [4]

Sensors are also implemented for monitoring greenhouses in addition to other high-tech components.
These can be said to be the key components of greenhouse monitoring systems. Sensors continuously
measure a specific condition, such as temperature or humidity at a specific location, and report these
measurements to the system. They are connected to one of the input terminals of the base unit. As each
condition requires its own input, it needs to adapt the needs with the number of available inputs. Temperature
and humidity sensors are used most often.
Greenhouse sensors are also commonly used for the following:
•
Humidity Detection - The sensors placed in the soil will measure the moisture content.
•
Equipment Monitoring - Sensors located on irrigation and irrigation systems will monitor the
performance of pumps and pressure lines. Placing the sensors on the roofs, side vents and fans, allows an alert
to be sent if any of them stop working or operate outside the preset parameters.
•
Access Control - Sensors located on entrance doors, windows, supply rooms and equipment stores will
warn you of any unauthorized entry into your facility during work hours, or when no personnel are at work.
•
Surveillance of electricity supply - electrical power of equipment used in greenhouses such as lighting,
water wells, fans, heaters, sprinklers and humidifiers, etc. Sensors will immediately detect electrical
interruptions.
•
CO2 Level - Greenhouse mounted sensors will detect whether CO2 is exceeding or below the critical
threshold.
•
Air circulation monitoring - Sensors placed on automatic ventilation systems, such as ventilated roofs,
side valves and forced fans will warn you if these systems no longer work or under established parameters.
•
Water pH Levels - Sensors can prevent nutrient deficiencies that occur in over- or under-acid water by
taking the pH of the water as it passes through the pipeline. The sensors are connected to the existing sanitary
installations.
Many systems provide real-time status data for all monitored conditions. If the monitoring system is
cloud-based, it stores all data in the cloud. This means that you can always access the sensor data from any
internet-connected device, such as a tablet or phone.
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Many monitoring systems offer the possibility of recording data. They automatically save sensor
readings, recording tens of thousands of data points, values and hours.
For example, if the farmer is interested in analyzing the greenhouse temperature over time, he may set
recording intervals. Reviewing data over a period of time can provide insights into what plants are growing at a
slow rate. Cloud-based systems allow you to view information, present it in graphs, print it on paper, transmit
this information remotely. You can view the status of several locations, access the trend reports, check the
status of the specific equipment and consult the alarm history without having to install any special software. [6]

CONCLUSIONS
Greenhouses have grown a lot lately, due to people's desire to obtain flowers, fruits, vegetables, fresh
throughout the year. Moreover, the greenhouses have been adapted to be built on the roofs of different
buildings in the major cities of the world, whose structure allows this, thus contributing to reducing pollution by
reducing the amount of carbon dioxide and dust in the atmosphere, by reducing the noise level. Also, the
introduction of modern highperformance technologies in monitoring and obtaining optimal conditions in the
development of crops planted in greenhouses, have led to obtaining good harvests both quantitatively and
qualitatively.
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ABSTRACT
Many medicinal plants are considered as a rich resources of ingredients which can be used in food
supplements. This paper aims to investigate some medicinal plants such as fenugreek (Trigonella foenum
graecum) (seeds), celandine (Chelidonium majus L.) (aerial parts) and dandelion (Taraxacum officinale) (roots)
in order to associate them for use in food supplements with immunomodulatory effects. The vegetal species
have been investigated and they are proved to have beneficial effect on immune system by vegetal
immunomodulation. The main secondary metabolites from the vegetal species were evidenced using specific
chemical tests, High Performance Thin Layer Chromatography (HPTLC), densitometry and UV-VIS
spectrophotometry. The phytochemical evaluation of the vegetal species showed the presence of important
chemical constituents such as phenolic acids, aminoacids, saponins and alkaloids.
REZUMAT
Multe plante medicinale sunt considerate o sursă bogată de nutrienți care pot fi folosiți în suplimente
alimentare. Această lucrare își propune să investigheze unele plante medicinale, cum sunt: schinduful
(Trigonella foenum graecum) (semințe), rostopasca (Chelidonium majus L.) (părți aeriene) și păpădia
(Taraxacum officinale) (rădăcini) pentru a le asocia în suplimente alimentare cu efecte imunomodulatoare.
Speciile vegetale au fost cercetate și s-a dovedit că au efecte benefice asupra sistemului imunitar prin actiune
imunomodulatoare. Principalii metaboliți secundari din speciile vegetale selectate au fost evidențiați prin teste
chimice specifice, cromatografie în strat subțire de înaltă performanță (HPTLC), densitometrie și
spectrofotometrie UV-VIS. Evaluarea fitochimică a speciilor vegetale a evidențiat prezența unor importanți
fitoconstituienți de tipul acizi fenolici, aminoacizi, saponine și alcaloizi.

INTRODUCTION
Medicinal plants and their associations such as herbal products or plant extracts have become a
possible therapeutic measure and an accepted therapeutic approach in modulation of immune functions. Plants
and minerals have been used since ancient times for the treatment of many ailments and diseases. It is now
being recognized that immunomodulation of immune response could provide an alternative to conventional
therapy for a variety of diseases conditions, especially when the host's defense mechanism has to be activated
under conditions of impaired immune responsiveness (Singh et al., 2018; Kaminski et al., 2008). The immune
system (from the Latin word immunis, meaning: “free” or “untouched”) protects the body like a guardian from
harmful influences from the environment and is essential for survival. It is made up of different organs, cells and
proteins and aside from the nervous system, it is the most complex system that the human body has. The main
tasks of the body’s immune system are: neutralizing pathogens like bacteria, viruses, parasites or fungi that
have entered the body, and removing them from the body, recognizing and neutralizing harmful substances
from the environment, fighting against the body’s own cells that have changed due to an illness, for example
cancerous cells (fig. 1) (Menche, 2012; Pschyrembel, 2014; Schmidt et al., 2011).
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Figure 1 T-cells attacking a cancer cell
(Image: © Andrea Danti/ Shutterstock [25])

Immunomodulation using Medicinal Plants
Medicinal plants or plant extracts used in traditional therapy are being reviewed for their chemo protective
and immunomodulatory activities. Clinically, immunomodulators can be classified in three categories. (1)
Immunoadjuvants are used to enhance efficacy of vaccines. They hold the promise of being the true modulators
of the immune response. (2) Immunosuppressants are generally given in combination in treatments of various
autoimmune deseases and to prevent transplant rejection. (3) Immunostimulants are inherently nonspecific and
enhance bodyʼs resistance to infection. They are expected to serve as prophylactic and promoter agents (Sethi
&Singh, 2015). Thus, immunomodulators can stimulate, suppress or modulate any aspect of the immune
system, adaptive and innate. Immunomodulators are biological response modifiers, exert their antitumor effects
by improving host defense mechanisms against the tumor. They have a direct anti-proliferative effect on tumour
cells and also enhance the ability of the host to tolerate damage by toxic chemicals that may be used to destroy
cancer. There is an increasing number of natural agents and herbal products that are used to increase the
body's response to diseases. Lately, a large number of medicinal products extracted from plants come on the
market as a result of experimental studies of isolation and purification of biomolecules (isolated and well
characterized fragments derived from plants) and of some systematic clinical studies (Kumar et al., 2013). The
classes of phytocompounds with immunomodulatory effects are classified by molecular weight in two main
classes: with low molecular weight (alkaloids, tannins, phenolic derivatives, saponins) and with high molecular
weight (lectins, polysaccharides (polyholosides)) (Venkatalakshmi et al., 2016). Plant phenolic compounds
already proved beneficial effects in cardiovascular diseases, diabetes, and cancer, exerting mainly antioxidant
and anti-inflammatory effects. Most of the plant-derived phenolics influence the nonspecific immune response
mainly by enhancing phagocytosis and proliferation of macrophages and neutrophils. The concepts of
“immunomodulatory,” “anti-inflammatory,” and “antioxidant” are often strongly related (Grigore, 2017).
Phenolics are secondary metabolites based on a common carbon skeleton structure—the C6–C3
phenylpropanoid unit (Istudor, 1998). In regard to phenolic acids, two classes can be distinguished: derivatives
of benzoic acid (C6–C1 structure) and derivatives of cinnamic acid (C6–C3 structure). Hydroxybenzoic acids
include gallic, p-hydroxybenzoic, protocatechuic, vanillic and syringic acids having C6–C1structure
(Balasundram et al., 2006). The hydroxycinnamic acids are more common than are the hydroxybenzoic acids
and consist mainly of p-coumaric, caffeic, ferulic, and sinapic acids and also of esters of caffeic acid with quinic
acid (chlorogenic acid), tartaric acid (cichoric acid), and 2-hydroxydihydrocaffeicacid (rosmarinic acid) (Manach
et al., 2004).
Another important phytocompound with immunomodulatory potential si diosgenin. It is a steroidal
sapogenin known for years for its interesting bioactivity, and accordingly a large amount of studies has been
performed to explore its potential interest in a large variety of medical conditions. In fact, this compound is
known to possess anti-inflammatory and antioxidant properties (Manivannan et al., 2016); it can also have a
protective role in in cancer (Chen et al., 2015; Huang et al., 2012).
Amino acids also play an important role in modulation of immune system. The regulatory roles of amino
acids (e.g., glutamine, arginine, tryptophan, cystine/cysteine, glutamic acid) in the immune system can be
considered from two perspectives, namely, the enhancement of the immune response that protects individuals
from infections and malignant neoplasms, and the reduction of over-responses such as inflammation and
autoimmunity (Yoneda et al., 2009)..
The modulation of immune response by using medicinal plants as a possible therapeutic measure has
become a subject of active scientific fiels.The vegetal species Trigonella foenum-graecum (seeds) - fenugreek,
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Chelidonium majus L. (aerial parts) - celandine and Taraxacum officinale(roots) – dandelion can represent a
valuable source of phytocompounds that can influence the response of the immune system in order to stimulate,
suppress or enhace bodyʼs resistance to infection. This paper aims to investigate these vegetal species in order
to associate them for use in food supplements with immunomodulatory effects.
MATERIALS AND METHODS
Plant material
The plant material was represented by the following vegetal species: fenugreek, celandine and dandelion
and it is presented in table 1.
Table 1
Plant material used for study

Botanical name
Family
Part used

FENUGREEK

CELANDINE

DANDELION

Trigonella foenum-graecum
Fabaceae
Seeds

Chelidonium majus
Papaveraceae
Aerial parts

Taraxacum officinale
Asteraceae
Roots

The seeds of fenugreek presents immunomodulatory effects (fig. 2) through two modalities: specific and
non-specific, with action of stimulation of macrophages (macrophages are an integral part of the immune
system; it acts as a primary line of defense against phagocytosis infections and killing of phagocytic,
microbicidal and tumoricidal cells) (Pati S., 2014).

Figure 2 Immunomodulatory activity of seeds of fenugreek

The aerial parts of celandine have in its composition phytocompounds that confirm its activities such as:
immunomodulatory (fig. 3), anti-inflammatory, antimicrobial, anticancer, hepatoprotective, analgesic activity.
Immunostimulatory characteristics have been investigated in several experiments, such as generation of
activated killer cells (AK), proliferation of splenocytes, activation of macrophages and assay of macrophagegranulocyte colony (GM-CFC) cells; mitogenic activity has been shown in spleen cells and cells of the bone
marrow (Song et al., 2002).

Figure 3 Immunomodulatory activity of aerial parts of celandine
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The bioactive compounds from roots of dandelion are an immune-stimulating agent (fig. 4) that helps cellmediated immunity and selectively supports Th1 polarization under normal and compromised immune
conditions. Also enhances immune response by modulating CD28 / CTLA-4 and Th1 pathways in mice (Kour et
al., 2016).

Figure 4 Immunomodulatory activity of roots of dandelion

The plant material was purchased from authorized distributors, being delivered with a quality certificate, in
dried form. The dried material was grounded using a laboratory mill Microtron MB550 to particles with 0.8 mm
medium size. The samples were stored in a clean desiccator until were used for phytochemical study, HPTLC,
densitometry and UV-VIS evaluation.
This study consisted in qualitative and quantitative evaluation of the bioactive principles with
immunomodulatory activity from the selected vegetal species and was conducted using the experimental
diagram presented in figure 5.

Figure 5. Experimental diagram of this study

All the reference standards and chemicals were of analytical grade or pure (Sigma Aldrich, Merck, Roth,
Extrasynthese).
Qualitative evaluation
Phytochemical study
In order to detect the presence of mucilages, sterols, phenols, flavones the phytochemical tests were
performed according to the methods described by Ciulei et al., 1993. In case of fenugreek tests for identification
of mugilages and sterols were applied. In case of celandine the tests specific for fenols were applied and in
case of dandelion test for flavones identification were applied. The results of the tests were based on the visual
observation of colour change.
HPTLC analysis: the study was done according to Wagner et al. 1996 using the equipment CAMAG LINOMAT
IV, TLC 3 Scanner and as software WINCATS Planar Chromatography Manager. HPTLC plates G60 F254,
200x100mm (Merck, Darmstadt, Germany) were used as stationary phase for HPTLC identification and
densitometric assay.
HPTLC identification and densitometric assay of saponins (diosgenin) in fenugreek, seeds:
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Reference solutions: the solution of diosgenin (Fluka) was prepared with a concentration of 0.2 mg/mL
in methanol and stored at 4°C until use.
Sample preparation: the husked seeds (sieve VI), degreased with hexane, were extracted with
methanol by heat reflux extraction for 10 hours. The resulted extract was hydrolyzed with concentrated
hydrochloric acid for 4 hours, then neutralized with 25% ammonia solution. The neutralized solution is extracted
with a mixture of water: ethyl acetate = 1: 2, by heating at reflux for 3 hours. The extraction solution is brought to
dryness in the water bath and the residue is taken up with a mixture of chloroform: methanol = 1: 1.
Chromatographic procedure: on the starting line of the chromatographic plate, the reference solution is
applied in three concentrations and two are replicated and the sample in one concentration and four are
replicated. The chromatographic plate is inserted into the development tank, using as mobile phase a mixture of
petroleum ether:acetone (60:15) and left to migrate over a distance of 6.5 cm. The plate is dried in air and then
is sprayed with identification reagent (sulphuric acid 5% in methanol); the plate was heated in the oven at 110 °
C for 15 minutes.The derivatized plate is inserted into the TLC SCANNER III densitometer and evaluated
quantitatively with the WINCATS software. The scan is performed at the wavelength of 393 nm and the
quantitative evaluation was done according to the peak area.
HPTLC identification of amino acids in fenugreek seeds extract
Reference solutions: methanolic solutions (0,02%) of L-leucine, L-isoleucine, L-methionine, glutamic
acid, L-threonine, glycine, L-arginine, L-histidine, L-lysine, L-tyrosine, L-proline, L-valine, L-tryptophan.
Sample preparation: fenugreek seeds extract was obtained using a mixture of isopropanol:water.
Chromatographic procedure: on the starting line of the chromatographic plate, the reference
solutionsand samples are applied. The chromatographic plate is inserted into the development tank, using as
mobile phase a mixture ofn-butanol:formic acid:distilled water (18:12:3) and left to migrate over a distance of 6.5
cm. The plate is dried in air and then is sprayed with identification reagent (ninhydrin 0,25% in acetone); the
plate was heated in the oven at 105 ° C for 10 minutes.The derivatized plate is analysed in visible light. The
appearance of the characteristic bands for amino acids indicated their presence.
HPTLC identification of phenolic acids and flavones in celandine aerial parts extract and dandelion
roots extract
Reference solutions: rutin (Sigma-Aldrich, min. 95% HPLC), ferulic acid (Sigma-Aldrich, min. 99%),
quercetin (Sigma-Aldrich, min. 98% HPLC), caffeic acid (Sigma-Aldrich, min. 95% HPLC), kaempferol (SigmaAldrich), p-coumaric acid (Sigma-Aldrich);chlorogenic acid (Sigma-Aldrich, min. 95% HPLC), cichoric acid
(Sigma-Aldrich, min. 99%), apigenin 7-o-glucoside (Sigma-Aldrich, min. 98% HPLC), luteolin 7-o-glucoside
(Sigma-Aldrich);
Sample preparation: celandine aerial parts extract and dandelion roots extract were obtained with
methanol, using heat reflux extraction, solid to liquid ratio 1:10.
Chromatographic procedure: methanolic extract and aliquots of reference solutions were applied
separately as bands to silica gel 60 F254 – precoated HPTLC plates, 20 x 10 cm. For the samples, the plates
were developed in a saturated vertical-developing chamber at room temperature (20-22°C) for 30 minute, using
as mobile phase a mixture of ethyl acetate: formic acid: acetic acid: distilled water (20:2,2:2,2:5,2). After the
developing, the plates were air dried at room temperature. A visualising agent was selected based upon the
class of phytoconstituents found in the preliminary phytochemical screening tests. The visualising reagent helps
in detection as well as confirmation of the identity of the phytoconstituents. A 1% diphenylboric acid 2aminoethyl ester methanolic solution and a 5 % polyethylene glycol 400 ethanolic solution were used for
spraying the plate, for visualising phenolic acids and flavonoids in the extracts, followed by heating it at a
temperature of 100°C for 10 minute. The processing of the chromatogram was carried out using CAMAG
Reprostar 3 with digital video camera, on the developed plate at UV 254 nm and on the derivatized plate at 366
nm. The appearance of the blue-fluorescent bands indicates the presence of phenolic acids and the appearance
of the yellow bands indicates the presence of flavones.
Quantitative evaluation
Determination of total alkaloids (chelidonin): was performed according to the methods described in Eur. Ph,
2008.
RESULTS
Phytochemical study
692

INTERNATIONAL SYMPOSIUM

The results of phytochemical study are presented in Table 2. These revealed that the main classes of
phytocompounds specific for the analised vegetal species were present. Therefore the Folin-Ciocalteu test, the
ferric chloride test and Arnow test showed the presence of phenols in aerial parts of celandine. The mucilages
and the sterols were present in seeds of fenugreek. The aluminium chloride test reveald the presence of
flavones in roots of dandelion.
Table 2
The results of qualitative tests apllied on vegetal species
Specific test

FENUGREEK,
seeds

Test for mucilages identification
Test for sterols
Test for phenols (Folin-Ciocalteu reagent)
Test for phenols (Ferric chloride reagent)
Test for phenols (Arnow reagent)
Test for flavones ( Aluminium chloride reagent)

+
+

CELANDINE,
aerial parts

DANDELION,
roots

+
+
+
+

HPTLC identification and densitometric assay of saponins (diosgenin) in fenugreek, seeds
The HPTLC image obtained after derivatization with the identification reagent indicated the separation of
reference substances and constituents from the analyzed samples. The reference substance - diosgenin - was
identified. The appearance of brown bands in the samples, analyzed in visible, on chromatogram indicated the
presence of diosgenin in the extract of fenugreek at a Rf value of 0.32 (fig. 6).

Figure 6 HPTLC chromatogram for diosgenin identification in fenugreek extract
Legend: Sch –fenugreek extract, D- diosgenin, reference substance

The comparative evaluation of the UV spectra corresponding to the tracks on the HPTLC chromatogram
obtained for fenugreek extract and for the reference substance diosgenin revealed that the reference substance
spectrum has the same allure and almost perfectly overlaps with the spectra of the fenugreek extract. (fig. 7).
The spectra highlighted in the colors orange, green, blue and dark red were corresponding to the fenugreek
extract, and those of beige, light green, green-fluorescent, purple, pink and red were corresponding to the
reference substance diosgenin.

Figure 7 Comparative evaluation of UV spectra corresponding to the tracks on the HPTLC chromatogram obtained
for fenugreek extract and for the reference substance – diosgenin
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For the quantitative evaluation of diosgenin in fenugreek extract a densitometric analysis was performed at the
wavelength 397 nm, the densitograms obtained and the calibration curve being presented in figures 8 and 9.

Figure 8 The densitograms obtainedfor diosgenin – reference substance (A) and fenugreek extract (B)

Fig. 9. Diosgenin calibration curve
- reference substance (2, 3, 4 µg) - color code: red and fenugreek extract (2 μl) - color code: blue obtained for evaluating peak area by linear
regression

Densitometric determination of diosgenin was performed based on the calibration curve obtained for the
evaluation of peak area by linear regression (Figure 9). The result of the densitometric determination revealed
an amount of 0.17% diosgenin in the extract of fenugreek, for which the seeds of this species can be considered
as a potential source of diosgenin, compound with therapeutic value in immunosuppressive clinical conditions
(Lepage et al., 2011).
HPTLC identification of amino acids in fenugreek seeds extract
The amino acids identification was performed for the fenugreek extract, in visible light, after
derivatization with identification reagent. Amino acids are visualised as brown-red or yellow-brown bands of
different intensities.The HPTLC image obtained after derivatization indicated the separation of the reference
substances and the phytoconstituents from the analyzed samples. The reference substances were identified at
Rf values presented in table 3. The appearance of specific bands in the analyzed samples indicated the
presence of a series of amino acids in the fenugreek extract at different values conform Rf (fig. 10).
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Figure 10 HPTLC chromatogram for amino acid identification in fenugreek extract
Legend: L-tyrosine (track 1), L-proline (track 2), L-valine (track 3), L-leucine (track 4), L-arginine (track 5), L-isoleucine (track 6),
L-histidine (track 9), L-lysine (track 10), L-tryptophan (track 11), glycine (track 12), L-glutamic acid (track 13); L-threonine (track 14);
L-methionine (track 15), extract of Trigonella foenum graecum (track 7, 8).

Table 3
The values of Rf of amino acids
Amino acids
Reference substance
L-triptofan
L-leucină
L-izoleucină
L-tirozină
L-metionină
L-valină
acid glutamic
L-treonină
glicină
L-prolină
L-arginină
L-histidină
L-lizină

Rf

Characteristic colour

Track

0,61
0,61
0,58
0,55
0,51
0,48
0,31
0,30
0,25
0,21
0,16
0,12
0,12

yellow-brown spot
yellow-brown spot
yellow-brown spot
yellow-brown spot
yellow-brown spot
yellow-brown spot
brown-red spot
brown-red spot
brown-red spot
brown-red spot
brown-red spot
brown-red spot
brown-red spot

11
4
6
1
15
3
13
14
12
2
5
9
10

The following amino acids were identified in fenugreek samples (track 7, 8) such as L-leucine at Rf =
0.61 (low-intensity band), L-isoleucine at Rf = 0.58 (low-intensity band) , L-methionine at Rf = 0.51 (low intensity
band), glutamic acid at Rf = 0.31 (medium intensity band), L-threonine at Rf = 0.30 (medium intensity band),
glycine at Rf = 0.25 (medium intensity band), L-arginine at Rf = 0.16 (more pronounced band) and L-histidine
and L-lysine at Rf = 0.12 (pronounced bands). HPTLC thin-layer chromatography identification of L-leucine, Lisoleucine, L-methionine, glutamic acid, L-threonine, glycine, L-arginine, L-histidine, L-lysine in fenugreek seeds
indicated their immunomodulatory potential due to the important role of amino acids in immune responses.

HPTLC identification of phenolic acids and flavones in celandine aerial parts extract
The identification of phenolic acids and flavones using HPTLC was performed for the extract obtained
from aerial parts of celandine. The chromatographic plates, on which the extract sample was applied and the
reference substances, were analyzed after developing the chromatoplate at UV 254 nm and after derivatization
at UV 366 nm. The appearance of the blue / fluorescent blue bands in the samples at 366 nm, after
derivatization indicated the presence of phenolic acids, and the appearance of the yellow bands, in the same
samples and in the same chromatographic conditions indicated the presence of flavonoids at different values of
Rf. (fig.11).
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Figure 11 HPTLC Chromatogram for identification of phenolic acids and flavones in celandine extract - UV366 nm,
after derivatization
Tracks: 1- celandine extract; 2 - caffeic acid, 3- ferulic acid, 4 - p-coumaric acid, 5 - rutin, 6 - quercetin, 7 - kaempherol.

HPTLC image indicated the separation of reference substances and constituents from the analyzed
samples. The reference substances were identified at the following Rf values: caffeic acid - 0.95, ferulic acid 0.96, rutin - 0.42, quercetin - 0.96, kaempherol - 0.97. The p-coumaric acid was not visualized. By referring to
the reference substances, the specific constituents of the analyzed plant extracts were identified, following the
visualization at 366 nm after spraying with the identification reagent (fig. 11). In the celandine extract a distinct
blue-fluorescent band was identified at the same Rf with the reference substance caffeic acid, at a Rf value of
0.95. The presence of an orange band, of low intensity, at a Rf value of 0.42 indicated that in the composition of
celandine extract was found rutin. Also it was observed at the Rf values of 0.22, 0.28, 0.39, 0.68, 0.77, 0.92 the
existence of some spots, corresponding to phytoconstituents without correspondent in the reference substances
applied. Phenolic acids such as ferulic acid, p-coumaric acid and flavones such as quercetin and kaempherol
were not identified in celandine extract.

HPTLC identification of phenolic acids and flavones in dandelion roots extract
The identification of phenolic acids and flavones by HPTLC was performed on a methanolic extract
obtained from the root of dandelion. The chromatographic plates were analyzed after development at UV 254
nm and after derivatization at UV 366 nm.The appearance of the blue / fluorescent blue bands in the samples at
366 nm, after derivatization indicated the presence of phenolic acids (fig. 12).

Figure 12 HPTLC Chromatogram for the identification of phenolic acids in the dandelionextract - UV366 nm, after derivatization
Tracks: 1- methanolic extract of Taraxacum officinale ; 2 - caffeic acid, 3- cichoric acid, 4 - chlorogenic acid, 5 - luteolin 7-o-glucoside, 6 apigenin 7-o-glucoside.

The reference substances were identified at the following Rf values: caffeic acid - 0.95, cichoric acid 0.87, chlorogenic acid - 0.54, luteolin 7-o-glucosides - 0.71, apigenin 7-o-glucosides - 0.77. By referring to the
reference substances, the specific constituents of the analyzed plant extract were identified, following the
visualization at 366 nm after spraying with the identification reagent (fig. 12). In the dandelion methanolic
extract, distinct bands of blue-fluorescent color were visualized at the same Rf with the reference substances
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caffeic acid, at a Rf value of 0.95 and cichoric acid at a value of Rf of 0.87. Also it was observed at Rf values of
0.51 and 0.90 the existence of other bands, corresponding to phytoconstituents without correspondent in the
applied standards. The following compounds were not identified in the dandelion extract: chlorogenic acid,
luteolin 7-o-glucosides and apigenin 7-o-glucosides.
Quantitative evaluation
The quantitative analysis of total alkaloids expressed in chelidonine using UV-VIS spectrophotometry
evidenced a concentration of 0.2% w/w in celandine extract. Chelidonine is a weak inhibitor against human
immunodeficiency virus type-I reverse transcriptase (IC50 around 200 μg/ml) (EMA, 2009).
Association of classes of compounds with immunomodulatory effect
The selected plant species - Trigonella foenum- graecum (Fam. Fabaceae) - fenugreek (seeds),
Chelidonium majus L. (Fam. Papaveraceae) - celandine (aerial part), Taraxacum officinale L. (Fam. Asteraceae)
– dandelion (root), in order to develop association formulas for obtaining a dietary supplement have qualities of
influencing the immune response according to the studies developed in this direction.
The elaboration of the association formulas from the selected vegetal species was based on a possible
immunomodulation mechanism with medicinal plants described in the figure 13. Therefore, due to the
phytoconstituents such as polysaccharides, phenolic compounds, amino acids and sterols from the composition
of the selected vegetal species, these can be considered as modifiers of the biological response (amplify
different immune responses, such as lymphocyte activation and proliferation and macrophage stimulation).

Figure 13 The potential of the selected vegetal species for use in food supplements with immunomodulatory effects

Thus, the immunological profile of the combination formulas is predominantly based on the antioxidant
(decrease of oxidative stress) and anti-inflammatory (modulation of macrophage phenotype from proinflammatory to anti-inflammatory) actions of phytocompounds.
CONCLUSIONS
The phytochemical screening of the medicinal species and the evaluation of the active principles
revealed the presence of mucilages, sterols (diosgenin) and some amino acids in seeds of Trigonella foenum
graecum, the presence of phenolic acid (caffeic acid), flavones (rutin) and alkaloids (chelidonine) in the aerial
part of Chelidonium majus and the presence of phenolic acids (caffeic acid and cichoric acid) in the roots of
Taraxacum officinale.
The presence of this important phytocompounds indicated their immunomodulatory effects due to their
important role in immune responses.
These results are relevant for the obtaining of innovative combinations between Trigonella foenum
graecum (seeds), Chelidonium majus L. (aerial parts) and Taraxacum officinale (roots) in order to use in food
supplements with immunomodulatory effects.

697

INTERNATIONAL SYMPOSIUM

The carried out researches bring additional scientific information regarding the exploitation of the
immunomodulatory potential of the three medicinal species by their association and their use in phytotherapy.
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ABSTRACT
The paper presents the results of the innovation audits performed within Danube S3 Cluster project
“Transnational Cluster cooperation active on Agro-Food, based on Smart specialization Approach in the Danube
region” financed by Interreg Danube Transnational Programme for the Romanian clusters in the agri-food
sector, respectively for their members, compared to the average results obtained by the partners’ countries as a
result of the innovation audits. The paper also presents recommendations for improving the management of
innovation for the clusters and their members in Romania, in the agri-food field.
REZUMAT
Lucrarea prezintă rezultatele auditurilor de inovare efectuate în cadrul proiectului “Danube S3 Cluster Cooperare transnațională a clusterelor active în domeniul agroalimentar, bazată pe abordarea specializării
inteligente în regiunea Dunării“ finanțat prin Programul Transnațional Dunărea, pentru clusterele din România
din sectorul agroalimentar, respectiv pentru membrii acestora, comparativ cu rezultatele medii obținute de țările
partenere în proiect pentru auditurile de inovare realizate de clusterele, membrii acestora. De asemenea, sunt
prezentate recomandări pentru îmbunătățirea managementului inovării pentru clusterele și membrii acestora din
Romania, în domeniul agroalimentar.
INTRODUCTION
European Innovation Management Academy defines innovation as the successful exploitation of a new
product, service, process, organization or new business model which is new to a company, new to a market, or
new to the world. Four key elements characterize innovation: new, developed, successful and value creating.
(Karlsson, 2005, p.3).
Innovation management is the active organisation, control and execution of processes, activities and
policies that lead to the "creation of substantial new value for customers and the firm by creatively changing one
or more dimensions of the business system" (Sawhney et al., 2006).
Innovation management can be assessed using specific methods and instruments. One of the
instruments is the innovation audit tools developed within Danube S3 Cluster project “Transnational Cluster
cooperation active on Agro-Food, based on Smart specialization Approach in the Danube region” financed by
Interreg Danube Transnational Programme. The overall aim of the Danube S3 Cluster project is to enhance
innovation management knowledge and skills but also to foster transnational cluster cooperation in the agrofood sector in the Danube region.
The two innovation audits tools developed in the frame of the Danube S3 Cluster project are intended to
help cluster managers and cluster members to identify and understand the strengths and weaknesses of their
organization in relation to innovation management.
According to the methodology used in Danube S3 Cluster project the core of Innovation Audits was the
audition of the innovation management systems of agro-food clusters and their member organizations in the
Danube region. The countries, which carried out innovation audits in Danube S3 Cluster project were: Romania,
Hungary, Slovenia, Croatia, Slovakia, Hungary, Bulgaria, Slovenia, Serbia, Bosnia-Herzegovina, Moldova.
Romanian partners involved in the project are IPA – Technology and business Incubator, Craiova, SMRDA Regional Development Agency South Muntenia and INMA - National Research and Development Institute for
Machines and Installations for Agriculture and Food Industry.
The target group of these innovation audit tools are:
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- Innovation audit tool for clusters: this innovation audit specifically targets managers of clusters operating in the
Agro-Food sector.
- Innovation audit tool for cluster members: this innovation audit targets members of clusters operating in the
Agro-food sector. The cluster members are small- and medium-sized enterprises (SMEs), large companies,
business support organizations, regional and national authorities, higher education and research institutions but
also farmers and Non-Governmental Organizations (NGOs).
METHODOLOGY
The innovation audit has been structured around the following 5 pillars:
1. Innovation strategy
The focus of this first pillar is on the organization’ or cluster’s innovation strategy. The strategy contains
concrete goals, resources allocated but also measurable targets and outcomes. An innovation strategy provides
a framework within which to direct the organization’s innovation efforts in order to reach a maximum impact.
2. Innovation organization and culture
This second pillar focuses on the organization’s culture and environment regarding innovation
3. Innovation processes
Idea generation is the essence of innovation. This is why it is critical for an organization to have
processes, procedures and methods to capture ideas from a diverse range of sources. This third pillar
corresponds to the innovation “Life Cycle Management” as defined in Kearney's House of Innovation.
4. Innovation enabling factors
The fourth pillar meet enabling factors that can be leveraged for increasing the business impact of
innovation management (ex. human resource management, IP, knowledge management, project and
programme management, controlling and IT).
5. Innovation results
The fifth pillar focuses on innovation results and outputs of innovation management activities.
Each thematic pillar was evaluated through 10 questions that tackle different pillar dimensions. In
addition, “notes” section has been introduced to write down any further remarks and information given by the
interviewer.
The purpose of the innovation audits is descriptive: Its aim was to identify the current state of innovation
managements and thereby identify strengths and weaknesses.

Fig. 1 A.T. Kearney’ s “House of Innovation”

RESULTS
The Danube S3 Cluster consortium performed a total number of 191 Innovation Audits with cluster
managers and cluster members.
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At project consortium: the total number of Innovation Audits for clusters is 53 and cluster’s members is
138. The total number of Romanian Innovation Audits for clusters is 9 and for cluster's members is 18.

Fig.2: The Innovation Audits for clusters and cluster’s
members made by consortium of Danube S3 Cluster project

Fig. 3. The Innovation Audits for clusters and cluster’s members made by Romanian partners

The average score of Romania Innovation audits compared to average score of project consortium for
clusters and cluster’s members.

Fig.4: Innovation audits for clusters

702

INTERNATIONAL SYMPOSIUM

Fig.5: Innovation audits for cluster’s members

Fig.6: Spider chart on innovation profile for
Romanian clusters

Fig.7: Spider chart on innovation profile for
Romania cluster’s members

Table 1
Average score of innovation audits for clusters versus cluster's members in Romania
Innovation audits
Innovation audits for
Pillar
for clusters
cluster's members
Innovation strategy
42.31
33.89
Innovation Organization and culture
42.88
36.48
Innovation Process
40.33
33.67
Innovation Enabling factors
41.68
35.68
Innovation results
37.34
33.72

Fig.8: Average score of innovation audits for clusters versus cluster's members in Romania
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CONCLUSIONS
Conclusion for Romanian clusters
The two most developed areas in regards to the innovation for clusters are Innovation Strategy and
Innovation Results, where clusters have a vision and are trying to improve the innovation management system,
whereas the main focus of innovation is their services and products production processes (costs and new
technologies / equipments / systems) and the whole value chain from idea to the market (supply chains
according TRL).
On the other hand, they are not very active on the operational part of innovation, such as developing the
innovation processes (IP management, trainings, innovation management cycle, resources, cooperation with
external providers, partnerships business environment-Universities-R&D Institutes, inter-sectorial industry).
In general, innovation potential could be better comparative to other sectors, since agriculture is a very
traditional sector.
Conclusion for Romanian cluster’s members
Cluster members are achieving much lower score on innovation than cluster organizations. Due to the fact that
cluster members are in most of Romanian cases very small enterprises (farmers), it is clear that their innovation
is focused into enabling factors and results. On the other hand, innovation processes is the least developed
pillar, which is showing that those small organization lag behind in establishing the operational innovation
system. This is also expected due to the fact that in many cases they are family owned businesses or
organizations employing very few persons, mainly focusing on production process.

RECOMANDATIONS FOR IMPROVEMENTS
Innovation strategy
Cluster managers and cluster members shall be able to elaborate on innovation strategy and how it could be
implemented in the organization (including basic knowledge about IPR).
Innovation organization and culture
Cluster managers and cluster members shall improve their organization, communication and networking skills in
order to be able to interact within the network and wider (internationally).
Innovation processes
Cluster managers shall improve their fund raising and project management skills in order to be able to attract
and implement new innovation projects for their members. Cluster members shall on the other hand improve
their innovation capacities in order to be able to respond to the competitive market.
Innovation enabling factors
Cluster managers and cluster members shall improve their collaboration skills when dealing with innovation in
connection to Universities, Research institutions, external developers, etc. Technology transfer skills are also
very important to be improved, particularly at cluster managers, in order to be able to support their members in
scouting for new technologies, their transfer and customization to a specific environment/entity.
Innovation results
Cluster managers and cluster members shall improve their business modelling skills along with product/service
innovation development and commercialization skills.
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ABSTRACT
Greenhouses are special constructions intended either for vegetable production or for flower production.
They provide a favorable microclimate necessary for the development of plants in the winter, spring and autumn
seasons. Over the years the use of greenhouses has expanded so much they are used both in landscape
architecture (botanical gardens) and in vegetables growing and the materials used in the construction of
greenhouses have evolved over time.
REZUMAT
Serele sunt construcții speciale destinate fie pentru producția de legume fie pentru producția de flori.
Acestea asigură un microclimat favorabil necesar dezvoltării plantelor în anotimpul de iarnă, primavară și
toamnă. De-a lungul anilor, utilizarea serelor s-a extins foarte mult; ele sunt utilizate atât în arhitectura
peisajistică (grădini botanice), cât și în legumicultură iar materialele utilizate în construcția serelor au evoluat în
timp.
INTRODUCTION
The greenhouses have evolved over time, initially being used for the arrangement of impressive
gardens with rare plants, thus becoming important botanical gardens at the royal courts and nowadays they
have become attractive museum places. In Europe, in the nineteenth century, were designed and built various
royal greenhouses, true architectural masterpieces of which we mention:
- the royal beings of Laeken, Brussels during the reign of King Leopold II of Belgium. The first greenhouse
designed by the architect Alphonse Balat in 1875 is actually a huge winter garden built behind the orange tree
and it houses an impressive collection of rare exotic and tropical plants. The monumental construction
completed in 1880 has a round dome with a height of 25m and a diameter of 60m from which 36 glass
constructions converge in the form of a gigantic spider made of metal and glass. [1].

Fig. 1. Greenhouse winter garden Laeken [1]

- the greenhouse with tropical plants in the Berlin-Dahlem Germany botanical garden are impressive in size and
design and were built under the guidance of chief architect Adolf Engler in the late 1800s, using the latest
industrial techniques of the time. [2].

Fig. 2. Greenhouse map of the Berlin-Dahlem Botanical Garden Germany [2]
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- The Palm House greenhouse built between 1844-1848 was the result of the cooperation between the architect
Decimus Burton and Richard Turner, and continues the design principles of the glass house developed by John
Claudius Loudon and Joseph Paxton. The construction of the greenhouse is made of wrought iron space
arches, held together by horizontal tubular structures containing pre-stretched extended cables, supports glass
windows that were initially green tinted with copper oxide to reduce the heating effect significantly. The Sera
Palm House was initially heated by two coal-fired boilers, with a 33 m furnace, near the main entrance to the
garden. The coal was brought on a light rail, running through an underground tunnel, using wagons powered by
people. In 1950, the railway was electrified. The tunnel is now used to transport pipeline hot water into the Palm
House greenhouse, from oil-fired boilers near the initial chimney.

Fig. 3. Greenhouse Palm House from botanical garden Kew Gardens Londra [3]

The important factors in choosing a greenhouse are: accessibility, light transmission, stability and durability
of the structure. Accessibility refers to the way of designing and positioning the doors, the proper choice of
heights and ridge so that the installations and people working inside it are not impeded in the workflows. Light
transmission is an important factor, especially in winter and early spring or in summer when light needs are
deposited for some plants. In designing a greenhouse, mainly the following data will be taken into account:
- the input data:
- weft: L x T ie the opening x beam
- the cross section of the solarium
- longitudinal section of the solarium Hcoama (ridge height) Hdolie (dolie height)
- the slope of the roof
- load structure:
- permanent loads (structure, roof, enclosures)
- variable loads
then checks are made
- to the conditions of resistance
- to the conditions of rigidity
MATERIALS AND METHODS
The materials used in the construction of a greenhouse must meet a number of conditions : they have
high mechanical strengths so that small sections can be made to result in minimal shading of the greenhouse
surface; have a good behavior in aggressive greenhouse environment, high humidity and high carbon dioxide
content; to allow industrialized execution [4].
A. Greenhouse foundation
The greenhouse foundation helps fix the construction well on the ground, which does not allow the
structure to move under the influence of the wind or other external influences.
The wooden foundation (fig. 4, a) is easy to build, but the wood is not able to withstand the external climatic
influences and move very quickly, whether it is processed or not.

a) wood foundation

b) brick foundation
c) concrete foundation
Fig. 4. Materials used in the foundation of the greenhouse
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The foundation of the greenhouse of brick this type of foundation (fig. 4, b) is distinguished by the
reduced weight and the resistance of the load. Also, the design can withstand quite well physically but the
material absorbs water quickly, so it hardly maintains heat. The greenhouses with the concrete foundation (fig.
4, c) have a high resistance to load and thus support structural elements for large greenhouses of metal, glass,
polycarbonate and plastic. This type of base is universal and can be used for almost any type of soil.
B. The types of materials used in the greenhouse frame structure
Wooden greenhouse structure is recommended to take into account the climate where it is to be placed,
respectively the time duration allocated to the project.
The advantages of the wooden structure are:
1. Heat absorption - a wood structure ensures the greenhouse provides a natural insulation: the wood absorbs
the sun's rays during the day and retains the heat during the night. This natural heating system reduces heating
costs for the slightly colder months (autumn or spring). During the winter, the solar will not heat enough from the
sun to keep the heat indoors.
2. Aesthetics - the wooden structure is one of the most pleasing to the eye - this brings the greenhouse a
natural and traditional design, but which is strong enough to support glass windows.
3. Low initial costs - compared to other materials, because wood is cheaper than black pipe or galvanized pipe.
The structure of the black pipe green is non-galvanized steel pipe. Its name is due to the steel oxide coating on
its surface that is blackish in color.
Its advantages are:
1. Applicability - because it is a very durable material, the black pipe can be used for the structure of
solariums. Moreover, the pipe can also be used for the transport of gas, water or steam and high pressure air,
or as conduits for the protection of electrical cables.
2. Malleability - the black pipe can be cut and threaded to fit the project in progress. This type of pipe is
assembled by welding. The pipe can be bent or corrugated with a special device, and for cutting it can be used
a high strength pipe cutter, a circular cutter or a metal saw.
3. Maintenance - From a maintenance point of view, the black pipe is the face of the wood that needs to be
repainted and repainted, while the black pipe does not. Once damaged black pipe is preferred to replace it and
not repair it. The black pipe is more advantageous than the wood: because the wood has to be repainted and
repainted periodically, while the black pipe does not require regular maintenance. Disadvantages would be the
fact that the black pipe lost its advantage in the construction of the solariums, because the galvanized pipe
proved to be much more resistant and more profitable.
The galvanized pipe structure can offer the following advantages:
1. Galvanization is much cheaper than other protective coatings that can be applied to steel. The costs of
applying labor-intensive coatings are much more expensive than the galvanizing process.
2. Long life expectancy for galvanized pipes is 35-40 years, but there have been cases in which they have
survived even longer. The life expectancy depends very much on the thickness and quality of the zinc, the
chemicals used in the area, the percentage of humidity and so on. And the area where I am placed is important,
the ideal places being the areas where the climate is not very severe.
3. Reliability and strength of the coating - E260 galvanized steel pipe and Sendzimir zinc plating 275g zinc /
sqm is specially produced for the corrosive environment of greenhouses. Due to the galvanizing, the pipes
become much more resistant.
Disadvantages of galvanized pipes are: if the pipes are damaged, the zinc layer will become weaker and the
pipe will begin to corrode in a short period of time. As a rule, it is not worth repairing the galvanized pipes
because the reconditioning process is much more expensive and the initial resistance is no longer guaranteed.
Galvanized pipes are usually made of iron or steel and are heavier, making them difficult to handle.

Fig. 5. Model of material used in the structure of a greenhouse - galvanized pipe
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C. Covering structure structure types of materials used
The materials for closing the side walls and roof of a greenhouse can be made of glass or plastic
sheets. These materials must satisfy certain requirements imposed by the need to provide the environmental
factors of the cultivated plants, the mechanical demands exerted by the wind, snow, rain, etc.
The most important requirements imposed on the materials refer to:
- be as transparent as possible, that is to allow the luminous flux from the outside to penetrate indefinitely
into the growing space of the plants inside the greenhouse;
- to present as high resistance to the mechanical demands exerted by the wind, snow, rain, earthquakes, etc.;
- it can be mounted and disassembled quickly and without damage;
- have a minimum specific mass, so as not to overload the greenhouse structure;
- to avoid injuring the service personnel, but also to protect the plants in case of extreme natural
phenomena or unwanted accidents;
- to maintain transparency and other characteristics for a long period of operation;
- be accessible from the point of view of the reliability / price ratio, etc.
Glass
The glass (Fig.6, a) is the material obtained from the rapid cooling of a mixture of: quartz sand (SiO2),
especially without iron oxides; fluxes (Na2CO3, Pb3O4), with the role of lowering the melting temperature;
stabilizers - with the role of increasing the resistance of the glass to the action of water. The main characteristics
of the glass consist of:
- the density of the glass, depending on the chemical composition varies between 2200-6800kg / m3, the
construction glass has the density around 2500 kg / m3;
- it is neither hygroscopic nor combustible, it can have electro - insulating characteristics;
- has high transparency for light radiation, but is impervious to the action of infrared and ultraviolet rays;
- high hardness and high mechanical strength (eg compressive strength 300-1200 N / mm2).

a)

glass
b) polycarbonate
Fig. 6. Model of material used to cover a greenhouse

Acrylic (fig.6, b) It is weather resistant, does not break easily and is very transparent. The rate of radiation
absorption is higher than in glass; The double acrylic film transmits almost 83% of the light and reduces the
amount of heat lost to only 20-40%. The material does not yellow. The disadvantages refer to: it can catch fire, it
is expensive and it scratches very easily.
Polycarbonate
Polycarbonate is better at impact and is more flexible, easier and cheaper than acrylic. Double polycarbon foils
transmit around 75-80% of the light and reduce heat loss to 40%. The material scratches easily, has a high rate
of contraction and in about a year begins to turn yellow and lose transparency.
Polyethylene panels
Polyethylene panels are inexpensive, but they can only be used temporarily, they do not look very good and
should be maintained more carefully than other transparent materials. They are quickly destroyed by the
ultraviolet rays of the sun; if treated with special substances it lasts 12-24 months longer than those not treated.
Polyvinyl
Polyvinyl has a very high radiation emission rate and therefore increases the temperature in the
greenhouse during the night. It is more expensive than polyethylene and tends to accumulate dust.
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The company RUFY ROOF ENGINEERING SRL [5] produces a diverse range of greenhouses and they
are categorized according to the materials used to cover the greenhouses. Polycarbonate greenhouses called
"Professional Nature Greenhouses" (fig. 7) are products designed according to the European norms CSN EN
13031-1 / 73412/2001 [6]. Professional greenhouses "Professional Nature Greenhouses" are designed to meet
the following characteristics: snow resistance with values 90 ÷ 200kg / m2; wind resistance 0.6 Kpa; ground
acceleration resistance 0.24G (earthquake).
The cellular polycarbonate used in the coating has a minimum thickness of 16mm and offers a heat loss
coefficient U-2.1W / m2k. Due to this fact, non-heated greenhouses can also be used in winter for the crop that
is resistant to low temperatures. The metallic structure is made of galvanized steel with special profiles in the
form C, Z, G Sigma Omega, L which offers a high resistance to mechanical stresses, humidity, corrosion [7].
The joints of the galvanized profiles are made with the help of the zinc-plated steel cases (attachment detail fig.
8). The main structure of the greenhouses is formed by galvanized profiles cold rolled and perforated by
stamping and not drilling.

Figure 7. Professional Grenhouses RUFY ROOF ENGINEERING

Another important producer of greenhouses is also the company "Sere Transilvania" [8] with RomanianAmerican capital and at present it tends to become a market leader in Romania and Eastern Europe. The
company "Sere Transilvania" produces both multitunnel greenhouses (with a height of 2.35 ÷ 4m) and modular
(with a height of 3 ÷ 4.5m).
The multitunnel greenhouses (fig. 8) as well as the modular greenhouses have the metallic structure is made
of E260 premium steel, galvanized with 275 g Zn / sqm [9]. The steel is of a special type for greenhouses and solariums,
because it is resistant to the corrosive environment. The steel is more resistant to impact and deformations, with a
smooth and fine appearance, without porosity that will scratch or prematurely degrade the coating.

Figure 8. Multitunnel greenhouses from the company Sere Transilvania [9, 10]

The arrangement of the greenhouse arches is made standard from 2.5 to 2.5 m. Optionally, it can also be
from 2.0 to 2.0m [9].
The components have the following dimensions:
- arcs - Ø60×1,5mm
- lattices - Ø28×1,5mm
- culture support tyrants - Ø33,7x2mm
- lateral pillars - Ø60×2,5mm
- pediment reinforcement profiles - 80x80x2,5mm
The structure of the greenhouse frames is fixed in concrete slabs. On the ends, the structure has
additional countervailing strengths. The coating of the side walls and the roof is made only with professional foil,
triplustratified by 200 microns, resistant to ultraviolet (UV), elongation 600% (EVA), outer layer anti-dust,
transparency 90%, diffusion 25% and inside is anti-condensation treated. The guarantee is 45 months and the
life span is about 72 months.
710

INTERNATIONAL SYMPOSIUM

The triple stratification is presented as follows:
- outer layer: resistant and non-adherent, it is provided with UV additives;
- central layer: thermal: high EVA content, provides thermality and resistance;
- inner layer: provides good light diffusion and co-stabilizers against pesticides.
The greenhouses are covered with 2 rows of 200 microns (2 sheets) foil, with pillow / air layer for thermal
insulation. The pressure is controlled by a pressure sensor.
Clamping the foil to the structure is done by clipping in aluminum profiles with PVC rods, this being the highest
quality version of the foil clamping.
Depending on your preferences, the type of plants, or the size of the greenhouse, you can opt for natural
ventilation as follows:
• lateral opening (can be done on both sides of the greenhouse or on pediments) can be done by manual
rolling with reducer or motorized (on / off or automated). It is made by rolling the film with a rotary tube. The
rotary tube can be of galvanized steel of 34mm or aluminum of 50mm. The foil from the side opening can be
double foil with air layer, for better thermal insulation during the cold period.
• the upper opening is effective for cooling and natural ventilation of the greenhouse in the hot season. The
opening system is on the principle of actuation by rotary tube plus racks and sprockets. Technical details
upper opening:
- the width of the opening is 2,0m at the opening on one side and 1,5m at the double butterfly
opening (butterfly).
- 33.7x2mm or 33.7x3mm rotary tube (depending on the length of the greenhouse).
- straight to each arch, sprockets and straight racks.
- 220 or 380V Lock gear motors.
CONCLUSIONS
The most widespread and profitable in terms of price greenhouse types found in Romania are those built
on concrete foundation with galvanized metallic structure and the coating made with triple-layered double foil
with air cushion of 10-15 cm which thus ensures thermal protection and resistance, coverage.
On the side walls the triple-layered foil, double inflated with air kit included, is resistant to ultraviolet (UV),
infrared (IR), elongation (EVA), has a thickness of 200 microns and a thermal effect of 80%. The air layer
between the 2 sheets has an economic thermal effect for the manufacturer - at least 5oC compared to the
outside temperature. The foil lasts 6-7 years.
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ABSTRACT
The realization of the fertigation equipment of agricultural crops practiced on sandy soils, in arid, semiarid, dry sub-humid climate, is the subject of component project 5 within the complex project “Innovative
technologies for irrigations of agricultural crops in arid, semi-arid and dry sub-humid climate”, contract 27 PCCDI
/ 2018- PN III.
The differential piston injection device for fertilizing solutions in localized watering installations, which is
the main component of the equipment, had as a reference model the DOSATRON D3 Green Line device.
Compared to reference model, in which the direction of movement of the drive piston - piston injection
pump with simple effect mobile assembly is achieved with the help of a spring tilting mechanism, an innovative
solution was designed and implemented in the device realized within the project of mechanical-hydraulic
mechanism with spring and piloted valves.
REZUMAT
Realizarea echipamentului de fertirigație a culturilor agricole practicate pe soluri nisipoase, în condiții de
climat arid, semiarid, subumed-uscat, face obiectul proiectului component 5 din cadrul proiectului complex
“Tehnologii inovative pentru irigarea culturilor în condiții de climat arid, semiarid și subumed-uscat”, contract 27
PCCDI/2018- PN III.
Dispozitivul de injecție cu piston diferențial a soluțiilor fertilizante în instalațiile de udare localizată, care
reprezintă componenta principală a echipamentului, a avut ca model de referință dispozitivul DOSATRON D3
Green Line.
Comparativ cu modelul de referință, la care sensul de deplasare al ansamblului mobil piston motricpompă de injecție volumică cu piston cu simplu efect se realizează cu ajutorul unui mecanism basculant cu arc,
la dispozitivul realizat în cadrul proiectului a fost concepută și implementată o soluție inovativă de mecanism
mecano-hidraulic cu arc și supape pilotate.

INTRODUCTION
The methods used to reduce the action of stressors for agricultural crops practiced on sandy soils, in arid,
semi-arid or dry sub-humid climate conditions (atmospheric, pedological and agricultural drought, strong burns
and major precipitation deficit, with uneven distribution during the vegetation period of plants), (Lăcătuș V.,
2016), are:
• Selection of species with short vegetation period (potato, melons);
• Selection of tolerant and drought resistant varieties based on physiological criteria (rate of transpiration,
rate of photosynthesis, water forms);
• Management of agrotechnical factors in order to increase the efficiency of plant metabolism (irrigation,
fertilization, disease control and pests).
Irrigation and fertilization of crops on sandy soils, in arid climatic conditions is achieved by the phase
application with reduced norms of water and fertilizer, in order to avoid their evaporation and percolation under
the root layer, taking into account the high temperatures during the vegetation period and the reduced sand soil
capacity of water retaining.
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Under these conditions, fertigation is the most efficient method of water and fertilizer administration
(Biolan I. et al, 2010).

MATERIAL AND METHOD
The differential piston injection device made by DOSATRON, fig. 1, (*www.dosatron.com - Dosatron:
Water-powered proportional dosing pumps) can be located both on the main hydraulic circuit of the irrigation
system (full flow), and on a circuit parallel to it (by-pass), and it uses irrigation water as a drive fluid.
The device consists of two functional subassemblies: the subassembly acting as linear hydraulic motor
and the subassembly acting as single-effect piston volumetric pump.
The motor subassembly consists of two bodies, assembled together by threading and sealed with O-ring.
The lower body consists of two concentric tubes: in the inner tube, of cylindrical form, the part of diameter
d1 of the drive piston is displaced, while the outer liner is provided with the inlet connections for the water used
as a drive fluid and the discharge connections for the fertilizing solution (formed by mixing the primary solution
with water).
The upper body is of cylindrical shape inside; inside of it the drive piston part with large diameter moves.

Fig. 1. Schematic presentation of the injection device with DOSATRON differential piston

Inside the motor assembly, fig. 2, three work chambers are made: chamber A, delimited by the outer
surface of the inner cylindrical tube, the inner surface of the liner of the lower body, the inner surface of
the upper body and the lower part of the drive piston, in the area of large diameter; chamber B, delimited
by the upper part of the drive piston in the area of large diameter and the inside of the upper body;
chamber C, delimited by the lower part of the drive piston in the zone of small diameter and the inside of
the cylindrical tube of the lower body.
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Fig. 2. Cross section through the motor assembly of the injection device with DOSATRON differential piston
Section to the left of the axis of symmetry-ascending stroke of the drive piston; Section to the right of the axis of
symmetry-descending stroke of the drive piston

The pressurized water supply connection pipe communicates with chamber A, and the fertilizer
solution discharge connection pipe - with chamber C.
The subassembly of the volumetric pump with piston is connected by threading to the lower part of the
body 1.
During operation, the drive piston and the volumetric pump piston (which form the mobile assembly
of the injection device) move in the same direction, as they are joined by a rod.
The water acts on the drive piston of the injection device. The change of direction of movement of
the mobile assembly is controlled by the tilting mechanism, located in the drive piston, which by actuating
two blocks of valves on the cone allows the access of water acting as drive fluid below or above the piston.
Pressurized water enters through the inlet connection in chamber A. If the valve train 2.4 in the drive
piston 2.1 is moved up (see the left side of fig. 2) then the valves 2.2 close the connection between the
chambers A and B and the valves 2.3 open the connection between the chambers B and C. Between A and
B the liquid forms a pressure difference that acts on the annular surface of the drive piston and produces
an upward movement of it. The fluid from chamber B is evacuated through the open valve 2.3 in chamber C
where it is mixed with the primary solution arrived from the dosing area and then directed to the discharge.
If the valve train is moved down (see right side of fig. 2), the valves between the chambers A and B are
opened and the valves between the chambers B and C are closed. The pressure in the chambers A and B
is uniformed; the pressurized fluid passes into the chamber B, and acts on the cylindrical surface of the
drive piston between B and C and moves the piston down.
Fig. 3 shows the moment of tilting when the probe is moved down.
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Fig. 3. Tilting mechanism of the of the injection device with DOSATRON differential piston

The tilting mechanism, located in the drive piston 3.1, controls the valve train; it has the following
structure:
- the probe 3.4, which moves in a fit in the drive piston 3.1;
- a plastic spring 3.2 hinged to the probe, forming the probe-spring joint;
- the other end of the spring is hinged to the oscillating rod 3.3, forming the spring-rod joint;
- the oscillating rod 3.3 is connected to the drive piston 3.1 through the rod-piston joint.
Approaching the ends of the stroke, the probe 3.4, by leaning on the housing, changes the position of the
spring-probe joint, with respect to the drive piston 3.1, respectively the positions of the rod-piston and spring-rod
joints.
Under the action of spring 3.2, the joint assembly is unbalanced, tilting the mechanism up or down,
depending on the displacement of the probe relative to the drive piston. By tilting, the mechanism hits the valve
train 3.5, which it pushes up or down, closing or opening the connections between the chambers A, B, C.
The change of the displacement direction of the drive piston is made mechanically, the stroke being fixed
(preset, in terms of construction, by the geometrical dimensions of the tilting mechanism).

RESULTS AND DISCUSSIONS
In the constructive version of the drive piston made by INOE 2000-IHP, the valves on the cone,
actuated by the tilting mechanism with spring were replaced by hydraulic piloted valves (Anghel S. et al, 2019),
which establish the connections between the chambers A and B, respectively between the chambers B and C.
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Fig. 4. Constructive variant of the drive piston made by INOE 2000-IHP

The piloting is done with the help of a piece 4.8 (on the surface of which a rubber tape is applied by
gluing), which by tilting around the shaft 4.9 alternately closes one of the two nozzles 4.7, thus piloting the two
hydraulic valves through the connections x-x or y-y.
The hydraulic valve consists of the tubular part 4.5, which in the inactive state is closed by membrane 4.3.
The membrane, the surface of which is larger than the surface of the tubular part, is mounted in the valve
housing.
The water enters behind the membrane through the port 4.2 and closes the pilot chamber 4.4, acting on
the active surface formed from the sum of the cross-sections of the tubular part 4.5 and annular section
delimited by the outer diameters of the membrane and the tubular part.
In the membrane there are ports (nozzles) that establish the communication between the inlet port 4.2
and the pilot chamber. If the tilting device 4.8 closes the nozzle 4.7 related to the valve, then the pilot chamber
4.4 is closed, the pressurized water from the entrance entering the pilot chamber through the ports in the
membrane; under the action of the water, the membrane presses on the tubular part 4.5 and closes the path
between the chambers A and B. The pressure in the pilot chamber acts on the whole surface and creates a
force greater than the same pressure exerted only on the annular surface.
By tilting the pilot device at the stroke end (through the probe 4.11, which drives the compression springguide assembly 4.10 and tilts the part 4.8 on the nozzles 4.7), the pilot chambers of the two valves are opened
alternately; by opening the ports of the pilot chambers the pressure in the chambers decreases, the membranes
are raised and the communication between the chambers A and B (for the upper valve) and B and C (for the
lower valve) is established.
At the ascending stroke of the drive piston-dosing piston assembly (joined together by a special
construction rod), the dosing piston provides access to the primary solution beneath it and drives the
volume of primary solution above, existing inside the dosing cylinder from the previous stroke, inside the
drive fluid - primary solution mixing chamber (the cylinder in the lower body component of the motor
subassembly).
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In the downward stroke, the dosing piston allows access to the volume of primary solution already
introduced in the dosing cylinder to the previous stroke above it, through the longitudinal slots practiced on
the outer generators of the connecting rod; by continuously changing the volume of the mixing chamber, in
order to reduce it, the fertilizing solution is injected through the connection of the injection device discharge
into the irrigation system.

RESULTS
The laboratory tests, carried out on the test stand for devices and equipment that use water as
working fluid, from the infrastructure of the Environmental Protection laboratory of INOE 2000-IHP
(Șovăială Gh. et al , 2019), have demonstrated the functionality of the injection device in the version
designed and developed under the component project 5 “Innovative fertigation technology in fruit and vine
plantations specific to arid and dry sub-humid climate” within the complex project “Innovative technologies
for irrigation of agricultural crops in arid, semi-arid and dry sub-humid climate – SMARTIRRIG”, contract
no. 27PCCDI / 2018.
To highlight the way in which the pressure varies, during a functioning cycle, in the connection points
of the device to the localized irrigation system, its installation on a circuit parallel to the main circuit of the
system (bye-pass) was done. The pressure sensors, located at the mentioned points, were connected to a
programmable logic controller which, based on dedicated software, allowed real-time monitoring of the
investigated parameters and data acquisition.
Fig. 5 shows the stand for conducting tests on the device in laboratory conditions, and fig. 6 depicts
a screen instance of the computer with which data acquisition was made.

Fig. 5. Testing the injection device with
differential piston under laboratory conditions

Fig. 6. Acquisition of data regarding the variation
of pressures in the connection points of the device
to the main pipe of the stand (the equivalent of the
main pipe of the localized irrigation system)

The tests were performed with both constructive variants of the drive piston. DOSATRON original
version, with valve train on cone and spring tilting mechanism, fig. 7 left, respectively the INOE 2000-IHP
variant with hydraulic valves controlled by a miniaturized spring tilting control mechanism, fig. 7 right.
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Fig. 7. Drive piston (DOSATRON-left variant; INOE 2000-IHP right variant)

In fig. 8 and 9 are presented screenshots of the software application panel, which highlights the
variation of pressure at the connection points of the device, for the two constructive variants of drive piston.
In fig. 8 shows the variation of the pressures in the connection points for the piston with valve train
on mechanically operated cone of the DOSATRON D3 Green Line 3 m3 / h device, and in fig. 9 for the
driven piston with hydraulic piloted valves.

Fig. 8. Variation of pressures at the connection points
for the drive piston with valve train on mechanically
operated cone

Fig. 9. Variation of pressures at the connection points
for the drive piston with hydraulic piloted valves

CONCLUSIONS
1. The laboratory tests have demonstrated the functionality of the primary solution injection device developed
under the component project 5 “Innovative fertigation technology in fruit and vine plantations specific to arid and
dry sub-humid climate” within the complex project “Innovative technologies for irrigation of agricultural crops in
arid, semi-arid and dry sub-humid climate – SMARTIRRIG”, contract no. 27PCCDI / 2018.
2. The flow of fertilizing solution (mixture of water used as drive fluid and primary solution is between 10 l / h and
3000 l / h, for dosages (injection rates between 1: 100 and 1: 10 - volumes of primary solution) / volume of drive
fluid);
3. The injection rate of the primary solution (with a concentration of 1… 10%) is between 300 and 0.1 l / h;
4. For similar working pressures (around 3 bar upon the device inlet port), the frequency of drive piston, in
variant developed by INOE 2000-IHP it is 4 times smaller than that of the DOSATRON piston, this aspect
favouring the administration of very small doses of microelements;
5. The switching frequency of the drive piston can be adjusted through the diameter of the nozzles 4.7, fig. 4.
6. The tilting mechanism of the drive piston injection device with piloted valves requires an actuating force
5 times smaller than that of the mechanically actuated drive piston device;
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7. The injection device realized within the project responds to the requirements of the fertilization of
agricultural crops on sandy soils under arid climatic conditions, having the possibility of administering
fertilizer norms in accordance with the agricultural technologies practiced on this category of soils.
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ABSTRACT
In this study, two hypotheses were tested in order to improve the germination and root growth of the
pepper seeds Galben Superior variety. The hypotheses were tested through three experiments in which the
seeds of bell pepper were treated with oxygenated water, with essential oil of basil and their combinations
before germination. Significant results regarding seed germination and root growth were recorded following
treatment of the seeds with a mixture of 500 ppm oxygenated water and 1000 ppm. basil essential oil.
REZUMAT
În acest studiu au fost testate două ipoteze cu scopul îmbunătățirii germinației și creșterii radiculare a
semințelor de ardei gras soiul Galben Superior. Ipotezele au fost testate prin trei experimente de tratare a
semințelor de ardei înainte de germinație cu apă oxigenată, cu ulei esențial de busuioc și cu combinații ale
acestora. Rezultate semnificative privind germinația semințelor și creșterea radicelei au fost înregistrate în urma
tratării semințelor cu un amestec de 500 ppm. apă oxigenată și 1000 ppm. ulei esențial de busuioc.

INTRODUCTION
Bell pepper, the Galben Superior variety (Capsicum annuum (L.) Linnaeus), was approved in 1973 and
introduced in the official catalog of Romanian plant varieties in 1974. The fruit has an average weight of 115 g, a
production potential of 35-40 tons / ha and presents good resistance to pathogens. It is known that bell pepper
is a plant adapted to warm climatic conditions and that its seeds germinate slowly at low soil temperatures
(SAMARAH et al., 2016). Because the plant is highly appreciated, sometimes it is desired to recover the seeds
from the commercialized fruits to generate new plants with the same qualities. However, the seeds harvested
from the marketed fruit do not reach full maturity and have a low percentage of germination. In order to improve
the germination, seed treatment before sowing was used.
In this study, two apparently contradictory hypotheses were tested: [1] improving germination through
oxygen supply in the form of oxygenated water (Rajashekar and Baek Kwang-Hyun, 2014) and [2] seed
protection against free radicals by the addition of basil essential oil during germination (Kaurinovic et al., 2011).
The use of oxygenated water in seeds treatment induced positive results regarding the metabolism of nutrients
in soy (Thorne, 198) and mitochondrial respiration in rapeseed (Vigeolas et al., 2003). The beneficial effects of
oxygenated water treatment on seeds have generally been observed in plants with high lipid content or with
high thermal preferences (Borisjuk L. and Rolletschek H., 2009). This fact could indicate that the mobility of
oxygen is influenced by the solubility of the gases in the cell fluid, by the lipid composition of the membranes or
by the porosity of the seed. In order to test the hypotheses, three experiments were performed in which the
seeds of bell peppers were treated with oxygenated water, essential oil of Ocimum basilicum (EO) and their
combinations.
MATERIALS AND METHODS
Pepper seeds from the Superior Yellow variety were provided for study by Vegetable Development
Research Station Buzău. The basil essential oil was of commercial origin (2LOT180427), having the following
declared properties: appearance: clear liquid, odor: characteristic, color: yellow, density at 20 ºC: 0.89500.9520, refractive index at 20ºC: 1.4910-1.5120, 20ºC optical rotation: -14º ... + 2, methyl chavicol content: 40%
-75%. Oxygenated water for pharmaceutical use with a percentage of 3% was used.
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The dispersion of basil essential oil and water was obtained by solubilizing 0.2 g agar in 95 ml distilled
water (Remme et al, 1993) at 95-100 °C, followed by cooling, adding of 5 ml essential oil and stirring on the
magnetic plate until homogenization. The mixture was kept in the dark until used.
The experiments were carried out in ventilated Petri dishes (90 mm x 16.2 mm, Figure 1) with the upper
lid covered with five discs of cellulose paper. The seeds were distributed in twenty lots of fifty having uniform
size, color and morphology selected from a bigger lot of 1000 seeds. Each experiment had four repetitions for
both variants with different concentrations and for the control, where only distilled water was added.

Fig.1. Placing the seed in the Petri dishes

For the treatments, four batches of fifty seeds were weighed and the average mass was calculated.
Based on the average mass, the quantities of oxygenated water and basil essential oil equivalent to 500 ppm.,
1000 ppm., 2000 ppm., 3000 ppm. and 5000 ppm. (parts per million) were calculated (Table 1, mix volume /
seed mass).
Table 1
Quantities of oxygenated water and essential oil used in seed treatment
Seed treatment with basil essential oil
M 50 seed 0.28g
500 ppm
2000 ppm
3000 ppm
5000 ppm
EO mix 5% µl
2.87
11.49
17.23
28.72
Distilled water µl
497.13
488.51
482.77
471.28
Total µl
500
500
500
500
Seed treatment with oxygenated water
M 50 seed 0,28 g
500 ppm
2000 ppm
3000 ppm
5000 ppm
H2O2 sol 3% µl
2.33
9.33
14.00
23.33
Distilled water µl
497.67
490.67
486.00
476.67
Total µl
500
500
500
500
Seed treatment with a mixture of oxygenated water and basil essential oil
M 50 seed 0.28
500 H2O2 +
500 H2O2 + 2000
500 H2O2 + 3000
1000 H2O2 + 2000
g
1000 EO ppm
EO ppm
EO ppm
EO ppm
H2O2 sol 3% µl
2.33
2.33
2.33
4.67

Control
0
500
500
Control
0
500
500
Control
0

EO mix 5% µl

5.74

11.49

17.23

11.49

0

Distilled water µl

491.92

486.18

480.43

483.85

500

Total µl

500

500

500

500

500

The seed treatment was done in a succession of operations to avoid direct contact between the seeds
and the oxygenated water or the mixture of essential oil. First, all seeds were moved at one side of the Petri
plate, leaving a free space. In this space the treatment components were added and homogenized with a
pipette. After homogenization, the resulting liquid and the seeds were mixed well and distributed uniformly over
the entire surface of the plate. The treated seeds were left 20 minutes with the lid placed backwards to absorb
the treatment, then the cellulose discs were soaked with distilled water to ensure optimum humidity during the
germination period and placed over the seeds. The seeds were incubated at 20 ± 2 ºC, in dark, for ten days.
After incubation the germinated seeds were counted and the radicles were measured with a micrometer. The
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treatments were compared using ANOVA (ONE WAY), followed by Dunnett's multiple comparisons test from
GraphPad Prism software.

RESULTS
Seeds treatment with oxygenated water (Fig. 2, Fig. 5 and Fig. 8) positively influenced the germination
over 500-3000 ppm. concentration range. At the variant where 5000 ppm. of oxygenated water was used, a
decrease in germination was found comparing with control. The difference of germination percentages between
variants was insignificant. Radicle growth recorded in all variants was greater than the control, but statistically
insignificant. From the analysis of the product between the number of germinated seeds and the average root
length, it can be found a significant Pearson correlation (R2 = 0.964, *, P = 0.0182) between the dose and root
growth, which shows that there is a linear response of the seeds to the treatment with oxygenated water over
the range of experienced concentrations.
The seeds treatment with basil essential oil (Fig. 3, Fig. 6 and Fig. 9) showed a stimulating effect on the
germination percentage, resulting in a significant germination increase of 12% in 3000 ppm. variant compared
with the control. Between the values of radicles average length from variants treated with essential oil and
control were no significant differences.
By combining the oxygenated water with basil essential oil in the seeds treatment (Fig. 4, Fig. 7 and Fig.
10), were obtained results statistically significant. The germination of the bell peppers seeds recorded a
significant difference of 17.5 percent in the variant where 500 ppm H2O2 and 1000 ppm. basil essential oil was
used compared to the control. The same variant had a significant difference of 59% in average root length
compared to the control (% = ((Vtest * 100) / Control) -100). The largest differences between the test and control
variants were highlighted after calculating the product between the number of germinated seeds and the
average root length (Fig. 10). The use of 9.2 µl H2O2 and 22.8 µl basil essential oil on 200 seeds treatment (50
seeds x 4 repetitions) weighing 1.12 g gave a cumulative increase of germination and root growth of 172% in
the variant with the lowest concentrations compared to the control.
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treatment on total radicular growth
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* 1 way ANOVA, Dunnett's multiple comparisons test, P value: 0.0123 (ns), 0.0332 (*), 0.0021 (**), 0.0002 (***)

CONCLUSIONS
The first hypothesis regarding the improvement of the germination by the contribution of oxygen in the
form of oxygenated water was partially confirmed. The second hypothesis regarding the protection of the seed
against the free radicals by the addition of essential oil of basil at the time of germination has been confirmed.
By treating the bell peppers seeds simultaneously with the oxygenated water and basil essential oil, a
synergistic effect was highlighted. This effect could indicate that the treatment favored the exchange of gas
between the seeds and the environment. According to the results of this study, the thematic approach regarding
the improvement of gas exchange between seeds and the environment through seeds treatments could
represent an ecological solution to mitigate the negative effects generated from the cultivation of the plants
outside the ecological niche.
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ABSTRACT
The research was effectuate on grain sorghum sown in vegetation pots, using as a substrate a sandy soil
with low natural fertility. Two soil moisture limits and 5 soil fertilization levels were studied. The results obtained
regarding the dynamics of soil moisture highlighted a close connection with the development phase of the plant
and with the fertilization regime of the plant, the lowest values of soil moisture and implicitly the highest water
consumption being recorded during the appearance of panicle until the grains form. During this period, a
maximum of the humidity deficit of up to -205.62 m3 / ha was observed, which was counteracted by the
underground watering, depending on the ground water reserve and the watering limit of the soil. The
productivity results for grain sorghum grown under thermohydric stress conditions showed differentiation
according to the fertigation system. The best productivity results of the sorghum plant (555 g biomass/plant; 27
g grains/panicle) were indicated in the fertilized variant with N150P80K80 + Foliar fertilization with Albit 40 ml/ha, in
the irrigation system of the plant to the minimum limit of 1/2 rage of active humidity.
REZUMAT
Cercetările s-au efectuat la sorgul pentru boabe semănat în vase de vegetație, folosind ca substrat un
sol nisipos cu o fertilitate naturală redusă. Au fost luate în studiu două plafoane de umiditate a solului și 5 nivele
de fertilizare a solului. Rezultatele obținute privind dinamica umidității solului au subliniat o strânsă legătură cu
faza de dezvoltare a plantei și cu regimul de fertirigare al plantei, cele mai mici valori ale umidității solului și
implicit cel mai mare consum de apă înregistrându-se în perioada de apariție a paniculului-formarea boabelor.
În această perioadă s-a remarcat un maxim al deficitului de umiditate de până la -205,62 m3/ha, care a fost
contracarat prin udarea subterană, în funcție de rezerva de apă din sol și plafonul de udare al solului.
Rezultatele de productivitate la sorgul pentru boabe cultivat în condiții de stres termohidric au evidențiat
diferențieri în funcție de sistemul de fertirigare. Cele mai bune rezultate de productivitate a plantei de sorg (555
g biomasă/plantă; 27 g boabe/panicul) s-au înregistrat în varianta fertilizată cu N150P80K80 + Fertilizare foliară
cu Albit 40 ml/ha, în sistem de irigare a plantei la plafonul minim de ½ din intervalul umidității active.

INTRODUCTION
Deficit in many arid and semi-arid areas has become a major constraint factor for the well-being of the
economy and sustainable regional development. Water deficient areas are characterized by high spatial and
temporal instabilities in the distribution and supply of water from rainfall, inadequate water resources and poor
water management. Sustainable use of water for irrigation is a priority for agriculture in arid areas. Therefore,
under conditions of water scarcity and climate change, considerable efforts have been made to introduce
policies aimed at increasing water efficiency based on the assertion that more can be obtained with less water,
through better management. Large-scale adoption of low-volume irrigation technologies in arid regions can
reduce agricultural water demand and reduce contaminated drainage water (Katia Karousakis and Pheoebe
Koundouri, 2006). Localized irrigation is recognized as one of the most efficient methods of watering crops. The
purpose of localized irrigation is mainly, water applying directly to the root system, in conditions of high
availability, avoiding water losses during or after applying water and reducing the water application cost.
Localized irrigation increases by at least 50% the efficiency of water use, making it a high technology, in the
challenge of stimulating and increasing crop production, in the face of serious problems related to the global
water deficit (Konstantinos Chartzoulakis, Maria Bertaki, 2015). There are four main methods of irrigation, which
involve different systems of water application, these are: surface irrigation, sprinkler, micro-irrigation and
underground irrigation. Groundwater irrigation - water is made available to the crop root system, from a mass of
controlled water, by the upward capillary flow from the soil profile (Kaufman RC, 2013, Abdoul Motalab et al.,
2013). Sorghum is one of the cultivated plants what has the least water requirement. One of its particularities is
that it has a CO2 absorption mechanism "in C4", which gives it better photosynthesis performance, therefore a
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better efficiency in dry conditions or at high temperatures. In addition, due to its very dense root system (which
can descend to more than 2 meters in deep and well-prepared soil), sorghum can absorb and use water and
nutrients more effectively from the soil. Its total requirement (soil reserves + rain + irrigation) is around 400 - 500
mm (https://www.sorghum-id.com/en/conservation-resourcesin-apa-sorgulo-solutie-segur/). Another specificity
of the sorghum plant is its tolerance to high temperatures and drought (C. S. Wortmann, et al., 2010). Sorghum
has a better ability to tolerate thermohydric stress compared to other cultures (Kebede, 2001; Drăghici I., 2016,
Matei Gh., 2011, 2016).

MATERIALS AND METHODS
Starting from the need for sustainable use of irrigation water and increasing the yield of nutrients used
by grain sorghum, researches were initiated in vegetation pots (photo 1), which were filled with sandy soil
characterized by low natural fertility. Underground irrigation was simulated by placing in the vegetation pot a
PPE tube with a diameter of 4.5 cm, through which the plants were watered and by which nitrogen was applied
in the vegetation concurrent with the irrigation water. The experience was located in the greenhouse of the
Research Development Station for Plant Culture on Sands Dăbuleni, Romania, according to the method of
subdivided plots with two factors (Table 1).

Fig. 1. Vegetive pot

At fertilization, were used complex fertilizers of the type N16P16K16, according to the experimental doses,
which were mixed in the soil which filled the vegetation pots. For the dose of N40P40K40 were applied 1.6 g/pot,
and to ensure the dose of N80P80K80, 3.2 g/pot was applied. In the 5-7 leaf phenophase of the plant, nitrogen
was administered by underground irrigation, at a dose of N35 (0.7 g/pot) and N70, (1.4 g/pot), according to the
experimental variants. The foliar fertilization was done with the biostimulator (protection and stimulating agent)
ALBIT, at a dose of 40 ml/ha.
The soil moisture was determined dynamically, with the ThetaKit device - portable kit, with accessories for
measuring the soil moisture, the hydrophysical indicators were calculated to establish the watering rates,
according to the two irrigation limits (at 1/3 of the range of active humidity and 1/2 of the range of active
humidity).
The following hydrophysical indicators of the soil were calculated: the momentary water supply, the
reserve to the minimum limits, the deficit in relation to field capacity, in order to apply the watering according to
the soil moisture status. For this purpose, the following calculation formulas were used:
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Available water capacity = (100*H*Da*W)
W = soil moisture (%)
H = soil depth (m)
Da = apparent density of soil
Wilting coefficient (CW) = 100*H*Da*CW
Field capacity (FC) = 100*H*Da*FC
Minimum limit of water (1/3 of r.a.h. on 50 cm depth) = CW+1/3*(FC-CW)
Water reserve = Available water capacity – Minimum limit of water
Water deficit = Available water capacity – Field capacity
Hydrophysical indicators of sandy soil: Da = 1,38-1,46 g/cm3; CW = 2; FC = 9
Plant biometry determinations were conducted (height, diameter, leaf surface, biomass obtained at
harvest), physiology (water forms, chlorophyll) and plant nutrition status (N, P, K content of leaves).
Methods used in physiological determinations:
• The water forms and the dry substance from the leaves (determined gravimetric).
• Leaf surface (determined using Area Metter AM 300).
The calculation and interpretation of the results were performed according to the experimental technique
using mathematical methods and mathematical functions.

RESULTS
Soil quality analyzes (Table 1) highlighted low natural fertility, the soil being poorly supplied in total
nitrogen (0.03% - 0.05%) and in exchangeable potassium (13 - 20ppm) and medium supplied with extractable
phosphorus (25 - 30 ppm). Organic carbon showed values in the range 0.07 - 0.28%, the status of soil supply
with organic matter was reduced. The pH of the soil in the vegetation pots ranged from 6.20 to 6.86, values
indicating a neutral reaction.
Table 1

Depth (cm)
0 - 20

Soil chemical composition of pot experiment
Extractable
Exchangeable
Total
Organic
phosphorus
potassium
nitrogen (%)
carbon (%)
(ppm)
(ppm)
0,03-0,05
25-30
13-20
0,07-0,28

pH
in water
6,20-6,86

To ensure optimum water uptake for sorghum plants, soil samples were collected at 7-10 days, between
June 22 (bellows phase of the plant) - August 13 (the milk-wax phase), to determines soil moisture at depths of
0-20 cm, in order to establish the watering regime. The results obtained were correlated with the development
phase of the plants, as well as with the fertilization regime of the plants, the lowest values of soil moisture and
implicitly the highest water uptake being recorded between July 2 and 19, which corresponds to the appearance
of the panicle-forming grains stage (Figure 2). During this period, a humidity deficit was observed, differentiated
according to fertilization, with the maximum value of -205.62 m3/ha, in the fertilized variant with N150P80K80 +
foliar fertilization with Albit 40 ml/ha (table 2). The research effectuated by Marinică Gh, 1996 end Ploae P. et al
(2002) highlighted the drought resistance of grain sorghum, due to the deep root system, with many root
absorbent hairs. At the insufficiency of water, sorghum plants reduce their growth rate which is resumed with a
specific intensity when the humidity becomes favourable. The lack of water and the low relative humidity (below
50%) in the pre-panicle stage, leads to its resorption. The critical phases water for sorghum are recorded during
the period of intense growth of the stem, the appearance of panicles, flowering, grain formation and filling
(Marinică Gh. et al., 2003, N. Devnarain,, 2016, Drăghici I. et al., 2017).
These researches established a norm of irrigation for sorghum of 1200 - 1650 m3/ha, with a watering
norm of 300-450 m3/ha. To ensure the watering norm of 300 m3/ha, the soil water reserve was calculated, by
the difference between the momentary water supply of the soil and the minimum humidity limit variants, and was
extrapolated to the vegetation pot area. In all variants, the moisture determinations during the vegetation
indicate a water reserve between 23.644 - 191.36 m3/ha, at the minimum limit of 1/3 rage of active humidity, and
-18.894 ... 191.82 m3/ha, at the minimum limit of 1/2 rage of active humidity, with maximum values in the
ripening phase of sorghum grains, when the uptake of the plant is low.
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Fig. 2. Evolution of soil moisture from sown sorghum in vegetation pots in different fertilization variants

Between the leaf surface and the dry matter content a positive correlation was established, given by a
polynomial equation of degree II, statistically significant (figure 3). The best results were recorded at the
irrigated sorghum plants at the minimum limit of 1/2 rage of active humidity and fertilized by underground
irrigation with N75P40K40.

Fig. 3. Correlation between the leaf surface and the dry matter content in sorghum

The analysis of the results regarding the biomass and the production of grains registered on the
plant, indicate differences according to the fertigation system (Figure 4). The grain sorghum recorded the
highest biomass production (555 g/plant) in the fertilized variant with N150P80K80 + Albit 40 ml/ha in irrigation
system at the minimum limit of 1/2 rage of active humidity (Figure 4). On sandy soils, the application of nitrogen
fertilizers is considered as a source of groundwater pollution due to NO3-N mobility in the soil.
Research in this area was effectuate by Smika, D. E. et al., 1977, and points out that the losses of NO N were reported up to 150 cm in soil, in quantities up to 59.7 kg / ha. Therefore, the recommended nitrogen
dose for each species is applied fractionally.
The productivity of the sorghum plant, in terms of biomass and grain production (Figure 5), was
positively correlated significantly with the applied nutrient doses (r = 0.990; r = 0.989.
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Table 2
The evolution of some hydrophysical indicators of the soil
on the soil profile through the vegetation period of the sorghum plant
June, 22
July, 02
July, 09
July, 19

Variant

Irrigation

Fertilization

Unfertilized
N75P40K40
N75P40K40 +
1/3 of
foliar fertilization
r.a.h.
N150P80K80
N150P80K80 +
foliar fertilization
Average irrigation at 1/3 r.a.h.*

1/2 of
r.a.h.

Unfertilized
N75P40K40
N75P40K40 +
foliar fertilization
N150P80K80
N150P80K80 +
foliar fertilization

Average irrigation at 1/2 r.a.h.

August, 01

August, 13

Water
reserve
(m3/ha)

Water
deficit
(m3/ha)

Water
reserve
(m3/ha)

Water
deficit
(m3/ha)

Water
reserve
(m3/ha)

Water
deficit
(m3/ha)

Water
reserve
(m3/ha)

Water
deficit
(m3/ha)

Water
reserve
(m3/ha)

Water
deficit
(m3/ha)

Water
reserve
(m3/ha)

Water
deficit
(m3/ha)

130.18
97.06

1.38
-31.74

131.56
79.12

2.76
-49.68

119.14
41.86

-9.66
-86.94

121.44
-26.68

-7.36
-155.48

191.82
161.92

63.02
33.12

212.98
176.18

84,18
47,38

116.38
66.7

-12.42
-62.1

98.44
-16.1

-30.36
-144.9

92.92
-21.62

-35.88
-150.42

109.94
-42.78

-18.86
-171.58

165.14
115.46

36.34
-13.34

234.14
201.48

105,34
72,68

95.68

-33.12

-25.76

-154.56

-65.78

-194.58

-43.7

-172.5

-78.66

132.02

3,22

101.2
118.68
113.16

-27.6
22.08
16.56

53.452
113.16
17.94

-75.348
16.56
-78.66

33.304
150.42
-60.72

-95.496
53.82
-157.32

23.644
30.36
-76.36

-105.16
-66.24
-172.96

50.14
136.89
6
116.38
115.92

8.096
19.78
19.32

191.36
195.96
272.32

62.56
99,36
175,72

73.14
46.92

-23.46
-49.68

6.9
-30.36

-89.7
-126.96

-28.98
-70.38

-125.58
-166.98

-86.48
-86.94

-183.08
-183.54

164.68
26.68

68.08
-69.92

213.9
131.1

117,3
34,5

91.08
88.596

-5.52
-8.004

22.08
25.944

-74.52
-70.656

-82.8
-18.492

-179.4

-109.02
-65.688

-205.62
162.288
29,5

72.22
99.176

-24.38
2.576

145.82
191.82

49,22
95.22

115.092

Air temperature

43.1

38.6

25

Atmospheric humidity

18

16

42

Apparent density
Wilting coefficient (%; m3/ha, to
the 0-20 cm depth)
Field capacity (%; m3/ha, to the
0-20 cm depth)
Minimum limit (1/3 of r.a.h.; 1/2
of r.a.h.)
* rage of active humidity (r.a.h.)

18

35,2

40,7

18

16

1.38 g/cm3
2; 55.2 m3/ha
9; 248.4 m3/ha
119.6 m3/ha = 1/3 rage of active humidity; 158.8 m3/ha = 1/2 rage of active humidity.

728

INTERNATIONAL SYMPOSIUM

Similar results, which highlighted the importance of fertilizing sorghum for grains, were obtained by
Pochiscanu Simona, (2015) in the central plains of Moldova and by S. Palé et al (2016) under the conditions of
the West African region Burkina Faso.

Fig. 4. The influence of fertirigation on the yield of the grain sorghum plant sown under conditions of thermohydric
stress

Fig. 5. Correlations between the yield of the plant and the fertilization system at grain sorghum

INTERNATIONAL SYMPOSIUM

CONCLUSIONS
1. The obtained results highlighted a close connection between the dynamics of soil moisture with the
development phase of the plant and with the fertilization regime of the plant, with the lowest values of
soil moisture during the appearance of panicle until the grains form.
2. During the maximum uptake period of the plant the water deficit in the soil registered the maximum value
of -205.62 m3/ha in the fertilized variant with N150P80K80 + foliar fertilization with Albit 40 ml/ha.
3. The soil water reserve ranged from 23.644 -191.36 m3/ha, at the minimum limit of 1/3 rage of active
humidity and to -18,894 ... 191.82 m3/ha, at the minimum limit of 1/2 rage of active humidity, with
maximum values in the ripening phase of sorghum grains, when the uptake of the plant is low.
4. Between the leaf surface and the dry matter content of the leaves, a positive correlation was established,
statistically significant (r=0,688*).
5. The best productivity results of the sorghum plant (555 g biomass/plant; 27 g grains/panicle), were
registered in the fertilized variant with N150P80K80 + Foliar fertilization with Albit 40 ml/ha, in the system
of underground irrigation of the plant, at the minimum limit of 1/2 rage of active humidity.
6. The results regarding biomass/plant weight and grain/panicle weight were significantly positively
correlated with the applied nutrient doses (r = 0.990; r = 0.989).
ACKNOWLEDGEMENT
This work was supported by a grant of the Romanian Ministery of Research and Innovation CCDI UEFISCDI, Project INNOVATIVE TECHNOLOGIES FOR IRRIGATION OF AGRICULTURAL CROPS
IN ARID, SEMIARID AND SUBHUMID-DRY CLIMATE, project number PN-III-P1-1.2-PCCDI-20170254, Contract no. 27PCCDI / 2018, within PNCDI III.
REFERENCES
[1] Abdoul Motalab M. khatir, Ali H. Bahar, Kamal I.Adam, Adam A. Mohamed, Siddig A. Mohamed Ali,
2013. Composition of New Phenotype Sorghum (Sorghum bicolor L) (Locallynamed Barbarei) Grains
and Stover in South and West Darfur States, (Sudan), Journal of Science and Technology, vol. 3, nr. 7,
p.683-686, Sudan.
[2] Drăghici Iulian, 2016. Evaluarea potenţialului bioenergetic al producţiei primare și secundare la cultura
sorgului pentru boabe / Assessing the bioenergetically potential of primary and secondary production to
the grain sorghum crop. Sustainable exploitation of environmental resources in areas with sandy soils.
Annals of the Research - Development Center for Field Crops on Sandy Soils, DABULENI, volume
20th, 2016. Editura SITECH, Craiova, 2016 ISSN 2360 – 0829, ISSN-L 2360 – 0829, pag. 82-89,
Romania.
[3] DRĂGHICI Iulian, DRĂGHICI Reta, CROITORU Mihaela, PARASCHIV Alina-Nicoleta, 2017.
Comportarea unor hibrizi de sorg pentru boabe în condițiile solurilor nisipoase din sudul Olteniei /
Behaviour of the grain sorghum hybrids under the sandy soils in the south of Oltenia, Annals of the
Research and Development Station for Plant Culture on Sands Dabuleni, Volume 21th, 2017, ISSN
2360 – 0829; ISSN-L 2360 – 0829, p. 68-76, Romania
[4] https://www.sorghum-id.com/ro/conservarea-resurselorin-apa-sorgulo-solutie-sigura/, România.
[5] Katia Karousakis and Pheoebe Koundouri, 2006. „Water Management In Arid And Semi-Arid Regions:
Interdisciplinary Perspectives – an introduction”, Water Management In Arid And Semi-Arid Regions:
Interdisciplinary Perspectives, ISBN 9781845429973, U.K.
[6] Kaufman RC, Wilson JD, Bean SR, Presley DR, Blanco-Canqui H, Mikha M., 2013. Effect of nitrogen
fertilization and cover cropping systems on sorghum grain characteristics, J Agric Food Chem. 2013
Jun 19;61(24):5715-9. doi: 10.1021/jf401179n. Epub 2013 Jun 5, Africa
[7] Kebede, H., Subudhi, P., Rosenow, D., Nguyen, H., 2001. Quantitative trait loci influencing drought
tolerance in grain sorghum (Sorghum bicolor L. Moench). Springer-Verla. Theor Appl Genet 103: 266276, Belgium.

730

INTERNATIONAL SYMPOSIUM

[8] Konstantinos Chartzoulakis, Maria Bertaki, 2015. „Sustainable Water Management in Agriculture under
Climate Change”, Agriculture and Agricultural Science Procedia, vol. 4, pag. 88-98,
https://doi.org/10.1016/j.aaspro.2015.03.011, Greece.
[9] Marinică Gh. Nicolescu M., 1996. Rezultate experimentale privind consumul de apă şi regimul de irigaţii
la cultura porumbului pentru boabe pe nisipuri modelate. Lucrări ştiinţifice ale SCCCPN Dăbuleni,
România.
[10] Marinică Gh., Gheorghe D., Ploae P., Baron Milica, Ciolacu Floarea,Ciuciuc Elena, Croitoru Mihaela,
Diaconescu A., Drăghici Reta, Drăghici I., Durău Anica, Ifrim Aurelia, Marcu Florentina, Marinică Alisa,
Nanu Şt., Ploae Marieta, Răţoi I., Şearpe Doina, Şoimu T., Toma V., Vladu Florentina, 2003. Cercetari
privind sistemul de agricultura pentru nisipuri si soluri nisipoase.Lucrări Ştiinţifice SCDCPN Dăbuleni,
vol. XV, Editura SITECH, Craiova, ISBN 973-657-514-4, pag. 17 – 27, România.
[11] Matei G., 2016. STUDY ON YIELD FEATURES OF SWEET SORGHUM HYBRIDS GROWN IN SOUTH
WEST OF ROMANIA. 16th International Multidisciplinary Scientific GeoConference SGEM 2016,
www.sgem.org, SGEM2016 Conference Proceedings, ISBN 978-619-7105-68-1 / ISSN 1314-2704,
June 28 - July 6, 2016, Book6 Vol. 1, 783-790 pp DOI: 10.5593/SGEM2016/B61/S25.104, Romania
[12] Matei Gh., 2011. Research on some technological measures for increasing the yields on grain sorghum
cultivated on sandy soils from Tâmbureşti, Annales Of The University Of Craiova, Agriculture,
Montanology, Cadastre Series (ISSN 1841-8317; ISSN CD-ROM 2066- 950X) - Congres ESNA 2011,
vol. XLI/1 2011
[13] N.Devnarain,, B.G.Crampton, R.Chikwamba, J.V.W.Becker, M.M.O'Kennedy, 2016. Physiological
responses of selected African sorghum landraces to progressive water stress and re-watering. South
African
Journal
of
Botany,
Volume
103,
March
2016,
Pages
61-69.
https://doi.org/10.1016/j.sajb.2015.09.008, Africa.
[14] Ploae P., D. Gheorghe, Gh. Marinică, 2002. Irigaţia - verigă esenţială a sistemului de agricultură
practicat pe solurile nisipoase din sudul Olteniei. În: Semicentenar ISPIF Bucureşti, pag. 141-146,
România.
[15] Pochiscanu Simona, 2015. Cercetări privind aplicarea unor secvențe tehnologice moderne la sorg
(Sorghum bicolor L.) în condițiile pedoclimatice din Centrul Moldovei, Teză de doctorat USAMV Iași,
Romania
[16] S. Palé, S. J. B. Taonda, B. Bougouma, S. C. Mason, 2010. Water and fertilizer influence on sorghum
grain quality for traditional beer (dolo) production in Burkina Faso, African Journal of Food Science Vol.
4(11), pp. 723 - 734, Africa.
[17] Smika, D. E., D. F. Heermann, H. R. Duke, and A. R. Bathchelder, 1977. Nitrate-N Percolation through
Irrigated Sandy Soil as Affected by Water Management, Agronomy Journal vol. 69, pag. 623-626
doi:10.2134/agronj1977.00021962006900040025x, S.U.A.
[18] Wortmann, C. S., A. J. Liska, R. B. Ferguson, D. J. Lyon, R. N. Klein, and I. Dweikat, 2010. “Dry land
performance of sweet sorghum and grain crops for biofuel in Nebraska,” Agronomy Journal, vol. 102,
no. 1, pp. 319–326, 2010. View at Publisher. View at Google Scholar View at Scopus, U.S.A.

731

INTERNATIONAL SYMPOSIUM

EVALUATION OF NATURAL RESOURCES IN THE AREA OF SANDY SOILS RELATED
TO THE REQUIREMENTS OF COWPEA PLANTS – A REVIEW
/
EVALUAREA RESURSELOR NATURALE DIN ZONA SOLURILOR NISIPOASE ÎN
RAPORT CU CERINȚELE PLANTELOR DE FASOLIȚĂ
Drăghici R.*1), Drăghici I.1), Diaconu A.1), Croitoru M. 1),
Matei Ghe. 2), Ciurescu G.3), Dima M.1)
1)

Research Development Station for Plant Culture on Sands Dăbuleni, Romania
2)
University Craiova / Romania
3)
National Research - Development Institute for Animal Biology and Nutrition Balotești, Romania
*Corresponding author’s email: retadraghici@yahoo.com, Telefon: +40-251-33.44.02 / Fax: +40-251-33.43.47

Keywords: Vigna unguiculata, climate, soil, sowing, fertilization, irrigation
ABSTRACT
The researches were carried out between 1989 and 2018, in the conditions of the sandy soils of southern Oltenia,
and aimed response of the cowpea plant to the action of biotic (genotype) and abiotic factors (epoch of sowing,
space of nutrition, fertilization, irrigation). The results obtained in different varieties of cowpea showed production
of 1522-2706 kg / ha, the maximum being achieved at the Aura 26 variety, followed by the Ofelia variety, which
registered very significant production differences, of 1008-1184 kg / ha), compared to the control variety, Jiana.
The application of two foliar fertilization to the cowpea, has achieved production increases, differentiated according
to agrofund. The maximum grain production level of 2757 kg / ha was recorded by fertilization with N60P60K60 +
Green Plant (9-45-15 + 6 microelements. The sowing of the cowpea between April 21 and May 10, when in the air
accumulated about 30.8-72 0C biologically active, led to a uniform rise of the cowpea. The researches on the
interaction genotype - the space of nutrition, showed productions between 1600 - 2451 kg / ha, the maximum
being achieved by the variety Ofelia sown at a density of 20 germinable seeds/m2. The results of the sources for
covering the needs of water, showed that the cowpea ensures its 4% of reserve soil, 60% of the rainfall and 36%
of the irrigation, compared with soy, which supplies the most water through irrigation (60%).
REZUMAT
Cercetările au fost efectuate în perioada 1989 - 2018, în condițiile solurilor nisipoase din sudul Olteniei și au vizat
răspunsul plantei de fasoliță la acțiunea unor factori biotici (genotip) și abiotici (epocă de semănat, spațiu de
nutriție, fertilizare, irigare). Rezultatele obținute la diferite soiuri de fasoliță au evidențiat producții de 1522-2706
kg/ha, maximul realizându-se la soiul Aura 26, urmat de soiul Ofelia, care au înregistrat față de soiul martor (Jiana)
diferențe de producție foarte semnificative, de 1008-1184 kg/ha. Aplicarea a două fertilizări foliare la fasoliţă a
adus sporuri de producție diferențiate în funcție de agrofond. Nivelul maxim al producției de boabe de 2757 kg/ha
s-a înregistrat la fertilizarea cu N60P60K60 + Green Plant (9-45-15+6 microelemente). Semănatul fasoliței în
perioada 21 aprilie - 10 mai, când în aer s-au acumulat cca 30,8-72oC biologic active, a condus la o răsărire
uniformă a fasoliței. Cercetările privind interacțiunea genotip - spațiul de nutriție, au scos în evidență producții
cuprinse între 1600 – 2451 kg/ha, maximul fiind realizat de soiul Ofelia semănat la o densitate de 20 boabe
germinabile /m2. Rezultatele privind sursele de acoperire a necesarului de apă, au arătat că fasolița își asigură 4%
din rezerva solului, 60% din precipitații și 36% din irigații, comparativ cu soia care cea mai mare cantitate de apă
și-o procură prin irigații (60%).
INTRODUCTION
In Romania, the sands and sandy soils occupy an area of 439,000 ha, of which 209,400 ha are in Oltenia,
being characterized by low natural fertility, determined by the low content in organic matter and fertilizing
elements. The reduced capacity of water retention by the soil, the global and regional climatic changes of the
last two decades, the decline of forests and forest curtains anti-deflationary, the strong anthropic character
printed to significant surfaces, place the sandy soils in the category most vulnerable to drought. The extension
of the arid areas with visible desertification accents, determines the orientation in the use of sandy soils towards
new concepts that harmonize the current practices with new techniques, through which the natural phenomena
mentioned are attenuated. The variability of climate, especially the lack of rainfall and low fertility psamo-pelitic
soils, surface causes quite large yields from crops to be much diminished. In this context, the choice of product
of plants, varieties with high adaptability to harsh climatic and soil conditions, it is a necessity to obtain high
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yield, safe and stable. Cowpea (Vigna unguiculata L. Walp), is one of the plants that harnesses with good
results the ecopedological potential of the sandy soil areas in Romania, due to its drought resistance and the
low claims to the soil's natural fertility. Originally from Central Africa, cowpea is considered one of the oldest
vegetable crops for grains on the three continents of the "Old World" (Zăvoi A. and Bleoju Maria, 1989).
Spreading of cowpea on a large area, attracted by its cultivation under different climatic, geographical and
edaphic conditions, representing a good alternative for the cultivation of beans for beans and soy, plants very
sensitive to stressors in areas with excessive drought (Drăghici Reta, 2018, Thomas R. Sinclair et al., 2015).
MATERIALS AND METHODS
The studies were conducted between 1989 and 2018, at Research Development Station for Plant Culture
on Sands Dăbuleni, Romania, under irrigation conditions, on sandy soil with a low nitrogen content (0.0250.13%), well supplied with phosphorus (75 - 102 ppm), reduced to potassium-supplied medium (61 -98 ppm),
with low organic carbon content (0.09% - 0.38%) and a low acid-to-neutral pH (5.6 and 6.9). The aim of the
research was to evaluate the natural resources in the area of sandy soils in relation to the requirements of the
cowpea plants, by studying some biotic (genotype) and abiotic (time of sowing, nutrition, fertilization, irrigation)
factors in the area of sandy soils. The experiments were placed in the field, according to the method of
randomized blocks and subdivided plots, according to the experimental technique. There were performed:
determinations of plant biology, biometrics, drought resistance and plant productivity, depending on the studied
factors. The obtained results were calculated and interpreted by the method of analysis of variance and with the
help of mathematical functions.
RESULTS
Analysis of climatic conditions. From the analysis of the climatic conditions, recorded during the
vegetation period of the bean (May-August), they showed the increase of the temperatures of the last 10 years,
compared to the multiannual average, which, in conjunction with the recorded precipitations, led to the
accentuation of the drought phenomenon (Figure 1). Thus, compared to the multiannual average, the average
temperature in the air increased by 1.010C, and the precipitations registered insignificant increases (5.97 mm).
The amount of 227.82 mm of rainfall, recorded between 2008 and 2017, was unevenly distributed, in relation to
the requirements of the cowpea plant, requiring the application of irrigation in the critical phases for water
(sunrise, differentiation of flower stems, flowering-bud formation). The weather conditions, recorded between
2015 and 2017, underline the increase in the drought phenomenon during the vegetation period, by increasing
the air temperature by 1.41 0C, compared to the multiannual average. The analysis of the thermal and water
resources has shown a tendency to accentuate the drought in the last two decades, with adverse effects on the
agriculture of southern Oltenia (Mihaela Croitoru, 2014 quoted by Burzo I., 2014). In order to avoid the negative
consequences of the thermohydric stress in the area of sandy soils, it was necessary to find solutions, including
the choice of plant species with higher tolerance to drought conditions. Cowpea is a heat loving plant, from
which from the germination to the end of the vegetation period, all the vital processes of the plant are carried out
in conditions of temperature above 10 0C. Under these conditions, cowpea can be an alternative to bean or
soybean cultivation, plants that are unprofitable in culture on sandy soils.
Analysis of soil conditions. Cowpea is a species with low requirements to the soil, and from this point
of view the areas with sand and sandy soils offer favourable conditions for plant growth and development. The
sandy soils of southern Oltenia have different origins (Tufescu V., 1966), occupy the largest area in the country
(209.4 thousand ha) and are located both on the Danube terraces and between Jiu and Olt and the Western
Plain of Oltenia. From a hydrophysical point of view, they are characterized by low values of the wetting
coefficient (1.1 - 2.1%), field capacity (7.5 - 9.3%) and by high values of the apparent density on the depth 1.0 m
(1.47 - 1.48 g / cm3). The specific heat is low, and the caloric conductivity is high, causing very high
temperatures during the summer at the surface of the soil (over 60 ° C). According to the chemical components,
the sandy soils have a higher content of silicon dioxide and carbonates and are poorer in humus (below 1%).
The total nitrogen content ranges from 0.03 - 0.09%, are poorly supplied with potassium (55 - 87 ppm) and well
supplied with phosphorus (35-72 ppm). The pH value, in the plowed soil layer, is between 6.12 and 6.23,
maintaining above 6.0 throughout the soil profile, values indicating a weak acid-neutral reaction Being a
leguminous plant, which leaves in the soil, after a cycle of vegetation, about 40-100 kg (Gheorghe D. et al.,
2009), cowpea are an important source of soil improvement In 1991, Ion Petre emphasized the role of beans,
used as a green fertilizer in successive culture on sandy soils, a culture system he called "green agriculture".
The results obtained in this respect showed that for a period of three years, in the soil layer of 0-20 cm, the
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cowpea contributed to an accumulation of 0.34% organic carbon, compared to the control, where they
accumulated 0.009%.
Biological resource. The research carried out on sandy soils in Romania (Reta Drăghici et al, 2018),
underlined that the vegetation period of four cowpea genotypes was carried out during 91-103 days, with a total
thermal requirement of 2096 - 2353.9 0C (Table 1). Compared to the Jiana variety, which is very late, the Aura
26 and Doljana cowpea genotypes were highlighted by an early age of 11-12 days. Being a leguminous plant,
the cowpea form on their roots numerous nodules, in which bacteria that fix atmospheric nitrogen develop The
results obtained by K.O. Awonaike and others (1990), by treating the seeds of three varieties of cowpea (Ife
Brown, Ife BPC and AFB 1757) with Bradyrhizobium cowpea, showed biological fixation of about 74-16.87 kg /
ha of nitrogen in the air. The determinations carried out on four bean genotypes, revealed an intense symbiotic
activity in the flowering phase of the plant (111.6 - 129.5 nodosities / root), which confirms the role of the plant in
fixing the biological nitrogen in the air. The statistical analysis on the functional links between the values of the
foliar index and the vegetative growths of the plant indicate positive correlations with the height of the plant and
significantly positive with the weight of the plant biomass (Table 1).

Fig. 1. Evolution of climatic conditions during the vegetation period of the cowpea (2008-2017)

Under the conditions of the years 2015-2017, the cowpea registered between 1522-2706 kg / ha grains,
the maximum being achieved at the Aura 26 variety, followed by the Ofelia variety, which recorded, compared to
the control variety (Jiana), very significant production differences, from 1008-1184 kg / /ha. Intraspecific
competition between plants takes place during the development of the foliar system and the root system, and
the obtained results show that there have been increased increases in energy biomass as the plant is grown in
an area as similar to the one of origin, (RB Dadson, 2005, HA Ajeigbe et al., 2010, MF Ishiyaku and H. Aliyu,
2013, Abe S. Gerrano et al., 2015). The results obtained from the four varieties of cowpea, show that they have
developed a rich vegetative mass, with an index of the leaf surface in the flowering phase of the plant, between
5.13 - 7.265, which correlates significantly negatively with the number of pods / plant and the grain production
obtained (Figure 2). Therefore, cultivation of the appropriate variety (for grains or fodder / green fertilizer) and
ensuring optimum sowing density have a decisive role in the formation of productivity elements in cowpea.
734

INTERNATIONAL SYMPOSIUM

Table 1
Biological characteristics of some varieties of cowpea studied under sandy soils of Romania (2015-2017)
Vegetation period
Plant
Plant
Number of
Genotype
height
weight
Index
foliar
nodules
/ root at
No. days
∑ 0C
(cm)
(g)
flowering
129.5
Jiana
103
2353.9
111.33
173.75
7.265
114.8
Aura 26
91
2096
82.33
147
5.13
Ofelia

95

2187.8

91.87

136.55

5.495

136.2

Doljana

92

2115.4

81.4

151.65

6.58

111.6

Correlation between leaf index and plant weight

Y = 15.728x2 - 181.04x + 659.75; R² = 0.972; r = 0.985*

Correlation between leaf index and plant height

Y = 14.646x2 - 171.95x + 584.93; R² = 0.7027; r = 0.838

The correlation between height and weight plant

Y = 0.1093x2 - 20.288x + 1077.7; R² = 0.996; r= 0.998**

Fig. 2. Correlations between the leaf surface index and the productivity of the cowpea plant
(number of pods / plant and grain yield)

Requirements for nutrients. In the intensive agriculture, which claims to obtain high yields while
maintaining soil fertility, the importance of using chemical fertilizers is unquestionable. Research conducted
worldwide shows that fertilization contributes approx. 40% when growing crops per unit area, and the results
obtained in different countries of the world are correlated with the quantities of fertilizers applied (Hera Cr.,
2002, Reta Drăghici, 2015, 2016). Without proper fertilization, the productive potential of the newly created
varieties cannot be realized, and research results have shown that when a single nutrient is deficient in the
plant, the crop is limited, although the other elements are in adequate quantities (Hera Cr., Borlan Z., 1980).
Although the cowpea is an unpretentious plant for natural soil fertility, however, the issue of fertilization
has been addressed in several countries in order to obtain large and stable crops (Drăghici Reta, 1999,
Gheorghe D. and Șuteu GE, 1988, in Romania, KO Awonaike et al., 1990, in African countries). The results
obtained under the influence of foliar fertilization, highlight the importance of microelement nutrition together
with the macro-elements contained in 4 types of foliar fertilizers tested on the cowpea grown on sandy soils
(Table 2). The application of two foliar fertilization to the cowpea, has brought different production increases
depending on the agrofond. From the interaction of the two studied factors (root fertilization and foliar
fertilization), the maximum level of grain production, of 2757 kg / ha, was registered at fertilization with N60P60K60
+ Green Plant (9-45-15 + 6 microelements). The foliar fertilization brought statistically assured production
increases, compared to the untreated, to cowpea plants grown on N0P0K0 and N60P0K0 agrofunds.
Requirements for thermal resources. The results obtained on the unirrigated sands, by Zăvoi A.,
(1967), showed that the sowing of the beans should be done after the time became stable and with minimum
temperatures higher than 10-12 0C, usually recorded in the first decade of May. Research conducted by
Drăghici Reta, between 1989 and 1998 on Jiana and Aura cowpea varieties, underlined that for an 84 - 100%
plant emergence, the Jiana variety needs 30.8 - 47.8 0C biologically active in the air , and the Aura variety
needs about 47.6 - 72.0 0C biologically active, temperatures that are usually recorded between April 21 and May
10 (Tables 3, 4).
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Table 2
The influence of root and foliar fertilization on the production of beans obtained from cowpea (2011-2012)
Fertilization variants
Grain yield
The difference
No.
Radicular
Foliar fertilization
var. fertlization
kg/ha
%
Kg/ha
significance
Composition of foliar fertilizer
Foliar fertilizer
(N-P-K + microelement)
1
N0P0K0
Unfertilized
1262.5 100
Mt.
Mt.
2
Green Plant
26-5-12+Zn
1811.5 143
549
*
3
Green Plant
20-20-20+microelem
1964
156
701.5
**
4
Green Plant
9-45-15+6 microelem
1791.5 142
529
**
5
Timasol
15-15-30+13 microelem
1699
135
436.5
*
6
N60P0K0
Unfertilized
1976.5 100
Mt.
Mt.
7
Green Plant
26-5-12+Zn
2069.5 105
92.52
8
Green Plant
20-20-20+microelem
2215
112
238.5
9
Green Plant
9-45-15+6 microelem
2492.5 126
515.5
**
10
Timasol
15-15-30+13 microelem
2386.5 121
410
**
11
N60P60K60
Unfertilized
2387
100
Mt.
Mt.
12
Green Plant
26-5-12+Zn
2369
99
-18
13
Green Plant
20-20-20+microelem
2512.5 105
125.5
14
Green Plant
9-45-15+6 microelem
2757
116
370
15
Timasol
15-15-30+13 microelem
2645
111
258
LSD 5% - 408 kg/ha; LSD 1% - 554.5 kg/ha; LSD 0,1% - 740 kg/ha

When sowing is done early, the percentage of plants at sunrise is reduced, as a result of the
appearance of low temperatures during the germination period, temperatures that cause the hypocotyl axis curl,
root rot or even disturbance of the root geotropism, which sometimes goes to the surface, where the
temperature rises sharply during the day. Also, the germinated plants after a longer period of time when
temperatures have fluctuated around 10 0C, are weaker, compared to those germinated under optimal
temperature conditions. The number of days from sowing to the plant’s emergence varies, both depending on
the size of the temperature achieved in the soil and its stability in this range around 14.3 – 19.70C. By sowing
the cowpea in the optimum season (April 21 – May 10 – in the Jiana variety and May 4 – 8 in the Aura variety),
the highest grain yields 2370 – 2572 kg / ha are obtained.
Table 3
The influence of the sowing season on the grain yield in the Jiana cowpea variety (1989 - 1991)
% Plants from:
Grain yield
Sowing time (Temperature
Average number of days,
from sowing to
recorded in the soil at 10 cm depth,
plant
Dif. kg/ha
7 o'clock with increasing tendency) emergence of the plants emergence harvesting kg/ha
0
8 C
19.0
19-63
12-32
954
Mt.

50.3

7 days after the first sowing time

13.7

52-72

15-57

1211

257

55.1

14 days after the first sowing time

11.0

65-81

46-72

1860

906***

22.9

21 days after the first sowing time

8.6

84-98

61-96

2370

1416***

19.4

28 days after the first sowing time

6.0

96-100

94-96

2178

1224***

14.4

Date of the first epoch:

31.III.'89
04.IV.'90
18.IV.'91

LSD 5%=
LSD 1%=
LSD 0.1%=

s%*

404
582
886

*s% = coefficient of variability
Table 4
The influence of the sowing season on the grain yield in the Aura cowpea variety (1996 - 1998)
Average number of
% Plants from:
Grain yield
Sowing time (Temperature recorded
days, from sowing
in the soil at 10 cm depth, 7 o'clock
plant
to emergence of the emergence
kg/ha Dif. kg/ha
with increasing tendency)
harvesting
plants
8 0C
12.6
43-80
36-77
1539
Mt.
7 days after the first sowing time
12.0
64-88
60-85
2126
587*
14 days after the first sowing time
9.6
85-100
78-94
2572
1033**
21 days after the first sowing time
7.6
90-100
87-95
2526
987**
28 days after the first sowing time
8.3
88-100
86-98
2131
952**
Date of the first epoch:
24.IV.'96
LSD 5%=
535
22.IV.'97
LSD 1%=
770
20.IV.'98
LSD 0.1%=
1132
736

s%
58.2
28.2
6.9
14.1
30.9
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The nutrition space of the plant. The issue of plant density and of the soil-climate-agrotechnical
relationship is of even greater importance than its optimal realization, that is, ensuring an optimal number of
plants at the surface unit, is the basis of obtaining increased production with minimal additional expenses (Sipoș
Gh. Et al., 1981). The researches carried out on the cowpea crop have highlighted the close connection
between the variety and the space of the plant's nutrition (Robertson B.M., 1985, Drăghici Reta, 2000, Alpha Y.
Kamara et all., 2018). The size of the nutrition space influenced the growth and development processes of the
plant, with implications on the level of production obtained (Figure 5). Compared with the provision at seeding of
10 germinated seeds per square meter (10 g.s./m2), when 1814 kg / ha was registered, we observed increases
of grain production by 151 - 483 kg / ha by increasing plant size. There were very significant production
differences of 483 kg / ha through sowing of 25 g.s./m2. Exceeding this density has led to a decrease in grain
production. The researches on the interaction genotype - the space of nutrition, revealed productions between
1600 - 2451 kg / ha, the maximum being achieved by the variety Ofelia (Figure 3). It was noted, the increase of
grain production up to the density of 20 g.s./m2 in the Ofelia variety and up to the density of 25 g.s./m2 in the
Aura and D2-b / 93 genotypes.

Fig. 3. The influence of the nutrition space on the yields obtained
on some cowpea genotypes created in Dăbuleni

Water requirements of the bean plant. Research conducted between 1986 and 1993 by Marinică
Ghe., has shown that the high-water requirements for the imbibition and germination of cowpea seeds are
usually provided by the soil reserve and the rainfall during the first half of May. If in this interval the drought
occurs in the surface layer (0 - 20 cm), a watering of the sun is required, with a reduced watering norm (150 200 m3 water / ha). During the first 30-40 days, the cowpea has a slow growth rate, during which time the root
system develops. During this time, watering is not required. The need for water increases after the formation of
the 4th and 5th leaves, registering the maximum during the period of formation of the floral organs, flowering
and formation of the pods. Researches that focused on water consumption and its sources of cover for cowpea,
under the conditions of sandy soils, revealed the drought resistance of the cowpea, compared to soy (Table 5).
For water consumption, needed throughout the vegetation period, the cowpea uses 4% of the soil reserve, 60%
of the precipitation and 36% of the irrigation, compared to the soybean, which supplies the most water through
irrigation (60%).
Table 5
Water consumption and sources of cover for cowpea and soybeans grown on sands (Marinică Gh., 1986-1993)
Water Sources
Grain
Water
Species
Yield
consumption
Soil reserve
Rainfall
Irrigation
(kg/ha)
(m3/ha)
%
m3/ha
%
m3/ha %
m3/ha
Cowpea
2570
4160
4
160
60
2500
36
1500
Soy
3020
7340
6
450
34
2500
60
4480
737
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CONCLUSIONS
1. Cowpea (Vigna unguiculata Walp L.) is one of the plants which exploit with good results the
ecopedological potential of the sandy areas in Romania, due to its resistance to drought and reduced
requirements to the natural fertility of the soil.
2. The cowpea varieties recorded between 1522-2706 kg / ha grains, the maximum being achieved at the
Aura 26 variety, followed by the Ofelia variety, which registered very significant production differences
compared to the control variety (Jiana), of 1008-1184 kg/ha.
3. Fertilization with N60P60K60 + Green Plant (9-45-15 + 6 microelements) has led to the best results on
cowpea.
4. In the conditions of sandy soils, the sowing of the cowpea, should be done after the time has become
stable and with minimum temperatures higher than 10 - 12 0C, temperatures that are usually recorded in
the first decade of May.
5. The sowing of the cowpea between April 21 and May 10, when in the air accumulated about 30.8-72 0C
biologically active, led to a uniform emergence of the plants
6. The researches regarding the interaction genotype & the space of nutrition, showed productions
between 1600 - 2451 kg / ha, the maximum being achieved by the variety Ofelia, sown at a density of
20 s.g./m2.
7. The results regarding the sources of coverage of the water need for the plant, showed that the cowpea
oil provides 4% of the soil reserve, 60% of the rainfall and 36% of the irrigation.
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ABSTRACT
The paper presents a study on innovative solutions in the field of eco heating systems of SMART
agricultural farms, by capitalizing on renewable resources in efficient conditions, care for the environment and
climate actions.
REZUMAT
Lucrarea prezintă un studiu privind soluții inovative în domeniul sistemelor de încălzire ecologică a
fermelor agricole SMART, prin valorificarea resurselor regenerabile, în condiții de eficiență și grijă față de mediu
și acțiunile climatice.
INTRODUCTION
Worldwide, wind energy, water energy, geothermal or biomass energy are used to produce electricity and
supply it to national energy networks. Solar energy, geothermal energy and biomass are used both for heating
and cooling surfaces.
In all the countries with notable achievements regarding renewable energy, an essential impact on the
development of this field was represented by the adoption of a large number of stimulating legislative
regulations, including different forms of subsidies. At present, the market is constantly developing, for all types
of renewable energy. Among the renewable energy sources, the most important source in the EU-28 was wood
and other solid biofuels, accounting for 42.0% of the primary energy production from renewable sources in
2017. Wind energy occupied, for the first time, the second place in terms of contribution to the energy mix from
renewable sources (13.8% of the total), followed by hydropower (11.4%). Although their corresponding levels of
production remained relatively low, there was a particularly rapid expansion of biogas production, liquid biofuels
and solar energy, accounting for 7.4%, 6.7% and 6.4% of EU-28 energy from renewable sources produced in
2017 [10].
The international community has set the objectives, restrictions and measures necessary for the rapid
promotion of solar systems in accordance with the principles of sustainable development. Moreover, by the
Kyoto Protocol, signed in 2005, the target for 2010 was to obtain energy from unconventional sources for more
than 12% of the total needs and to produce more than 21% of the electricity needs from clean energy sources.
[1].
The current research directions aim to respond to the measures required to ensure the energy resources
needed for sustainable development in the context of the rapid depletion of conventional resources.
Romania has insufficient potential exploited in the field of renewable energy resources and given the
favourable climatic conditions in our country, they allow the promotion of renewable forms of energy, in order to
save primary resources, to improve energy efficiency and reduce pollution. Several EU and national funding
programmes are available to encourage the production and use of energy from renewable sources, with one
such source from the EU being the European Agricultural Fund for Rural Development (EAFRD) [9].
Such regulations consist, for example, in subsidizing the price of all types of solar panels for the
production of hot water, or the acquisition by the national energy company of Germany, the European country
with the greatest concern in the field of renewable energies, of the electric current produced by means of
photovoltaic panels, at a much higher price than the electricity selling price, for a period up to 25 years. At the
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University Politehnica of Bucharest (UPB) there is the largest photovoltaic panel plant in Eastern Europe,
according to UPB representatives. The power plant has an installed power of 30.18 kW and started to operate in
May 2006. The photovoltaic system (216 panels) from the UPB is part of a European project called PV
Enlargement 30 that gathered 28 partners in Europe [2].
MATERIALS AND METHODS
The research method used was the critical analysis of knowledge through the study of reading sheets of
articles in the literature (consulting the international scientific databases Thomson ISI, ScienceDirect,
SpringerLink, ULRICHS, CABI, Romanian Editorial Platform SCIPIO, ELSEVIER / SciVerse, SCIVerse
specialized works in the approached field, such as: specialized books, technical magazines, studies of
technical-scientific foundation, reports of experiments, web pages of companies producing technical equipment
in the field, etc., both in the country and abroad, including works elaborated by INMA Bucharest team of
specialists).
RESULTS
The trends at national and international level regarding the innovative solutions in the field of systems for
the organic production of hot water and heat input used in agricultural farms are presented below:
A. SOLAR SYSTEMS FOR HOT WATER PRODUCTION
The efficiency of these systems is high, being around 75% compared to the average annual energy of the
incident solar rays 1350 W/m² in Romania, because almost the entire spectrum of solar radiation is used for the
production of thermal energy.
1. Non-pressurized compact solar system
A compact solar system includes a panel with a variable number of solar tubes, a built-in tank, a mounting
frame and an additional electrical resistance with a power of 1500W, controlled by the control panel [8]. It works
on the principle of the thermosiphon: it collects solar heat and transfers it, heating water. This principle is based
on two components: dark coloured objects absorb heat and hot water rises in the tank. The collecting tubes
absorb the sun rays; they heat water that rises in the tank, cold water moves into the collectors, where the
process is repeated (fig. 1). The solar system can be easily integrated with the existing water heating systems in
the housing (electric boiler, wood, power plants), as shown in figure 2.

Fig.1. Non-pressurized compact solar system [11]
Fig. 2 Functional scheme of the water heating system [12]
Notes: 1. cold water enters the boiler; 2. the heat is transferred by coils; 3. the hot water is run to be used;
4.
return pipeline cold water to the solar panel; 5. the controller starts the pump to push the water; 6.the water is heated in the
solar collector; 7. hot water flow pipe from solar panel.

In recent years, more and more people and companies resort to the solution of using solar panels for the
production of domestic hot water or for industrial use.
The first step in implementing such a solution is to see what such an investment consists of. Solar panels
are obviously a basic component but in addition to the panels we also need other equipment.
Depending on the complexity of the application we can speak mainly of two variants of solar installations:
 solar systems with free circulation (or thermosiphon), simpler and mainly intended for low water
consumption;
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 solar systems with forced circulation that, depending on the size, can cope with any consumption
as high as possible.
A solar system with forced circulation has the following components [3]:
 one or more solar panels, either flat or with vacuum tubes;
 one or more hot water storage boilers;
 pumping station;
 automation station, or controller;
 expansion vessel or vessels;
 pipes and solar insulation;
 connecting elements and antifreeze.
2. Complex solar systems with pressurized solar panel
A complex solar system comprises the following main components [6]:
 solar panels with superconducting vacuum tubes (heat-pipe) type FCY-1858;
 pumping group including pump, getter, fill/drain valve, flow meter, pressure valve, thermometer,
manometers, isolation kit of the pumping group;
 automation;
 solar type expansion vessel;
 solar boiler with additional electrical resistance.

Fig. 3 Solar panel FCY-1858
[13]

Fig. 4 Diagram of the heat transfer
between the basin and the copper rod
[13]

Fig. 5 Solar pumping group [14]

The solar panel is made up of: clamping frame, basin, copper rods (heat-pipe) and vacuum tubes. The
most important components in a solar panel are the copper basin and rods. These two components determine
the difference in performance between the different types of solar panels with vacuum tubes. The pumping unit
is equipped with a solar recirculation pump (allows operation with solar antifreeze), manometer, thermometers
both on flow and on return, flow meter, safety valve, taps for isolation/loading/direction, manual bell getter,
antifreeze charge taps and tap for flow fine-tuning. DC solar electronic pump automation is done with a solar
controller with a supply voltage that can vary over a wide range, allowing it to be powered from a photovoltaic
panel.

Fig. 6. Operation diagram of a complex solar system with pressurized solar panel [15]

B. CONVECTIVE HEATING SYSTEMS WITH HOT WATER – AIR HEATERS
In the industrial heating technology is used the equipment which solves the heating of the rooms by
blowing hot air, which heats the air inside. In the case of the old traditional systems (centralized, central heating)
the most widespread solution for heating was the use of steam and hot water by means of ventilation. [7].
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A serious problem with these systems is the high maintenance cost, due to significant transport losses
and corrosion processes.
However, it may be a preferred solution for smaller heating systems or hot water systems, where they are
used for convective heating or for DHW domestic hot water production.
Air curtain with heating battery with thermal agent
The air curtain is intended for use in regions with a moderate and cold climate, in areas where the
temperature ranges from -10 to + 40°C, without external factors, such as the presence of pollen and
precipitation. In winter, air curtains protect against heat loss from rooms by directing an air flow in the direction
of the entrance to prevent cold air from entering the heated space.
Benefits:
 high performance parameters: air flow 4900 m³/h, air jet length up to 4 m;
 PTC technology for electric air heaters;
 low noise level, reduced mass.

Fig.7. Air curtain with heating battery with thermal agent [17]

C. INTELLIGENT AUTOMATION AND CONTROL SYSTEMS FOR HEATING SYSTEMS
Temperature control can be achieved with modern solutions consisting of sensors, thermal relays and
thermomotors. The normal or economic regime works according to a scenario predetermined by the owner.
Changing temperatures can be done simply, directly on the sensor or on the mobile phone.
Integrated system of intelligent farm automation:
The AGR company designs and implements an intelligent housing system from the agricultural farm in a
personalized way, according to the habits, needs and lifestyle of each family and each member. It aims first and
foremost to simplify and improve comfort, so a simple push of a button should be enough because lowering the
blinds, shutting off lights throughout the house, adjusting the temperature for a cold night, arming the antiintrusion system, things that will save some roads, will save time and will certainly increase the comfort level.
Heat group automation:
A thermal group serving a building includes hydraulic equipment, automatic regulators, pumps,
actuators, etc. The regulation of the temperatures of the thermal agent, the priorities of charging the boilers
and/or the heating installations, the selection of the most efficient heat sources (heat pump, solar panels, gas
boiler, electric boiler, wood boiler) are realized with programmable automatic controllers, depending on the
automation installation.
The regulation of the thermal agent temperature can be done in 2 ways [4]:
A. Fixed point adjustment;
B. Adjustment compensated with the outside temperature.
We analyse an underfloor heating system:
Variant A: Fixed point adjustment. It is the most popular solution used. This mode of adjustment
ensures a constant, preset temperature of the thermal agent. By mixing the thermal agent from the generator
(heat source) with the return of the heating system, a constant temperature (for example: 40°C) will be ensured
in the installation.
Variant B: Adjustment compensated with the outside temperature
This system will dynamically adjust the temperature of the thermal agent depending on the outside
temperature. Choose a heat curve (preset in the automatic controller). The regulator will regulate the increase of
the temperature of the thermal agent with the decrease of the external temperature. For example, if we choose
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curve of 0.5°C and outside are + 15°C, the thermal agent will have a temperature of 27°C. If outside is 0°C, the
temperature of the agent will increase by 7.5°C, so 34.5°C. If outside is -15°C then the temperature of the
thermal agent will be 42°C. Obviously, each temperature will correspond to a temperature of the thermal agent.
The maximum and minimum temperature of the thermal agent is fixed in the regulator avoiding the
heating/cooling over certain thresholds.
Automation of temperature control in rooms
Adjusting the desired temperatures in each room or area of the building is important because the
orientation of the spaces (sun exposure) is usually different. Not having an independent temperature control
system, there are situations when in the room exposed to the sun the temperatures will be raised causing the
heating system to stop and in the northern rooms it will be cold. To avoid such situations, it is recommended to
install temperature sensors in each room.
Room temperature control can be done with conventional thermostats that control a thermomotor
installed on the space heating circuit. Here the setting is local and each occupant of the room pre-sets the
thermostat according to a desired scenario [5].
Temperature control can also be achieved with modern solutions consisting of sensors, thermal relays
and thermomotors. These pieces of equipment interact with each other on a communication cable called bus
and they have many advantages:
 high temperature measurement accuracy;
 maintaining a constant temperature with variations of + 0,1°C;
 display of temperatures on the display or on smart phones;
 changing the temperatures on the phone or according to different scenarios;
 total control of the heating/cooling system remotely, etc.

Fig. 8. Intelligent system control unit TopTronic from Hoval [16]

Incorporated in the latest generation of boilers and heat pumps, revolutionary system control unit
stands out for its simplicity, modularity, connectivity and represents a new experience for users. It easily
coordinates systems based on one or more energy sources, with heating or cooling, with single or cascading
units with up to eight units. There are no other complications generated by different control units for different
applications and system configurations.
With the TopTronic®E control unit connected to the internet, it can provide monitoring and optimization
services from a computer. At the same time, the control system, smart and easy, can be accessed online and
remotely [16].

Fig. 9. Start-up Assistant, accessed online and remotely [17]
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The use of new innovative systems in a SMART farm will guarantee a comfortable level of heating inside
a solarium, will display real-time and past information related to the performance and efficiency of the heating
system and will ensure the maintenance with accuracy of the microclimate parameters programmed via
smartphone.
CONCLUSIONS
Solar panel installations (which are different from photovoltaic panels, which produce electricity) can
provide hot water and up to 35-40% of the heat needed for a home on an agricultural farm during the cold
season.
With intelligent heating solutions in SMART farms offered by companies from abroad, it is possible to
remotely control the heating via a smartphone from wherever there is an internet connection or wirelessly adjust
the thermostats of a thermal heater, electrical or hydraulic systems of underfloor heating and can provide
accurate and complete control of all elements of a farmer's home heating system.
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ABSTRACT
Currently, the mapping of agricultural lands is done mostly manually, by a technician who goes on the
field and takes soil samples from place to place. The process is time-consuming, expensive and has a low
degree of precision. The present article aims to identify the trends and solutions existing in the field of
equipment that perform soil sampling, as well as to elaborate a comparative analysis on the technical
performances of these equipment.
REZUMAT
În acest moment, cartarea terenurilor agricole, în cea mai mare parte, se realizează manual, prin
deplasarea unui tehnician pe teren și prelevarea de probe de sol din loc în loc. Procesul este unul de durată,
costisitor și are un grad scăzut de precizie. Articolul își propune să identifice tendințele și soluțiile existente în
domeniul echipamentelor care efectuează prelevarea de probe de sol, precum și să realizeze o analiză
comparativă a performanțelor tehnice ale acestor echipamente.

INTRODUCTION
Agriculture has developed into a technologically advanced industry and it currently plays a substantial
role in global sustainability. The world population is projected to reach 8.5 billion in 2025, which will be more
than double the population in 1992 (Roy, 2011). This increase in population creates increased demand for
agricultural outputs. Agriculture must provide an ever-increasing amount of quality food, fiber, feed, and fuel for
humankind. And it must do this in a manner that is environmentally, economically and socio-politically
sustainable. This will become even more challenging in the future as there is no single technology that can
solve this problem. The development and proper implementation of precision agriculture therefore can be a
great help toward achieving this very important task.
Meeting the production and sustainability needs for plant agriculture in the future is a difficult task.
Existing and to-be-developed precision agriculture technologies must be effectively and efficiently integrated
into the crop production systems to contribute to increased production and sustainability (Zhang, 2016).
Precision agriculture refers to an emerging set of technologies to simultaneously help meet the abovementioned demand and also promote sustainability. It is a rapidly developing set of technologies that aids
management decisions in agricultural entities. Precision agriculture aids in making more informed management
decisions that may lead to greater profitability. It involves multiple technologies and disciplines, collects diverse
data, and effectively analyses it to improve production efficiency while minimizing costs. Precision agriculture
manages each crop production input-fertilizer, limestone, herbicide, insecticide, seed, etc. on a site-specific
basis to reduce waste, increase profits, and maintain the quality of the environment (Ullah et al., 2017). While
traditional practices manage whole fields as a single unit, in modern precision agriculture, the farm management
unit is shifted from whole fields to small areas within fields. Precision agriculture creates a systematic approach
to managing variability by focusing on small areas within fields (Davis et al., 2010).
There are some useful technologies that precision agriculture calls on (Kerry et al., 2010), some of which
are shown in fig.1.
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Fig. 1 - Precision agriculture technologies (Ullah et al., 2017)

Table 1 shows examples of current precision agriculture technologies and their functions (Harrell, 2014).
Table 1
Current precision agriculture technologies
Precision Ag Technology

Function

Field boundary mapping

Create georeferenced field borders.

Automated steering

Equipment follows predefined paths through field.

Lightbar/On-screen guidance

Navigation guided by GPS.

Yield monitoring

Collects georeferenced yield data at harvest.

Drain mapping

Determines best location for drainage systems from aerial
photography.

Asset tracking

Accounts for various components of an operation.

Crop scouting

Georeference areas of interest in fields.

Variable-rate chemical application

Automatically adjusts chemical rates to predefined amounts
(based on crop scouting results).

Variable-rate seeding

Automatically adjusts seeding rates to predefined amounts
(usually based on soil zones and other data).

Variable-rate fertility and lime management

Automatically adjusts material application to predefined
amounts (based on results from georeferenced soil samples
and other data).

Remote Sensing

Data collected from a distance, usually with handheld
devices, mounted on aircraft, or satellite-based.

GIS/GPS guided soil sampling

Assists in creating and locating sampling points/zones.

Sources: Data adapted from literature (Davis et al., 2010, apud Harrell, 2014).
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MATERIAL AND METHODS
One of the precision agriculture technologies attracting attention is land mapping. The spatial prediction of
soil attributes plays important roles in establishing areas for agricultural development and sustainable land
management. Soil is the centre of terrestrial ecosystems and interfaces with lithosphere, hydrosphere,
atmosphere and biosphere. The knowledge on the spatial prediction of soil attributes plays important roles in
establishing areas for agricultural development and sustainable land management. To understand the continuity
and gradual characterization of key soil properties for agricultural development such as soil organic matter
(SOM), pH and texture at a fine spatial resolution, a lot of soil surveys need to be carried out. Traditionally, soil
mapping is based on an arduous task of data collection, field survey, interpretation, field checking, demarcation,
and mapping (Ma et al., 2017). Although they were not seen as part of precision farming in the past, very
detailed soil maps were established and have been available on-farm for field-related measures for a long time.
The resolution of these solely analog documents differed from region to region and from country to country. In
the recent 20 years, the rapid development of climate, land surface, and eco-hydrological modelling requires
maps of soil properties with high resolution and low uncertainties.
Today, soil mapping systems identify soil type and soil nutrients. The former ones are mainly detected onthe-go using electromagnetic or electroconductivity sensors, whereas soil nutrient data are mainly gathered
through soil sampling technologies and associated chemical analysis (Zhang, 2016).
Soil sampling to characterize levels of soil fertility is one of the foundations of profitable management. Soil
fertility below optimum levels reduces yield potential, while soil fertility above optimum levels results in lost
opportunity costs, profits and potential environmental degradation. In site specific fertility management, soil
testing is especially important as it is the basis upon which variable rate prescriptions are written (Nelson, 2016).
In general, soil sampling should reflect tillage, past fertilizer amendment placement, cropping patterns, soil type
and texture including drainage and slopes. Simultaneously compaction and moisture level should be measured.
Usefulness and accuracy of precision farming techniques are often dependent on soil sampling approach.
Any error during extraction and analysis tend to have cumulative effects and distort the soil maps and results.
Soil samples are highly dependent on actual situation and conditions on the field, which requires higher data
acquisition frequency and precision (Valjaots et al., 2018). A representative soil sample is one that represents
the actual environmental conditions. It is dependent on good sample design, the method used to collect the
sample and how it is handled.
While the need for soil sampling is generally agreed upon, questions remain on the best techniques to
collect soil samples, as well as soil sampling approaches. Conventional soil sampling procedure consists of
driving through the fields with all-terrain-vehicle (ATV) and manually probing the soil and collecting the samples
into the container (Fig. 2). A sampling probe, an auger or a shovel, either stainless steel or chrome-plated, is
used for manual sampling (brass, bronze, or galvanized tools are not used because they contaminate with
copper, zinc, etc.). As there is increasing demand to collect more soil samples, the traditional manual methods
are cumbersome to carry out. Moreover, in traditional sampling practices, the variance in depth and location can
lead to a sampling error as high as 20 percent (Schumacher, 2019).

Fig. 2 - Soil sampling in traditional way (Valjaots et al., 2018)
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Since traditional hand sampling simply cannot reap the quality sample that today’s farmers require to get
the results promised by precision agriculture technologies, a recent development in the soil sampling industry is
automated soil sampling machines. Several manufacturers have developed automated soil sampling equipment
with latest techniques for in situ soil investigation (Suprem et al., 2013).
Most of soil sampling machines are used with an auger or soil probe for obtaining soil samples. A soil
probe cuts a uniform, unmixed soil core from a given soil surface area. It is the most accurate tool for obtaining
soil samples at desired depth increments, and can likewise be used to sample soils on a soil mass basis.
Whereas an auger must be re inserted for each depth increment sampled due to disturbance and mixing that
can occur between different increments, a single soil probe core can be sectioned into several depth
increments.

Fig. 3 - Illustration of soil sampling probe and soil layers (Dalmis et al., 2016)

Mechanized soil sampling involves use of agricultural robots for field operations. As part of precision
agriculture, this is mainly focused on mapping and sampling and is a research area with great potential impact
(Gimenez et al., 2015). A key feature of agricultural robots is that they must operate in unstructured
environments without impairing the quality of work currently achieved.
Designs, developments and evaluations of agricultural robots are diverse in terms of objectives,
structures, methods, techniques, and sensors. Standardisation of terms, system-performance measures and
methodologies, and adequacy of technological requirements are vital for comparing robot performance and
technical progress. Cycle time must be reduced and production rate increased to justify economic use.
Improved wholeness or integration of all sub-systems will enable sustainable performance and complete task
operation. Research must focus on each of these gaps and factors that limit commercialisation of agricultural
robotics. Research needs to focus on the field use of autonomous or human-robot systems, the latter being a
reasonable step toward fully autonomous robots (Bechar and Vigneault, 2017).
One important parameter of automated soil sampling equipment is the sampling depth. While testing 0-10
cm has been standard practice, recent research has discovered that testing to a depth of at least 30 cm (subsoil
sampling) is providing the specialists with the best information on soil features to make the most accurate
recommendations possible. Nutrients like Nitrogen (N), Potassium (K) and Phosphorus (P) can accumulate
deep in the soil and can alter a fertiliser recommendation. Likewise testing deeper for soil constraints is as
valuable. Limitations like low pH, high Aluminium, salinity, sodicity can be identified by subsoil sampling.
Another feature to consider would be the equipment weight. One of the problems with modern farming is
the use of heavy equipment in the farm fields. The large weight of modern agricultural machinery, among which
sapling equipment, causes soil compaction, which has several negative consequences, such as lower yields
and more extensive flooding. Ideally, farm machines should therefore be lightweight (Grimstad and From, 2017).
The most important parameters of these machines are presented in table 2.
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Table 2
Compared parameters of sampling equipment
Item

Equipment

Sampling
depth [cm]

Productivity
[samples/hour]

Mass
[kg]

Website

25

20

49

wintexagro.com

30

15

85

wintexagro.com

60

15

95

wintexagro.com

90

15

112

wintexagro.com

120

4

290

wintexagro.com

WINTEX 1000

1

WINTEX 1000s

2

WINTEX 2000

3

WINTEX 3000

4

WINTEX MCL3

5
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DUOPROB 60-UP

6

60

20

100

bodenprobetechnik.de

30

16

350

bodenprobetechnik.de

60

25

102

independentag.com

60

18

240

fritzmeierumwelttechnik.com

60

16

180

agriculturaverion.com

BOPROB

7

Model 2450

8

Profi 60

9

Vsolus

10
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RESULTS
Figure 4 shows a comparison of the most important parameters of soil sampling equipment. In this figure
one can notice that the equipment that have a high productivity do not reach to great depths and as the depth
increases the mass of the equipment increases, too.

Fig. 4 - Comparison of the most important parameters of soil sampling equipment

CONCLUSIONS
With current trends of increased demand for agricultural outputs, farm expenditure on the rise relative to
returns, and improved nutrient use efficiency driving change, a spotlight has been placed on precision
agriculture technologies, in particular soil sampling practices.
Precise and rapid in-situ characterization of soil physical properties is a major constraint toward
development and adoption of sustainable systems of soil surface management. The measurement of most
soil physical properties by hand sampling is a time-consuming process and it produces lower quality results
compared to the machine soil sampling approach, at all densities of soil sampling. So, a clear trend in
precision agriculture is mechanized soil sampling. Several manufacturers have developed automated soil
sampling equipment with latest techniques for in situ soil investigation.
The choice of the most suitable soil sampling machine depends on the soil characteristics and features
to be investigated; however, it should consider several important parameters, such as: sampling depth,
equipment efficiency (number of samples per unit of time), equipment weight, economic aspects.
A fair number of commercial solutions are available on the market of sampling machinery, supporting
modern farming, some with reasonable parameter values, should one consider overall performance.
Nevertheless, there is still room for research and development in the area of soil sampling equipment.
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ABSTRACT
Nowadays, on the market can find a lot of screw presses with which the oil is extracted from the
oilseeds. However, there are several models of screw presses that have a higher yield in oil extraction from
several types of oilseeds or that bring constructive or process improvements. The purpose of this paper is to
identify new solutions that can improve the yield of oil from grape seeds. This study discusses some ideas
proposed by the researchers regarding the optimization of the printing process.
REZUMAT
În zilele noastre, pe piață se găsesc o multitudine de prese cu melc cu ajutorul cărora se extrage uleiul
din semințele oleaginoase. Cu toate acestea, sunt remarcate câteva modele de prese cu melc care au un
randament mai mare în ceea ce privește extragerea uleiului din mai multe tipuri de semințe oleaginoase sau
care aduc îmbunătățiri constructive sau de proces. Scopul acestei lucrări este de a identifica noi soluții care pot
îmbunătăți randamentul de obținere a uleiului din semințe de struguri. Acest studiu dezbate câteva idei propuse
de cercetători privind optimizarea procesului de presare.
INTRODUCTION
At the global level, grape production represents an important activity in agriculture way. In 2018 the
global area destined for the production of wine grapes, table grapes or dried grapes was 7.4 mha. In the top of
the biggest areas for production are 5 countries (Spain 13%, China 12%, France 11%, Italy 9%, Turkey 6%),
which represent 50% of the world vineyard and we could see in figure 1 which these countries are, [1].

Fig.1 - Global grapes production, [1]

In 2018, the International Organization of Vine and Wine report the world production of grapes at 77.8
mt. If we considered that 20% represents the vegetable residue and from this 35% represents grape seeds, the
process to obtain grape seed oil it seems to be relevant, [2].
Another reason for obtaining grape seed oil is because the oil is rich in linoleic acid (65 to 72%), oleic
acid (12-23%), palmitic acid (4 to 11%) and stearic acid (8.5-15%). The linoleic acid found in grape seed oil
plays an important role because it is not synthesized in the human body itself and therefore the products
containing it have a significant nutritional value. Also, oleic acid contributes to the nutritional value of the oil
because it affects the oxidative stability of the oils, [2].
The press process is more difficult because of structures of grape seeds. The chemical composition of
the grape seed contains: water (28-40% of its weight), cellulose (28%), nitrogenous (0,8-1,2%), tannins (4-6%),
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oil (10-25%), mineral substances (2-4%), fatty acids and other components [3]. That means the seed has a low
oil content and also has a high content of cellulose which makes pressing more difficult.
If we consider that we can get only 10% oil from grapes seeds, we can say it is very little and not
efficient, but the studies about this topic proof the existence of a good effect on human health.
Considering the above topic, it is necessary to find a new solution to extract grape seed oil. The aim of
this study is to find new constructive solutions in the process of obtaining the grape seed oil using screw
presses. Like any method, obtaining the oil from grape seeds has both advantages and disadvantages. The
advantage of using solvents is that the resulting oil is chemical-free, the processing time is continuous, so the
amount of material processed is higher and does not require qualified personnel. On the other hand, the
disadvantages are higher energy consumption and lower yield of oil.
Pre-treatment of grape seeds to increase the yield of oil
In the last two decades, some research groups have evaluated the potential of using new alternative
non-conventional technologies, which are applied alone or combined with other conventional processes, to
increase the oil yield. For instance, the feasibility of using ultrasounds and microwaves to improve the recovery
of oil, nutritional value, physicochemical and sensorial properties have been widely investigated and have
proved to be efficient before or during the oil extraction process. Interesting results appear when using pretreatment with ultrasounds and microwaves on the major oilseed 1) improve the oil production yields, 2)
enhance the oil nutritional values, and 3) minimize the carbon footprint by reducing the use of fossil-derived
solvents, [4].
Ultrasound is an emerging technology that is widely used in laboratories and pilot scales to recover
bioactive and high-added value compounds from different biological matrices but is currently available and
commercialized on large-scale by several manufacturers, [5,6]. Ultrasound process aims to enhance the
extraction of a targeted compound from intracellular to the extracellular medium. The researchers applied this
method together with solvent extraction.
Fig. 2 shows an example of laboratory scale equipment (Soxhlet- UAE) successfully used for oil
extraction from oleaginous seeds (sunflower, rape, and grape seeds), [7]. The application of US to the sample
cartridge significantly decreased the number of cycles required by Soxhlet extraction. Compared to the
conventional extraction method, the extraction time was reduced by more than 2-fold using US technique.
Moreover, application of US-assisted Soxhlet extraction resulted in more than 75% increase in the total oil
content after five washing cycles.

Fig.2 - Ultrasound assisted extraction, applied at a laboratory scale, to extract seed oils using Soxhlet apparatus, [7].
The inset represents the impact of ultrasounds in releasing the cell content

The results were in full agreement with the ones obtained by Soxhlet extraction and ISO reference
method, in terms of efficiency and precision, [7]. The researchers reported no changes in the fatty acid
composition when applying US, compared to conventional extraction method.
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The results showed that ultrasound-assisted extraction required a shorter extraction time and reduced
solvent consumption. The oil extraction yield was increased from 66.7% to 84.9% (18.2% increases) when
ultrasounds power was enhanced from 20 to 50 W.
Microwave-assisted extraction techniques have been widely used for high-added value compounds
extraction and vegetable oil recovery from plant materials, [5]. When applying a microwave pre-treatment to
oilseeds, higher extraction yields and enhancement of the mass transfer coefficients were observed. Fig. 3
shows two examples of schematic representations of continuous microwave-assisted extraction equipment at
laboratory scale (a), and industrial-scale (b).
Microwave-assisted extraction techniques can be used as pretreatment both for solvent extract and
screw press. The most influencing parameters were temperature and microwave power, while duration of
treatment didn't have a significant effect on the oil yield.

Fig. 3. - Microwave pre-treatments of oilseeds. a. Schematic representation of an example of continuous laboratory
scale equipment, b. schematic representation of an example of continuous industrial scale equipment, [4].

Compared to the classic methods, an increase in the oil extraction yield after microwave treatment
without significant differences in the quality was observed, except for the total phosphorus content (≈4 times
higher). This was demonstrated to be due to the cell membrane damaging effect of the microwave, which leads
to the higher release of phospholipids in the extracted oil.
Constructive models of screw presses with potential for increasing oil yield
The most used mechanical screw press is Komet D85-1G (IBG Monforts Oekotec, Mönchengladbach,
Germany) powered by a 3.0 kW electric motor. Maximal capacity in terms of seed throughput was 25 kg/h. In
one study, they settled different sensors were installed for measuring direct and indirect parameters such as,
temperatures, pressure, torque and rotational speed of the screw and oil recovery (Fig. 4). A number of design
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parameters were considered in a study for optimizing oil extraction using the mechanical screw press (Fig. 5).
These included: (i) two different screws with choke worm shaft ring size 16 and 21.5 mm, labelled R8 and R11,
(ii) two different press cylinders with mesh size 1 and 1.5 mm, labelled P1 and P1.5, and (iii) three different
nozzles with restriction size 8, 10 and 12 mm, labelled N8, N10 and N12. The rotational speed of the screw was
adjusted on three levels; low, medium and high speed, namely 220, 290 and 355 rpm for screw R8 and 115,
180 and 255 rpm for screw R11, [8].

Fig. 4. - Mechanical screw press for oil extraction and installed sensors, (I) feeding container, (II) feeding hopper, (III)
housing, (IV) screw, (V) press cylinder with oil outlet holes, (VI) heating, (VII) nozzle, (VIII) press cake, (IX) press head, (X)
compression zone, (XI) oil collector, (XII) coupling, (XIII) motor, (XIV) speed alternator, (T1–T5) temperature sensors, (p)
pressure sensor, (E) torque transducer sensor, [8].

Fig. 5. - Independent variables of mechanical screw press Komet D85-1G, [8].

The temperature generated on mechanical screw press was created due to resistance of seed material
against the press head. Oil temperature depended on press cylinder and press head temperatures; whereas
press cake temperature was only influenced by heat generated from the press head. Temperatures up to 140 ◦C
were recorded and highest temperature was generated by using screw R8 rather than R11.
Oil recovery decreased and oil content in press cake and seed material throughput was increased when
rotational speed of screw press was higher. Oil extraction with screw press Komet D85-1G was most efficient by
using a screw with 16 mm choke ring size, a press cylinder with 1,5 mm bore size and a nozzle with 8 mm
diameter in contrast to other combinations. Specific energy input and oil recovery are correlated to seed
material throughput. Throughput can be adjusted by rotational speed of the screw to maximise either oil
production or energy efficiency, in which fortunately both maxima where close together. The oil extraction
efficiency was reaching study objectives. Future studies should focus on analysing different varieties, cultivation
origins and production practices as well as temperature influence on oil and press cake quality identifying
threshold temperature where oil and protein deterioration does not occur, [8].
The press model above is very efficient in the process to obtain oil from oilseeds, like grape seed oil.
The press has a wide range of parts which can be used to optimize the entire process to obtain a higher oil yield
but is necessary to try a various configuration and we can start with the configuration above.
In another study, it was used screw press which achieves compression using several methods: (1)
Insert steam in the pressing chamber (2) The pitch of the flights of the screw tightens as the material is
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conveyed through the press. This forces oil to go through the screen. (3) The diameter of the shaft of the screw
may be increased progressively, forcing material outward, against the screen. This is a tapered shaft design.
The screw press Vincent use the Interrupted Screw Flight design, fig.6. The interruptions leave room for
stationary resistor teeth that are mounted vertically in a pressing chamber. These teeth go through the screen
and reach almost to the shaft of the screw. The main advantage of the interrupted design is that solid material
must accumulate in the interruptions until sufficient consistency is reached for the solids to be pushed toward
the cake discharge. There is a reduced tendency for the material being pressed to co-rotate with the screw.
Also, there is more agitation within the press and, consequently, quicker and more thorough watering.
The screw starts with a feeder section of the continuous screw. This picks up material in the inlet
hopper and pushes it into the screen section. The feeder section ends at the first resistor tooth. This feeder
section of the screw is followed by compression stages where the screw has reduced pitch. The reduction in the
pitch of the screw results in compression of the material going through the press, [9].

Fig.6 - Interrupted flights, resistor bars, and resistor teeth, [9]

Resistor teeth can be drilled so to permit the injection of steam, solvent or water while the press is in
operation. Commonly alcohol injection is used to achieve in-line washing to remove sugars, fig 7. Hot water
injection is used to recover dissolved solids in juice production. Steam injection is used in dewatering raw
organic materials, [9].The moisture reduction that results from the steam injection is related to a chemical
change that comes with blanching, or parboiling, a material. Tests run with steam injection in a Vincent press at
Anheuser-Busch showed little benefit. The material being pressed spent grain, had already been "cooked"
before steam was added. The injection is achieved by drilling holes through the resistor teeth and piping these
holes to a manifold outside of the screen.

Fig.7 - Steam injection system, [9]

The next step in optimizing the process for obtaining the oil is to automate the process. Nowadays, it is
necessary for the saving of time and resources to make the portions as automated as possible. The process of
automatization involves knowing as much as possible the entire process of pressing, tracking the parameters
such as temperature, data about the characteristics of the seeds, the speed of rotation but also the decision
making in real-time.
Ölwerk GmbH is a company that produces high quality with built-in press head heating and integrated
digital temperature monitoring of the press head, the OW500s-inox enables even easier, temperature-accurate
cold pressing of valuable oils, fig. 8. So even in unheated environment in markets or in halls a consistent and
high-quality oil quality is guaranteed right from the start. The temperature can be controlled and maintained
during the entire pressing process, as well as individually regulated for different seeds.
758

INTERNATIONAL SYMPOSIUM

Fig.8 - Screw press OW500s-inox, [10]

CONCLUSIONS
The purpose of this study was to identify solutions that lead to the growth of the performance of a screw press to
obtain a maximum oil yield from the grape seeds. Adapting the new technologies for grape seed pre-treatment
can be a very useful method for growing preformed of screw presses. Studies have shown that the use of
ultrasound and microwave are long used methods in the food industry and are non-invasive. It has also been
shown through several experiments that the two methods integrated into the process produce a higher oil yield.
The screw presses presented above are universal in seed processing. They are often used due to the fact that
they have a low cost and can be optimized to suit the characteristics of the oilseeds used to obtain the
maximum oil yield.
The novelty is given by the injection into process of steam that can be used especially in industrial production.
This system has not been tested for obtained oil from grape seeds, but it is an idea worth trying in the future.
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ABSTRACT
In the food industry, the pasteurization and sterilization of bioproducts is a delicate subject because the
consumers' concern is to buy high qualitative products with low contamination risk, especially when is
concerning the children and pregnant woman health. The most perishable goods are fish, mushrooms, milk and
meet, and due to their distinct composition and role in the alimentation, there is a process that can be applied in
order to conserve them on long therm. These processes are considerate part of the Biotechnology field and
have the objective to diminish/eliminate the presence of foreign microorganisms that may come from water, air
or raw materials.
REZUMAT
În industria alimentară pasteurizarea și sterilizarea bioproduselor este un subiect delicat deoarece, din
punct de vedere al consumatorilor, este a cumpăra produse cu calitate ridicată ce prezintă risc de contaminare
scăzut, mai ales atunci când este vorba de sănătatea noilor născuți și a femeilor gravide. Cele mai perisabile
bunuri sunt: peștele, ciupercile, laptele și carnea dar, datorită compoziției lor diferite și a rolului în alimentație,
acestora le pot fi aplicate procese pentru a le conserva pe termen lung. Aceste procese sunt considerate ca
fiind parte din domeniul Biotehnologiilor și au ca drept obiectiv să diminueze / elimine prezența
microorganismelor străine care pot proveni din apă, aer sau materii prime.

INTRODUCTION
The pasteurization represents the process in which the microorganisms and bacteria are destroyed
repeated hitting’s under 1000C. Instead the sterilization represents the process in which are destroyed the
pathogen microorganisms and apoptogen (vegetative and spoors) from the substances, complex foods, close
spaces, objects, etc.
The most effective sterilization methods are the wet methods that must be established and flowed in
accordance with deadly thermic point (the temperature value when all cells from a certain microorganism s are
destroyed) and the deadly thermic time (the exposure period of time at a certain temperature needed to
destroy them).
In real applications, during the sterilization process, the succession of hitting and cooling periods to
destroy the microorganisms in their culture environment can rich 65 % and all processes have a diagram similar
to that presented in Fig.1.

Where:
ti – initial teperature;
tf – final temperature;
ts – sterilization temperature;

Fig. 1 – Time-temperature diagram for discontinuous conventional sterilization
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In the food industry, those types of equipment are presented under the name of autoclaves and where
designed to work in patriotization, temperature domain 50÷100 [°C], and also for sterilization temperature
domain 50÷130 [°C].
In present, for the culture environment and installation sterilization process design in which is made the
biotechnological process, is required to use the Bacillus stearothermophilus source 1518, spoors
characteristics. The values obtained in this procedure exclude a series of complex factors: cell density, active
agents’ action on the surface, the presence of unique spoors with high thermal resistance, a fact that requires a
sterilization coefficient of 800.
In order to avoid overheating and degradation of culture compounds, is recommended to lead the
sterilization process with a computational system, even if this aspect leads to increased investments [1].
The conventional procedure of sterilization within the autoclave, the liquids are often made in the 60÷90
[0C] and the time to reach the temperature equilibrium between chamber and liquids normally takes much
longer.
If we consider the latest technological achievements in the field the pasteurization – sterilization process
can be considerably optimised at the heating and cooling phase. Due to combined temperature and pressure
regime, see Fig.2, the autoclave internal pressure is increased during the rapid heating phase fact that shooters
the process up to 50% as standard. [2] New systems and process technology make it possible to accelerate the
cooling phase with several hours because it has a redundant process control, temperature-pressure, that
continuously controls and motor the sterilization cycle, in accordance with number and size of sterilized items.

Fig.2 – Overview of the conventional cooling and rapid cooling diagrams [2]

•
•

•

Case E

Case C

Case B
Cooling time reduction up 60 %;
Re-contamination
prevention
for
hermetically recipient;
Prevention of bottles bursting during
sterilization;

•
•

•

The radial ventilator ensures accretion of
the cooling process and heat;
Ventilation performance 71 [m3/h];
Reduction of cooling time up to 70 %

•
•

A complex system with mantle,
radial ventilation, and an ultracooler hear exchanger;
Reduction of cooling time up to
90 %

Fig.3 – Overview of the most performing cooling systems [2]

SYSTEC rapid cooling systems are: a - cooling with ambient air ventilation; b -mantle cooling with cooling
water; c - mantle cooling with cooling water and support pressure; d - radial ventilator for air circulation and
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accelerate heat removal from autoclave; e - ultra-cooler; f - spray cooling with recirculated and re-cooled sterile
water and support pressure, see Fig.3.
MATERIAL AND METHOD
In the pasteurization - sterilization process of the closed containers (metal canes, jars, bottles) is devised
in two groups: the pasteurization of canned and stuffed metal preserves consists in maintaining the temperature
between 58÷70 [0C] for a period of time of 30 minutes, and pasteurization of closed containers with empty
spaces in the neck/upper part of the bottle, space in which CO2 is released and dilates due to heating, in this
conditions the internal pressure of the glass recipient must follow the Van der Waals equation for real gases,
eq.1.
p=RT/(V-b)–(a/V2) [Pa]
(1)
In which: p is the internal pressure [Pa]; R the gas constant [J/(kmol k)]; T – the absolute gas temperature
[K], V – the gas volume [m3/kmol], a is the pressure correction and represents the magnitude of attractive forces
between gas particles and b is the volume correction related to the size of particles, see Fig.4.
Substance
a [L2-atm/mol2]
b[L/mol]
R[kJ/kg*K]
He
0.0341
0.02370
2.0769
Ne
0.211
0.0171
0.4119
Ar
1.34
0.0322
0.2081
Kr
2.32
0.0398
0.0992
Xe
4.19
0.0510.
0.06332
H2
0.244
0.0266
4.1240
N2
1.39
0.0391
0.2968
O2
1.39
0.0318
0.2598
Cl2
6.49
0.0562
0.1173
H2O
5.46
0.0305
0.4615
CH4
2.25
0.0428
0.5182
CO2
3.59
0.0427
0.1889
CCl4
20.4
0.1383
0.05405
Fig. 4 -Gases and the kinematic molecular constants [3-6]

From the eq.1 the inter pressure is influenced by temperature, the empty space volume, the container
capacity and the gas saturation grade.
In this theory is neglected the liquid and solid product dilatation, because it is smaller compared to gas
expansion in the glass. Caron establishes the eq.2 for the second case when the temperature domain is
62÷680C.
p = 9,81*104*(t –A)/(B –t) [Pa]
(2)
In which, A capacity constant, as is presented in Table 1; t is the temperature (from 62 ÷ 68 [°C]), in [°C];
B constant that depends on empty volume and on CO2 liquid gas saturation, presented in Table 2.
Table 1
Values of the A constant
The total volume of the recipient

345

520

670

775

1040

the A constant

0

5

10

13

20
Table 2

Values of the B constant
The empty recipient volume
(in % from total volume)
Low saturation
Normal saturation

2

2,5

3

3,5

4

4,5

5

78

84

89

93

96

98

99

75,5

77,5

80,5

84,5

89,5

95,5

102,5

Applying the eq.2 and considering the fact that the bioproducts have a large content of liquids and
conservation solutions that have the role of lowering the foodstuffs treatment temperature on which can be
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made a single thermal cycle or a well-controlled succession, where made 2 diagrams regarding the
pasteurization process for different types of recipients and empty volumes, Fig.4 and 5.

Fig. 4 – Diagram of Internal pressure variation of CO2
on recipient volume for low saturation products

Fig. 5 - Diagram of Internal pressure variation of CO2
on recipient volume for normal saturation products

Usually, the pasteurization in the autoclave is a process using water vapors and it is considerate the
safest and efficient way to conserve the products that are usually made at a maximum temperature of 1200C
(temperature that must be reached, due the fac that the glass conductivity k=0.8 [J/sm 0C], in order to
bioproducts pasteurization) at a list 1 atm pressure (101325 Pa), maintained constant during an interval of
maximum 30 minutes, in order to equalized the inner pressure from containers and to prevent the bending of
metal caps and compromising the process of conservation.
If are taken in to consideration the fact that: Rco2 =0.1889 [kJ/kgK], and RH2O=0.4615 [kJ/kgK], the aH2O
coefficient is 1.52 much higher than the aCO2, and the bH2O coefficient is 1.4 lower than the bCO2, it can be easily
stated that the internal pressure for products with high content of water can be higher with 2,44 times then the
CO2 internal pressure, fact that justifies the 3 bar industrial autoclave working pressure.

RESULTS
The enclosure developed in this project will be used for bioproduct pasteurization is a vertical cylindrical
chamber, developed to made a thermic treatment – individual bioproducts pasteurisation (jars, bottles and
bottles field with bioproducts as a mixture (vegetable mixture, fish products, etc.) or a single component (milk,
juice, etc.). The objective of this equipment is to realise the pasteurization process (to destroy most
microorganisms, and especially the of sporulated pathogenic bacteria in the product in order to register the
lowest loses of sensorial quality. This process has an influence on the enzyme inactivation, responsible for
unwanted biochemical changes in order to provide the foodstuff with biological and biochemical stability over
time.
The bioproducts pasteurization-sterilization stainless steel enclosure is provided in the inlet with a
network of 4 nozzles arranged on its circumference and on 4 levels that are connected to an exterior hydraulic
system, to ensure the uniform penetration of the hot vapours /cooling water, throughout the premises, see Fig.4.
The initial technical solution to isolate the autoclave was with multilayer basaltic / glass mineral wool
(thermo-insulation method with exceptional thermal efficiency) covered at the outside with a with a casing made
of stainless-steel sheet, designed to be a modular structure reinforced rolled.
The pasteurized enclosure itself will be provided with a stainless-steel basket, with several detachable shelves,
in which the pasteurized batch will be introduced without it affixing the interior walls.
In order to automate the pasteurization-striation process, all the controls used in it required to be
centralized and controlled (the heating/cooling processes, the time period necessary to maintain the
temperature constant at the chosen value).
The automatization control panel is provided with a general electrical supply switcher of all electrical
components to regulate the process parameters: PLC for power control; safety protection for overheating and
programable temperature unit; ultra-fast fuses with the role of protecting the system against overvoltage
accidents that may occur during operation; PT 100 platinum thermal generator with A class precision placed on
evaporator tank and the other one in the autoclave enclosure; acoustic and luminous warning timer at the end of
the technical process of the batch.
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Fig. 6 - Variations of bulk density, porosity, density, and specific surface values,
depending on six grist fractions analyzed

The pasteurized enclosure itself will be provided with a stainless-steel basket, with several detachable
shelves, in which the pasteurized batch will be introduced without it affixing the interior walls.
In order to automate the pasteurization-striation process, all the controls used in it required to be
centralized and controlled (the heating/cooling processes, the time period necessary to maintain the
temperature constant at the chosen value).
The automatization control panel is provided with a general electrical supply switcher of all electrical
components to regulate the process parameters: PLC for power control; safety protection for overheating and
programable temperature unit; ultra-fast fuses with the role of protecting the system against overvoltage
accidents that may occur during operation; PT 100 platinum thermal generator with A class precision placed on
evaporator tank and the other one in the autoclave enclosure; acoustic and luminous warning timer at the end of
the technical process of the batch
The main technical parameters of the experimental model are: the working autoclave volume 20 [l]; no of
jars/bottles/cans lyres is 1; the maximum batch weight 100 [kg]; electric power supply 230 [V] at 50 [Hz];
water recirculation pump flow 2÷3 [m3/h] for the cooling system at max. 106 [Pa] pressure; temperature working
values 50÷130 [0C].
On the March 2019 was made the experimental research methodology on laboratory conditions of the
autoclave experimental model and contains the next activities: preparing and verifying the measurement
equipment’s; checking the manufacture quality; experiments under laboratory conditions in order to determine
the qualitative indices of work that influence pasteurization (checking the technical working parameters,
establishing the temperature and period of pasteurization process); final technical expertise and conclusions
and proposals.
The experiments were made on raw milk pasteurization process and the content of the micro-organisms,
in accordance with temperature variation domain and in accordance of heat exposure time period at a constant
value, this procedure is named the establishment of milk acidity STAS 6353-68 and can be done using two
methods: pH method and volumetric titration method using NaOH alkaline solution in the presence of a colour
indicator. The results were conclusive and they showed that this equipment carries out the pasteurization
process.
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Factors influencing pasteurization:
- pasteurization temperature is an important parameter because it must ensure a good quality of the products
(the food is heated to higher temperatures for a shorter time);
- the influence of the initial contamination degree of the raw product - between the initial concentration of
microorganisms and the duration of pasteurization there is a correlation (explained by the fact that a high
concentration of microorganisms determines the temperature and a longer duration of heat treatment), Table 3;
Table 3
Cow, camel, dairy sheep, goat, donkey, mare and human milk gross composition [6-11]
Main composition /
milk source
pH [kg/100kg]
Fat [kg/100kg]
Protein [kg/100kg]
Casein [kg/100kg]
Whey protein
[kg/100kg]
Lactose [kg/100kg]
Ash [kg/100kg]
Total solids
[kg/100kg]

Camel

Cow

6.45-6.47 6.1÷6.8
2.9-5.4
3.5÷3.9
3.0-3.9
3.1÷3.8
2.46÷2.80

Dairy
sheep

Water
buffalo

6.61-6.72

-

6.9-8.6
5.6-6.7
3.9

6.38-7.4
3.8-3.93
3.2

Goat

Donkey

Mare

Human

6.387÷7.2
7.18
7.0÷7.5
6.51
4-4.5
0.3÷1.8
0.5÷2.0
3.5÷4.0
2.9-3.7 1.5÷1.8
1.5÷2.8
3.1÷3.8
2.6
0.64÷1.03 0.94÷1.2 0.32÷0.42
0.49÷0.80 0.74÷0.91 0.68÷0.83

3-3.9

0.55÷0.7

0.7

0.6

0.6

3.3-5.8
0.6-1
9.9512.12

4.4 ÷4.9
0.68-0.7

4.3-4.7
0.9-1

3.6-4.3
0.8-0.9

5.8÷7.4
-

5.8÷7.0
-

12.5-13.2

17.5

4.7-4.8
0.69-0.8
15.5716.83

12.8

8.8÷11.7

9.3÷11.6 11.7÷12.9

6.3÷7.0
-

- pH influence - different food products processed under the same conditions require different pasteurization
regimes depending on their pH (which influences the high resistance of microorganisms at pH 6÷7, therefore
lowering the pH leads to decreased resistance heat of microorganisms). There are cases where although the
products have the same pH it is necessary to use different pasteurization regimes due to the change of pH
during the heat treatment as a result of decarboxylation’s with CO2 and H sulfide formation; [12]
- protein substances and fats influence - protein substances and fats play a protective role on microorganisms
increasing their thermal resistance (if during storage for various reasons the microorganisms go from the fat
phase to the aqueous phase, the revival of the vegetative forms becomes possible);
- air influence - the air remaining in hermetically sealed packages produces adverse effects, such as decrease
of vitamin C, change of colour, taste, and smell [13].

CONCLUSIONS
The qualitative working parameters that influence the pasteurization that has been confirmed during the
tests are:
- pasteurization temperature – usually, to ensure a food good quality the process will work at higher
temperatures for a shorter period of time;
- initial contamination degree determination of the products - to correlate processing time of raw milk according
to initial contamination degree;
- pH establishment – in the next experimental research will be assessed the food product qualities that are
processed in the same parameters or are necessary to changes in accordance with food pH (from the point of
view of high microorganism resistance in substances with 6÷7 pH) and will be made test regarding also the
pasteurization regime in accordance of decarboxylation’s with CO2 and H sulfide formation.
- will be checked if the existing pathogenic germs will be eliminated at 65÷90 [0C] in order to provide healthy milk
and the period of time 2÷12 sec.;
- according to experimental research will be established the pasteurization type (HT, UTH, HTST) and in
accordance with raw material quality and source;
- will be made also the next checks: pasteurization process control; canned/jars quality control (exterior aspect,
of marking and canning).
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Form the constructive point of view it noticed that, the autoclave thermic insulation can be made using
new and innovative materials, like polyurethane foam, adequate to be used in the industrial application (main
autoclave enclosure, hot and cold supply agent and agent generation).
Table 4
A study regarding the insulation materials that can be used to isolate the autoclave

Disadvantages

Advantages

Material

Basaltic mineral wool

Fiberglass mineral wool

Thermo-insulation
polyurethane foam

Thermo-insulation
- Thermo-insulation
depending
on
material depending on material
density 0.035÷0,04 W/mK density
0.032
0.035
(EN12667);
W/mK;
Fireproof
temperature - Fireproof temperature
up to 700 0C;
200÷230 0C;
- Phonic insulation;
- Better
phonic
Hydrophobic and vapor- insulation
then
the
permeable depending on the basaltic mineral wool;
humidity of the environment;
- The mass is in
fire euro-class reaction accordance with density
A1 (EN13501-1);
(≥10 kg/m3);
Multiple applications
- mounting with protective equipment and requires
average working time;
- resistant to mechanical actions (wear, deformations,
shocks, high pressures, etc.);
- resistant to the action of chemical and biological
agents;
- Hydrophobic, hydrophilic and vapor permeable
depending on the environment humidity and low
temperatures;
- Do not burn or maintain fire;
- Higher density has a lower permeability.

Easily applied on surfaces that
have complex profiles;
Waterproof over 93%;
Absorption degree of moisture
1,5 %;
Fireproof temperature ≥5000C;
Has self-extinguishing elements
and does not have incandescent
elements;
- does not allow dust, allergens,
and pollutants to enter the home
- The heat transfer coefficient λ=
0.19÷0.035 W/mK;
- Soundproof 20-30 dB;
- High
adherence
to
all
construction and industrial materials;
- Resistant to many combustible
chemical agents, mineral oils, fatty
acids, etc.;
- Rapid mounting
- Material lifetime 20÷25 years.

- Material harmful and toxic to humans;
- The water condenses between the cotton wool and the
moisture protection foil;
- Do not withstand freezing cycles - thaw;
- Mineral wool is destroyed by insects and rodents that
favor their development;
- the compressive strength decreases with its age;
- Material lifetime 10-15 years;
- Leave mounting joints and special fasteners.

- Do not apply in layers thicker
than 1.5 ÷ 2 cm in one hand;
- The covering surface must be
smooth and not wet;
- Ultraviolet sensitivity and must
apply a protective coat of paint or
solutions to protect it;
- The operator's experience in
applying it is a determining factor;
- When burning it removes gases
toxic to the human body;
- High
cost
and
protective
measures at application, in order not
to inspire the gases emitted by the
spray.

In table 4, was made a brief description of classic thermal insulation and new ones, in order to
underline de opportunity to implement them in the pasteurization-sterilization plants and to decrees the
energetic consumption.
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ABSTRACT
Vehicles for the collection and transport of waste are equipped with complex systems comprising: loading
of containers, taking over and precompacting the material, compacting in the body of the structure and finally
unloading in warehouses of the collected waste. Compacting is the process by which the volume of waste is
reduced and this occurs through movements of the active organs and waste, in a complex structure located on
the autochassis. The equipment is designed to collect / compact and transport in an economical and sanitary
safety, pre-collected waste in generators.
REZUMAT
Autovehiculele pentru colectarea și transportul deșeurilor sunt echipate cu sisteme complexe care
cuprind: încărcarea recipientelor, preluarea și precompactarea materialului, compactarea în corpul structurii și în
final descărcarea în depozite a deșeurilor colectate. Compactarea este procesul prin care se reduce volumul
deșeurilor iar aceasta se produce prin mișcări de translație a organelor active și ale deșeurilor, într-o structură
complexă amplasată pe autoșasiu. Echipamentele au rolul de a colecta / compacta și transporta în mod
economic și siguranța sanitară, deșeurile precolectate in recipiente de generatori.

INTRODUCTION
Solid municipal waste (MSW) management is solved differently in many countries around the world, given
their degree of development. There are countless systems for collecting, transporting and storing collected
waste. Most machines for MSW collection are equipped with pre-compaction and compaction systems to reduce
the volume of waste and transport a larger quantity over distances that often do reach several tens of
kilometers, [1-5].
In figure 1 we have the scheme of a garbage truck, intended for collection and transport of municipal solid
waste and the following we expose the operation, calculation of precompaction and evacuation systems and
simulation of efforts in a precompaction plate.

Fig.1 - Auto-chassis scheme with translation compaction system, [11]
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The loading of the waste is done through the back of the compaction system, are taken from the camera,
with a pickup and precompaction plate, which raises the waste in the compaction room. The compaction
plate/exhaust, is the furniture and moves to each waste supply made by the precompaction plate.
The compaction plate is operated with a hydraulic cylinder with double effect and performs the role of
counter pressure but also exhaust the waste from the pressing chamber.
Analyzing comparatively two types of pickup and precompaction systems presented in figures 2 and 3
(Norba), we observe that precompaction mechanisms have different operating principles [8,9,10]:
A. Precompaction system with translation movement in fig. 2 (a,b)

Fig.2 - a) Draw section in compaction system

Pickup system – precompaction

B. Precompaction system with portal (poka yoke) [8,9,10], in fig. 3 (a,b)

Fig.3 a) Posterior view of the compaction system

b) View of the portal system and the compression plate

MATERIAL AND METHOD
The highlighting and determination of the forces that act on the waste in the inclined plane movement
On the inclined plane noted with 3-4 (fig.2, b), the waste is taken over and pushed by articulated
precompaction plate until the discharge into the pressing/compaction chamber where the successive
compaction process of the waste volumes is continued.
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From the simplified scheme of the waste transfer area, we consider a volume of waste, pushed with a
piston (plate), through a channel with rectangular section, inclined plane towards the horizontal with the angle
(open to the upper part).
On the material acts the forces:
m ⋅ g – own weight; N – reaction force; Ff – friction force on the lower surface;
Ffl – friction force on lateral walls; P – force required to push the material.
The force required to push the plunger (precompaction plate) is neglected, which is mounted on devices
that reduce friction.

Fig. 4 – Diagram of the arrangement of forces, [7]

-

Resistance force due to friction with lateral walls the expression:
Ff = 2 µ ⋅ a ⋅ h ⋅ qm

where: h – average height of the material layer;
µ - coefficient of friction between material and gutter;
qm – average pressure on lateral walls.
-

Pressure on the side walls of the gutter can be determined with the relation, [7]:

qm =

km ρ ⋅ g ⋅ h
2

in which: km is the mobility coefficient of the material; ρ - its volumetric mass; g – gravitational acceleration.
Knowing the angle of internal friction of the material ψ (or natural slope angle) the mobility coefficient may
be determined km:

k m=

1 − sinψ
1 + sinψ

To push the material, it is necessary to fulfill the relationship:

P > mg sin α + µ ⋅ mg cos
cos α + 2 µ ⋅ ahq m
Replacing relationship:

P > mg (sin α + µ . cos α ) + ah 2 k m ρ .gµ
In order for the material to be trained in motion on the gutter must:

[

P ' = co mg(sin
(sin α + µ . cosα ) + ah 2 k m ρ .gµ

]

where: c it is correction coefficient that takes into account the resistance due to piston friction with the walls and
o

is vertical lifting, as well as the overload appearing in operation (c =1,5-1,8).
o
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Simulation of requests in the component bodies of translation compaction systems
The manufacture of the working bodies of waste trucks in optimal conditions, implies that the model made
by the designers engineers to go through the modeling, simulation and analysis processes using CAD software
(Computer Aided Design), before sending them to the proper execution.
The purpose of this finite element 3D numerical simulation study was to simulate the behavior of the
structure of the compression plate of a garbage truck Valu€ Pak Lift 1000, subject to request incurred during the
process of compacting of the household, considering that the plate is performed from there different materials
(steels Hardox 400, Hardox 450 and S355J2).
Simplified models of precompaction and counter pressure plates (for the disposal of compact wastes)
where made, and the mass of the compact waste was simulated by the choice of springs, which can be
arranged between the two parallel faces – fig. 5.

Fig.5 - Isometric view compaction plate assembly – exhaust plate

The next step consisted in introducing the geometric 3D model of the assembly in the “simulation” module
of the Solid Works design programed. In this sense, simplifications of the process have been carried out:
- the counter-pressure plate shall be to be fixed to determine the maximum,
- the forced exercised by the hydraulic system was considered uniformly distributed through the surface
behind the compression plate (in practice this is: 300 - 320 kN).
- the compressed material was simulated by means of resort whose rigidity value was set to the value of
aluminum (it was considered that aluminum is most rigid material in the waste mixture).
According to factory, technical data sheets the materials used most often in the manufacture of
compression plates are steels: Hardox 400, Hardox 450 and S355J2.
Following the simulation, the software provided the graphical results, where the model is divided into
areas with certain colors. In fig 6are presented the values of the movements appearing in the compression plate
during the simulation of the request.
It can simulate and extract specific information on: displacement values, the values of the equivalent
tension of the working organelle or the oscillation of the safety coefficient in the compaction plate.
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RESULTS
Following the simulation, the design programme provided the results in graphical form. The geometric
pattern is divided into areas of a particular color, each area compaction the region of the geometric pattern in
which the analyzed size has the value specified in the chromatic legend on the right side of the screen. It should
be noted that three simulation have been rolled, one for each of the three selected steels (Hardox 400, Hardox
450 and S355J2).

Fig.6 - Displacement values in the compaction plate

The minimum value of the safety coefficient is reached for the S355J2, steel with weaker mechanical
properties compared to the other two and the maximum value is reached for Hardox 450, a steel with quite high
hardness. The minimum values of safety coefficients are 6.76 for Hardox 400, 8.08 for Hardox 450 and 4.34 for
S355J2.

CONCLUSIONS
The movement of the elements of the mechanism must be correlated with the movement of the waste
collection plate from the back of the car so that it takes over the material from the cage, lift it up and push it over
the previously raised waste in the container collection. Those, the top of the pickup plate follows the preset
trajectories that can be determined by the cinematic analysis of the actuator mechanism.
Eluciding the movement of the working bodies of these mechanisms is necessary for the proper
understanding of their operation, but especially in order to redesign and improve their functional parameters for
a loss-free operation of material and low energy consumption.
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ABSTRACT
The berries are considered to be among the healthiest foods, rich in antioxidants, they have many
beneficial properties for the body, contributing to the strengthening of immunity and to fight certain diseases.
Fruit washing is a vital step in any processing operation, which offers attractive, chemical-free fruit. Currently,
fruit washing is done manually, which is very tiring and time consuming. In this sense, in the article presented,
we will present some fruit washing machines and we will propose a best solution for washing the berries.
REZUMAT
Fructele de pădure sunt considerate a fi printre cele mai sănătoase alimente, bogate în antioxidanți, ele
au numeroase proprietăți benefice pentru organism, contribuind la fortifierea imunității și la combaterea
anumitor afecțiuni.
Spălarea fructelor și legumelor este o etapă vitală în orice operațiune de prelucrare, care oferă fructe
atractive și fără substanțe chimice. În prezent, spălarea fructelor se efectuează manual, care este foarte
obositoare și consumă mult timp. În acest sens, în articolul prezentat, vom prezenta câteva mașini de spălat
fructe și vom propune o soluție cât mai bună pentru spălarea fructelor de pădure.

INTRODUCTION
Some of the most important species of berries that are found in the spontaneous flora of Romania are
blackberry, mace, strawberry, chain, hawthorn, etc. Berries are considered to be among the healthiest foods.
Rich in antioxidants, they have many beneficial properties for the body, contributing to the strengthening of
immunity and control of certain diseases. The berries are small, round, brightly colored, sweet or sour fruits, with
seeds and edible. Among the most common berries are raspberries, blueberries, blackberries, currants, etc. [9]
The berries represent a safe and permanent source of energy provided to the human body, making up a
true cocktail full of vitamins, minerals, organic compounds and antioxidants. In the chemical composition of fruits
are found both vitamins A and C as well as calcium, potassium, iron, salicylic acid, biotin, pectin, beta carotene,
ellagic acid, flavonoids, etheric oils, etc.
The berries (fig. 1) have well-known health benefits, but also a customized price. Growing berries in the
garden is not difficult, but beneficial from all points of view. As plants, the berries are resistant and attractive
shrubs, which produce different fruits in different periods. [14]

a) blackberry

d)

box thorn

b) sweet briar

e) hawthorn
Fig. 1. Images with berries
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c) wild strawberry

f) berries
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Here are the reasons why you deserve to have berries at home and why it is advisable to consume
berries:
- purifies the blood;
- regulates metabolism;
- helps in bone formation;
- fight against bowel cancer;
- effective against gout;
- has a diuretic effect;
- beneficial for the beauty of hair, nails and skin;
- antibacterial effect;
- anti-inflammatory effect;
- treats stomach pains and bladder disorders;
- consuming berries lowers blood pressure;
- provides protection against joint diseases, eye diseases and kidney diseases. [11]
MATERIAL AND METHOD
The operation of washing the berries is part of the preliminary operations of cleaning the raw materials,
before entering them in the manufacturing process or for storage or pre-packaging.
The operation of washing the berries raw material of their manufacturing process has two major objectives:
- removal of contaminants that constitute a danger to the health of consumers or which are aesthetically
unacceptable;
- reducing the microbiological load that affects the efficiency of the subsequent processes and the quality of the product.
The fruit washing process is a very important operation, having the role of removing all the impurities as
well as a large part of the microorganisms that adhere to the surface of the product, thus resulting in a hygienic
and nutritious product. Washing should be done in such a way that the product losses are as small as possible
and do not pollute the environment. In most cases water is used as a washing agent. Wet washing is effective in
removing adherent soil, dust from fruit. The capacity of fruit washing machines varies widely, between 0.5-30
tons / hour. To reduce water consumption, it can be recycled (Saravacos, 2002). The acceptable cleaning
operation must meet the following requirements (Banu, 1999):
- the efficiency of the separation process must be as high as possible, but with minimal waste from the
useful material;
- the contaminants must be completely removed after washing, so as not to allow recontamination of the
washed product;
- the washing process must leave the clean surface in an acceptable form;
- to avoid degradation of the product.
Many fruit washing machines have several washing stages coated in a single unit (Stanila, Machines in
the food industry, 2013). The washing operation has the role of eliminating impurities, reducing to a large extent
pesticide residues and epiphytic microflora. It has been shown that a good wash has an efficiency similar to the
heat treatment at 1000C, for 2-5 minutes. Also, washing can greatly reduce the pesticide content on the surface.
As a result, in the way the washing is conducted, the quality of the finished product depends largely (Stanila,
2016). The washing of the fruits with a strong and semi-textured texture, in general, is done by soaking, by
rubbing the particles between them and by the transport and sprinkling bodies.
RESULTS
Due to the diversity of raw materials used in the canning, juices industry, a wide range of washing
machines has been built. They can be grouped, according to the constructive characteristics, in:
- machines with translation movement of the transportation organ;
- rotary motion machines;
- machines with vibrating movements;
- flotation washing machines.
Hydropneumatic generators are required to carry the washing fluid, and hydropneumatic engines are
used for actuators, where electric motors and internal combustion engines cannot be used (Muntean, 2015).
The fruit washing machine (fig. 2) is used to remove impurities from their surface. This is achieved by soaking,
bubbling and rinsing with fresh water. Using the machine eliminates the manual execution of the fruit washing operation.
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Fig.2 - Drawing-sketch - fruit washing machine

Technical characteristics of the fruit washing machine:
- length
1258mm
- width
391mm
- height
545mm
- weight approximately
100 kg
- drive group - conveyor belt
- electric motor
- the speed of movement of the conveyor belt: 0,18m/sec.
- the width of the conveyor belt
250mm
- the capacity of the pool
30dmc
- water consumption.
0,5m3/H
- productivity
500 kg/h depending on the product.
The fruit washing machine consists of the following parts: basin, bubbling plant, shower installation,
conveyor belt. The washing machine has two main working areas: the washing area by bubbling and the rinsing
area, the raw material where the water flows against the current. In the first phase, the water tank is filled, the
shower installation is started, the electromotor and the belt conveyor are started, their functioning is checked,
and then the air bubbling in the basin produces strong water agitation. Then they enter the fruit basin. The
impurities are soaked in the basin. By bubbling, the fruits are agitated and twisted on all the girls, for a better
cleaning. The washed products are taken from the conveyor belt and then unloaded through the exhaust funnel.
During transport, the fruits are rinsed under the action of water jets sent on them by the nozzles. The water in
the basin is constantly refreshed. Impurities are eliminated with water through overfilling. After the operation is
completed, the bubbling, showering and tape transport stops. Empty the water basin through the drain and
remove the impurities. [4]
The company CHARLOTTETOWN METAL PRODUCTS LIMITED from Canada produces the vibrating
separator with perforated screens (fig. 3). To intensify the separation process, the work surface shows a
vibrational movement, produced by an electric motor with an eccentric.

Fig.3. The vibrator separator with perforated screens
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The equipment for conditioning the fruit by color sorting the SORTEX K optical sorter (fig. 4) made by the
Swiss manufacturer BÜHLERGROUP uses state-of-the-art technology to provide efficient solutions to all fruit
processors. [12]

Fig.4. The operating principle of the SORTEX K optical sorter

Fig. 5. The washing equipment by vibrating the
surfaces of the vats, produced by C.T.

CESARE TAVALAZZI SRL company from Italy specializes in the production of various types of fruit
washing equipment. The equipment of figure 5 consists of two vats made entirely of stainless steel. The
washing is done by vibrating the surfaces of the two tanks. [12]
Other complex lines for the conditioning of berries can be found at LAKEWOOD PROCESS MACHINERY
in the USA. (Figure 6). This company has thirty years of experience in the processing industry of forest fruits,
especially the cultivated cranberries offering for sale individual equipment or complex lines for processing and
packaging of these fruits. The following is one of the variants of primary processing lines of blueberries made by
this company (fig. 6).

Fig.6. Blueberry processing line produced by L.P.M.

Washing equipment for carrots, oranges, oranges, in a water bath (fig. 7):

Fig.7. Fruit washing machine (tomatoes, carrots, oranges, etc.)

Washing bowl by bubbling fruit. The vessel is constructed of stainless steel and is completed with: - intralox
elevator with pockets, width 300 mm, for supplying the product of the conveyor, the unloading height of approx.
1300 mm. Download water for cleaning - full made up of: valve for regulating the quantity of water at the inlet;
water distribution system for pushing; the product to the elevator; blowing 1.1 kW; air distribution group to create
bubbling.
The elevator is powered by a 0.55 kW motor drive with gearbox directly coupled to the engine. Indicative
dimensions of the vessel: 2,600 x 800 mm width, total installed power: 1,75 KW. Supplied with start / stop button.
Water consumed: 1.000 litres/h. [19] [10]
Other specially designed fruit processing equipment is a mobile fruit processing unit in a truck that is equipped
with a fruit washing plant, equipped with a fruit chopper, presses, juice collection valve with a cake disposal valve,
juice transfer pump, stainless steel tanks, professional gas pasteurizer, bottle filling machine, bag-box etc.
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Fig.8. Mobile fruit processing unit

Fig.9. Images with the facilities of the mobile fruit processing unit

The advantages recommended by this mobile fruit processing unit are: easy mobility between localities,
and so you can cover a much larger area than if you had a fixed fruit processing point; authorizations can be
obtained much simpler than for a fixed point so financial savings can be obtained; high productivity, can process
up to 300 kg of fruit per hour. [13]
Mobile fruit juice plant - Alvan Blanch (UK) This mobile system is a simple, compact unit designed to process a
wide variety of fruits such as: mango, papaya, pineapple, guavas, soursop and passion fruit. Measures can be
provided for processing citrus fruits such as oranges and an optional hydraulic press complete with vegetable mill,
which can also be included for handling hard fruits such as apples and strong vegetables, if necessary.
The mobile factory can produce juice and has all the essential processes necessary for juice extraction
with the basic system that includes: a sprayer, juice filler head, rotary; press (to extract juice and pulp from fruit);
receiving containers for mixing juice and a pasteurizer for juice.
The unit is also equipped with large fiberglass tanks for manual washing and handling of fruit and foldable
stainless-steel tables that are unloaded when parked to allow manual inspection of fruits and pineapple, as well
as to split the fruit in half. larger dimensions. Larger fruits must be passed through a mill to reduce their size.
The processing capacity of the washing machine is: Non-citrus fruits: 500-1000 kg/h; / trong fruits and
vegetables:300 kg/h [8]. Another type of machine is a water jet with Kontrol type nozzles.

Fig.10 Fruit washing machine with water jet nozzles - Sprayer type

The machine washes and disinfects the fruits using the latest technologies. All parts that come into
contact with the products are made of food stainless steel. The fruit washing machine disinfects the products
with air bubbles. Technical details of the fruit washing machine are:
- power conveyor belt 0.37kw (adjustable)
- water pump power 0.75kw
- 1.5kw air pump power
- dimensions 2800x1030x1500mm
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During transport, the fruits are rinsed under the action of water jets sent on them by the nozzles. The
water in the pool is constantly refreshed. Impurities are eliminated with water through overfilling. After the
completion of the operation, the bubbling, showering and tape transport stops. Empty the water basin through
the drain and remove the impurities. [19] [20]
CONCLUSIONS
Due to the physico-chemical peculiarities, the morphological and physiological structure, the berries fall
into the category of excessively perishable fruits. The high-water content (about 86%) and sugars (about 12%)
of the berries are a nutritious substrate favorable for the proliferation and activity of microorganisms, both during
growth and maturation, as well as during storage and storage. The berries are consumed in a fresh state, but
they are also widely used as a raw material in the food industry, for the preparation of natural and concentrated
juices, syrups, sweets, soft drinks, for the flavoring of alcoholic beverages, as well as in the pharmaceutical
industry. The presence in the mass of the product of foreign impurities and bodies implies numerous negative
aspects, which generate losses for the producers or processors of berries. Washing is a limited operation,
applied only to those species that have strong membranes and corresponding textures, which do not allow
crushing under the pressure of the water jet (jaws, chains, pigeons, etc.). The other species with thin and
succulent membranes (raspberries, blackberries, blueberries, currants, currants) are not subjected to
aggressive washing, as there are large losses, or they can be rinsed in the washing machine with air bubbles, in
the water bath, but at lower air pressures, in the water bath, to obtain a slight bubbling.
In vibrating motion sieves, the oscillatory movement, characterized by the frequency and amplitude of the
oscillations, occurs in a direction that forms with the plane of the screen an angle site. Characteristic for these
separation surfaces is the fact that the particle displacement on the surface of the sieve is made in jumps. This
mode of travel is advantageous, as the downward trajectory of the particle approximates the normal to the
separation surface, facilitating the passage of the particles through the mesh.
Each of these has advantages and disadvantages, when choosing and using one of them is necessary an
efficiency study for a specific situation of use.
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ABSTRACT
The Food and Agriculture Organization (FAO) appreciates that the forest curtains of agricultural land
protection denote the degree of development of a country's agriculture. Regarding the planting of agro-forestry
curtains it is imperative to implement the research results within innovative technologies, with protective effects
for agricultural crops, stability and biological balance.
The present paper presents some variants of technologies developed by INMA Bucharest intended to
establish agro-forestry curtains, with the technical equipments related to each operation included within the
technology, as well as the constructive-technical description of the planting equipment for seedlings EPF1
designed and realized at INMA Bucharest. Finally, the advantages of using agro-forestry curtains on agricultural
crops in our country are presented.
REZUMAT
Organizația pentru Alimentație și Agricultură (FAO) apreciază că perdelele forestiere de protecție a
terenurilor agricole denotă gradul de dezvoltare a agriculturii unei țări. În ceea ce privește plantarea perdelelor
agroforestiere este necesară implementarea rezultatelor cercetării din cadrul tehnologiilor inovatoare, cu efecte
de protecție pentru culturile agricole, stabilitate și echilibru biologic.
Lucrarea de față prezintă câteva variante de tehnologii dezvoltate de INMA București menite să creeze
perdele agroforestiere cu echipamentele tehnice aferente fiecărei operațiuni incluse în tehnologie precum și
descrierea constructiv-tehnicӑ a echipamentului de plantat puieți EPF1 proiectat și realizat la INMA București. În
final, sunt prezentate avantajele utilizării perdelelor agro-forestiere asupra culturilor agricole din țara noastră.

INTRODUCTION
At European level, the European Agroforestry Federation - EURAF (Federation of Farmers Using
Agricultural Technologies with Agroforestry Curtains) aims to implement the agro-forestry system in 50% of
European farms until 2020, as a sustainable use of land, including the role that agro-forestry has to play in
fighting climate change (http://www.eurafagroforestry.eu).
At national level, in accordance with the provisions of Article 4, paragraph 2 of the Law no. 289/2002 on
forest protection curtains, the realization of the National system of forest protection curtains is declared to be of
public utility and, according to Article 3 paragraph (1), forest protection curtains constitute a good of national
interest. Depending on their role, the forest protection curtains are of the following types (Article 2 of Law No.
289/2002, republished): for the protection of agricultural lands against harmful climatic factors and for the
improvement of the climatic conditions in the defended perimeter; anti-erosion, soil protection subject to erosion
phenomena; for the protection of communication and transport ways, especially against snow; for the protection
of dikes and shores against currents, floods, ice and others; for the protection of localities and various economic
and social objectives (Law No. 289/2002, republished).
Within innovative technologies, it is imperative to implement the research results with protective effects
for agricultural crops, stability and biological balance regarding the planting of agro-forestry curtains (Malschi et
al., 2009).
The necessity and the opportunity of setting up the agro-forestry curtains arises from the fact that, in
Romania:
in the absence of irrigation systems, agriculture is dependent on the climatic conditions, and the
produced productions are small and there are frequent calamities on large areas, mainly due to
excessive and prolonged droughts;
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-

the phenomenon of aridity in the southern part of the country is accentuated, and this must be
connected, first of all, with the small areas occupied by forests and (possibly) with climate change;
there was a network of forest protection curtains for the field, mostly destroyed by deforestation, and
the evaluation of the two situations (before and after the destruction of the curtains), in terms of
agricultural crops, environmental conditions, landscape, erosion of the soil, the protection of the
communication paths and of the human settlements is net for the benefit of the forest curtains
In order to come to the resolution of these problems within the INMA Bucharest, specific technologies and
technical equipments have been developed for setting up agro-forestry curtains, which comply with the
requirements imposed by the weather conditions in the approached area.
The present paper presents some of the multiple variants of technologies intended to establish agroforestry curtains, with the technical equipments related to each operation included within the technology.

MATERIAL AND METHOD
The lack of agro-forestry curtains is a big problem for sustainable agricultural development. The use of
agro-forestry curtains is recognized in the fight against drought, landslides, mistletoes, local torrents; increasing
and conserving soil fertility for prevention and control, massive soil degradation processes and not least for the
protection and development of the natural entomophagus fund. Also, the consolidated agro-forestry curtains
provide protection to the open field agriculture system against the attack of pests, as shown in Table 1.

Table 1
The agroforestry practices identification
Agroforestry practice
identification

Description

Silvopasture

Combining woody with forage and animal
production. It comprises forest or
woodland grazing and pastoral land with
hedgerows, isolated/scattered trees or
trees in lines or belts.

Homegardens or kitchen
gardens

Combining trees/shrubs with vegetable
production in urban areas, also known as
part of “trees outside of forest” and arable
land with hedgerows, isolated/scattered
trees or trees in line or belts.

Riparian buffer strips

Strips
of
perennial
vegetation
(trees/shrubs) natural or planted between
croplands/pastures and water sources to
protect water quality. They can be
combined with arable lands (silvoarable)
or grasslands (silvopasture).

Silvoarable

Widely
spaced
woody
vegetation
intercropped with annual or perennial
crops. Trees/shrubs can be distributed
following
an
alley
cropping,
isolated/scattered trees, hedges and line
belts design.

Forest farming

Forested areas used for production or
harvest of natural standing crops for
medicinal, ornamental or culinary uses,
including those integrating forest and
agricultural lands
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To address global climate change and food security whilst maintaining or improving the environment,
international researchers and policy makers are increasingly promoting agro-forestry (Whitbread A., 2012;
Dupraz C. et al.., 2018). Agro-forestry is a land use practice integrating woody perennials (trees or shrubs) with
crops and/or animals on the same land unit (Nair 1993). In Europe, it is both a traditional land use (Alavapati et
al., 2004) and a focus for innovation. In addition, forest curtains play an important role in protecting agricultural
crops against drought, erosion and landslides. According to studies carried out in various states of the world, the
effect of forest curtains leads to an average harvest increase of 15% (M osquera-Losada MR et al., 2018).

RESULTS
According to experts in the field, about 43% (6.4 million hectares) of the 14.963 million ha of agricultural
land in our country require the protection of agricultural crops against drought, erosion and landslides [13].
Agro-forestry curtains ensure efficient protection of agricultural land when they are placed over the
agricultural land in the form of a network, perpendicular to the prevailing wind direction. The protective forest
curtains are made up of several species of trees and shrubs, placed in a certain order, which is presented in the
mixing scheme (figure 1). According to their role and importance in the curtain, the species that enter the
composition of the curtains are divided into main, secondary species, shrubs for soil protection and marginal
species of protection.

a)

b)

c)

Fig.1. - Scheme of mixing by species of trees and shrubs that are part of the forest curtains [12]
a)
main tree (h=15-20m); b) secondary shaft cut to last (h=6-10m); c) shrub (h=1-5m)

For the realization of the protection curtains under optimum conditions it is necessary to adopt
appropriate mechanization techniques, within the afforestation technologies, in which the operation of planting
the forest seedlings has the main role, as it results from figures 2, 3, 4.

Fig.2 - Technology for setting up agro-forestry curtains variant 1 [7]

The technology of figure 2 can be achieved by field processing, planted and watered at a single pass or
by means of operations to be worked and planted.
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Fig. 3 - Technology for setting up agro-forestry curtains variant 2 [8]

The establishment of agroforestry curtains according to variant 2 (figure 3) consists of: the execution of
pits followed by planting. The pits are executed manually with the barrel or mechanically - with a drill.

Fig. 4 - Technology for setting up agro-forestry curtains variant 3 [9]

The establishment of the agro-forestry curtains according to variant 3 (figure 4) consisted of: the
processing of the soil in strips and the opening of a gully in which the seedlings are mechanically planted with
the help of the equipment for planting forest seedlings.
The EPF-1 forest seedlings planting equipment (figure 4), designed and manufactured by INMA
Bucharest, is intended for the mechanization of agrosilvic afforestation works, carried out with a view to
restoring the forest fund, setting up the protection curtains, as well as setting up the plantations in orchards or
nurseries. The equipment realizes the planting of the deciduous and softwood forest shoots with dimensions between
25-70 cm, up to a depth of max. 30 cm in field processed in strips with a width of approx. 60 cm or fully processed.
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a)

b)
Fig. 4 - Equipment for planting forest seedlings EPF1- INMA Bucharest [9]
a) general view; b) constructive details
1- frame; 2-plow; 3-planting mechanism; 4-tapping mechanism; 5-support seedling placement; 6-trees boxes; 7,8-left-

Technical-functional characteristics of EPF1:
- the type of machine
- energy source
- number of planting sections
- maximum planting depth, mm
- distance between shrubs in a row, m
- working speed, km/h
- overall dimension:
- length, mm
- width, mm
- height, mm
- weight, kg

worn
tractor 65-100 HP
1
300
0,5;0,75;1;1,5;3 (five planting schemes)
0,25-3
3000
2000
1320
720

CONCLUSIONS
The main benefits of setting up forest curtains to protect agricultural crops for sustainable agriculture and
environmental protection are:
- agro-forestry curtains for the protection of agricultural crops contribute to the improvement of microclimatic
conditions of growth and development of agricultural crops up to a distance of 25 times the height of the curtain
in the sheltered part and 5 times in the exposed part, due to the reduction of the wind speed by 31-55% in the
sheltered part and with 10-15% in the exposed part;
- the forest curtains for the protection of agricultural crops reduce the daily amplitude of the air temperature in
the crop area by 1-40 ºC and the annual one by 1-20 ºC;
- increase the humidity and ionization degree of the air at the soil level, fertility and soil conservation of the
protected area (change pH);
- it reduces the depth and duration of the frost; it reduces the evapotranspiration;
- due to the reduction of the evapotranspiration of the plants, the cereal production in the protected area is
higher by about 20%, even if a portion of the land is occupied by the curtains;
- reduce the level of toxic gases in the atmosphere, storing 40 t / ha / year CO2 in biomass and producing 30 t /
ha / year oxygen;
- ensuring the conditions for traffic on highways and national roads during the winter period by considerably
reducing the amount of snow that is deposited on the road as a result of the side winds;
- mitigating the effects of climate change in the medium and long term.
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ABSTRACT
The paper presents a comparative analysis of machinery for planting seedlings produced over time,
identifying the advantages and disadvantages of each type manufactured, viewed from the perspective of
compliance technology planting seedlings on one hand and functionality, maintenance and economics, on the
other hand.
It is shown the evolution of the equipment for planted seedlings over time, analyzing technical solutions
adopted for each construction and functional type, followed by a critical analysis identifying their individual
advantages and disadvantages, whith conclusions and recommendations.
REZUMAT
În lucrare se prezintă o analiză comparativă a echipamentelor tehnice pentru plantat răsaduri produse de-a
lungul timpului, cu identificarea avantajelor și dezavantajelor fiecărui tip realizat, privite din perspectiva
respectării tehnologiei de plantat răsaduri pe de o parte și a funcționalității, mentenanței și a aspectelor
economice, pe de altă parte. Se prezintă evoluția în timp a echipamentelor de plantat răsaduri, analiza soluțiilor
tehnice adoptate pentru fiecare tip constructiv și funcțional, urmat de o analiză critică a acestora, cu
identificarea avantajelor și dezavantajelor, concluzii și recomandări.

INTRODUCTION
The importance of vegetable crops for world population has led experts to research supported to find ways
to mechanization operation planters, research embodied in finding technologies and machines allowing a
greater mechanization of tasks, with direct implications on reducing demand for labor, expenses per unit of
cultivated area and the duration and the accuracy of the work of planting. Manufacturers of machinery for
planting seedlings have tried over time to adopt the most varied technical solutions so they comply with a higher
degree possible agrotechnical requirements of the work of planting, knowing that this work depends in the
normal development of the plant, which depends on the development and maintenance of other vegetable crops
to be applied established. The present study is an overview of achievements over time for the most common
types of vegetable seedling planters, followed by identifying critical analysis of their strengths and weaknesses,
conclusions and recommendations for use.
MATERIAL AND METHODS
Agro technological requirements and recommended planting seedlings
- planted rows are straight axis deviations are max permissible line. 5% to ± 20 mm;
- the distance between the rows is adjustable, preferably continuously, starting min. 300 mm to allow
maintenance and harvesting mechanization;
- the distance between the plants in the row can be adjusted continuously or in steps of 50 mm, within the
limits of 100-1200 mm;
- planting depth can be achieved within the limits of 30-150 mm;
- planted seedlings position to be as close to vertical;
- the percentage of improperly planted seedlings (at an angle of 300 from the vertical, covered with soil, left
on the ground or damaged) be less than 5%, [Ceauşescu I., 1980,****1].
Socio-economic requirements
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- price affordable cost;
- creating opportunities for service and staff training;
- maintenance and high reliability.
Constructive types of machines for planting seedlings
1. In 1892 Charles C. Nagley and Frank G. Nagley, Memphis, New York state officially registered the first
planting seedlings machines. This machine is part of a class of machines that are used in planting of, tobacco,
cabbage and other plants, but especially tobacco [Charles C. Nagley și Frank G. Nagley, 1892]. Drawing
machine and its composition is shown in fig. 1:

Fig.1 - Planting seedlings machines
A - machineframe, B - wheel conveyor, C – coulter, D - the coulter lever to lift, E - seat user,
F - lever lifting of the machine, G - compaction wheels, H - tank with water,
I - mechanism of the compaction wheels adjustment, a – stripper, b - water tube,
c - valve watering, d - lever audible warning

2. In 1893 J.M. Sailer, fig.2, achieved a planting machine for small such as tobacco, cabbage, tomatoes,
etc. A significant improvement in that it has brought the machine planting, to the inventor's earlier, is that
eliminated the planting manually seedling in the trench, by adding to the machine of a wheel of planting (1)
consisting of arms ( 2) the ends of which are attached to clamps (3) for holding the seedling [J.M. Sailer ,1893].

Fig. 2 - Planting seedling machine with arms
1 - planting wheel, 2 - arms, 3-clamps seedling, 4 - the tip of the arm
5 - of the guide tapered area,6 - the area of actuation of the lever, 7-wheel compaction
8 - watering valve, 9-watering mechanism, 10 - star wheel.

3. In 1925 William B. Rosevear obtained a patent for planting machine fig. 3. The seedlings are placed
on a storage tape that is subsequently mounted on the machine in the field and the planting is done
automatically. The main difference compared to previous machines is that the process is automated, the user
should change only tape storage. Another difference is that no longer use his arms and clamps for planting
system it is attempting to simplify the planting process [William.B. Rosevear,1925].
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Fig. 3 - Planting seedling machinewith tape
p – plant, 1 - storage seedlings tape, 2 - planting tape, 3 - clamps, 4 - cam for opening the clamps

4. H.P. Cordes obtained a patent in 1944 for a machine for planting seedling which has planting novelty a
pair of floppy disks (1) which are intended to cause the springing of the point A, which is set by the operator at
the point B in the channel planting [H.P. Cordes,1944]. This pair of discs, relatively large and flexible, are
mounted on a shaft (4) and are in a relationship of convergence, so that they join at the point A and the force of
friction and the elasticity of their gripped plant and a retaining wedge it reaches furrow.
Their angle can be adjusted meeting of the arm (7), thereby adjusting the force with which the plant is
clamped between the discs flexible Figure 4. In order not to deform during operation, they are stabilized flexible
disks with other disks (2 and 3) which are attached to clamps (5) and the springs (6). Disc movement is
performed by a belt drive, the wheel travel.
Planting speed depends on the speed with which the car travels and the speed with which the user put the
plants to the point A. In order to maintain a uniform distance between the plants, the machine alerts the user via
an audible signal when it is time to put the seedling. The accuracy is not very high because it depends on mood,
skill and reaction time of the operator.

Fig. 4 - Seedling planting machine with clamps on flexible disk
P - plant, A - plant point fastening, B - ground point release, 1 - flexible disks,
2. 3 - reinforcement discs, 4-shaft support, 5- clamps, 6 - springs consolidation, 7 -adjusting arm.

5. In 1949, Claude L. Carelock patent to obtain a planting machine which has a planting system made up
of a wheel, to which are added to the cups, which put the seedling during planting, fig.5.Previous models of
planters, the inventor has used a planting wheel (1) which has attached cups [Claude L. Carelock,1949].
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One element missing from the car earlier invention is coulter, opener channel, buckets present on the
current car enters the soil and seedling leaves there, no need for channel opener.
The operator put the cup seedling when it is at the top of the wheel, and when the cup reaches the bottom,
onto the soil to the required depth, previously set, and a spring mechanism (3) opens the movable part of the
cup (4) and seedling allowed to fall freely in the soil. In addition to the other cars appear and land leveling blade
(6) is in front of the car, it has the role of land leveling, removing stones and clods or clumps of grass.

Fig. 5 – Planting machine with cups
1 - the planting wheel, 2-cups, 3-mechanism opening cups, 4 - the mobile part of the cup, 5-blade for cover of plants, 6-blade levellers

6. In 1952, Arthur G. Tapp and Ernest T.J. Tapp, obtained a patent for a machine planting fig. 6, the
planting system which is based on a transmission made up of pulleys and belts, the seedling was placed in
manually operated by the clamps (3) attached to the seedling pick-up strip (2)[Arthur G. Tapp şi Ernest T.J.
Tapp,1952]. The system of straps leaves planted in soil is made up of a strap passing through the two pulleys
(13) that presses and come with all the plant, as in the previous case (in 1925) it clamps attached to the belt
which open when seedlings should be left in the gutter. Stages and mechanisms of planting, if present machine,
which is very similar to that of William B. Rosevear machine 1925 are follows:
Users on their seats (1) place the seedling on the pickup strip (2), in the clips (3), the pickup tape moves to
the front due to the lever system (4) operated by the planting wheel (5). Thanks to the metal rods (6) attached to
the pickup strip and the star wheel (7) the plants in the clamps will always be on the flat surface of the scribe (8)
If the machine makes stops.
Brazgift (9) opens the channel and the ground transport strip of the seedling (10) passes through two discs
(11), at which point it presses and makes it catch the seedlings, which it carries in the rigolum where it is
released and then fixed by the taser wheels (14). The rods (12) have the role of stabilizing the discs that
pressure the planting tape and also help to move them across different soil types, improving stability.

Fig. 6 -Seedling planting machine with type and clamps
1-working places, 2-pickup tape, 3-clamps, 4-lever system, 5-planting wheel, 6- rod for displacement,
7 – star wheel, 8-pulley, 9 – brazgift, 10-ground transport tape, 11- flexible discs that press the tape,
12 - stabilization rods, 13- tape compression pulleys, 14-taser wheels

7. In 1973 Herberth C. O. Rothsa made an automatic seedling planter, adpated to change the storage
rollers of the seedlings. It is a convergent belt system that takes over the seedling from the storage tape and
transports it to the ground in an upright position, [Herberth C. O. Rothsa 1973], fig. 7.
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The machine has a power strip (1), a protective tape (2), the one that keeps the plants, but it is immediately
removed from a mechanism (3) when the planting process begins. The system (4), powered by the
displacement wheel is a gearbox for the power band, to adjust its working speed as needed.
The planting tape takes the seedling off the feed strip and transfers it to the ground. All gears are operated
through belts and chains that take the movement from the displacement wheel.
The mechanism (5) is the clutch of the planting system, when it is operated the end of the planting strip (6)
rises and the planting bands stop.

Fig. 7 - Seedling planting machine with tape
1- pwer strip, 2-tape protection, 3-tape removal mechanism, 4 - gearbox, 5-clutch planting tape, 6- end of the planting tape

8. In 1981 several inventors from Russia incl. Boris A. Shulzhenko, and others have made a seedling
planting machine, which has a platform on which a vertical roller is placed in which a band with alveoli in which
the seedling is grown, [Boris A. Shulzhenko et al.1981], fig. 8.
The planting system is a combination of the seedling system stored on a tape and the disc planting system.
The evolution of the process consists in the fact that the storage tape is placed in a box (8), which protects and
facilitates its exchange, but also in the fact that the machine tightens the tape automatically after it is emptied of
the seedling due to a system consisting of pulleys (3).
The seedling is taken from the feed strip and transported into the ground by a flexible disc mechanism (4),
in this way the power speed of the planting discs from 40-50 seedlings per minute was increased by one
operator, at 300-400 seedlings per minute, as long as they supply the supply line in optimal conditions. The
movement of planting discs is ensured by a chain gear from the displacement wheel and the power strip of the
seedling discs is set in motion by a gear on the belts that start from the planting discs.

Fig. 8- Seedling planting machine with type and discs

9. In 1998 Howard Kolk, Robert Kolk and Ken Kooiker, bring improvements to machine types with
rotating cups, fig. 9.
The machine places the plants in the rigol at a predetermined distance, the distance set by the operator in
the electronic control system (1), [Howard Kolk et al. 1998]. For this electronic system (2), it is used by a
variable speed electric motor to control the speed of the planting system with cups but can also control the
movement speed of the tractor. This way the seedlings will always be at the desired distance regardless of the
speed of movement of the tractor.
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With regard to the construction of the seedling support cups (3), the way they are opened, when the plant
should be released, it is done only at the bottom by removing the inclined bottom (4) to 450 and is not done by
half-opening as in other variants made.
The thrust of the plant into the brazing arm remains stuck in the back until the cama commands the
opening of the cups. This way it can increase the planting speed without having the fear that the arm will unsync
and not hit the plants. The arm has the property of self-cleaning of the wet glued soil, due to a cleansing
element (5), among which the arm passes when in the work, which is no longer attached to the other variants.

Fig.9 - Planting machine with rotary cups and electronic programming
1 - electronic control panel, 2 - wheel sensor that transmits the signal, 3 - cups, 4 - cup lid, 5 - rod for cleaning the planting leg.

10. Ferrari manufacturer performs the model of planting machine with nutritious Futura plant, fully
automated, intended for very large farms, [****2]. The model can be ordered in the towed variant but also selfpropelled, as can be seen in fig.10.
This machine was built for vegetable seedlings stored in trays of different sizes and needs only one
operator to feed the machine with trays. It extracts the seedlings automatically by means of a cylindrical piston
system combined with fingers that move and lift the sockets that come out of the tray due to the lower pressure
of the pistons.
The transplant distributor rotates clockwise and is coordinated by an electronic STOP & GO system. It
ensures the exact fall of the plants in the rigol at the right time and allows to increase the performance per hour,
the precision of the planting depth and the distance in turn. The yield is extremely high by about 8000
plants/h/row and can work 24 hours /day without decreasing yield.

Fig. 10-Automatic seedlings planting machine of Ferrari, Futura
- Left, towed variant

- Righ, self-propelled variant

RESULTS AND DISCUSSION
Following the presentation of the most representative achievements, over time, in the field of seedlings
planting machines, the advantages and disadvantages of each type have been identified, as follows:
Model #1 - Charles C. Nagley and Frank G. Nagley
Advantages:
- Constructive simplicity, easy maintenance, low cost price.
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Disadvantages:
-The seedling is placed in a manual ride leaving at the discretion of the operator if he puts the seedling in time
as indicated by the car warning system or not, the productivity and distance between the plants dependgreatly
on the condition, the removal and the experience its;
- Low working parameter adjustment possibilities.
Model #2 - J.M. Sailer
Advantages:
- Constructive simplicity, easy maintenance, low cost price.
Disadvantages:
- Planting depth and the position of the planter planted depend very much on the condition, the removal and
experience of the operator positioning the plant in the clamping clamps;
- Low working parameter adjustment possibilities.
Model #3 - William.B. Rosevear
Advantages:
- Constructive simplicity, easy maintenance, low cost price.
Disadvantages:
- Cover with a blanket and improper handling, the machine is not equipped with working bodies in this respect;
- Working depth cannot be adjusted or the distance between plants per row, for each distance between plants
per row must be placed seedlings at other distances on the storage strip;
- Reduced variety of planting, this machine is intended especially for small seedlings planting;
- Frequent possibility of occurrence of deviations from the planting distance at a time, the mode of transmission
of the movement to the two bands, in conjunction with the opening of the clamping clamps, facilitates deviations.
Model #4 - H.P. Cordes
Advantages:
-Constructive simplicity, easy maintenance, low cost price.
Disadvantages:
- Frequent possibility of occurrence of deviations from the planting distance per row because it depends on the
condition, the removal and the reaction time of the operator, it putting the seedlings between the flexible discs;
- Reduced possibilities to change the distance between plants at a time, thus reducing the degree of universality
of the machine;
- High degree of injury of seedlings caused by their fixation between discs, the tightening force of which
depends on the operator's experience.
Model #5 - Claude L. Carelock
Advantages:
- Constructive simplicity;
- Drive transmission with simple chain wheels, in a step;
- The path of the plant from the bucket in very short soil.
Disadvantages:
- The depth of uncontrollable planting due to the actuation wheel which is with metallic obade and the tendency
to increase in soil increases;
- Planting of seedlings is carried out by the penetration of the cup into the ground, uncontrolled operation
because the cup is articulated on the planting wheel and cannot be closely correlated to the penetration of the
cup into the ground with the movement of the machine;
- The cup has only one mobile part that can lead to the blocking of the seedling in the cup at the time of its
release, especially of the more developed leaves and the fact that the seedling position at planting can deflect
from the vertical position.
Model #6 - Arthur G. Tapp şi Ernest T.J. Tapp
Advantages:
- Cover with the corresponding blanket and tasings.
Disadvantages:
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- Complicated constructive and functional solutions, low maintenance;
- The route of the plant very long to the site of glithers, many interventions on the seedling which leads to
increased injury and deviations from the normal positions of the seedlings;
- Frequent deviations from planting hints caused by the very long route of seedlings;
- Belt drive transmissions can lead to malfunction caused.
Model #7 - Herberth C. O. Rothsa
Advantages:
- Cover with the corresponding blanket and tasings;
- Increased planting speed, positioning of seedlings does not depend on the operator;
- Automatic planting, reduced workforce.
Disadvantages:
- Complicated constructive and functional solutions, low maintenance, high cost price;
- The route of the plant very long to the site of glithers, many interventions on the seedling which leads to
increased injury and deviations from the normal positions of the seedlings;
- Frequent deviations from planting hints caused by the very long route of seedlings and the fact that there are
many transmissions (chain, belts, toothed wheels) that ultimately lead to low transmission yields, with direct
implications on growth deviations from the distance between plants per row;
- Reduced possibilities of variation of the destancy between plants per row.
Model #8 - Boris A. Shulzhenko
Advantages:
- Cover with the corresponding blanket and tasings;
- Increased planting speed, positioning of seedlings does not depend on the operator;
- Automatic planting, reduced work force;
- Relatively simple constructive and functional solutions, low maintenance, average cost price.
Disadvantages:
- Frequent deviations from planting hints caused by the very long route of seedlings and the fact that there are
many transmissions (with chain, belts) that ultimately lead to low transmission yields, with direct implications for
the growth of deviations from distance between plants per row;
- Reduced possibilities of variation of the destancy between plants per row.
Model #9 - Howard Kolk, Robert Kolk şi Ken Kooiker
Advantages:
- The electronic system can control the speed of the planting system with buckets or it can also control the
speed of movement of the tractor, increasing the accuracy of the planting distance in a row and increasing the
planting speed;
- Eliminates the occurrence of deviations from the planting indices due to the system of the electronic system for
monitoring the planting process;
- High possibilities of variation of spacing between plants in a row;
- The introduction of the seedling in cups is more comfortable compared to the other variants in which the
seedling is placed by the operator thus reducing the operator's fatigue.
Disadvantages:
- The machine has a complicated construction, with many elements of electronics and automation, which leads
to low maintenance (possible defects can be solved only by specialized personnel), high cost price, fact that
limits its use to large areas of culture.
Model #10 - Ferrari
Advantages:
- High working capacity;
- High quality work indices.
Disadvantages:
The disadvantages of automatic planting machines are economic, social and organizational in nature, as
follows:
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- The existing machines have a high complexity which leads to difficulties in operation andhigh specialization of
operators;
- The high degree of robotization, the need for electronic coordination of transport systems andplanting;
- High cost of purchase and maintenance. They are functionally and economically designed for large and very
large farms.
Table 1 presents a summary of the comparative analysis on how each type of planting machine analyzed fulfills
the conditions imposed by the planting technologies, constructive simplicity, price, maintenance.
Table 1
Comparative analysis of seedlings planting machines
Position / Type of
machine

Suitable planting
(without deviations
from the vertical,
wounds, plants
covered with soil)

Pos.1 / Model
made by Charles
1
C. Nagley and
Frank G. Nagley
Pos.2 / Model
made by J.M.
1
Sailer
Pos.3 / Model
made by William
1
B. Rosevear
Pos.4/ Model
made by Howard
2
Kolk, Robert Kolk
& Ken Kooiker
Pos.5 / Model
made by Claude L.
1
Carelock
Pos.6/ Model
made by Arthur G.
2
Tapp a.o.
Pos.7 / Model
made by Herberth
2
C. O. Roths
Pos.8 / Model
made by Boris A.
2
Shulzhenko a.o.
Pos.9 / Model
made by Howard
3
Kolk a.o.
Pos.10 / Automatic
3
machine Ferrari
Legend:
- 1 point - out poor criterion;
- 2 points - out acceptable criteria;
- 3 points - well out criterion

Adjusting the
Compliance with
Reduced
Coverage and Adjusting the
distance
the distance
complexity, high
soil compaction
between the
depth of
between the
maintenance, low
after planting
plants in the
planting
plants in the row
price
row

Score
attained

1

3

2

1

3

11

1

3

1

2

3

11

1

2

1

2

3

10

3

2

1

2

3

13

3

1

2

3

3

13

2

3

2

2

2

13

2

3

3

3

2

15

3

3

1

2

3

14

3

3

2

2

2

15

3

3

3

3

1

16

CONCLUSIONS AND RECOMMENDATIONS
- Seedlings planting machine, Models 1, 2, 3, 4 and 5 being the simplest constructive, meet to a small degree
the agrotechnical requirements, but they are simple constructive, have a low price, so they are recommended
for small areas and producers with reduced financial possibilities. They may have large deviations from planting
technology. They are recommended for farmers with small areas, greenhouses, solariums and with reduced
financial possibilities.
- Seedlings planting machine, Models 6 and 7, meet the agrotechnical requirements to an acceptable
degree, are of high complexity, have a high price, so they are recommended for medium and large size surfaces
and are intended for producers with acceptable financial possibilities.
- Seedlings planting machine, Model 8 has high planting speed, seedling positioning does not depend on the
operator, automatic planting, reduced workforce. Relatively simple construction and functional solutions, low
maintenance, average cost price;
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- Automatic machines, Models 9 and 10, meet the agrotechnical requirements in a very high degree, are of
high constructive complexity, have a very high price, are recommended for large and very large surfaces and
intended for producers with high financial possibilities.
The electronic system can control the speed of the planting system or it can also control the speed of
movement of the tractor, increasing the accuracy of the planting distance in a row and increasing the planting
speed;
It eliminates the occurrence of deviations from the planting indices due to the electronic system monitoring
system of the planting process, high possibilities of variation of the spacing between plants in a row.
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ABSTRACT
In the paper there is a comparative study on seedlings planting machines in nutritious pots, equipped with
cups dispensers, which are the most used models due to the fact that they are the most efficient and most
widespread at the time present for planting seedlings produced in nutritious pots.
In addition to their constructive and functional description, there is an analysis of the advantages and
disadvantages of each type achieved, viewed from the perspective of complying with seedlings planting
technology on the one hand and the functionality, maintenance and aspects economic, on the other hand.
A table of constructive types shall also be presented, identifying for each module how they meet or not, the
agri-technical requirements imposed on the seedlings planting work, depending on the advantages and
disadvantages presented for each type analysed, concluding with recommendations for the most appropriate
solutions.
REZUMAT
În lucrare se prezintă un studiu comparativ privind mașinile pentru plantat răsaduri în ghivece nutritive,
echipate cu distrubuitoare cu cupe, acestea fiind cele mai utilizate modele, datorită faptului că sunt cele mai
eficiente și cele mai răspândite la ora actuală pentru plantarea răsadurilor produse în ghivece nutritive.
Pe lângă descrierea lor constructivă și funcţională, se prezintă o analiză a avantajelor și dezavantajelor
fiecărui tip realizat, privite din perspectiva respectării tehnologiei de plantat răsaduri, pe de o parte și a
funcționalității, mentenanței și aspectelor economice, pe de altă parte.
Se prezintă de asemenea un tabel cu tipurile constructive realizate, identificând pentru fiecare modul cum
acestea îndeplinesc sau nu, cerinţele agrotehnice impuse la lucrarea de plantat răsaduri, în funcţie de
avantajele și dezavantajele prezentate pentru fiecare tip analizat, concluzionând cu recomandări pentru soluţiile
cele mai adecvate.

INTRODUCTION
The importance of vegetable crops for the population of the planet has prompted specialists to do sustained
research to find ways of mechanization of the planting operation, research materialized in finding technologies and
machines that allow for a degree more mechanization of specific works, with direct implications for reducing labour
needs, spending on the cultivated area unit and duration as well as on the accuracy of the planting work.
The tendency of vegetable growers to generalise the use of seedlings produced in alveolar trays that facilitate
their planting together with the nutritional substrate in which it has developed has been increasingly manifested,
which gives multiple advantages to growers.
Manufacturers of technical equipment for planting seedlings produced in the nutritive plant pot have tried
the time-out to adopt technical solutions of the most varied, so that they respect as closely as possible the agritechnical requirements of planting work you know that this paper depends on the development under normal
conditions of the plant, which also depends on the other maintenance work that applies to vegetable crops
established.
The present study makes a presentation of the achievements in time for the most used types of vegetable
seedlings, equipped with bucket dispensers, followed by their critical analysis with the identification of
advantages and disadvantages, conclusions and recommendations for use.
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MATERIAL AND METHODS
1. In 1949, Claude L. Carelock, made a planting machine that has the plant system consisting of a rotating
vertical planting wheel, to which the cups are added, in which the seedling is put during the planting process,
[Claude L. Carelock, 1949], fig.1.
The planting wheel (1) on which the cups are attached articulated (2), fig. 2, which have a role to carry the
plant from the user's level to the ground. The cups present on the current machine enter the soil and leave the
seedling there, no need for opener gutter. The user places the seedling in the cup when it is at the top of the
wheel, and the cup carries it to the ground. When the cup reaches the bottom, enter the soil at the required
depth, previously adjusted, an arc mechanism (3) opens the mobile part of the (4) and let the seedling fall freely
in to the soil.
After leaving the plant, it continues its movement and begins to climb by keeping its position upright, after
which it flap closes the cup because of its own weight and leverage that helps to close it.
After the cups leave the plant in the soil, the coating blade (5) has the role of pulling the soil around the
plants. The car also has a blade (6) that is in front of the car and has the role of leveling the terrain, removing
stones and boulders, or some tufts of grass.

Fig. 1 –Planting machine with cups
1-the planting wheel, 2-cups, 3-mechanism opening cups, 4-the mobile part of the cup, 5-blade for cover of plants, 6-Lever

Fig. 2 – Cups construction
1-handle, 2-fixed body of the cup, 3-Rod opening, 4-the mobile part of thecup, 5-the sharp part enters the ground,
6-cam, 7-rod closing command, 8-shaft clamping wheel.

2. In 1981, W. Stewart BootsandJay C. Altman patents a seedling planting machine that has a bucket planting
system, rotating horizontally [W. Stewart Boots, Jay C. Altman, 1981]. The machine scheme is shown in fig. 3.
The user sitting on the chair (1) manually put the plants taken from the storage tray (2) in the cups (3).
Three chain gears and a taped gear transmission transmit the movement from the displacement wheel to a
rotating system (4) in a horizontal plane to which the cups are attached.
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Fig. 3 –Seedling planting machine with cups in rotary system
1 - userseat, 2-seedling storage, 3-cups, 4-rotary system,
5 - cam open cups, 6-pipe seedling in brazing, 7-opener gutter

Fig. 4-Construction of the planting mechanism
3 - cups, 4- rotary system, 5-cam open cups,
6-pipe seedling in brazing, 7- opener gutter, 8–pushing arm

The seedling is released by opening the cup (designed with two equal movable parts) ordered by the cama
(5), through a tube that has the end in the form of funnel (6) until the channel opened by the opener gutter (7),
fig. 4. One arm, (8) pushes and gently places the plant next to the tube to make room for the following plant, but
also for its better placement in the rigoly.
3. In 1992, Howard N Poll, obtains a patent for a planting machine with a rotating cup. The machine’
drawing is shown in fig.5. The system of planting rotary cup (1) has been enhanced by the fact that the number
of cups is increased from 4 to 6 and the shape, size and pattern of release modified such that the seedlings of
the plants to be protected does not occur degradation of the plant [Howard Poll, 1992].
Improving building cups from previous is that they have round shapes, without corners that can hit the
plants are deeper for plants larger have protected the leaves and opening, the two halves to open only the
bottom, facilitates the fall of the plant seedling and less likely to cling. Cups were brought closer to the
conveying tube furrow to make a transfer as quickly and safely. The tube through which the plant is attached to
the ground moves with it and places it in range plant. A new element not found in the previous car is disk (2) as
a break soil crust before furrow opener.

Fig. 5–Seedling planting machine with rotary cups
1 - the rotary planting mechanism cups, 2 - soil crust-breaking disc

4. In 1998 Howard Kolk, Robert Kolk, Netherlands, bring back improvements bucket type rotary machine,
developed by Howard Poll in 1992. Sketch planting machine is shown in fig. 6. To place the plants in the trench
machine in a predetermined distance range set by the operator in the control electronics (1). For this electronic
system (2) uses a variable speed electric motor to control the speed of the system but can control the planting
bucket and the speed of the tractor [Howard Kolk, Robert Kolk, et.al 1998]. Thus, seedlings will always be at the
desired distance regardless of the speed of the tractor. Regarding construction of cups holding seedling (3) how
to open them when you have săelibereze plant is only at the bottom by removing the inclined base (4) 45º and
not by opening half as in other embodiments made. The arm pushes plant furrow stuck behind until the control
cam cup opening. This can increase the speed of planting without fear that arm to sync and will not hit plants.
The arm has a self-cleaning property of the solder wet soil, thanks to a cleaning element (5) passing through the
arm when it is in work function that is not found in the other embodiments.
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Fig. 6 – Planters with electronic and programming one rotating cup-board electronic control
1 - the electronic control panel, 2- wheel sensor which transmits signals, 3- cups,
4-cuplid, 5- rods for cleaning the foot of planting

5. The planting machine dispenser cups rotativ vertically, carried out at INMA Bucharest, fig.7, [****7],
is mainly composed of: the machine frame (1), the drive wheel (2), transmission (3;8), support boxes (5) and
consisting of two sections planting the section (6) depth wheel (4), the coulters (7), rotating distributing cups (9),
the compaction wheel (10). In the transmission, the changing of the chain wheels can be obtained more
transmission ratios which, in conjunction with the number of cups in the dispenser, leading to a large number of
seedlings per row spacings 46 distances.

Fig. 7 - The planting machine dispenser cups rotativ vertically - INMA Bucharest

6. Automated planted seedlings
For very large farms where land is pooled and working very large land, were made automatic planters, one
of the most representative models being manufactured by Ferrari [****2]. The proposed model is called Ferrari
Futura can achieve both and trailer and motorized version as shown in fig. 8. This machine was built for
vegetable seedling trays sctocat in different sizes and needs only one operator to feed the drive tray. Its
seedlings extracted automatically by means of a cylindrical piston-based system combined with the fingers and
lifts it moves the seedling tray by the pressure coming out of the bottom of the piston. Planting distributor rotates
clockwise and is coordinated by an electronic STOP & GO. It provides accurate plant fall in the gutter at the
right time and enables increased productivity, accuracy and distance depth planting time. The yield is extremely
high, about 8,000 plants / h / row and can work 24 hours / day without loss of yield.
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Fig. 8 - Automatic planting machine Ferrari Futura
Left, trailed version;

Right, propelled version

Agro technological requirements and recommended planting seedlings
- planted rows are straight axis deviations are max permissible line. 5% to ± 20 mm;
- the distance between the rows is adjustable, preferably continuously, starting min.300 mm to allow
maintenance and harvesting mechanization;
- the distance between the plants in the row can be adjusted continuously or in steps of 50 mm, within the
limits of 100-1200 mm;
- planting depth can be achieved within the limits of 30-150 mm;
- planted seedlings position to be as close to vertical;
- the percentage of improperly planted seedlings (at an angle of 30º from the vertical, covered with soil, left
on the ground or damaged) be less than 5%, [Ceauşescu I., 1980,****1].
Socio-economic requirements
- price affordable cost;
- creating opportunities for service and staff training;
- maintenance and high reliability.

RESULTS AND DISCUSSION
Following the presentation, the representative achievements, over time, particularly in the machine for
planting seedlings in pots nutritional products equipped with distribution bucket were identified avantajele and
disadvantages of each type, as follows:
Model1 - planters machine made by Claude L. Carelock.
Advantages:
- simple design;
- transmission of simple chain drive wheel, wake up one level;
- route selected plant from the ground short cup.
Disadvantages:
- planting depth uncontrollable due to the drive wheel that is the wheel rim and the metallic ground tend to
increase the margin selected;
- planting of seedlings is carried out by entering the cup selected ground operation uncontrolled cup is
articulated on the wheel planting and can not be correlated accurately entering the cup selected ground by the
movement of the machine;
- the cup has only one movable part which can lead to blocking seedling selected cup at the time of its
release, especially of the leaves developed tăsadurilor and that the seedling position may deviate from the
vertical.
Model 2 – Planter made ofW.Stewart Boots planters and Jay C. Altman.
Advantages:
- seedling is the vertical position;
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- introduction of selected seedling is more convenient cups to the planting system version selected vertical
rotary bucket, reducing the fatigue of the operator;
Disadvantages:
- insufficient coverage seedling planting machine being provided with additional coverage organs;
- motion transmission system distributor bucket is complicated, which is composed of four transmissions,
leading to low maintenance, on the one hand and reducing accuracy motion yields ȋnsumate the four
transmissions are contained between hard 0.84- 0.91 that which meansa deviation in distance between hard
comprised between hard plants in the row 9-16%;
- furrow transport tube is long and fixed plants, soil placement being selected plant is a push arm, which
delay transport the clod of the plant and may damage the seedling.
- because of the low efficiency of transmitting the motion, the plant pushing time, selected by the arm push
ground can delay, leading to non-uniformity of the distance between hard plants in the row.
Model 3 - Machine made by Howard N Poll
Advantages:
- the introduction of selected seedling is more convenient cups to the planting system version selected
vertical rotary bucket, reducing the fatigue of the operator;
-pools were made as close to the transport tube to make the transfer as quickly and safely eliminating the
possibility of damage to the plant;
- transport tube is movable, it moves to the plant and places it in range;
- cups have rounded shapes, without corners that can hit the plants are deeper for larger plants have
leaves protected and how open in two halves facilitates the fall planting and less likely to cling to the plant.
Disadvantages:
- insufficient coverage seedling planting machine being provided with additional coverage organs;
- motion transmission system distributor bucket is complicated, which is composed of four transmissions,
leading to low maintenance, on the one hand and reducing accuracy motion yields ȋnsumate the four
transmissions are contained between hard 0.84 - 0.91 [****3,4,5,6], that which means a deviation in distance
between hard comprised between hard plants in the row 9-16%.
Model 4. -The performed KolkThe Howard, Robert Kolk and KenKooiker.
Advantages:
- electronic system can control the speed of the planting bucket or control and the speed of the tractor,
increasing the accuracy of planting distance and increases the speed of the planting row;
- ȋmpingere arm remains locked at the rear of the plant until the cups after the opening control cam arm
ȋmpinge selected plant soil, thus eliminating the gap that appears selected in previous models, the two
movements being synchronized and decreases the degree of damage to the plant;
- the machine is provided with an element of the arm ȋmpingere purity of moist soil which may adhere to the
arm.
Disadvantages:
- the construction is complicated, with many elements of electronics and automation that drive low
maintenance (possible defects can be solved only by a specialist), high cost, which limits its use to large areas
of culture.
Model 5.- The planting machine made by INMA Bucharest.
Advantages: - relatively simple construction, high maintenance;
- for high fidelity planting distance in row, with only two transmission chain;
- seedling planted upright position;
- corresponding to the ground coating and soil compaction around seedlings - a large number of seedlings
per row spacings, approx.46 distances.
Disadvantages: - limiting the number of rows of plants, max.2 for repeatedly driving wheel slip increases,
which leads to failure distance planting time.
Model 6 - The automatic planting machine with nutrient medium.
Advantages:
- high working capacity;
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- work indices made from a high quality.
Disadvantages:
The disadvantages automatic planters are only economic, social and organizational, as follows:
- machines existing highly complex leading to difficulties in operation and highly specialized operators;
- high degree of robotics, electronic systems need to coordinate transport and planting;
- the high cost of purchase and maintenance;
- are economically and functionally designed for large and very large farms.
Table 1 presents a comparative analysis on how each type of planters analyzed satisfies the conditions of
planting technology, design simplicity, price maintenance.
Comparative analysis of the planter machines with cups dispenser

Position/Type of
machine

Poz. 1 /Model
made by Claude
L. Carelock
Poz. 2 /Model
made by W.
Stewart Boots &
Jay C. Altman
Poz. 3 /Model
made by Howard
N. Poll
Poz. 4 /Model
made of Howard
Kolk, Robert
Kolk and
KenKooiker
Poz. 5 /Model
made by INMA
Bucharest
Poz. 6/
Automatic
planting machine
Ferrari

Table 1
Adjusting
Reduced
the
complexity,
distance
Score
high
between
attained
maintenance,
the plants
low price
in the row

Suitable planting
(without deviations
from the vertical,
wounds, plants
covered with soil)

Compliance with
the distance
between the
plants in the row

1

3

1

1

2

3

11

2

2

1

1

2

3

11

3

2

2

2

3

2

14

2

3

3

3

3

1

15

3

3

3

3

3

2

17

3

3

3

3

3

1

16

Coverage
Adjusting
and soil
the depth
compaction
of
after planting planting

Legend:
- 1 point - out poor criterion;
- 2 points - out acceptable criterion;
- 3 points - well out criterion

CONCLUSIONS AND RECOMMENDATIONS
- Planter seedlings, models 1 and 2, being the simplest constructive meeting a weaker degree of agronomic
requirements, but simple construction, have a low price, so they are recommended for small areas and
producers with reduced financial possibilities.
- Planter seedlings, models 3 and 4 meet an acceptable level of agronomic requirements, are complex
design support, have a higher price than the first two models, so they are recommended for areas of medium
and producers with acceptable financial possibilities.
- Planter seedlings, model 5 fulfills a high agronomic requirement degree, are complex design support, have
an average price, recommended for medium and large surfaces and for producers with relatively small financial
means.
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- Automatic machines, model 6 meet in a very high agronomic requirements are highly complex construction,
have a very high surface are recommended for large and very large size and intended for manufacturers of
large financial opportunities.
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ABSTRACT
Under EU Directive 28/2009, Member States are required to replace fossil fuels with minimum 10%
biofuels until 2020. In these conditions it is expected that bioethanol production will significantly contribute to the
fulfillment of EU’s countries obligations.
The experiments made on sweet sorghum were aimed at studying an assortment of 5 hybrids, in order
to identify hybrids with the highest adaptability to climate change. The SASM 1 and SASM 2 hybrids have very
high production potential, over 98 t/ha, with production levels above the tested assortment. The variations of
production in the other hybrids were mainly due to their genetic characteristics and the structure of the
components that make up the biomass of the sweet sorghum plant.
The Brix levels in sorghum stalks were determined in the experimental fields using a portable
refractometer. In the case of the assay tested at ARDS Caracal, the Brix level was found to be between 14.7%
in the Supersille 20 hybrid and 22.7% in the Athena hybrid, with an average of 19.2% per experiment.
REZUMAT
În conformitate cu Directiva UE 28/2009, statele membre trebuie să înlocuiască combustibilii fosili cu
minim 10% biocombustibili până în 2020. În aceste condiții, este de așteptat ca producția de bioetanol să
contribuie în mod semnificativ la îndeplinirea obligațiilor țărilor UE.
Experimentele realizate pe sorg zaharat au avut ca scop studierea unui sortiment de 5 hibrizi, pentru a
identifica hibrizii cu cea mai mare adaptabilitate la schimbările climatice. Hibrizii SASM 1 și SASM 2 au un
potențial de producție foarte mare, de peste 98 t/ha, cu niveluri de producție peste media sortimentul testat.
Variațiile producției la ceilalți hibrizi s-au datorat în principal caracteristicilor lor genetice și structurii
componentelor care alcătuiesc biomasa plantei de sorg zaharat.
Valorile Brix ale tulpinilor de sorg au fost determinate în câmpurile experimentale folosind un
refractometru portabil. În cazul sortimentului testat la SCDA Caracal, s-a constatat că nivelul Brix a variat între
14,7% în hibridul Supersille 20 și 22,7% în hibridul Athena, cu o medie de 19,2% pe experiment.
INTRODUCTION
Sweet sorghum is an extremely promising multifunctional crop not only for its high economic value (due to
its high productivity - almost 20 to 50 t/ha dry substance and to its wide range of products: grains, sugar,
lignocellulosic components), but also for capacity its to offer a very wide range of renewable energy products,
industrial goods, food (seeds and sugar) and animal feed products.
Sweet sorghum can thus be considered a crop of universal value, as it can be grown on all continents, in
tropical, subtropical, temperate regions, as well as in poor quality soils and in semi-arid regions. (G. Grassi,
2004).
Sweet sorghum has three different components that can be used to produce ethanol: grains, biomass and
juice. The juice extracted from the plant strains contains a lot of sugars, such as sucrose, glucose and fructose,
which can be directly converted by biological fermentation into ethanol. Also, is an important crop for deficient
areas where the fuel prices increase and water use for irrigation becomes more limiting, and in these conditions,
it is expected that its importance will continue to increase.
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As part of China's comprehensive energy plan, its bioenergy industry is strongly accelerating cellulose
ethanol fuel production and diversifying its supply of raw materials to include new crops such as cassava and
sorghum (Sanyuan Tang et al., 2018). In 2020, ethanol yields will reach 4.0 million tons, with 90% increase,
from 2.1 million tons in 2015, according to the 13th Bioenergy Development Plan launched by the National
Administration of China Energy.
In the USA, such an increase in the area of sugar sorghum has already occurred due to the rapid
development of ethanol refineries based on cereals. This is already demonstrated by a 19% increase in the area
of sorghum in 2007, compared to 2006. This review focuses on the benefits of sorghum as an ethanol source
and its future for mass extending.

MATERIAL AND METHOD
The Caracal Plain area, although benefiting from soils with good natural fertility, is also subject to
changing climatic conditions, with high temperatures during summer, associated with burning and drought,
which makes it the technology for cultivating field plants, including of sugar sorghum, it will be necessary to be
optimized for the pedoclimatic conditions in the area.
Testing the sweet sorghum hybrids, approved or in the process of being approved on the Romanian
market, is required in order to determine which of them values the climate and soil conditions in the mentioned
area.
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).
The assortment of hybrids studied, consisting of 5 sugary sorghum hybrids, had 3 provenances:
• Euralis seeds Romania - hybrids tested: BRM Gold and Athena;
• The Academy of Agricultural and Forestry Sciences of the Republic of Moldova: from which
we tested the hybrids: SAȘM 1 and SAȘM 2;
• Caussade Semences Romania - with only one hybrid tested - Supersille 20.
The experience was based on the method of blocks with 5 variants in 3 repetitions arranged randomly.
Sowing was done at a depth of 3.5 cm, sowing of sorghum too deep (more than 5.8 cm) can prevent the
emergence and weaken the vigor of the plants, while sowing at the surface (less than 1.3 cm) can cause
uprooting mature culture (Cothren et al., 2000; Mahmood 2012). In order to ensure a good uniformity at
emergence time it is recommended to respect the amount of sown seed, which after some authors vary from 8.5
to 40 kg/ha (AERC 2008, Omafra 2009, Kim et al., 1989, Mahmood 2012).
Field observations were supplemented by laboratory analysis and data interpretation being done by
analysis of variance. As a control was used the average /experience of the tested hybrids.

RESULTS
Sorghum is one of the thermophilic species, with very high demands on temperature. The climatic
conditions recorded in 2018 (figure 1), were favorable for the growth and development of sorghum plants. Thus,
temperatures of over 14oC have been recorded since the beginning of April, allowing soil preparation and
sowing in the optimum time (the first decade of May). The temperatures recorded immediately after sowing
allowed a uniform emergence of the plants, the sorghum requiring for seed germination a minimum temperature
of 10-12ºC (Anda and Pinter 1994; Mahmood 2012, Drăghici I., 1999, Niţă Simona et al., 2015). The literature
mentions the optimum sowing time when in the soil at the sowing depth is recorded 10oC for three consecutive
days and the forecast of five days is acceptable (Anda and Pinter 1994, Drăghici I., 1999). In Canada, sowing in
late May or early June is recommended, when temperatures are above 12°C and the risk of freezing disappears
(AERC 2008, Omafra 2009). At temperatures below 10-12oC, sorghum ceases to growth.
However, compared to the multiannual average recorded in the experimentation area, the year 2018 was
an extremely hot one. Compared with the multiannual records, an average temperature of 12.6°C was obtained,
with 2.0oC, higher than the multiannual average of 10.6oC. As regards the months of the warm period of the
year (April - September), we find that in no month were temperatures lower than the multiannual average. The
deviations were positive, ranging from 0 to + 5.2oC.
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Fig.1 – Climatic condition on 2018 year registered at ARDS Caracal

From the point of view of precipitation, the year 2018 was with a high level of precipitation, especially in
the second part of the vegetation of the plants. The multiannual amount of precipitation in this agricultural year
was 843.6 mm, with 306.2 mm higher than the multiannual average of 537.4 mm.
Known as a plant with a slow growth rate in the first 30 days after emergence, the tested sorghum hybrids
had a good evolution of the growth rate, reaching maturity to have plant height values between 244 cm at BRM
Gold hybrid and 368.1 cm registered on the hybrid from the Republic of Moldova, SASM 1 (table 1). From this
point of view, we can also see the hybrid SASM 2, whose plants reached average heights of 341.4 cm. Values
below 300 cm were recorded in the Athena hybrid, with an average of 277.9 cm.
The diameter of the sorghum plants was another biometric element tracked and noted, this being
determined with the help of a portable cube as an average value of 10 plants / repetition in the middle of the
stem (table 1).
Table 1
Elements of biometrics and the accumulation of soluble dry matter at
sweet sorghum hybrids tested under the conditions of 2018

Plant’s height
cm

Stalk diameter
mm

BRIX
%

BRM Gold
SASM 1
SASM 2
ATHENA

244.0
368.1
341.4
277.9

196
230
224
206

20.1
20.1
19.0
22.8

SUPERSILLE 20

316.1

208

14.3

Average / experiment

309.5

213

19.2

Minim

244

196

14.3

Maxim

368

230

22.8

Hybrid

Except for the BRM Gold hybrid, whose value was below 200 mm, all the other hybrids tested had values
between 206 mm and 230 mm, at the Athena hybrid and respectively SASM 1.
The soluble dry matter content - BRIX - or the accumulation of carbohydrates was determined both
dynamically and at maturity. Table 1 shows the values recorded in the field at the maturity of the plants, and in
figure 2 aspects from their determination with the portable refractometer.
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Fig. 2 - Aspect from the experimental field - determination of BRIX content with
portable electronic refractometer

In the climatic conditions of the year 2018, the BRIX level registered in the assortment of sweet sorghum
varied in wide limits, depending on the cultivated hybrid, being between 14.3% in the Supersille 20 hybrid and
22.8% in the Athena hybrid. Typical sugary sorghum hybrids with provenance from the Republic of Moldova
achieved close values between them, of 20,1% in SASM 1 and 19.0% respectively in the SASM 2 hybrid.
The total biomass production determined in the assortment of hybrids taken in the test had high values,
similar to those mentioned in the specialized literature, which showed their productive potential, but the need to
ensure a high technological level for the sugar sorghum culture under the conditions of the Caracal Plain (table
2).
Table 2
The influence of the hybrid on the biomass production obtained on sweet sorghum under the climatic conditions
from S.C.D.A. Caracal, 2018

Biomass yield
Hybrid

Signification

t/ha

%

BRM Gold
SASM 1
SASM 2
ATHENA

53.1
98.7
98.2
77.7

67.8
126.1
125.4
99.2

Differences
t/ha
-25.2
20.4
19.9
-0.6

SUPERSILLE 20

63.9

81.6

-14.4

OO

Average / experiment

78.3

100.0

0.0

CONTROL

DL 5%
DL 1%
DL 0,1%

9.5
13.4
18.7

OOO
XXX
XXX
-

It can be seen that the biomass production was between 53.1 t / ha in the BRM Gold hybrid and 98.7 t/ha
in the SASM 1 hybrid. Compared to the average of the hybrids, which was 78.3 t/ha, there are significant
increases in production in the hybrids with origin of the Republic of Moldova, of 20.4 t/ha in the hybrid SAMS 1
and 19.9 t/ha respectively the SASM 2 hybrid, both being statistically insured and considered to be very
significant in relation to the Control.
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The Athena hybrid, whose production was 77.7 t/ha, registered a difference of 0.6 t/ha compared to the
control, was not statistically insured. Very significant negative differences were observed in the BRM Gold
hybrid, with a production of only 67.8% related the Control value, which obtained 53.1 t/ha total biomass. With
significant negative differences of 14.4 t/ha, compared to the control is also the hybrid Supersille 20.
Given the multitude of factors that influenced the biomass production during the experimentation year, we
were able to select and calculate statistics, using the ANOVA and XLSTAT statistical programs, a series of
correlations between the different elements of biometrics and production or the carbohydrate content
accumulated in sugar sorghum stems (table 3, figure 3 and 4).
Table 3
Correlations established between several biometric elements and biomass yield at sweet sorghum under climatic
conditions from S.C.D.A. Caracal, 2018

Yields
Yields
Plant’s height
Stalk diameter
Leaf number
ISF
Brix

1
0,846
0,946
0,991
0,985
0,248

Plant’s
height
1
0,963
0,827
0,687
-0,247

Stalk
diameter

1
0,940
0,795
-0,004

Leaf
number

1
0,923
0,322

ISF

1
0,470

Brix

1

Very significant correlations were established between:
• the height of the plants and the total biomass production obtained, with a r = 0.846 (aspect also
highlighted in figure 3);
• the diameter of the stems of the sugar sorghum plants and the total biomass production obtained, with
a r = 0,946 (aspect also shown in figure 4);

Figure 3 – Correlation between total biomass yield and plant’s height

In determining the total biomass production, the components of the biomass of sweet sorghum were
separated, weighed and recorded separately: the stems, leaves and panicles.
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Fig. 4 – Correlation between total biomass yield and stalk diameter

From the total biomass production obtained from the experienced hybrids (figure 5), the highest
participation rate in the formation of yield was held by the stems which they had a percentage of participation
between 72.8% at Supersille 20 hybrid and 83.6% recorded at SASM 1 hybrid. The average of the experiment
registered the value of 80.3% stalks related to the total biomass yield;

Average

80,3

SUPERSILLE

10,9

72,8

ATHENA

10,8

79,8

SASM 2

10,2

83,6

BRM Gold

10,8

81,6
0%

10%

20%

30%
Stalks %

16,4

11,6

81,6

SASM 1

8,8

40%

10,9
50%

Leaves %

60%

70%

80%

90%

8,6

8,2

5,6

7,6
100%

Panicles %

Fig. 5 - Percentage of participation in the formation of total biomass production

CONCLUSIONS
Summarizing the data from the paper, we can highlight, as most important conclusions, the follows:
 The climatic conditions recorded in the year 2018 were favorable for the growth and
development of the sugar sorghum plants grown on the argic chernozem from ARDS
Caracal;
809

INTERNATIONAL SYMPOSIUM











The assortment of 5 hybrids tested evolved very well from the vegetative and generative
point of view, registering plants that exceeded on average 277 cm and reached maximum
values in the hybrid SASM 1 of 368.1 cm;
The total biomass productions had high values, similar to those mentioned in the
specialized literature, which were around 73 t/ha on average, with a maximum of 98 t/ha on
the hybrids SASM 1 and SASM 2, which have proven to be the most valuable of this
assortment;
From the components that make up the biomass, the highest share of participation in its
formation were stalks, with percentages between 72.8% in the Supersille 20 hybrid and
83.6% in the SASM 1 hybrid;
The accumulation of carbohydrates - soluble dry matter - BRIX - determined with the
portable electronic refractometer revealed that the highest value, of 22.8%, was registered
at the Athena hybrid from the company Euralis Seeds Romania Company, followed by the
two hybrids from the Republic Moldova: SASM 1 and SASM 2 with a content of 20% and
respectively 19.1%;
By processing the collected data, with the help of the statistical programs, very significant
positive correlations were established between the amount of biomass obtained and some
elements of plant biometrics, respectively: height, stem diameter, number of leaves and leaf
surface index.
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ABSTRACT
Pasta are healthy and enjoyable products which are gaining new consumers around the world every day.
The reasons for this growing popularity are: good nutritional value, easy preservation, long shelf life, easy
preparation, moderate price, availability of a modern and efficient processing technology. Fortification of pasta in
order to increase their nutritional value and antioxidant capacity is of real interest. Functional ingredients
obtained from tomato waste and winemaking by-products, have a complex biochemical composition, being
noted by their content in protein, fat, total fiber, minerals (Fe, K, Mg, Ca, Se), total polyphenol and antioxidant
capacity. In this paper are presented the results of the research undertaken to fortify pasta with functional
ingredients in the form of powders, obtained from tomato waste and winemaking by-products, by own
experiments. After boiling, pasta fortified with tomato waste flour, black grape pomace flour, black grape seed
flour, keep their shape, are consistent and elastic, have specific colors and have a pleasant, characteristic taste
and smell. At the same time, fortified pasta are noted for their content in protein (12.70....13.35%), fibers
(8.59...11.12%), minerals (K=234.3…461.14mg/100g; Ca=61.37…152.94mg/100g; Mg=62.41…73.12mg/100g;
Fe=2.65…4.35 mg/100g; Zn=1.42…1.53 mg/100g), total polyphenol (928.45…1563.48mg GAE/100g), lycopene
(1.18…6.43 mg/100g). Due to their high content in bioactive compounds, these pasta have high antioxidant
capacity (329.2 … 484.8 µmol Trolox Equivalents/100g).

REZUMAT
Pastele făinoase sunt produse sănătoase și plăcute care câștigă zi de zi noi consumatori în întreaga
lume. Motivațiile acestei popularități în creștere sunt: valoare nutrițională bună, conservare ușoară, durată lungă
de valabilitate, preparare ușoară, preț moderat, disponibilitatea unei tehnologii de prelucrare moderne și
eficiente. Fortifierea pastelor făinoase în scopul creșterii valorii nutriționale și a capacității antioxidante este de
un real interes. Ingredientele funcționale obținute din deșeuri de tomate și subproduse vinicole, au o compoziție
biochimică complexă, remarcându-se prin conținutul în proteine, lipide, fibre totale, elemente minerale (Fe, K,
Mg, Ca, Se), polifenoli totali și capacitate antioxidantă. În această lucrare sunt prezentate rezultatele cercetărilor
întreprinse pentru fortifierea pastelor făinoase cu ingrediente funcționale sub formă de pulberi, obținute din
deșeuri de tomate și subproduse vinicole, prin experimentări proprii. În urma fierberii, pastele făinoase fortifiate
cu făină din deșeuri de tomate, făină din tescovină de struguri negri, făină din semințe de struguri negri, își
mențin forma, sunt ferme și elastice, au culori specifice și prezintă gust și miros plăcute, caracteristice.
Totodată, pastele făinoase fortifiate, se remarcă prin conținutul în proteine (12,70....13,35%), fibre
(8,59...11,12%), elemente minerale (K= 234,93…461,14mg/100g; Ca= 61,37…152,94mg/100g; Mg =
62,41…73,12mg/100g; Fe = 2,65…4,35 mg/100g; Zn = 1,42…1,53 mg/100g), polifenoli totali
(928,45…1563,48mg GAE/100g), licopen (1,18…6,43 mg/100g). Datorită conținutului lor ridicat în compuși
bioactivi, aceste paste au capacitate antioxidantă ridicată (329,2 … 484,8 µmol Echivalenți Trolox /100g).
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INTRODUCTION
Pasta are traditionally made using only durum wheat semolina, but it is possible to incorporate other
flours or ingredients into pasta to increase their nutritional value, compared to conventional pasta. Currently,
manufacturers are striving to create products with new properties, given by dietary fibre or antioxidants. In
particular, phenolics and carotenoids can impart health benefits being able to scavenge reactive oxygen species
and protect against degenerative diseases like cancer and cardiovascular diseases (Padalino et al., 2017).
Attanzio et al. (2018), mention that at present, the exponential growth of the production of vegetable
waste from the agri-food industry is a critical global problem, considering storage, disposal, environmental
impact and potential health risks. At the same time, the same authors highlight the fact that numerous in vitro
and in vivo studies, support the involvement of phytochemical compounds in vegetables and fruits, as well as in
the waste resulting from their processing, in the prevention and/or diet therapy of chronic diseases caused by
oxidative stress, such as cancer and cardiovascular diseases. Therefore, valorisation of such waste by
achievement of functional ingredients, leading to increasing of nutritional quality and antioxidant potential of
foods is of real interest. Among waste and by-products from the processing industry of vegetables and fruits
with valorisation potential are tomato waste, dark colour grape seed and skin (red, purple and black) (Catană et
al., 2017).
According to the recent studies performed by Nour et al. (2018) dried tomato wastes, consisting of about
22.2% seeds and 77.8% pulp residues and skins, have complex biochemical composition represented by: 946.5
g/kg dry matter, 176.2 g/kg crude protein, 21.9 g/kg crude fat, 524.4 g/kg crude fiber, 42.1 g/kg ash, 172.4 g/kg
total amino acids, unsaturated fatty acids (represent 77.04% of the total fatty acids), saturated fatty acids
(represent 22.72% of the total fatty acids), 1229.5 mg GAE/kg total phenolics, 415.3 mg QE/kg total flavonoids,
510.6 mg/kg lycopene, 95.6 mg/kg β-carotene. Also, studies performed by Rubashvili et al. (2018) showed that
in case of tomato skin β-carotene content varied in the range 8.39 – 12.75 μg/g, and lycopene content in the
range 165.11 – 179.56 μg/g.
Catană et al. (2017) showed that flours obtained from winemaking by-products (black grape seed flour,
black grape pomace flour) are noted for their content in ash, protein, fat, minerals (K, Ca, Mg: 146.55- 223.75
mg/100g; Fe: 4.92- 8.67 mg/100g; Zn: 0.49-0.75 mg/100g; Se: 0,021- 0,031mg/100g), total fibre (58.86-66.06%)
total polyphenol (200.15 mg/100g - 322.75 mg/100g) and has antioxidant capacity (40.75–51.25 mg Trolox
Equivalents/g).
Padalino et al. (2017) fortified spaghetti with tomato peel flour (levels of fortification 10%, 15%) which led
to the increase of the content of carotenoids (lycopene and β-carotene) and dietary fibre (soluble and insoluble
dietary fibre) in spaghetti samples as compared to the Control sample. At a fortification level of 15% with tomato
peel flour were recorded lower sensory scores for elasticity, odour, and firmness than in the Control. To improve
the sensory quality of spaghetti fortified with 15 % tomato peel flour, corresponding concentrations of
hydrocolloids were added.
Marinelli et al. (2015) proposed reutilization of wine-making by-products with success to enrich fresh or
dry pasta from durum wheat. The obtained results show that it is possible to use grape marc aqueous extract,
obtained from ultrasound extraction, instead of simple water to produce pasta, without altering its sensory
characteristics. In fact, according to sensory analysis no significant differences have been found among the
experimental samples. Moreover, enriched spaghetti was characterized by a higher content of phenolic
compounds, flavonoids, and consequently antioxidant activity compared to the control sample.
Savla and Yardi (2016) have shown that fortification of gluten free pasta with grape pomace, determines
an increase in fibre content and extension of shelf life of them. In addition, fortified gluten free pasta, have
superior sensory qualities.
In this paper are presented the results of the research undertaken to fortify the pasta with functional
ingredients in the form of powders, obtained from waste and winemaking by-products, through our own
experiments. The fortification process led to the increase of the nutritional values and the antioxidant potential of
the obtained pasta.
MATERIALS AND METHODS
Tomato waste resulted from tomato processing to juice within the Pilot Experiments Plant for Fruits and
Vegetables Processing in IBA Bucharest. Winemaking by-products (black grape seed and pomace) were
collected after producing wine in the households in rural areas. Till processing, winemaking by-products were
shipped and stored under refrigeration (3 °C). Tomato waste and winemaking by-products were subjected to
dehydration process in a convection dryer at temperature 50 ºC to a moisture which allows their milling and
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conversion into flours and, at the same time, their stability in terms of quality. Milling of dried semi-finished
products was performed by using Retsch mill. The achieved functional ingredients (flours) were packed in glass
containers, hermetically sealed, protected by aluminum foil against light and stored in dry and cool areas
(temperature of maximum 20 ºC).
Within the Pilot Experiments Plant for Cereals and Flours Processing were achieved pasta fortified with
tomato waste flour, black grape pomace flour, and black grape seed flour. Levels of fortification with functional
ingredients were 5% and 8%. In addition to the functional ingredients used for fortification, the following
ingredients were used in the pasta composition: white durum wheat flour, whole durum wheat flour, eggs,
tomato juice concentrate (10.2 °Brix), sea salt. In parallel, control pasta were also made. Pasta were achieved
using La Monferrina pasta press (characteristics: press with discontinuous operation; capacity: 3 kg flour;
productivity: 8-10 kg/h).
For the qualitative characterisation of the functional ingredients obtained from tomato waste, winemaking
by-products and of pasta fortified with its, there were used standardized methods and developed and validated
methods in IBA Bucharest. Sensory evaluation was performed by “Comparison method with unitary score
scales” method. 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),
magnesium (Mg) and zinc (Zn) were determined by atomic absorption spectrophotometer (type AAnalyst 400,
Perkin– Elmer). The mineral iron (Fe) was determined by Graphite Furnace Atomic Absorption
Spectrophotometer (type AAnalyst 600, Perkin–Elmer). Total dietary fibre (TDF) was determined by enzymatic
method using the assay kits: KTDFR ‘‘Total dietary fibre’’ (AOAC Method 991.43). Lycopene and β-carotene
content were performed by high-performance liquid chromatography (HPLC-DAD). Total phenolic content was
determined by Folin-Ciocalteu procedure, and antioxidant capacity by DPPH method. Yeasts and molds were
determined by the method SR ISO 21527-1:2009. Enterobacteriaceae was determined according to the SR EN
ISO 21528-2:2017 method.

RESULTS
Functional ingredients in the form of powders obtained from tomato waste, winemaking by-products have
specific sensory characteristics. Tomato waste flour is in the form of orange powder with pleasant taste and
smell, characteristic (fig. 1). Black grape seed flour and black grape pomace flour are in the form of a dark
brown powder, purple tinge, respectively, with specific, pleasant taste and smell (fig. 2, 3).

Fig. 1. Tomato waste flour

Fig. 2. Black grape pomace flour

Fig. 3. Black grape seed flour

Functional ingredients obtained from tomato waste, winemaking by-products, have a complex biochemical
composition, being noted for their content in protein, fat, total fiber, minerals (Fe, K, Mg, Ca, Se), total
polyphenols and antioxidant capacity (table 1).
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Table 1
Biochemical composition of flours achieved from tomato waste and winemaking by-products
Physic-chemical indicator
Ash [%]
Protein [%]
Fat [%]
Total fiber [%]
Total polyphenol [mg
GAE/g]
Antioxidant capacity [mg
Trolox Equivalents/g]
K (mg/100g)
Mg (mg/100g)
Ca (mg/100g)
Na (mg/100g)
Fe (mg/100g)
Zn (mg/100g)
Se (mg/100g)
Lycopene (mg/100g)
β-carotene

Tomato waste flour
4.35±0.05
17.87±0.16
0
61.08±1.13
19.15±0.57

Black grape pomace flour
6.75±0.08
10.95±0.10
8.56±0.10
56.65±1.05
322.75±9.68

Black grape seed flour
3.08±0.04
10.85±0,09
15.47±0.17
65.68±1.22
244.15±7.32

1.68±0.04

51.87±1.30

43.55±1.09

3015.32±340.73
248.75±29.85
735.56±75.84
25.44±2.67
10.34±0.31
1.56±0.09
0.018±0.0005
61.25
9.53

885.23±100.03
230.10±27.61
878.37±90.47
46.95±4.93
8.95±0.27
0.75±0.04
0.036±0.001
-

1002.35±11.33
195.58±24.27
470.28±48.49
30.12±3.16
5.97±0.18
0.55±0.03
0.031±0.0009
-

Sensory analysis
In the experiments carried out, for the fortification of pasta with functional ingredients obtained from
tomato waste and winemaking by-products were used two fortification levels: 5 and 8%. In figures 4-6 are
presented the fortified pasta with the functional ingredients taken into study, along with the control sample.

Fig. 4. Pasta fortified with tomato waste flour (levels of fortification 5% and 8%), and the control sample (C)

Fig. 5. Pasta fortified with black grape pomace flour (levels of fortification 5% and 8%), and the control sample (C)

Fig. 6. Pasta fortified with black grape seed flour (levels of fortification 5% and 8%), and the control sample (C)
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Following the sensory analysis, it was found that the fortified pasta have hard texture and have
characteristics colors, depending on the fortifying agent and the level of fortification. The instrumental color
analysis revealed that the fortified pasta with black grape pomace flour, level of fortification 8% (code PFCS_8)
are the darkest in the color, as they have the lowest luminance value L* (L* = 62.64) and, at the same time,
recorded the lowest positive value of the parameter b* (b* = 9.19). The minimum value of parameter a* (a* =
4.35) was recorded in the case of the fortified pasta with black grape pomace flour, level of fortification 5%
(code PFCS_5) (fig. 7).

Fig. 7. Color parameters of the fortified pasta with functional ingredients obtained from
tomato waste and winemaking by-products, compared to the control sample (C)

After the boiling of pasta taken into study, the following were found (fig. 8):
 Pasta have kept their shape and have not been sticky
 Pasta have pleasant taste and smell, provided by the functional ingredients used in the composition
 Pasta were consistent and elastic
 Pasta have specific colors, given by the functional ingredients used in the composition
 The boiling water was slightly opalescent and did not present sediment
 Boiling time varied between 1.50 – 2.30 min
 The increase in volume, at boiling, of the pasta, was 2 – 2.5 times

Fig. 8. Appearance of the fortified pasta with functional ingredients obtained from
tomato waste and winemaking by-products, compared to the control sample (C), after boiling

Following the sensory evaluation of the boiled pasta, using the “Comparison method with unitary score
scales” method, the “very good” rating was obtained for each assortment, with the following scores (fig. 9.):
 „Pasta” – Control, C – 19.68
 „Fortified pasta with tomato waste flour”, PFT_5 – 19.76
 „Fortified pasta with tomato waste flour”, PFT_8 – 19.68
 „Fortified pasta with black grape pomace flour”, P_FCS_5 – 19.84
 „Fortified pasta with black grape pomace flour”, P_FCS_8 – 19.44
 „Fortified pasta with black grape seed flour”, P_FSS_5 – 19.36
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 „Fortified pasta with black grape seed flour”, P_FSS_8 – 19.52

Fig. 9. Sensory evaluation of the fortified pasta with functional ingredients obtained from
tomato waste and winemaking by-products, compared to the control sample (C)

Results obtained by sensory analysis are according to those obtained by Rizk et al. (2014), who used
carotenoid pigments extracted from tomato skins (in the powder form) in spaghetti composition. Following the
sensory analysis, the spaghetti fortified with carotenoid pigments (in concentrations of 1%, 2%, 3%, 4% and 5%)
were appreciated by the panelists and received significantly higher scores for appearance, color, taste and
texture, compared to control spaghetti.
Physic-chemical analysis
After the physic-chemical analysis it was found that the fortified pasta with tomato waste flour and
winemaking by-products flour (grape pomace, black grape seed) have a complex biochemical composition,
noting by content in protein (12.70 – 13.35%), total fiber (8.59-11.12%) and minerals (table 2 and fig. 10-11). It
is noteworthy that the pasta contain slow-absorbing carbohydrates (starch, especially), and due to its high fiber
content, digestion of these products does not cause a high glycemic impact on the body and, in addition,
creates a feeling of satiety.
Table 2
Chemical composition of pasta fortified with functional ingredients obtained from
tomato waste and winemaking by-products
Physic-chemical
C
PFT_5
PFT_8
PFCS_5
PFCS_8
PFSS_5
indicator
Moisture [%]
11.25±0.11 11.21±0.11 11.15±0.11 11.08±0.11 11.02±0.11
11.10±0.11
Protein [%]
12.71±0.11 12.92±0.12 13.35±0.12 12.76±0.11 13.01±0.12
12.70±0.11
Fat [%]
2.21±0.03
2.73±0.03
2.82±0.03
2.65±0.03
2.72±03
2.70±03
Ash [%]
1.41±0.02
1.58±0.02
1.67±0.02
1.52±0.02
1.60±0.02
1.55±0.02
Total dietary fiber
5.65±0.10
8.80±0.16
10.46±0.19
8.59±0.16
10.15±0.19
9.65±0.18
[%]
Available
66.77
62.76
60.55
63.4
61.5
62.3
carbohydrates [%]
Energy value
349
345
342
346
343
344
(kcal/100 g)
Energy value
1478
1458
1444
1461
1449
1452
(kj/100 g)
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PFSS_8
11.05±0.11
13.08±0.12
2.88±03
1.64±0.02
11.12±0.21
60.23
341
1442
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Fig. 10. Mineral content (Na, K, Ca, Mg) of the pasta fortified with functional ingredients obtained
from tomato waste and winemaking by-products, compared to the control sample

Fig. 11. Mineral content (Fe, Zn, Cu) of the pasta fortified with functional ingredients obtained
from tomato waste and winemaking by-products, compared to the control sample

Pasta fortified with black grape seed flour, level of fortification 8% (code PFSS_8) have the highest
content in protein (13.08%), fat (2.88%), total dietary fiber (11.12%) and the lowest content in available
carbohydrates (60.23%). At the same time, pasta in this study have the content in protein, fat, higher than that
reported by Savla and Yardi (2016) in the case of gluten-free pasta, fortified with grape pomace.
Fortified pasta are important sources of minerals (K, Ca, Mg, Fe, Zn). Among the minerals, potassium
recorded the highest content, in the range 234.93 – 461.14 mg/100g, the maximum value being recorded in the
case of pasta fortified with tomato waste flour, level of fortification 8%. Noteworthy is the content in Fe, which
varied in the range 2.65-4.35 mg/100g, the minimum value being recorded in the case of pasta fortified with
black grape seed flour, level of fortification 5%, and the maximum one, in the case of pasta fortified with tomato
waste flour, level of fortification 8%. Fortified pasta with black grape pomace flour, level of fortification 8%, have
the highest content in Ca (152.94%).
Fortified pasta with functional ingredients obtained from tomato waste and winemaking by-products are
noted for their content in lycopene, which varied in the range 1.18 – 6.43 mg/100g, the highest values being
recorded for pasta fortified with tomato waste flour PFT_5: 4.31 mg/100g and PFT_8: 6.43 mg/100g. Also, in the
818

INTERNATIONAL SYMPOSIUM

case of pasta fortified with tomato waste flour, content of β-carotene, was 0.78 mg/100g, for level of fortification
5% and 1.01 mg/kg, for level of fortification 8%, respectively.

Fig. 12. Lycopene content of the pasta fortified with functional ingredients obtained
from tomato waste and winemaking by-products, compared to the control sample

Total polyphenol content
The total polyphenol content of pasta taken into study varied in the range 928.45 – 1563.48 mg
GAE/100g (fig. 13). The minimum value of the total polyphenol content was recorded in the case of pasta
fortified with tomato waste flour, and the maximum one in the case of pasta fortified with black grape pomace
flour, level of fortification 8% (code PFCS_8). The relatively high content of polyphenols, recorded in the case of
control pasta (732.18 mg GAE/100g) can be explained by the total polyphenol content of raw materials used to
achieve these products: white durum wheat flour, whole durum wheat flour, tomato juice concentrate (soluble
dry matter = 10.2°Brix). Fortified pasta taken into study have the total polyphenol content higher compared to
that of the fortified pasta with grape pomace skins (Pinot Noir and Italian Riesling varieties), achieved by Gaita
et al. (2018), levels of fortification 3, 6, 9%. They reported a total polyphenol content in the range 453 – 776 mg
GAE/100g d.w.
Fortified pasta with tomato waste flour (code PFT_5, PFT_8) had a lower polyphenol content compared
to the fortified pasta with flours obtained from winemaking by-products.
At the same time, fortified pasta with black grape pomace flour have a total polyphenol content of 1.38
times higher compared to the fortified pasta with black grape seed flour, in the case of level of fortification 5%,
and of 1.33 times higher, respectively, in the case of level of fortification 8%.

Fig. 13. Total polyphenol content of the pasta fortified with functional ingredients obtained
from tomato waste and winemaking by-products, compared to the control sample
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Antioxidant capacity
Due to their content in bioactive compounds (polyphenols, lycopene, β-carotene, etc.) pasta fortified with
functional ingredients obtained from tomato waste and winemaking by-products have antioxidant capacity,
which varied in the range: 3.292 - 4.848 µmol Trolox Equivalents/g (minimum value was recorded in the case of
pasta fortified with tomato waste flour, level of fortification 5%, and the maximum one in the case of those
fortified with black grape pomace flour, level of fortification 8%) (fig. 14). Increasing the level of fortification with
the functional ingredients taken into the study, increased the antioxidant capacity of the fortified pasta. These
results are in agreement with data reported by Marinelli et al. (2015), who observed an increase in the
antioxidant capacity of spaghetti samples improved with grape marc extract.
Between total polyphenol content and antioxidant capacity there is a directly proportional relationship. In
this study, the total polyphenol content of pasta fortified with functional ingredients obtained from tomato waste
and winemaking by-products, was correlated with their antioxidant capacity (linear regression equation: y =
4.251x – 455.07; regression coefficient: R2: 0.9212). Results are according to those obtained by Gaita et al.
(2018), who obtained a high positive correlation between FRAP values and TP content of pasta samples
fortified with grape pomace skins.

Fig. 14. Antioxidant capacity of the pasta fortified with functional ingredients obtained
from tomato waste and winemaking by-products, compared to the control sample

Microbiological analysis
Based on microbiological, sensory and peroxide index analyses it was established shelf-life of pasta
fortified with functional ingredients obtained from tomato waste and winemaking by-products (1 year).
Microbiological analysis of these products at the end of shelf-life is presented in Table 3.
Table 3
Microbiological indicator
Yeasts and molds [CFU/g]
Enterobacteriaceae [CFU/g]

C
< 10
< 10

PFT_5
< 10
< 10

PFT_8
< 10
< 10

PFCS_5
< 10
< 10

PFCS_8
< 10
< 10

PFSS_5
< 10
< 10

PFSS_8
< 10
< 10

Microbiological analysis shown that the pasta fortified taken into the study, are in the frame of the
provisions of the legislation into force. It is worth mentioning that in the shelf-life of the fortified pasta, an
important contribution has also tomato waste flour, black grape pomace flour, black grape seed flour which have
antimicrobial activity. Gaafar et al. (2015) have shown that tomato pomace is a very promising source of
bioactive compounds and can be used or its extracts as antiviral, antimicrobial and antioxidant agent. Also,
Kunová et al. (2019) showed that resveratrol and red grape pomace extract have a very good antimicrobial
activity against Gram-positive bacteria when compared with Gram-negative bacteria and yeasts.

CONCLUSIONS
Tomato waste flour, black grape pomace flour, black grape seed flour are valuable functional ingredients
that can be used to fortify pasta in order to increase nutritional value and antioxidant capacity. Pasta fortified
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with this functional ingredients have proper sensory characteristics and are distinguished by content in proteins
(12.70....13.35%), fibres (8.59...11.12%) and mineral elements (K= 234.93…461.14mg/100g; Ca =
61.37…152.94mg/100g; Mg = 62.41…73.12mg/100g; Fe = 2.65…4.35 mg/100g; Zn = 1.42…1.53 mg/100g).
Fortified pasta achieved in this study, are distinguished also by their content in bioactive compounds:
total polyphenols (928.45…1563.48mg GAE/100g), lycopene (1.18…6.43 mg/100g) and β-carotene (0.78
mg/100g), and 1.01mg/100g, for pasta fortified with tomato waste flour, respectively. Also, due to their high
content in bioactive compounds, these pastas have high antioxidant capacity (329.2 … 484.8 µmol Trolox
Equivalents/100g).
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ABSTRACT
Natural sourdough is a culture of wild yeast and lactic acid bacteria. The fermentation of the dough with
natural sourdough determines the improvement of the sensory and nutritional qualities of the bread. Natural
sourdough deactivates phytic acid, which is responsible for blocking the assimilation of minerals in the body, in
a proportion of 62%, compared to the baking yeast that succeeds, only in a proportion of 38%. In this paper are
presented the results of the research undertaken to obtain and qualitative characterization of the natural
sourdough enriched in phenolic compounds and inulin, which was achieved by fortifying the natural sourdough
with flour from Jerusalem artichoke tubers (Helianthus tuberosus) (levels of fortification 10% and 20%). Natural
sourdough enriched in phenolic compounds and inulin, is noted for its content in yeasts (2.8 x106 CFU/g –
DRBC medium; 2.6x106 CFU/g – DG 18 medium), lactic acid bacteria (1.7 x108 CFU/g), inulin (15.73%), total
polyphenols (241.85 mg GAE/100g) and has antioxidant capacity (22.53 mg Trolox Equivalents/100g). The
fermentation capacity of the natural sourdough enriched in phenolic compounds and inulin was tested,
compared to the control natural sourdough (M), in the preparation of white bread, with corresponding results.
REZUMAT
Maiaua naturală este o cultură de drojdie sălbatică și bacterii lactice. Fermentarea aluatului cu maia
naturală determină îmbunătățirea calităților senzoriale și nutritive ale pâinii. Maiaua naturală dezactivează acidul
fitic care este responsabil de blocarea asimilării mineralelor în organism, în proporţie de 62%, faţă de drojdia de
panificație care reușește acest lucru, doar în proporție de 38%. În această lucrare sunt prezentate rezultatele
cercetărilor întreprinse pentru obținerea și caracterizarea calitativă a maielei naturale îmbogățite în compuși
fenolici și inulină, care s-a realizat prin fortifierea maielei naturale cu făina obținută din tuberculi de topinambur
(Helianthus tuberosus) (nivele de fortifiere 10% și 20%). Maiaua naturală îmbogățită în compuși fenolici și
inulină, se remarcă prin conținutul în drojdii (2,8 x106 UFC/g – mediu DRBC; 2,6x106 UFC/g – mediu DG 18),
bacterii lactice (1,7 x108 UFC/g), inulină (15,73%), polifenoli totali (241,85 mg GAE/100g) și prezintă capacitate
antioxidantă (22,53 mg Echivalenți Trolox/100g). A fost testată capacitatea de fermentare a maielei naturale
îmbogățite în compuși fenolici și inulină, comparativ cu maiaua naturală martor (M), la prepararea pâinii albe, cu
rezultate corespunzătoare.

INTRODUCTION
Bread is one of the most important products of cereal origin. It was a staple food worldwide and
undoubtedly of great value for human nutrition and economy. It is believed to have originated in prehistoric
times, initially produced as unleavened or partially leavened bread, and then as leavened (De Vuyst et al.,
2017). In the fullness of time, sourdough bread has gained a central role in the diet of peasant societies. It has
been preferred over unleavened cereal products, as the sensory and nutritional transformations, which took
place through the empirical fermentation, have been appreciated by the rural population (Cappelle et al., 2013).
In the recent years a wealth of research has been carried out on the process of bread making in order to
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improve the quality of bread and provide health benefits to humans. Sourdough is a mixture of flour and water
fermented with Lactic acid bacteria and yeasts, which help in leavening and production of acid and aroma.
Sourdough is an intermediate product. It is metabolically active and can be reactivated. It has been useful in
improving texture and palatability of cereal products. Wheat sourdough is used in more than 30% of Italian
bakery products (Chawla and Nagal, 2015).
The use of sourdough influences all aspects of bread quality as two main factors differentiate sourdough
from straight dough processes. First, the presence of LAB and their metabolic activity, and second, the
fermentation time, which allows the activation of endogenous flour enzymes that has a key role in the
determination of microbial communities in sourdough (Gänzle, 2014).
Fermentation of the dough with the natural sourdough determines the improvement of the sensory and
nutritional qualities of the bread. Sourdough deactivates phytic acid which is responsible for blocking the
assimilation of minerals in the body, in a proportion of 62%, compared to the baking yeast that succeeds, only in
a proportion of 38%. Thus, through the consumption of bread with sourdough, there is an increase in the
bioavailability of mineral elements in the human body. At the same time, the fermentation of the dough can
decrease the glycemic response of the bread, improving the properties of the dietary fiber complex and
increasing the intake of minerals, vitamins and phytochemicals. Microbial metabolism during sourdough
fermentation may also produce new nutritionally active compounds, such as peptides and amino acids derivates
with different functionalities, and potentially prebiotic exo-polysaccharides (Gobbetti et al., 2014).
Sourdough is considered the gold standard for bread-making. The biochemical changes deriving from the
action of microbial enzymes along with indigenous flour ones greatly influence sourdough characteristics and
ultimately the quality of bread. Effects of dough fermentation on texture, aroma, shelf life and nutritional value of
the bakery products have been elucidated and highlight its positive role on bread production (Siepmann et al.,
2018).
In this paper are presented the results of the research undertaken to obtain and qualitative
characterization of the natural sourdough enriched in phenolic compounds and inulin, which was achieved by
fortifying the natural sourdough with flour from Jerusalem artichoke tubers (Helianthus tuberosus) (levels of
fortification 10% and 20%). The fermentation capacity of the natural sourdough enriched in phenolic compounds
and inulin was tested, compared to the control natural sourdough (M), in the preparation of white bread.

MATERIALS AND METHODS
In the experiments carried out the following raw materials and auxiliary materials were used: wheat flour, rye
flour, flour from Jerusalem artichoke tubers (Helianthus tuberosus) and water “Bucovina”. Flour from Jerusalem
artichoke tubers was obtained by processing the Jerusalem artichoke tubers, White topinambur variety, within
the Pilot Experiments Plant for Fruits and Vegetables Processing. In the Human Nutrition Laboratory, natural
sourdough was obtained by fermentation of mixture of wheat flour, rye flour and water. Obtaining of the natural
sourdough enriched in phenolic compounds and inulin was achieved by fortifying the natural sourdough with flour
from Jerusalem artichoke tubers (Helianthus tuberosus) (levels of fortification 10% and 20%). The fermentation
capacity of the natural sourdough enriched in phenolic compounds and inulin, compared to the control natural
sourdough (M), was tested, using it in the preparation of white bread.
For the qualitative characterisation of the flour from Jerusalem artichoke tubers (Helianthus tuberosus), of
the control natural sourdough (M) and of the natural sourdough enriched in phenolic compounds and inulin, as
well as of the white bread obtained within the performed experiments, were used standardized methods and
developed and validated methods in IBA Bucharest. Measurement of the color parameters of samples was
performed at room temperature, using a CM-5 colorimeter (Konica Minolta, Japan), equipped with SpectraMagic
NX software, to register CIELab parameters (L*, a*, b*). The moisture content was determined according to the
ААCC 44-15A method. Protein content was determined by the Kjeldahl method with a conversion factor of
nitrogen to protein of 6.25 (AOAC Method 979.09, 2005). Fat content was determined according to AOAC
Method 963.15, and ash content according to AOAC Method 923.03 (AOAC, 2005). Total dietary fibre (TDF)
was determined by enzymatic method using the assay kits: KTDFR ‘‘Total dietary fibre’’ (AOAC Method 991.43).
Determination of the water-soluble vitamins in Jerusalem artichoke flour was performed by high performance
liquid chromatography coupled with mass spectrometry. Total phenolic content was determined by FolinCiocalteu procedure, and antioxidant capacity by DPPH method. 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.
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RESULTS
Flour obtained from Jerusalem artichoke tubers (Helianthus tuberosus) is in the form of a gray powder (fig.
1), with a sweet and pleasant taste and smell specific to the Jerusalem artichoke tubers, dehydrated and has a
complex biochemical composition, being noted for its content of protein, minerals (K, Ca, Mg, Fe, P), crude
fibers, inulin, water-soluble vitamins (vitamin C, vitamin B1, vitamin B3, vitamin B5 and vitamin B6). At the same
time, this functional ingredient has antioxidant capacity: 2.01 mg Trolox Equivalents/g (DPPH method) (table 1).

Fig. 1. Flour from Jerusalem artichoke tubers (Helianthus tuberosus)

Table 1
Biochemical composition of Jerusalem artichoke flour
Physic-chemical indicator
Moisture [%]
6.85±0.17
Ash [%]
4.30±0.05
Protein [%]
9.21±0.08
Fat [%]
1.34±0.015
Crude fibers [%]
7.87±0.15
Inulin [%]
54.78±1.09
Total polyphenol
21.65±0.65
[mg GAE/g]

Minerals
K (mg/100g)
2045.65±231.16
P (mg/100g)
328.23±32.83
Mg (mg/100g)
91.05±9.11
Ca (mg/100g)
55.48±5.72
Na (mg/100g)
14.15±1.55
Fe (mg/100g)
13.18±0.81
Zn (mg/100g)
4.35±0.24

Water-soluble vitamins
Vitamin C (mg/100g)
2.85±0.11
Vitamin B1 (mg/100g)
0.23±0.01
Vitamin B3 (mg/100g)
1.57±0.08
Vitamin B5 (mg/100g)
0.25±0.01
Vitamin B6 (mg/100g)
0.09±0.004
-

In the first stage, experiments were carried out to obtain the control natural sourdough (M) by fermenting
a mixture of white wheat flour type 650, rye flour and water “Bucovina”. The experiments were carried out at
room temperature for a period of 12 days. The control natural sourdough (M) obtained was kept under
refrigeration conditions (4-8°C) and fed into the ratio 1:2.75:3.75 = natural sourdough : water “Bucovina” : white
wheat flour type 650, once every three days.
In the second stage, experiments were carried out to obtain natural sourdough, enriched in phenolic
compounds and inulin, using as fortifying agent, flour from Jerusalem artichoke tubers (the levels of fortification
were 10% and 20%, respectively). The fermentation of cultures obtained from natural sourdough, white wheat
flour type 650, flour from Jerusalem artichoke tubers and water “Bucovina” was done under refrigeration
conditions (4-8°C), and their feeding was done in a ratio of 1:2.75:3.75 = natural sourdough: water “Bucovina” :
mix of wheat flour type 650 and flour from Jerusalem artichoke tubers, every three days, for a period of 30 days.

Fig. 2. Samples of control natural sourdough (M) and natural sourdough enriched in phenolic compounds and
inulin (T1 and T2)

Figure 2 shows the control natural sourdough (M), the natural sourdough enriched in phenolic compounds
and inulin (level of fortification with flour from Jerusalem artichoke tubers 10% - T1) and the natural sourdough
enriched in phenolic compounds and inulin (level of fortification with flour from Jerusalem artichoke tubers 20% T2).
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Following the physic-chemical analysis, it was found that the natural sourdough enriched in phenolic
compounds and inulin (T1 and T2), as compared to the control natural sourdough (M), is noticeable in the
content of total polyphenols, inulin and antioxidant capacity (table 2). The natural sourdough enriched in
phenolic compounds and inulin (T2 – 20% level of fortification) has a total polyphenol content of about 1.8 times
higher compared to the experimental variant T1 (10% level of fortification), and the antioxidant capacity with
78.10%. Also, the natural sourdough enriched in phenolic compounds and inulin (T1 and T2) has a higher
acidity and higher ash content.
Table 2
Physic-chemical analysis of the natural sourdough enriched in phenolic compounds and inulin (T1 and T2),
compared to the control natural sourdough (M)
No.
1.
2.
3.
4.
5.
6.

Physic-chemical indicator
Acidity [degrees]
Ash [%]
Protein [%]
Inulin [%]
Total polyphenol [mg GAE/g]
Antioxidant capacity [mg Trolox Equivalents/100g]

Natural sourdough
M
T1
T2
8.2
9.6
9.8
0.37
0.56
0.75
5.95
5.83
5.72
7.95
15.73
29.25
134.57
241.85
2.82
12.65
22.53

Control natural sourdough and natural sourdough enriched in phenolic compounds and inulin (T1 and T2)
were analyzed from a microbiological point of view, the results being presented in table 3.
Table 3
Microbiological analysis of the natural sourdough enriched in phenolic compounds and inulin (T1 and T2),
compared to the control natural sourdough (M)
No.

Microbiological indicator

Natural sponge
M
T1
T2
1.
Yeasts (CFU/g)*
1.0x105
2.0x106
2.8x106
2.
Yeasts (CFU/g)**
1.2x105
1.5x106
2.6x106
3.
Lactic acid bacteria (CFU/g)
1.0 x108
1.9 x108
1.7 x108
4.
Enterobacteriaceae (CFU/g)
< 10
< 10
< 10
* Yeasts on DRBC medium (Dichloran-rose bengal chloramphenicol agar), cf. SR ISO 21527-1:2009
** Yeasts on DG 18 medium (Dichloran 18% glycerol agar), cf. SR ISO 21527-2:2009

In figures 3-5 are presented Petri dishes with specific media, in which yeasts and lactic acid bacteria
determined as a result of the microbiological analysis of the natural sourdough enriched in phenolic compounds
and inulin (T2) can be visualized.

Fig. 3. Yeasts on DRBC medium – natural sourdough enriched in phenolic compounds and inulin (T2)

Fig. 4. Yeasts on DG 18 medium – natural sourdough enriched in phenolic compounds and inulin (T2)
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Fig. 5. Lactic acid bacteria – natural sourdough enriched in phenolic compounds and inulin (T2)

According to the obtained results, the natural sourdough enriched in phenolic compounds and inulin (T2)
has a higher content in yeasts and lactic acid bacteria, compared to the control natural sourdough (M) and
natural sourdough enriched in phenolic compounds and inulin (T1).
Microbiological analysis of natural sourdough (M, T1 and T2) revealed that its fortification with flour from
Jerusalem artichoke tubers (Helianthus tuberosus) has a beneficial effect on the growth of yeasts and lactic acid
bacteria. This can be explained by the complex biochemical composition of this functional ingredient (inulin,
mineral elements, water-soluble vitamins, phenolic compounds, etc.). The invertase present in the yeast cell
favors inulin hydrolysis, resulting in glucose and fructose, which will be used for metabolic processes, favoring
yeasts growth (Morreale et al., 2019; Verspreet et al., 2013). Potassium and phosphorus play a very important
role in the growth of yeasts. On the other hand, recent research has shown that the use of yeast enriched in
minerals, in the composition of bread, bakery and pastry products, can significantly contribute to the prevention
and/or cure of deficiencies in minerals of the human body (iron deficiency, ferriprive anemia) and, at the same
time, in increasing the quality of life of people who also have serious illnesses, such as cancer and asthma
(Kyyaly, 2017).
Following the microbiological analysis of the control natural sourdough (M) and the natural sourdough
enriched in phenolic compounds and inulin (T1 and T2) were identified:
 Saccharomyces cerevisiae, Zygosaccharomyces spp, Candida spherical (yeasts)
 Lactic acid bacteria of the genus Lactobacillus
Within the Pilot Experiments Plant for Cereals and Flours Processing, the fermentation capacity of the
natural sourdough enriched in phenolic compounds and inulin was tested, as compared to the control natural
sourdough, by making white bread, from white wheat flour type 650, using the two-phase process. Figure 6
shows the dough prepared with control natural sourdough (M) and natural sourdough enriched in phenolic
compounds and inulin (T1 and T2), after fermentation and after applying the “stretch and fold” technique.
The fermentation microbiota of the dough consists in yeasts and lactic acid bacteria. During the
fermentation of semi-finished products, the activity of yeasts and lactic bacteria consists of a process of
multiplication and fermentation. Competitive relationships for fermentable carbohydrate, metabiosis and
symbiosis can be established between yeast cells and lactic acid bacteria. The ability of yeasts to assimilate
lactic and acetic acids, formed as a result of bacterial activity, can be considered as one the factors that
condition their coexistence in dough (metabiosis).

Fig. 6. Dough prepared with control natural sourdough (M) and natural sourdough enriched in phenolic compounds
and inulin (T1 and T2), after fermentation

The relationships of symbiosis consist in the fact that yeasts favor the growth of lactic acid bacteria by
providing them with vitamins, which are growth factors for them, as well as the fact that yeasts in the respiratory
process use oxygen thus creating favorable conditions for lactic acid bacteria, which are facultative anaerobe. In
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turn, lactic acid bacteria produce acids, which maintain an acidic pH in the dough, favoring the normal
development of alcoholic fermentation (Bordei, 2005). Thus, during the fermentation of the dough, there is a
decrease in its pH (fig. 7).

Fig. 7. Decrease pH of the doughs prepared with control natural sourdough (M) and natural sourdough enriched in
phenolic compounds and inulin (T1 and T2), during the fermentation process

Figure 8 shows the products “White bread with natural sourdough” and “White bread with natural
sourdough enriched in phenolic compounds and inulin” (T1, T2) (general and section appearance).

Fig. 8. Breads prepared with control natural sourdough (M) and natural sourdough enriched in phenolic compounds
and inulin (T1 and T2) (general and section appearance)

The products “White bread with natural sourdough” and “White bread with natural sourdough enriched in
phenolic compounds and inulin” (T1, T2) were analyzed from the sensory, physic-chemical and microbiological
point of view.
As a result of the sensory analysis it was found that the breads prepared with control natural sourdough
(M) and natural sourdough enriched in phenolic compounds and inulin (T1 and T2) are well developed, have an
elastic core, dense, with uniform pores and pleasant taste and aroma, specific. Bread samples prepared with
natural sourdough enriched in phenolic compounds and inulin (T1 and T2) have a larger volume compared to
bread prepared with control natural sourdough (M). This is due to the fact that fortifying the natural sourdough
with flour from Jerusalem artichoke tubers (Helianthus tuberosus) has a beneficial effect on the growth of yeasts
and lactic acid bacteria. Thus, in the case of the natural sourdough, the yeasts grown on the DRBC medium
registered a value of 1.0x105 CFU/g, and in the case of the natural sourdough enriched in phenolic compounds
and inulin, they registered values of 20 – 28 times higher, compared to the control natural sourdough (2.0x106
CFU/g in the case of the experimental variant T1 and 2.8x106 CFU/g in the case of the experimental variant T2,
respectively).
As a result of the colour analysis, it was found that the bread prepared with control natural sourdough (M)
is the darkest color, as it has the lowest luminance value L* (L* = 74.71) and, at the same time, recorded the
higher positive values in the case for the parameters a* (a* = 4.77) and b* (b* = 16.14) (fig. 9).
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Fig. 9. Color parameters of breads prepared with control natural sourdough (M) and natural sourdough enriched in
phenolic compounds and inulin (T1 and T2)

Table 4
Physic-chemical analysis of products “White bread with control natural sourdough (M)” and
“White bread with natural sourdough enriched in phenolic compounds and inulin” (T1, T2)
Bread with natural sourdough
Physic-chemical indicator
M
T1
T2
Weight (kg)
0.404
0.405
0.407
Volume (cm3/100 g)
272
289
287
Porosity (%)
71.30
73.30
77.85
Elasticity (%)
95
97
97
Acidity (degrees)
3.2
3.3
3.4
Moisture (%)
41.43
41.00
41.16
Ash (%)
0.47
0.49
0.50
Protein (%)
7.54
7.67
7.70
Fat (%)
0.80
0.81
0.82
Carbohydrates (%)
49.39
49.22
49.02
Total fibres (%)
0.52
0.55
0.55
Total polyphenols (mg GAE/100g)
34.32
39.25
42.87
Antioxidant capacity (mg Trolox Equivalents/100g)
3.09
3.42
3.70

Following the physic-chemical analysis it was found that in the case of the achieved bread samples, there
are no significant differences in the case of the determined physic-chemical indicators, except for the bread
volume and the total polyphenol content and the antioxidant capacity, which register higher values, in the case
of experimental variants T1 and T2, due to the use in the composition of fortified sourdough with flour from
Jerusalem artichoke tubers (table 4).
Following the microbiological analysis of the bread samples prepared with the control natural sourdough
(M) and the natural sourdough enriched in phenolic compounds and inulin (T1 and T2), packed in polypropylene
bags, it was found that they comply with the provisions of the legislation in force and 6 days after the date of
manufacture (table 5).
Table 5
Microbiological analysis of bread prepared with control natural sourdough (M) and natural sourdough
enriched in phenolic compounds and inulin (T1 and T2)
Bread with natural
Yeasts and molds (CFU/g)
sourdough
24 h
72 h
6 days
M
< 10
< 10
< 10
T1
< 10
< 10
< 10
T2
< 10
< 10
< 10

The microbiological stability of the bread samples 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 yeast-friendly
environment, but act as an antibiotic in the case of other microorganisms.
828

INTERNATIONAL SYMPOSIUM

Based on the results obtained following the sensory, physic-chemical and microbiological analysis of the
bread samples, it was selected as an optimal variant, natural sourdough enriched in phenolic compounds and
inulin, fortification level with flour from Jerusalem artichoke tubers 20% (T2).
CONCLUSIONS
Natural sourdough enriched in phenolic compounds and inulin (T2 – 20% level of fortification), using flour
from Jerusalem artichoke tubers (Helianthus tuberosus), has a total polyphenol content of about 1.8 times
higher compared to the experimental variant T1 (10% level of fortification), and the antioxidant capacity with
78.10%.
Following the microbiological analysis of the control natural sourdough (M) and the natural sourdough
enriched in phenolic compounds and inulin (T1 and T2) were identified: Saccharomyces cerevisiae,
Zygosaccharomyces spp, Candida spherical (yeasts) and lactic acid bacteria of the genus Lactobacillus.
Fortifying it with flour from Jerusalem artichoke tubers (Helianthus tuberosus) has a beneficial effect on
the growth of yeasts and lactic acid bacteria, due to the complex biochemical composition of this functional
ingredient (inulin, mineral elements, water-soluble vitamins, phenolic compounds, etc.).
The invertase present in the yeast cell favors inulin hydrolysis, resulting in glucose and fructose, which
will be used for metabolic processes, promoting yeast growth. Potassium and phosphorus play a very important
role in yeast growth.
The fermentation capacity of the natural sourdough enriched in phenolic compounds and inulin was
tested, as compared to the control natural sourdough, by making white bread from wheat flour type 650, using
the two-phase process, with corresponding results.
Corroborating the results of the sensory, physic-chemical and microbiological analysis of the achieved
bread samples, it was selected as the optimal variant, the natural sourdough enriched in phenolic compounds
and inulin, fortification level with flour from Jerusalem artichoke tubers 20% (T2).
ACKNOWLEDGEMENT
This study was achieved through Core Program 19 02, with the support of the Ministry of Research and
Innovation (MCI), contract 22N/2019, project PN 19 02 02 01.
REFERENCES
[1] Bordei D., (2005), Modern bakery technology (Tehnologia modernă a panificației), Publishing House Agir,
ISBN 973-720-012-8 București / Romania.
[2] Cappelle, S., Guylaine, L., Gänzle, M., Gobbetti, M., (2013), History and social aspects of sourdough. In:
Gobbetti,M., Gänzle, M. (Eds.), Handbook on Sourdough Biotechnology, Springer, ISBN 978-1-4614-54243 New York/USA.
[3] Chawla S., Nagal S., (2015), Sourdough in Bread-Making: An Ancient Technology to Solve Modern Issues,
International Journal of Industrial Biotechnology and Biomaterials, Vol. 1: Issue 1, Uttar Pradesh, India,
ISSN: 2455-7323 pp. 1-10.
[4] De Vuyst, L., Van Kerrebroeck, S., Leroy, F., (2017), Microbial ecology and process technology of
sourdough fermentation, Adv. Appl. Microbiol.,100, publisher, place, ISSN 0065-2164, pp. 49-160.
[5] Gänzle, M.G., (2014), Enzymatic and bacterial conversions during sourdough fermentation, Food
Microbiol., 37, ISSN 0740-0020, pp. 2-10.
[6] Gobbetti M., Rizzello C.G., Di Cagno R., De Angelis M., (2014), How the sourdough may affect the
functional feature of leavened baked goods, Food Microbiology, 37, ISSN 0740-0020, pp. 30-40.
[7] Kyyaly M.A., (2017), Mineral enriched yeast, a promising dietary resolution for minerals deficiencies,
International Journal of Global Science Research, Vol. 4, Issue 2, ISSN: 2348-8344 (Online), pp. 575-576.
[8] Morreale F., Yaiza Benavent-Gil Y., Rosell C.M., (2019), Inulin enrichment of gluten free breads: Interaction
between inulin and yeast, Food Chemistry, 278, ISSN 0308-8146, pp. 545–551.
[9] Siepmann, F.B., Ripari, V., Waszczynskyj, N., Spier, M.R., (2018), Overview of sourdough technology: from
production to marketing, Food Bioprocess. Technol., 11, ISSN 1935-5130, pp. 242-270.
[10] Verspreet J., Hemdane S., Dornez E., Cuyvers S., Delcour J.A., Courtin C.M., (2013), Maximizing the
concentrations of wheat grain fructans in bread by exploring strategies to prevent their yeast
(Saccharomyces cerevisiae)-mediated degradation, Journal of Agricultural and Food Chemistry, 61(6),
ISSN 1520-5118, pp. 1397–1404.
829

INTERNATIONAL SYMPOSIUM

THE SEPARATION DEGREE OF IMPURITIES FROM SMALL SEEDS OF VEGETABLES
AND FLOWERS USING AERODYNAMIC PROPERTIES
/
CREŞTEREA GRADULUI DE SEPARARE A IMPURITĂŢILOR DIN SEMINŢELE MICI DE
LEGUME ŞI FLORI UTILIZÂND PROPRIETĂŢILE AERODINAMICE
Păun A., Stroescu Ghe., Zaica Al., Brăcăcescu C., Bunduchi G., Olan M., Epure M.
INMA Bucharest / Romania
ani_paun@yahoo.com

Keywords: conditioning, aerodynamic properties, seeds of vegetables
ABSTRACT
In the food strategy, along with other vegetable products, vegetables have occupied and occupy a very important
place. Nutritional considerations make the food of the modern man, subjected more and more to the intellectual
efforts, than the physical ones, to increase the consumption of vegetables and fruits. Vegetable growing is one of
the most important and complex directions of specialization of vegetable production and has as specific features
the great diversity of cultivated plants and the permanent dynamism due to the emergence of modern technologies
and the change of assortment of varieties and hybrids. Due to climate changes (haze, hail, drought, torrential
rains, etc.) generated by the greenhouse effect, it is observed that the vegetable sector is the most affected.
Obtaining high quality and high yields is possible through the use of seeds with high biological qualities (purity,
germination degree and resistance to diseases and pests, etc.). Taking into account these aspects, INMA has
developed a seed conditioning module for the vegetable species-MCSL which, performs the sorting of seeds of the
same size, but with different shapes, weights and roughness in three fractions, while eliminating light impurities in two.
REZUMAT
În strategia alimentară, alături de alte produse vegetale, legumele au ocupat și ocupă un loc foarte important.
Considerente de ordin nutrițional fac ca în alimentația omului modern, supus tot mai mult eforturilor intelectuale,
decât cele fizice, să crească consumul de legume și fructe. Legumicultura este una din cele mai importante și
complexe direcții de specializare a producției vegetale și are ca trăsături specifice diversitatea mare a plantelor
cultivate și dinamismul permanent datorat apariției unor tehnologii moderne și schimbării sortimentului de soiuri
și hibrizi. Datorită schimbărilor climaterice (brumă, grindină, secetă, ploi torențiale, etc.) generate de efectul de
seră se observă că sectorul legumicol este cel mai afectat. Obținerea unor producții mari și de calitate sunt
posibile prin utilizarea unor semințe cu calități biologice ridicate (puritate, grad de germinare și rezistență la boli
și dăunători etc.). Ținând cont de aceste aspecte INMA a realizat un Modul de Condiționat Semințe pentru
Speciile Legumicole – MCSL - care realizează sortarea semințelor având aceeași mărime dar cu forme, greutăți
și rugozități diferite, în trei fracții, concomitent cu eliminarea impurităților ușoare în două.

INTRODUCTION
In our country, vegetable growing, as a sector of the production of agri-food goods, is of importance for
both the national and agricultural economy in particular, as well as for the economic agents involved: producers,
processors, and traders.
The knowledge of the particularities of the seeds of the vegetable plants is of particular practical
importance because on their basis the conditioning technologies are realized and the cultivation technologies
are managed in the field as well as in the protected spaces. Seed quality is a relative notion due to the fact that
the seeds of some species can have different destinations: food or feed consumption, sowing or industrialization
(N. Bucurescu. Et al., 1992).
The production and quality of any agricultural crop is determined both by the factors that act from the time
of sowing to harvesting, as well as by those that directly influence the seeds before sowing. Ensuring the
maintenance and raising of the biological quality level of the harvested seeds, during the various stages that
they go through, in order to obtain the final product, represents a challenge for the scientific research for an
organic agriculture.
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The intensive and modern development of the vegetable culture on modern principles implies an
appropriate technical-material endowment, consisting of fixed means, materials and materials, diversified with
the cultivated system (R. Ciofu et al., 2004).
Before being used for sowing, the seeds must undergo preparatory work, targeting both the seeds and
the plants that will come from them, whose purpose is to remove them from their resting state, to intensify or
reduce their physiological functions, stimulation or inhibition of germination, shortening of the vegetation period,
uniformity and reduction of the emergence period, printing of a higher resistance to low temperatures, uniform
distribution, maintaining their phytosanitary status and avoiding the transmission by seeds of some pathogens
(R. Ciofu et al., 2004).
The material obtained from the harvest is presented as a mixture of the seeds of the main culture and
foreign bodies.
Organic farming is an untreated, non-herbicidal seed, and from here a number of problems arise:
- cultures with lower purity due to the inefficiency of removing foreign plants by plucking or frying;
- cultures where the incidence of the occurrence of specific pests is high
These aspects require:
- increasing the importance of seed precursor processes - removing from the mass of product all the foreign
bodies or seeds of the culture by using a variety of precursors (separators, taring, cleaning, etc.);
- increasing the attention paid to the elimination from the mass of the product of the pests by mechanical
(intolerant) or thermal (drying) methods.
Considering the importance of knowing the process of conditioning the seeds of the various vegetable
crops in order to obtain the highest quality seeding material, INMA has developed a seed conditioning module
for the vegetable species-MCSL that responds to the demands of the vegetable producers.

MATERIALS AND METHODS
The seed conditioning method for the vegetable species, figure 1, achieves the sorting of seeds of the
same size, but with different shapes, weights and roughness in three fractions, at the same time with the
elimination of light impurities in two fractions. These operations can be carried out through one or more of the
useful fractions through the machine, depending on the degree of infestation with impurities, pre-cleaning and
the destination of the seeds. The conditioning method can be used in the units for the production of seeds of
vegetables, flowers, technical plants, cereals.

a)

b)

Fig. 1. Seed conditioning method for vegetable species: a) 3D image; b) MCSL module
1-MCSL Aerodynamic Sorter 1.0; 2-MCSL 2.0 sorting system; 3-Work platform MCSL 3-0; 4 - MCSL Electrical Installation 4-0

The seed conditioning method for MCSL vegetable species, figure 1, consists of the following main parts:
The MCSL 1.0 aerodynamic sorter, figure 2 is a machine made of several subassemblies:
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Fig. 2. MCSL 1.0 aerodynamic sorter (3 D - section)
1-MCSL Sorting Housing -1.1.0; 2-MCSL feed cylinder -1.2.0; 3-MCSL feed valve -1.3.0; 4-Cap MCSL -1.4.0; 5-MCSL folding lid 1.5.0; 6-Wall adjustable MCSL -1.6.0; 7-Partition wall I MCSL -1.7.0; 8-Partition wall II MCSL -1.8.0; 9-MCSL deflector plate -1.9.0; 10Branch with MCSL -1.10.0 flap; 11-Vacuum MCSL -1.11.0; 12-Suction funnel MCSL -1.12.0; 13-Lid straight MCSL -1.13.0; 14-Lid
curved MCSL -1.14.0; 15-MCSL Viewfinder -1.15.0; MCSL discharge tube -1.16.0; MCSL feed cylinder drive -1.17.0; MCSL guards 1.18.0; Visitor cover MCSL-1.19.0

The MCSL 1.0 aerodynamic sorter is a metallic construction divided inside into several channels, which
ensures the displacement of the seed mass with impurities in order to be separated by fractions.
The MCSL 2.0 sorting system, figure 3 is connected to the bottom of the aerodynamic sorter.

Fig. 3. Sorting system MCSL 2.0
1-MCSL Collection Body 2.1.0; 2-Lock MCSL 2.2.0; 3-Lock with 4-way MCSL 2.3.0;
4-MCSL Vertical Tube 2.4.0; 5- Tilt tube MCSL 2.5.0; 6- MCSL bag mouth 2.6.0

It consists of four transfer funnels of the first four fractions to a four-way lock and a funnel (below the
second filing room) linked to a simple lock.
The locks are operated by a gear motor with two chain transmissions. Under the locks five exhaust pipes
are attached, each being provided with a damper plate and a sack’s mouth.
The seed conditioning module for MCSL vegetable species has been designed and manufactured so that
the separation of foreign bodies from the mass of vegetable seeds will achieve their aerodynamic properties.
The essential parameter that characterizes the seed separation process with the help of air flow is the
floating speed.
For the removal of foreign bodies from the mass of the product it is necessary that the velocity of the air
currents should hold in suspension and transport the particles to be removed from the mass of the product. The
velocity of the air in which the particles circulate is called the drive speed. This must be greater than the float.
The equation of motion that describes the behavior of a particle in a vertical and homogeneous air stream
is as follows (3.5):
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m

dv
=G−R−A
dt

(1)

The following forces will act on the particle:
 R - air resistance at particle advancement; can be determined by Newton's formula:

(u − v )2

R = kγF

(2)

2g

where:
k- aerodynamic coefficient of resistance depending on the shape and state of the particle
γ- the specific mass of the air;
F- the projection surface of the particle in the direction perpendicular to the direction of air flow;
(u-v)- the relative velocity of the particle, where u = the velocity of the airflow;
v- the actual velocity of the particle and
2
(
u − v)
- dynamic air pressure.
γ

2g



G- the weight of the particle in the air stream
G = mg

(3)

where:
m - particle mass
g - gravitational acceleration


A - Archimedes' force, equal to the mass of the dislocated volume; it has a very small value, due
to its low specific mass of air and can be neglected.

Admitting a specific air mass 1,2 kg/m3, at the temperature of 20˚C and a pressure of 760 mm col.Hg,
then the relation of the resistance force is rewritten:

R = 0,124kF (u − v )

2

(4)

In a state of equilibrium of the forces acting on the particle, the particle will also float:

m

dv
= 0 and R = G
dt

(5)

namely:

0,124kFv 2p = mg

(6)

where:
vp- critical speed or floating speed.
For spherical particles it can be written:

G =γp

πd 3
6

,

(7)

where:
γp- the specific mass of the particle;
d – the particle diameter;
The surface area of the particle section, measured in the air direction will be:

F=

πd 2
4

(8)

Taking into account the new notations, the floating speed will be determined with the following relation:
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v p = 2,4

γ pd

(9)

k

If the seed is different from the spherical shape and is characterized by 3 different dimensions a, b, c, ie
length, width and thickness, then the critical speed is determined by the relation:

v p = 2,8
where: F=l2 and

γ pl
k

(10)

l = 3 abc

RESULTS
In operation, the mixture of seeds and impurities subjected to the sorting operation is brought into the
feed funnel where, through the feed cylinder and flap, it is evenly distributed in the sorting column, (see figure
2). For a uniform distribution of the seed layer that is subjected to the air flow and depending on the shape and
size of the seeds, one of the three variants of grooves will be mounted on the cylinder axis.
Under the influence of the upward current of air, within the limits of the floating speeds, the heavier bodies
fall to the lower part obtaining the fraction F1, the other lighter ones ascend to the first orifice where the fraction
F2 is separated, to the second orifice where the fraction F3 is separated or leave the column at the top entering
the decanting room where the F4 fraction of light bodies (impurities) is deposited.
The air extracted from the decanting chamber is vented to the second deposition chamber where the dust
and other very light impurities that forms the F5 fraction are separated. The five fractions pass through the outlet
funnels and locks in the outlet tubes and then into the bags.

Fig. 4. Separation process

Fig. 5. Representation of product fractions through
the Adjustable Wall MCSL -1.6.0 (6)

Figure 5 shows the Adjustable wall MCSL -1.6.0, the main component that ensures the separation of
impurity seeds on the principle of aerodynamic properties.
Technical characteristics of MCSL:
- production capacity
- vegetables and flowers seeds 12 ÷ 60 kg / h
- column air speed 0.5 ÷ 18 m / s
CONCLUSIONS
The seed conditioning method for vegetable species is designed to improve the technologies of organic
seed production at the seeds of vegetables, flowers, technical plants, cereals; for solving practical problems
regarding the production of seeds in vegetable crops.
When making the machine, the following requirements were ensured:
- maintaining and raising the level of biological quality of the seeds harvested, during the various stages that
they go through, in order to obtain the final product;
- the seeds to follow a technological flow in the different operations within the flow - in an appropriate logical
sequence to avoid the degradation of the seeds by excessive manipulation;
- to eliminate the possibilities of impurification of seed lots;
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- in case of expensive seed conditioning and which are produced in small quantities for sowing (vegetables,
flowers, medicinal plants) there is the possibility that the valuable components dropped during cleaning can be
recovered and used properly in food consumption, fodder feeds, etc.
- the primary processing of some products based on group technologies;
- the realization of these processes with maximum responsibility regarding the observance of the ecological
norms of the environment in which they are carried out;
- improving the use of the material and human basis (universal machines adaptable to different works, family
work force;
- diversification of economic activities and flattening of the labor force utilization curve;
- obtaining sanogenous products, with great biological, nutritional and hygienic value, their use being realized
directly, without intermediary.
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ABSTRACT
The paper presents some theoretical considerations on the efficiency of the mechanized work for planting
tubers of species with energy potential for biomass. The paper promotes, among small farmers always in search
of new market niches, the cultivation of Jerusalem artichoke that can be used successfully in obtaining biomass
for biofuel or in the spirits industry.
REZUMAT
Lucrarea prezintă câteva considerații teoretice referitoare la eficientizarea lucrării mecanizate pentru
plantat tuberculi de specii cu potențial energetic pentru biomasă. Lucrarea promovează, în rândul micilor
fermieri mereu în căutare de noi nișe de piață, cultivarea topinamburului care poate fi utilizat cu succes la
obținerea de biomasă pentru biocombustibil sau în industria spirtului.

INTRODUCTION
Jerusalem artichoke is an important and economic genus, genetically diverse, containing both
evolutionary model species and cultivated species. [5]
The Jerusalem artichoke is classified by shape and colour: white and elongated, yellow, black and pinkish
red. The most widespread in our country is the "porcupine turnip" (better known as the Jerusalem artichoke)
which is related to the sunflower, forming 2-3 meters tall stems. The root system penetrates to 50-80 cm deep.
The stem is straight, 1.5-3 meters high, and the flower has yellow petals and is oriented after the sun, just like
that of its relative, the sun flower. The stems are cylindrical, hairy and branched at the top. Under the conditions
in our country the flowering is late and the flowers do not bear fruit. The seeds do not reach maturity, which is
why the Jerusalem artichoke propagates through the tubers. [14]
The ability of the Jerusalem artichoke plantation to produce optimum yield in a given environment is
conditioned by the environment of plant development. In this regard, an important role is played by the shape,
depth and width of the furrows for placing tubers in the soil.
INMA Bucharest has created the technical equipment for planting Jerusalem artichoke tubers which has a
working part for opening furrows in the soil and to compact their bottom, thus creating a very good seedbed.
This type of working part was designed to maintain its adjusted working depth on well-prepared land for
Jerusalem artichoke planting. For medium and light soils the depth of planting achieved by the technical
equipment for planting the Jerusalem artichoke tubers is 4 ... 6 cm, and for heavy soils the planting depth is 1 ...
2 cm smaller. As a result, of the importance given to the work of planting Jerusalem artichoke, the part for
opening in the soil the furrows for planting was designed in modern conception, based on CAD tools, through
modeling and simulation, obtaining solutions that led to a reduction in the number of errors, cost savings and
proper use of all resources.

MATERIALS AND METHODS
Theoretical research was carried out by parametric 3D modeling with the help of SolidWorks Premium
2018, which has advanced finite element simulation (FEA) tools, located in the research infrastructure of INMA
Bucharest. At the same time, reading sheets were used for the articles in the specialized literature (consulting
the scientific databases) and the execution documentation found in the INMA Bucharest archive was studied.
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RESULTS
Theoretical researches were carried out by 3D parametric modeling, using the SOLIDWORKS program,
of the part for opăening furrows in the soil that is a component of the technical equipment for planting Jerusalem
artichoke tubers (fig. 1) designed within the project number PN-III-P1-1.2-PCCDI -2017- 0566 (ctr. No. 9 PCCDI
/ 2018 / P4 - Complex system of full capitalization of some agricultural species with energy and food potential)
for 65 hp tractors on wheels equipped with second category hydraulic lifts according to SR ISO 730-1 + C1.

Fig. 1. Technical equipment for planting Jerusalem artichoke tubers

In the first stage, the geometric model of the part for opening furrows in the soil (fig. 2), in which the
operator-released Jerusalem artichoke tubers (Jerusalem Artichoke) are to be placed, was first developed in
SOLIDWORKS format [6], [12] , after which it was taken over and transferred to the finite element analysis
module (SIMULATION [13].), in order to perform the necessary resistance calculations which were made in the
linear static domain [7], [11].

Fig. 2. The geometric model of the analyzed working part

The meshing of the structure was performed taking into account the fact that the investigated structure
underwent three-dimensional geometric modelling and that a 3D finite element, Solid type, was used in the
meshing process. This is a three-dimensional element, of parallelepiped form, having 57242 knots with three
degrees of freedom on each knot: knot translations in the directions of the OX, OY and OZ axes. The element
supports the theory of plasticity, hyperelasticity, displacements and large specific deformations. Figure 3 shows
the geometric form of the finite element used in the meshing process. The parallelepiped form of the finite
element represents the native form, while the other forms, found on the right side of the figure, represent
degenerate forms, which may occur in the case of complex geometries as a form (in areas where connection
radii, thickness variations etc., are encountered).
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Fig. 3. Finite element geometry

The adaptive meshing of the CAD model was progressively realized, several iterations being performed in
order to determine an optimal number of knots and elements so that the highest precision of the calculations
can be obtained (fig. 4).

Fig. 4. The meshed model for the analyzed working part

In the second stage, we proceeded to establish the boundary conditions (the loading and leaning mode)
and to perform the modal analysis. The resistance calculation made should give the assurance that during
operation the working part and the equipment resist [9]. In this context, we considered a pressure on the surface
of the part for furrow opening, which causes the breaking and acceleration of the soil, of 810000 N/m2 (fig. 5).

Fig. 5. Pressure on the surface of the working part
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The resulting relative displacement is an important parameter of the structures’ deformation. For
agricultural machinery intended for soil works, if it has a value too high, this can lead to the inadequate quality of
agricultural works.

Fig. 6. Distribution of the resulting relative displacement field in the leaned and loaded part as in figure 5

Figure 7 shows the distribution of equivalent stress (von Mises). It is observed that the maximum stress
does not exceed the material properties. At the same time, higher values are observed in the joint area between
the fixed support and the working part’s breast. [1], [2], [3], [4], [8].

Fig. 7. Distribution of the equivalent stress field (von Mises)

The safety factor is necessary because of the uncertainties regarding: the working conditions of the part;
the non-uniformity of the material; simplifying design hypotheses; changes in the behaviour of the machine part
over time (creep, corrosion); additional stress produced during processing, assembly, and transport.
In the verification calculations, obtaining a safety coefficient that falls within the recommended limits (1,2
... 2), gives the safety of the analyzed working part during operation (fig. 8). [10]
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Fig. 8. The safety coefficient

The conclusions that can be drawn from the structural analysis of the part for opening furrows in the soil
of the technical equipment for planting Jerusalem artichoke tubers are:
- from the analysis of the distribution of the equivalent stress it is observed that under the effect of the
external loads applied, the structure of the active part does not deform in the plastic domain;
- the active part (for the opening furrows in the soil) of the equipment for planting Jerusalem artichoke
tubers is reliable in terms of mechanical strength;
- in the contact areas between the components there are no interpenetration, sliding effects.
CONCLUSIONS
- 3D modeling greatly reduces the manufacturing period, with significant benefits;
- The use of the 3D image facilitates the recognition of the component elements and the understanding of
the working principle of the working part;
- 3D modeling leads to the creation of a virtual product, the execution of which can be simulated (for
example: operations such as: turning, milling, drilling, etc.);
- Calculation of the values of stresses and deformations gives the design engineers a numerical solution
to verify the resistance of the product components in order to eliminate the defects that can occur during
operation.
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ABSTRACT
The present paper aims to analyse the combined effects of the application of three foliar biostimulators on
different vegetation phenophases and the cuttings performed, on the biometric and agroproductivity characters
in the Secuieni – Jubileu monoecious hemp variety. The research was carried out in the 2018–2019 period, in
the experimental fields of the Agricultural Research and Development Station Secuieni. The results obtained
during the experimental period revealed that the highest level of seed production (2116.7 kg/ha) was obtained
following the application of the Asfac BCO4 biostimulator to the twice-cut crop, the difference registered being
highly positively significant (868.3 kg/ha) compared to the NT x NF designated control variant. Very significant
production differences were also obtained for the other variants, where two cuttings were applied (T2 x
Aminosol - 793.3 kg/ha, T2 x Terrasorb Complex - 791.7 kg/ha, T2 x NF - 510.0 kg/ha). Also, the interactions
that involved one cutting resulted in statistically significant increases for each of the three biostimulators used.
REZUMAT
Lucrarea de față își propune să analizeze efectul combinat dintre aplicarea a trei biostimulatori foliari, pe
diferite fenofaze de vegetație și retezările efectuate, asupra caracterelor biometrice și de agroproductivitate la
soiul de cânepă monoică Secuieni – Jubileu. Cercetările au fost derulate în perioada 2018–2019, în câmpurile
experimentale ale SCDA Secuieni. Rezultatele obținute în perioada experimentată au relevat faptul că producția
cea mai ridicată de sămânță (2116.7 kg/ha) a fost obținută în urma aplicării biostimulatorului Asfac BCO4 la
cultura retezată de două ori, diferența înregistrată fiind pozitiv foarte semnificativă (868.3 kg/ha) comparativ cu
martorul desemnat NT x NF. Diferențe de producție foarte semnificative au fost obținute și în cazul celorlalte
variante la care au fost aplicate două retezări (T2 x Aminosol – 793.3 kg/ha, T2 x Terrasorb Complex – 791.7
kg/ha, T2 x NF – 510.0 kg/ha). De asemenea, interacțiunile care au implicat o singură tăiere au determinat
sporuri asigurate la nivel statistic foarte semnificativ pentru fiecare din cei trei biostimulatori utilizați.

INTRODUCTION
The global market for hemp is made up of more than 25000 products distributed over nine branches:
agriculture, textile industry, recycling, the automotive industry, furniture, food products and beverages, paper,
construction materials and personal care products.
Hemp may be classified as superfood, due to its high content of essential amino acids, unsaturated fats,
proteins, dietary fibres, vitamins, essential phytonutrients, versatility of use (vegetarian, vegan, raw food, paleo
or clean diets), absence of allergenic components, lactose, gluten and GMOs, but also due to its suitability for
ecological and / or sustainable culture systems (EIHA Conference, 2016 - 2018).
Hemp seeds are extremely nutritious and are a viable solution to end hunger worldwide (Hanks, 2008).
They have an oil rich content (30 - 35%), of which 80% is made up of essential polyunsaturated fatty acids, in
the optimal proportions required by the human body (omega-6:omega-3, ideally 3:1 ratio, gamma-linolenic and
stearidonic acids) (Lesson and Pless, 1999; Mediavilla V. et al., 1999; Oomah et al., 2002; Orhan et al., 2000,
Callaway, 2004) and 31% of easily digestible proteins that can supplement or replace other sources of protein
(Siriţanu and Siriţanu, 2007). This oil tastes better and has a longer storage period than flaxseed oil. It has
antimicrobial and anti-mould properties, which make it an ideal base for personal care products.
Hemp is also used in nutritional supplements and in medicinal and therapeutic products, including
pharmaceuticals. Some hemp extracts are used experimentally in the treatment of glaucoma, epilepsy, multiple
sclerosis or dystonia, asthma, psychosis, Niemann-Pik disease and topical infections (Găucă and Berea, 1997).
842

INTERNATIONAL SYMPOSIUM

The reintroduction of industrial hemp is in full swing worldwide. After having almost completely
disappeared after World War II, hemp is cultivated today in Canada, China and the European Union in 150000
hectares again, with a forecast of a million hectares limit over several decades (EIHA Conference, 2018).
The areas for cultivation are mainly dimensioned by the demand from the food sector. Healthy hemp
seeds have found a place into the prevailing stream of thought, the increasing demand for healthy food products
stimulating the hemp seeds trade. There are no barriers and no limits to a growing market demand.
The present paper presents the combined influence of the application of some biostimulators and the
cuttings performed on the seed production of a monoecious hemp variety, in order to optimize some
technological cultivation links.

MATERIAL AND METHOD
The experiment was carried out in the 2018-2019 period, in the experimental fields of the Agricultural
Research and Development Station Secuieni Neamț. The experiment was of a bifactorial type (A x B), being
carried out in a system of subdivided plots, corresponding to the experimental factors studied: factor A - the
cutting type with three graduations (a1 = uncut, a2 = one cut, a3 = two cuts) and factor B – the biostimulators
applied (b1 = unfertilized, b2 = Aminosol, b3 = Terrasorb Complex, b4 = Asfac BCO4).

Fig. 1 – Aspects of the experimental field

The biological material used was represented by the Secuieni - Jubileu monoecious hemp variety for
seed. It is a cultivar created at ARDS Secuieni, homologated in 2012, being obtained by direct hybridization,
back-crossing and selection by families. The vegetation period is between 90 and 110 days in the seed culture,
being an early variety, resistant to low spring temperatures, to summer heat, falling, hemp broomrape and
Fusarium. The THC content is 0.002%.
The methodology used involved testing the influence of the "Secuieni Method" of cultivation, which
consists of cutting the stems in the phase of intense growth, when the plants reach the height of 50 - 60 cm and
have 5 - 6 nodes with leaves. The first cut is made above the third node, at the height of 25-30 cm. From the
nodes remaining on the stems, 2 - 6 lateral shoots are developed. When they have 2 - 4 nodes with leaves, the
second cut is applied, 15 - 20 cm above the first one (Popa et al., 2015; Trotuș et al., 2015).
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The effect of applying three biostimulators (Aminosol, Terrasorb Complex and Asfac BCO4) was also studied,
their description, the quantities used, as well as the moment of application being presented in the table below.
Table 1
Biostimulators used in the experiment
Biostimulators

Aminosol

Terrasorb
Complex
Asfac BCO4

Description
Organic foliar fertilizer based on animal-protein hydrolysate
containing 9.4% total N (116 g/l N); 1.1% potassium oxide
(14 g/l K2O); 0.25% total S; 1.28% total Na; 66.3% organic
substance
Biostimulator based on amino acids containing 20% L-amino
acids; 5.5% total N; 5.0% organic N; 0.8% Mg (MgO); 1.5%
B; 1.0% Fe; 0.1% Mn; 0.1 Zn; 0.001 Mo; 25.0 organic matter
Biostimulator with a unique formula, having the following
components: chlorosulfonic acid - 0.05%, potassium
hydroxide - 0.016%; 2- (dimethylamino)-ethanol - 0.02%

Dose used
l/ha

Time of application

1.0

after each cutting
at the beginning of flowering
in the middle of flowering

1.0

0.5

after each cutting
at the beginning of flowering
in the middle of flowering
after each cutting
at the beginning of flowering
in the middle of flowering

The location of the experiment was carried out on a typical chernozem type soil, with a 6.29 water pH, a
humus content of 2.3%, the nitrogen index of 2.1%, mobile P2O5 39 ppm and K2O 161 ppm.
In autumn, after harvesting the pre-plant, the plowing was executed at a depth of 25 cm. In the spring,
when preparing the germination bed, a levelling work was performed with the disc harrows, followed by a pass
with the combiner.
Considering that the species is sensitive regarding the nutrient content in the soil, complex fertilizers were
administered, N:P:K 16:16:16, in quantities of 250 kg/ha and NH4NO3 in quantities of 200 kg/ha.
The sowing was done at the optimal time, in the second decade of April, followed by herbicide application
using Dual Gold 1.5 l/ha, in order to form a protective film. The sowing norm was of 6 kg/ha, the distance
between the rows of plants being of 70 cm.
During the vegetation period, Fusilade 1.0 l/ha (for monocotyledons) and Lontrel 0.5 l/ha (for
dicotyledons) herbicides were administered.
The first cutting was applied, for T2 and T1, at the height of 27 cm, on 04.06.2018, respectively
27.05.2019. The second cutting was performed at the height of 43 cm, at T2, on 21.06.2018, respectively
14.06.2019.
Regarding the weather conditions recorded during the experimental period, the agricultural year 2018,
during the vegetation period, can be characterized as warmer, exceeding the normal by 2.0°C. In terms of
rainfall, it was an excessively dry year, with a deficit of 53.6 mm compared to the multiannual average. The
distribution of precipitation was also uneven, with the drought months overlapping over the seed germination,
respectively maturation period.
The agricultural year 2019 was characterized by an early spring, due to the positive average
temperatures recorded in March (6.8ºC). The vegetation period can be characterized as normal, exceeding the
multiannual average by 0.9ºC, while, from a rainfall point of view, it was extremely dry, with a deficit of 65.2 mm
compared to the multiannual average.
The data regarding the meteorological conditions recorded in the period 2018 - 2019 at S.C.D.A. are
presented in table 2.
Table 2
Temperatures and rainfall recorded at A.R.D.S. Secuieni weather station (2018 – 2019)
Months
Jan.

Feb. March April

May

June

July

Aug.

-1.8
-3.8

-2.3
0.9

0.1
6.8

14.3
9.7

17.8
15.3

20.0
21.3

20.3
20.1

21.5
21.2

Average
of veg. Deviation
Sept.
period
16.3
18.4
2.0
16.2
17.3
0.9

-3.9

-2.2

2.8

9.5

15.4

18.8

20.4

19.5

15.0

16.4

-

-

2018

17.2

26.8

52.6

14.8

23.4

140.4 137.8

4.0

11.8

332.2

- 53.6

excessively
dry

2019

14.8

21.0

4.2

38.0

95.0

55.8

46.6

20.4

64.8

320.6

- 65.2

excessively
dry

multiannual
20.1
average

19.5

26.9

46.9

65.7

85.0

82.3

60.2

45.7

385.8

-

-

2018
Average
2019
temp.
multiannual
(°C)
average

Rainfalls
(mm)
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The samples were collected manually, the experimental data obtained being processed statistically by
methods specific to the bifactorial experiences. The recorded production increases were assessed by
calculating the limit differences (Jitareanu, 1999).
RESULTS AND DISCUSSIONS
In 2018, both the cutting type and the applied biostimulators influenced the biometric and agroproductivity
characteristics determined in the experimental crop, as seen in table 3. Thus, the size and diameter of the
plants decrease with the increase of the number of cuttings, while the number of ramifications is in direct
correlation with the applied cuttings. Regarding the factor B graduation, both the seed production and fibre
percentage indicate the highest values in the case of the variants where biostimulators were applied, compared
to each of the unfertilized variants. Also, the number of branches per plant is influenced by the application of
biostimulators.
Table 3
Biometric and agroproductivity determinations at the Secuieni - Jubilee variety (2018)
Variety name

Secuieni Jubileu

No. of
No. of
Sheaf
% fibre Ø average
(M)
plants (M) branches (M) weight (M)
(M)
NT

Variant

Seed
weight(M)

Size (M)

Control variant

1250

193

20

-

5570

24.3

7.8

Aminosol
Terrasorb
Complex
Asfac BCO-4

1400

180

20

-

5480

26.5

7.6

1450

183

18

-

4750

25.7

7.1

1740

180

24

-

6290

25.4

7.5

T1

Secuieni Jubileu

Control variant

1350

183

18

39

5950

24.4

7.1

Aminosol
Terrasorb
Complex
Asfac BCO-4

1660

176

19

43

6030

25.6

7.0

1500

180

19

42

6290

26.3

6.9

1800

173

23

47

6160

25.4

6.9

Control variant

2090

170

25

50

6690

24.1

6.0

Aminosol
Terrasorb
Complex
Asfac BCO-4

2360

170

18

54

7100

26.3

6.3

2280

175

21

67

6880

25.6

6.7

2350

167

24

66

6500

25.2

6.4

T2

Secuieni Jubileu

In 2018, the cutting factor influenced the seed production obtained, ranging from 1460 kg/ha (NT) to 2270
kg/ha (T2). The variant to which two cuttings were applied resulted in very significant production increases
(810.0 kg/ha), whereas the variant with only one cutting applied showed distinctly significant differences (117.5
kg/ha) compared to the control (NT), as seen in the table below.
Table 4

Crt. no.

Variant

1.
NT
2.
T1
3.
T2
DL 5% = 69.4 kg/ha
DL 1% = 115.0 kg/ha
DL 0.1% = 214.8 kg/ha

The cutting influence on seed production in 2018
Seed production
differences from
kg/ha
% vs. control
control (kg/ha)
1460.0
100.00
0.0
1577.5
108.05
117.5
2270.0
155.48
810.0

Differences
significance
Mt
**
***

In 2018, the application of biostimulators generated a seed production ranging from 1743.3 kg/ha
(Terrasorb Complex) to 1963.3 kg/ha (Asfac BCO4), the control variant value being of 1563.3 kg/ha. There were
production increases ensured at a very significant statistical level registered following the application of the
biostimulators Asfac BCO4 (400.0 kg/ha) and Aminosol (243.3 kg/ha), while the fertilized variant with Terrasorb
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Complex determined distinctly significant differences in the seed production (180.0 kg/ha), compared to the
unfertilized control variant (table 5).
Table 5
The biostimulators application influence on seed production in 2018
Seed production
Crt. no.

Variant

1.
Control variant (unfertilised)
2.
Aminosol
3.
Terrasorb Complex
4.
Asfac BCO4
DL 5% = 97.0 kg/ha
DL 1% = 133.0 kg/ha
DL 0.1% = 181.1 kg/ha

kg/ha

% vs. control

1563.3
1806.7
1743.3
1963.3

100.00
115.57
111.51
125.59

differences from
control (kg/ha)
0.0
243.3
180.0
400.0

Differences
significance
Mt
***
**
***

Making a comparison with the control variant (NT x NF), for the first year of the experiment, all the
variants to which two cuttings were applied, regardless of the applied biostimulator (including the unfertilized
variant), determined values of the seed production ensured at a very significant statistical level (Table 6).
At the same time, the variant to which only one cutting was applied registered very significant production
increases, following the use of the Asfac BCO4 (550.0 kg/ha) and Aminosol (410.0 kg/ha) biostimulators, while,
following the application of the Terrasorb Complex fertilizer, distinctly significant production differences (250.0
kg/ha) were obtained, compared to the control variant.
In the case of the uncut variant, compared with the unfertilized control variant, the application of the Asfac
BCO4 biostimulator generated statistically significant production increases (490.0 kg/ha), while Terrasorb
Complex determined significant production differences (200.0 kg/ha).
Table 6
Combined influence of cutting x biostimulators on seed production in 2018
Seed production
Crt. no.

Cutting x biostimulators

1.
NT x NF
2.
NT x Aminosol
3.
NT x Terrasorb Complex
4.
NT x Asfac BCO4
5.
T1 x NF
6.
T1 x Aminosol
7.
T1 x Terrasorb Complex
8.
T1 x Asfac BCO4
9.
T2 x NF
10. T2 x Aminosol
11. T2 x Terrasorb Complex
12. T2 x Asfac BCO4
DL 5% = 168.0 kg/ha
DL 1% = 230.4 kg/ha
DL 0.1% = 313.6 kg/ha

kg/ha

% vs. control

1250.0
1400.0
1450.0
1740.0
1350.0
1660.0
1500.0
1800.0
2090.0
2360.0
2280.0
2350.0

100.00
112.00
116.00
139.20
108.00
132.80
120.00
144.00
167.20
188.80
182.40
188.00

differences from
control (kg/ha)
0.0
150.0
200.0
490.0
100.0
410.0
250.0
550.0
840.0
1110.0
1030.0
1100.0

Differences
significance
Mt
*
***
***
**
***
***
***
***
***

The Secuieni cultivation method generated production results ranging between 1410.8 kg/ha in the case
of the uncut variant and 1708.3 kg/ha in the case of the two cuttings applied (table 7). Very significant
differences were registered for the second graduation of the cutting factor (T2 - 297.5 kg/ha), while the variant to
which a single cutting was applied resulted in distinctly significant production increases (T1 - 128.3 kg/ha),
compared to the uncut variant (control).
Table 7
The cutting influence on seed production in 2019
Curr.
no.

Seed production
Variant

1.
NT
2.
T1
3.
T2
DL 5% = 51.3 kg/ha; DL 1%

kg/ha

% vs. control

1410.8
100.00
1539.2
109.10
1708.3
121.09
= 85.0 kg/ha; DL 0.1% = 158.8 kg/ha
846
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0.0
128.3
297.5

Differences
significance
Mt
**
***
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In 2019, the seed production obtained after the application of each of the three biostimulators was
covered statistically at a very significant level (Asfac BCO4 - 1684.4 kg/ha, Terrasorb Complex - 1627.8 kg/ha,
Aminosol - 1558.9 kg/ha), in comparison with the unfertilized control variant (1340.0 kg/ha).
Table 8
The biostimulators application influence on seed production in 2019
Seed production
Crt. no.
1.
2.
3.
4.
DL 5%

Variant
NF
Aminosol
Terrasorb Complex
Asfac BCO4
= 78.1 kg/ha; DL 1%

kg/ha

% vs. control

1340.0
100.00
1558.9
116.33
1627.8
121.48
1684.4
125.70
= 107.2 kg/ha; DL 0.1% = 145.9 kg/ha

differences from
control (kg/ha)
0.0
218.9
287.8
344.4

Differences
significance
Mt
***
***
***

In the second year of the experiment, for the uncut variant, compared to the unfertilized control variant,
the application of the Asfac BCO4 biostimulator generated statistically significant production increases (256.7
kg/ha), while the Terrasorb Complex determined distinctly significant production differences (230.0 kg/ha). Also,
the results obtained after the use of Aminosol had statistical significance (170.0 kg/ha).
For the second graduation of the cutting factor (T1), the use of each of the three designated
biostimulators revealed very significant production increases (Asfac BCO4 - 420.0 kg/ha, Terrasorb Complex 360.0 kg/ha, Aminosol - 290.0 kg/ha) compared with the NT x NF control variant (1246.7 kg/ha).
The second cutting applied during the experiment also generated productions with statistical significance
compared to the control variant for all the three applied biostimulators. Thus, Asfac BCO4, Terrasorb Complex
and Aminosol determined very significant seed production increases (636.7 kg/ha, 553.3 kg/ha, respectively
476.7 kg/ha) compared to the uncut and unfertilized control variant, according to the table below.
Table 9
Combined influence of cutting x biostimulators on seed production in 2019
Seed production
Crt. no. Cutting x biostimulators
differences from
kg/ha
% vs. control
control (kg/ha)
1.
NT x NF
1246.7
100.00
0.0
2.
NT x Aminosol
1416.7
113.64
170.0
3.
NT x Terrasorb Complex
1476.7
118.45
230.0
4.
NT x Asfac BCO4
1503.3
120.59
256.7
5
T1 x NF
1346.7
108.02
100.0
6
T1 x Aminosol
1536.7
123.26
290.0
7
T1 x Terrasorb Complex
1606.7
128.88
360.0
8
T1 x Asfac BCO4
1666.7
133.69
420.0
9
T2 x NF
1426.7
114.44
180.0
10
T2 x Aminosol
1723.3
138.24
476.7
11
T2 x Terrasorb Complex
1800.0
144.39
553.3
12
T2 x Asfac BCO4
1883.3
151.07
636.7
DL 5% = 135.3 kg/ha
DL 1% = 185.6 kg/ha
DL 0.1% = 252.6 kg/ha

Differences
significance
Mt
*
**
***
***
***
***
*
***
***
***

The average productions achieved during the two years of experimentation were positively influenced by
the number of cuttings applied, compared to the control variant, in the case of which cuttings were not done
(table 10). The production differences achieved by the T1 variant were distinctly significant positive (122.9
kg/ha), with a production increase of 8.56% compared to the non-cut variant, while the variant to which two
cuttings were applied recorded an average increase of 38.58%, this being considered very significant (553.8
kg/ha), compared to the experiment control variant. The results obtained regarding the applied cutting
demonstrate the necessity of the cuttings in the monoecious hemp culture, recommending the cutting twice
during the vegetation period, in order to produce high seed yields.
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Table 10
The cutting influence on seed production 2018-2019 average
Seed production
Crt. no.
Variant
differences from
kg/ha
% vs. control
control (kg/ha)
1.
NT
1435.4
100.00
0.0
2.
T1
1558.3
108.56
122.9
3.
T2
1989.2
138.58
553.8
DL 5% = 53.3 kg/ha; DL 1% = 88.4 kg/ha; DL 0.1% = 165.2 kg/ha

Differences
significance
Mt
**
***

Regarding the application of the biostimulators, the average production differences achieved at the level
of 2018 - 2019 were highly significant (Table 11). The biggest differences were recorded by the variants to
which the Asfac BCO4 biostimulator was applied, which resulted in a production increase of 372.2 kg/ha of
seed, followed by the variants treated with Terrasorb Complex (233.9 kg/ha) and those at which Aminosol was
used (231.1 kg/ha). The obtained results indicate the benefits of using foliar fertilization for this crop, the
production increases achieved following the application of foliar biostimulators ranging from 15.92% to 25.64%.
Table 11
The biostimulators application influence on seed production 2018-2019 average
Seed production
Differences
Crt. no.
Biostimulators
differences from
significance
kg/ha
% vs. control
control (kg/ha)
1.
NF
1451.7
100.00
0.0
Mt
2.
Aminosol
1682.8
115.92
231.1
***
3.
Terrasorb Complex
1685.6
116.11
233.9
***
4.
Asfac BCO4
1823.9
125.64
372.2
***
DL 5% = 50.3 kg/ha; DL 1% = 69.0 kg/ha; DL 0.1% = 93.9 kg/ha

The average productions realized during the experimental period, as a result of the combination of the
two factors considered in the study, cutting x fertilization, led to the realization of differences with different
statistical meanings (table 12). The cuttings performed in combination with the application of biostimulators led
to the production of highly significant positive differences compared to the NT x NF experiment control variant.
Also, highly significant positive differences were also recorded by the variant to which two cuttings were applied,
this not being fertilized, as well as the variants treated with Terrasorb Complex and Asfac BCO4, even if they
were not cut. These variants were followed by the NT x Aminosol variant with distinctly significant positive
differences and the T1 x NF variant with significantly positive differences compared with the control variant.
These results show that the combination of the two factors causes significant production increases,
recommending their use in the territory, simultaneously or unilaterally, depending on the possibilities of the
farmers and the conditions of the crop year.
Table 12
Combined influence of cutting x biostimulators on seed production 2018-2019 average
Seed production
Differences
Crt. no. Cutting x biostimulators
differences from
significance
kg/ha
% vs. control
control (kg/ha)
1.
NT x NF
1248.3
100.00
0.0
Mt
2.
NT x Aminosol
1408.3
112.82
160.0
**
3.
NT x Terrasorb Complex
1463.3
117.22
215.0
***
4.
NT x Asfac BCO4
1621.7
129.91
373.3
***
5.
T1 x NF
1348.3
108.01
100.0
*
6.
T1 x Aminosol
1598.3
128.04
350.0
***
7.
T1 x Terrasorb Complex
1553.3
124.43
305.0
***
8.
T1 x Asfac BCO4
1733.3
138.85
485.0
***
9.
T2 x NF
1758.3
140.85
510.0
***
10. T2 x Aminosol
2041.7
163.55
793.3
***
11. T2 x Terrasorb Complex
2040.0
163.42
791.7
***
12. T2 x Asfac BCO4
2116.7
169.56
868.3
***
DL 5% = 87.1 kg/ha; DL 1% = 119.5 kg/ha; DL 0.1% = 162.6 kg/ha
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CONCLUSIONS
The type of cutting and the application of biostimulators on vegetation influenced the biometric and
agroproductivity characteristics of the studied variety. The increase in the number of cuttings caused a direct
correlation with the number of branches per plant, while the values recorded by the size of the plants and the
average diameter of the stem showed a downward trend. The application of biostimulators led to an increase in
the number of branches per plant and, implicitly, higher seed yields, but also higher fibre content compared to
each of the unfertilized variants.
During the experimented period, the influence of the applied cuttings generated increases of the seed
production statistically assured at a highly significant level for the variant T2 (553.8 kg/ha) and distinctly
significant for the T1 (122.9 kg/ha) compared with the uncut control variant, the results obtained indicating the
need to apply these cuttings in production.
The research carried out in the period 2018 - 2019 reveals the positive influence of the application of
biostimulators, the production increases recorded being between 15.92% and 25.64%.
The combined influence of the two factors studied (cutting x applied biostimulators), over the
experimental period, has resulted in significant production increases, statistically assured, which is reflected in a
recommendation regarding their use in production, both simultaneously, as well as unilaterally, depending on
the financial possibilities, the infrastructure owned or the conditions of the crop year.
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ABSTRACT
The effects of osmotic treatment and convective dehydration on organic fruits of Aronia melanocarpa L.
were analysed. The classical dehydration needed 30 hours at 60˚C. In case of osmotic treatment, the
dehydration acquired 8 hours at 60˚C. The ratio between fruits and solution was 1:2 and 1:3. The osmotic
solution contained concentrated sour cherry & apple juice and organic inulin. Weight reduction, amount of
carbohydrates, vitamin C and total phenols varied upon the method of dehydration, ratio and fruits integrity. Best
results were obtained using the osmotic treatment, at the ratio 1:2 on pricked fruits.
REZUMAT
Au fost analizate efectele tratamentului osmotic și ale deshidratării convective la fructele de Aronia
melonocarpa L, provenite dintr-o cultură ecologică. Deshidratarea clasică a necesitat 30 de ore, la o
temperatură de 60˚C. În cazul tratamentului osmotic, la aceeași temperatură, au fost suficiente 8 ore pentru
deshidratarea fructelor. Proporția dintre fructe și soluție a fost de 1:2, respectiv 1:3. Soluția osmotică a conținut
suc concentrat de vișine, suc concentrat de mere și inulină organică. Reducerea de masă, cantitatea de
carbohidrați, vitamina C și fenolii totali au variat în funcție de metoda de deshidratare folosită, de proporția
aleasă și de integritatea fructelor. Cele mai bune rezultate au fost obținute în urma tratamentului osmotic, la o
proporție de1:2, în cazul fructelor penetrate prin înțepare.
INTRODUCTION
Aronia melonocarpa L. belongs to the genus Aronia, Rosaceae family, Maloidea subfamily. It is a multistemmed, deciduous shrub, native to North America [Kask, 1987; USDA, NRCS, 2010]. Aronia berries, called
black chokeberries, due to their tart taste when raw [Trinklein, 2007] are considered super fruits [Kulling and
Rawl, 2008] and they provide lot of benefits to the human body [Brand, 2010], such as: these fruits prevent
cancer and help treating oesophagus and colon cancer, Alzheimer disease, diabetes mellitus, high blood
pressure, high cholesterol, obesity, arteritis, haemorrhoids, inflammations, eyes weakness, etc. Aronia fruits are
very friendly with the heart, they fight against cold and flu, improving the immune system [Ho et al., 2014] and
they have great anti-aging properties [Science Daily, September 2014]. The black chokeberries can be
consumed fresh or as dried fruits, simple or in different mixtures: juices, syrups, smoothies, nectars, purees
[Georgiev and Ludneva, 2009], jellies [Knudson, 2005], jams, toffees, nutritive bars, teas, etc. The extracts of
aronia can be used as natural colorant [Bussières et al., 2008; Jeppsson, 1999] and as dietary supplements
[Gonzalez-Molina et. al, 2008; Camire et. al, 2007; McKay, 2004]. The fruit of black chokeberry has higher
levels of antioxidants than any other temperate fruit [Wu et al, 2004]. Fresh fruits of aronia are an amazing
source of vitamin C and polyphenols, including proanthocyanidins, anthocyanins and flavonoids, vitamins B (B1,
B2, B6, niacin and pantothenic acid), β-carotene [Benvenuti et al., 2004; Jeppsson and Johansson, 2000;
Kulling et al., 2008; Tanaka and Tanaka, 2001; Walther and Schnell, 2009]. Bioactive components of
chokeberries are four anthocyanins, nine flavonoids, two phenolic acids and five quercetins [Oszmiański and
Wojdylo, 2005; Wu et al., 2006]. Fresh chokeberries have a specific bitterness, mainly due to their high number
of polyphenols [Jancović et al., 2016], but when processed these fruits get a high culinary and nutraceutical
value. Dehydration of the fruits is one of the oldest forms of food preservation techniques known to man. Among
the drying techniques, the most commonly used in the food industry is the traditional convective air-drying
method [Petkovic et al., 2019].
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This method is a long-time performance. Dried products have low porosity, compared to the fresh
products. One method to produce dried fruits with good quality is to use a pre-drying treatment, such as the
osmotic dehydration [Ruskova et al., 2016; Shi and Xue, 2008]. The method is used for the partial removal of
water from the plant tissues by immersion of the fruit in hypertonic water solution [Sereno et al., 2001].
This technique is a partial dehydration process [Khan, 2012] to give to the product a quality improvement over
the conventional drying process and helps to conserve the overall energy relative to other drying procedures
[Akbarian et al., 2013]. Osmotic dehydration involves three mass transfer processes:
(1) water
transfer from the plant product to the osmotic solution, (2) incursion of solutes from the solution into the plant
cell and (3) excretion of soluble solids from the plant tissues to the osmotic solution [Alvarez - Peral et al.,
2014].The different flows in and out of the plant tissue are shown in Fig. 1.

Fig.1 - Mass transfer in fruit tissue during osmotic dehydration [Ruskova et al., 2016]

The major advantages of osmotic dehydration are: improvement of the organoleptic properties (color,
flavor, texture), retention of nutrients, product stability during storage, energetic efficiency - cost reduction.
MATERIAL AND METHOD
The most important variable affecting the kinetics of mass transfer during osmotic dehydration (O.D.) is
temperature [Tortoe, 2010]. Increasing the temperature of the osmotic solution results in an increase in the rate
of water removal and sugar uptake [Phisut, 2012]. Diffusion of flavor and odor compounds from the fruits to the
solution is also increased at high temperature. According to the literature, on osmotic treatment, temperatures
around 50°C have been used to the fruits for the following reasons: 1) deterioration of flavor, texture and
thermo-sensitive compounds is limited at this temperature, 2) enzymatic browning and flavour deterioration of
fruits start at 49°C, and 3) this temperature proved efficient to maintain the viscosity of the solution and ensure
adequate infusion time without deterioration of fruit quality [Khan and Pak, 2012; Shi and Xue, 2009]. During
osmotic dehydration, the increase of solute concentrations results in higher water loss and solid gain rates
[Phisut, 2012]. The increased osmotic solution concentration resulted in higher water loss and weight increasing
drying rates [Conway et al., 1983; Marcotte et.al, 1991]. The increase of fruit sample: osmotic solution ratio
results in higher osmosis rate up to a certain level. A ratio of 1:2 or 1:3 sample: osmotic solution is reported as
optimal for practical purposes [Tiwari and Jalal, 2004].
Experimental stages:
The fruits of Aronia melanocarpa L. were supplied by the Institute of Research - Development for Fruit
Cultivation, Mărăcineni, Pitești, Argeș County, in September 2019 and stored in a refrigerator at 5°C until used.
Their initial dry matter was 18° BRIX. After sorting, washing with cold water and draining, the fruits were divided
into 2 experimental samples. In order to facilitate the intake of the osmotic solution and the solutes exchange,
the black chokeberries from the first sample were pricked (around 8-10 pricks/fruit near equidistantly), manually
done, using the penetrometer‘s needle, while the fruits from the second sample were partially sectioned with the
knife’s blade.The ratio between fruits: osmotic solution ratio was 1: 2 and 1:3. For the ratio 1:2 were used the
pricked fruits of aronia and for the ratio 1:3 were used those partially sectioned. The compounds of the osmotic
solution were: concentrated sour cherry juice (61°BRIX), concentrated apple juice (68, 1°BRIX) and organic
inulin of agaves. The concentration of the liquid osmotic agents and osmotic solution was monitored by an Abbe
refractometer (Zeiss JENA, Germany). The osmotic solution was prepared in the concentration: 60%
concentrated sour cherry juice + 20% concentrated apple juice + 20% organic inulin of agaves. The black
851

INTERNATIONAL SYMPOSIUM

chokeberries were dipped in the osmotic solution of the above concentration for 4 hours, at the temperature of
50°C and the mixture was manually agitated every half an hour. Then, the fruits were quickly rinsed with
lukewarm water and gently touched with an absorbent paper and spread on the perforated stainless-steel trays
for water excess removal. Then, the fruits were weighted using a high accurate balance. After the osmotic
treatment, the fruits of Aronia melanocarpa L. were analysed for the main indicators: weight reduction, amount
of carbohydrates, vitamin C and total phenols. The osmotic pressure exercised by the hypertonic solution
determined the breakage of the cell membrane and cell wall, as is shown in the Fig.3.
In the essence, three physic - chemical processes occurred:
1. Water loss (WL) from the berry’s tissue;
2. Solutes diffusion from the berry’s tissue to the osmotic solution;
3. Intake of berry’s tissue with some compounds of the osmotic solution.
This osmotic exchange conducted to:
- weight reduction (WR), as effect of water loss from the berry tissue (a relative amount of water);
- a certain modification of chemical composition of the black chokeberries, as effect of the intake of
some compounds from the osmotic solution.

Fig. 3. The effect of hypertonic solution on plant cell
(https://twobirdsflyingpub.wordpress.com/2011/11/04/electrolytes-and-combat-hydration/)

Experimental drying process
The uncrushed chokeberries were dried by a convective method in a professional dryer (B. Master model
SR 18381, year 2018, made in Italy, the Company TAURO ESSICATORI SRL) at temperature of 60°C and the
crushed chokeberries after the osmotic treatment were dried by the same convective method at temperature of
60°C. Drying of uncrushed fruit will keep a higher level of antioxidant bioactive components (especially
anthocyanins), then drying the crushed fruits [Oszmianski and Lachowicz, 2016].
Experimental drying equipment
The dryer* has the following characteristics: 400 V, 50/60 Hz, 5, 2 kW. The fan of the dryer (AS 18382,
2018) has the characteristics: 230 V, 50/60 Hz, 0, 08 kW (Fig. 4 and Fig. 5)
*Professional dryer B. Master in stainless steel with 4 compartments, 40 drying trays in stainless steel AISI 304,
heating and ventilation unit with electric resistance, three-phase electric power 5,2 kW, 400V, 50/60 Hz, with
automatic ventilation module B. Master and nonstick paper “Dry silk” from B. Master.

Fig.4. B. Master dryer – classical dehydration of aronia

Fig. 5. Convective dehydration of aronia
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RESULTS
The osmotic treatment applied to aronia berries before their convective dehydration brought an excellent
improvement in dry matter, carbohydrates, vitamin C and total phenols, as is shown in the Chart 1:
- after O.D. ratio 1:2, the dry matter amount increased with 61%; in case of ratio 1:3, the dry matter
amount increased with 56%;
- after O.D. ratio 1:2, the carbohydrates amount increased with 58%; in case of ratio 1:3, the
carbohydrates amount increased with 44%;
- after O.D. ratio 1:2, the vitamin C amount increased with 16%; in case of ratio 1:3, the vitamin C
amount increased with 10%;
- after O.D. ratio 1:2, the total phenols amount increased with 42%; in case of ratio 1:3, the total
phenols amount increased with 31%;
Chart [1]
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18 29,04 28,01

0

Dry matter

26,17 41,47 37,77

33,57 38,8 36,94

Carbohydrates

Fresh fruits

O.D. ratio 1:2

Vitamin C

Total phenols (mg
GAE/100g)

O.D. ratio 1:3

Comparison between fresh and osmotic dehydrated fruits of Aronia melonocarpa L.

Weight reduction
(WR) is defined as the difference between the initial weight of fruits (Mi) and their weight after the
osmotic dehydration (Mf).
Below is calculated the weight reduction for the black chokeberries’ samples used in the experiment:
Ratio 1:2
WR=

Mi - Mf
_________ X 100%
Mi

5000 g - 4500 g
WR= ____________ X 100
5000 g

10
500 g
WR=_______ X 100 %= 10%
50
5000 g

Ratio 1:3
WR=

M i – Mf
_________ X 100%
Mi

5000 g - 4700 g
WR= ____________ X 100
5000 g

6
300 g
WR=_______ X 100 %= 6%
50
5000 g

Where:
Mi = initial weight of fresh fruits (g); Mf = final weight of fruits after osmotic dehydration (g);
There are significant differences between the classical method of dehydration (convective) and the
convective dehydration with an osmotic treatment applied before which represents an innovative
method for fruits dehydration, as is shown in Table 1. After the convective dehydration with an osmotic
treatment applied before:
the carbohydrates amount of aronia berries, increased with 62% for ratio 1:2
and with 49% for ratio 1:3;
the vitamin C amount of aronia berries, increased with 14% for ratio 1:2
and with 10% for ratio 1:3;
the total phenols amount of aronia berries, increased with 27% for ratio 1:2
and with 22% for ratio 1:3.
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Table [1]
Comparison between classical and innovative methods of dehydration
Dehydration
Dehydration
Classical dehydration
after osmotic treatment
after osmotic treatment
ratio 1:2
ratio 1:3
-carbohydrates (%): 48,42
-carbohydrates (%): 78,28
-carbohydrates (%): 72,06
-vitamin C (mg/100g): 30,68
-vitamin C (mg/100g): 35,09
-vitamin C (mg/100g): 33,85
-total phenols (mg GAE/100g):
-total phenols (mg GAE/100g):
-total phenols (mg GAE/100g):
1687,51
2136,15
2055,94

Even visually, after the convective dehydration, the aronia berries pre-dehydrated through osmosis
have a nice & glossy aspect, due the increase of carbohydrates and their shape & porosity look better
(Fig.6), than the aronia berries dehydrated classically, without osmotic treatment (Fig.7).

Fig.6.Finally dehydrated chokeberries after osmosis

Fig.7.Finally dehydrated chokeberries without osmosis

The fruits of Aronia melanocarpa L. analysed in this study were cultivated organically, without using
synthesis fertilizers or pesticides.
At the moment of the osmotic and convective dehydration, the black chokeberries corresponded to
the standard parameters mentioned for Aronia melanocarpa L.
The mechanical cell disruption was analyzed in the term of improving the speed and the quality of the
osmotic dehydration, forcing to open the cell wall and spilling the contents. In this regard, the fruits were
mechanically penetrated using a needle (first sample) and a blade (second sample).
After the osmotic dehydration the pricked chokeberries (ratio 1:2) reduced their mass with 10% and the
partially sectioned chokeberries (ratio 1:3) reduced their mass with 6%.
Observation 1
The amount of water loss from the berry’s tissue was larger than in the case of pricked chokeberries.
Observation 2
The best ratio fruits: osmotic solution ratio was the ratio1:2, as regard the water loss from the berry’s tissue.
Observation 3
The best amount of carbohydrates, vitamin C and polyphenols intake was obtained to the pricked
chokeberries.
Observation 4
The best amount of carbohydrates, vitamin C and polyphenols intake was obtained using the ratio1:2
(1 part black chokeberries to 2 parts osmotic solution).
Observation 5
After O.D., the improved osmotic solution (enriched with aronia berries solutes) can be successfully used
to prepare jellies, toffies, creams for cakes, toppings for ice - cream, etc.
The initial humidity of fresh black chokeberries was 73%. Due to the partial removal of water from berries
tissue and to the increase of dry matter amount through the osmotic process, the time necessary to reach 21%
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humidity of dried chokeberries decreased with 22 hours. The classical dehydration of aronia fruits, without
osmotic treatment needed 30 hours, while the chokeberries after osmotic treatment needed only 8 hours to
reach 21% humidity, as dried fruits. This aspect represents a great benefit not only by saving energy and
decreasing the production cost, but especially for its nutraceutical value. Using the osmotic dehydration before
convective drying, the vitamin C and the polyphenols are not affected, as in case of classical dehydration which
takes a longer time [Szychowski et al. 2018].
The results of physic-chemical analyses pointed out few significant aspects:
- the increase of dry matter amount after O.D. conducted to a quicker dehydration;
- the increase of carbohydrates amount after O.D. represents a benefit for consumer’s health, because
they belong from natural sources: sour cherry juice, apple juice and organic inulin of agaves;
- the amount of vitamin C after O.D. is higher than in the case of classical dehydration; the natural
concentrated apple and sour cherry juices had a big importance because they represent a valuable
source of vitamin C;
- the increase of polyphenols amount after O.D. represents an advantage for consumers due to the
antioxidant activity of these compounds. This aspect can be used by fruits chilling and / or preparing
nutritive bars, cakes, muffins, etc.
CONCLUSIONS
The osmotic treatment before convective dehydration has proven to be a very important phase of the
technological chain, by improving the organoleptic qualities of the fruits through the increase of the natural
carbohydrates, vitamin C and polyphenols.
The increase of the dry matter amount was observed - this aspect directly conducting to less hours of
convective dehydration.
The innovative method of dehydration requested only 8 hours for the black chokeberries dehydration,
while the classical method of dehydration requested 30 hours, using the same drying temperature (60˚C) and
reaching the same level of humidity (21% humidity of dried fruits).
Using near a quarter from the dehydration time requested by the classical method has a great benefit
for maintaining high levels of vitamin C and polyphenols inside fruits, knowing that long heating affects the
quantity and the quality of the useful substances (vitamins, amino acids, enzymes, etc.)
After the osmotic treatment, the fruits got a good balance between acidity and carbohydrates, improving
their taste and texture.
Considering all above information, it is clear to understand that the osmotic treatment improved the
nutraceutical and food quality of black chokeberries. This aspect extends the uses range of aronia berries uses
and the range of consumers, as well, especially children and persons interested in a healthy lifestyle, choosing
natural products rich in valuable nutrients.
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ABSTRACT
Peppers are widely used because of their aroma, colour and nutritional value. Dehydration is used as a
method for preserving vegetables. The objective of the research was the dehydration in multiple division
variants (whole, cubes and round slices) of the Romanian pepper cultivar “Yellow superior” cultivated under
ecologic conditions. The results obtained pointed out few differences between the divisions types, as concern
the period and efficiency of the dehydration and humidity level of dried peppers. All dehydration parameters
were in accordance with the rules and regulations of the organic agriculture.
REZUMAT
Ardeii sunt folosiți pe scară largă datorită aromelor, culorii și valorii nutritive a acestora. Deshidratarea
este folosită ca metodă de conservare a legumelor. Obiectivul acestei cercetări a fost deshidratarea în mai
multe variante de divizare (întregi, cuburi și rondele) a soiului românesc de ardei gras “Galben Superior”,
cultivat în condiții ecologice. Rezultatele obținute au evidențiat diferențe între variante, în ceea ce privește
randamentul și durata de deshidratare, precum și nivelul de umiditate al ardeilor uscați. Toți parametrii
deshidratării au fost în acord cu normele și reglementările agriculturii ecologice.
INTRODUCTION
Peppers belong to Genus Capsicum, Solanaceae Family. They are widely used because of their strong
pungency, aroma, colour and nutritional value [Yaldiz et al, 2010]. Due to their importance gradually increased,
the peppers became ones of the most consumed spice crops worldwide [Téllez-Pérez et al, 2012]. In addition,
the food industry employs them widely as colouring and flavouring agents in sauces, soups, processed meats,
lunches, sweetmeats and alcoholic beverages [Bogusz Junior et al, 2011]. They are commonly consumed dried,
nevertheless traditionally sun drying is carried out at the open air and exposed to the sunlight which takes a lot
of time (8-21 days) and decrease their quality. Due to this extensive use, an increasing amount of research on
the evaluation of dried pepper quality has concentrated on improving the preservation of this product [Arslan
and Özcan, 2011].
Among the drying techniques, the most commonly used in the food industry is the traditional convective
air drying method.This method is a longtime performance [Kılıç and Çınar, 2019]. Dehydration is one of the
oldest and most widely used method for vegetable preservation. Its main objective is to remove the main part of
water to reach a safety level at which microbial spoilage and deterioration reactions are minimized or stopped
[Kristiawan et al, 2011]. Hot air drying is one of the most frequently used operations for food dehydration;
nevertheless it damages structural, physical and chemical characteristics, usually because of the overheating
during the second stage of drying, as a result of shrinkage phenomenon which is taken place in drying process.
To overcome this phenomenon, a mixing different drying process is used [Besombes et al, 2010].
Romanian people used as preservation method, the sun heat dehydration for different kinds of
vegetables, such us pod beans, mushrooms, carrots, tomatoes, onion. Due the natural drying method, the costs
of this traditional preservation were extremely low [Popescu and Iliescu, 2015].
Many conventional methods are used in food drying including hot air drying, vacuum drying, drum
drying, spray drying, freeze-drying, and so forth. Numerous emerging technologies have been developed
recently as alternatives to more well-known methods (microwave drying, irradiation, ultrasounds, etc.), even if
the high cost of some new technologies limits their application [Banu Constantin et al, 2009].
Foods can be spoiled by microorganisms or through enzymatic reactions within the food. Bacteria,
yeast and moulds must have a sufficient amount of moisture around them to grow and cause spoilage.
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Reducing the moisture content of food prevents the growth of these spoilage-causing microorganisms and
slows down enzymatic reactions that take place within food. The implementation of this technological stage,
helps to prevent spoilage in dried food [Boyer and Huff, 2019].
During vegetables drying and dehydration different transformations appear:
• Structure transformations (firmness loss) due to the water loss, tissue contraction and weight & volume reduction.
• Colour transformations (colour degradation): it depends on temperature & time of dehydration, sugar
contained, heavy metals contained, but at the same time, it is the result of the oxidative processes occurring
during vegetables dehydration.
• Aroma and flavour transformations: due to the hot air used in the drying process, the vapours get an intake of
the specific aromas, conducting to the diminution of vegetables’ aroma. In case of natural drying methods, the
diminution of aroma and flavour is determined to the longer time necessary for drying the vegetables and to the
relative air humidity of the environment.
• Nutritive value transformation: during the dehydration process of vegetables, depending on the selected
temperature, appear various modifications of their bio-chemical compounds with direct effect on the
depreciation (different degrees) of their nutritive value [Szychowski et al., 2018].
MATERIAL AND METHOD
The researches were conducted in 2019 at the Institute of Research - Development for Processing and
Marketing of Horticultural Products - “HORTING, Bucharest. On the experiments was used the organic Romanian
pepper cultivar „Yellow superior” supplied by the Station of Research -Development in Vegetable Growing, Buzău.
The pepper „Yellow Superior” is a mid-early cultivar intended to fresh consume and for processing, as
well. This cultivar was homologated in 1973 by the Station of Research - Development in Vegetable Growing,
Buzău [***, 2016]. The fruit has an elongated-truncated shape, 3-4 lobes, an average weight of 115 g, pulp
thickness between 7, 5 – 8 mm. At the consume maturity, it gets a light-yellow colour and at the physiologic
maturity it becomes red [Chilom, 2002], as is shown in the Fig. 1.

Figure 1. Details of Romanian pepper cultivar „Yellow superior”

The „Yellow superior” peppers were dehydrated, taking into account the Professional Standard SP 28 1996, using the B. Master dryer* with the following characteristics: 400 V, 50/60 Hz, 5, 2 kW. The fan of the
dryer (AS 18382, 2018) has the characteristics: 230 V, 50/60 Hz, 0,08 kW.
*Professional dryer B. Master in stainless steel with 4 compartments, 40 drying trays in stainless steel
AISI 304, heating and ventilation unit with electric resistance, three-phase electric power 5,2 kW, 400V, 50/60
Hz, with automatic ventilation module B. Master and non-stick paper “Dry silk”.
After the preliminary steps of processing (reception, washing, removing the internal core and seeds), the
organic peppers were divided, as is shown in the Table 1 and Fig. 2.
Table 1
Division schedule of “Yellow superior” peppers
Variant
Shape
V1
whole
V2
cubes
V3
round slices
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1

3

2

Figure 2. Different kinds of pepper’s division
1-Whole; 2-Cubes; 3- Round slices

The peppers were dehydrated at the constant temperature of 50˚C, the recommended temperature to
the organically grown crops for avoiding the degradation of tissues and the diminishing of their nutritive value.
The humidity level of peppers was determined through the drying stove method under low pressure [Jamba and
Carabulea, 2002].
RESULTS
In the Table 2 and Fig. 2 are shown the results regarding to dehydration’s effect on the pepper cultivar
„Yellow superior”.
The results showed that the dehydration efficiency at V2 (cubes) got the minimum level (7, 12%),
comparing with V1 (whole pepper) which reached an efficiency level of 7, 95% and V3 (round slices) of 7, 98%
dehydration efficiency. These values represent a positive aspect of the dehydration process. Therefore, is
stopped the micro-organisms’ development, maintaining, at the same time, a high nutritive value of peppers.
Table 2
Variant
V1

The effects of „Yellow superior” pepper dehydration
Initial quantity of fresh
Final quantity of dried
peppers (kg)
peppers (kg)
3,900
0,310

Dehydration
efficiency (%)
7,95

V2

2,600

0,185

7,12

V3

3,510

0,280

7,98

Relating the dehydration time, V3 recorded less hours (6 hours), in comparison with V2 (9 hours) and V1 (22
hours), as is shown in the Fig.3.

Figure 3. Dehydration time of pepper cultivar „Yellow superior”

The humidity of peppers after dehydration reached the best level at V3 (10, 81%), comparatively with V2
(21, 92%) and V1 (28, 80%), as is shown in the Table 3.
Table 3
Results regarding the dried peppers’ humidity
Variant
Humidity (%)
V1
28.80
V2
21.92
V3
10.81
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CONCLUSIONS
As concern the organic pepper processing, using the dehydration method, the „Yellow superior” cultivar
recorded notable differences between the analysed variants.
Relating to the dehydration efficiency, V3 (round slices) got the best result (7, 98%) and the lowest
efficiency (7, 12%) appeared at V2 (cubes).
The best time of dehydration (6 hours) was achieved by V3 (round slices) and the longest time (22 hours)
was recorded to V1 (whole peppers). Short time of dehydration represents a plus point as regard the nutritive
value of peppers.
The humidity after dehydration reached a maximum level at V1 (whole peppers) and the minimum level at
V3 (round slices). It means that the amount of water loss is higher in case of round slices shape (V3) and
significantly reduced to the whole peppers (V1) and cubes (V2).
All dehydration parameters were in accordance with the rules and regulations of the organic agriculture.
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ABSTRACT
In Romania the sea buckthorn plantations are established to obtain bio-products (fruits, juice, jams, honey
with fruits, etc.), products with high nutritional value and also phytopharmaceutical, fact that also allows the
framers to enter on this niche market sector, obtain serious incomes and amortize the investment in a very short
time. In many Romanian sea buckthorn plantations, the possibility to implement mechanized technologies of
maintenance and harvesting are very reduced, due to dense plantation scheme. For this reason, the technology
presented below can be implemented successfully at this moment, and it involves manual harvesting using
dedicated aspiration / cutting devices, for lowering the physical stress and to increase the human productivity. If
the cutting schemes on productive fruit branches are applied correctly, the plantation can be fruitfully for two
years in a row.
REZUMAT
În România plantațiile de cătină sunt înființate pentru a produce bio-produse (fructe, sucuri, gemuri, miere
cu fructe, etc.), produse cu valoare nutritivă ridicată și, de asemenea fitofarmaceutice, fapt care permite
fermierilor să pătrundă pe un sector de piață de nișă, să obțină venituri considerabile și să își amortizeze
investiția într-un timp foarte scurt. În multe plantații de cătină din România, posibilitatea de a aplica tehnologii
mecanizate de întreținere și recoltare este foarte redusă, datorită unei scheme de plantare dense, și, din acest
motiv, tehnologia aici prezentată poate fi implementată cu succes, în acest moment, și implică recoltarea
manuală utilizând dispozitive dedicate de aspirare / tăiere, pentru a reduce efortul fizic și de a crește
productivitatea, și dacă sunt aplicate corect schemele de tăiere pe ramurile productive cu fructe, plantația poate
să producă doi ani la rând.
INTRODUCTION
Given that the end product of pre-processing technologies is the frozen sea buckthorn fruit, used as food
or raw material for the extraction of compounds from the Phyto-pharmaceutical and cosmetic industry, their
quality has to reach the highest standards in order to be marketed at a fair price, Fig. 1. (Eagle D., 2015)

NATRUE
Demete qualty
“Ethical Bio
International
UE Production Standard
certificate
Trade” Union
Standard
Fig. 1 European standards agreed by producers in the sea buckthorn industry [2-4]

UE logo for ecologic
products

Currently, at the international level, forest berries, respectively sea buckthorn fruits, are fully used and
marketed as natural products: tea, fresh, dray or frizzed fruits, buds, and even bark, but also processed
products as: syrups, marmalade, vinegar and oil, because the whole plant is considered a medicine, but the fruit
is mostly beneficial.
The most appreciated sea buckthorn fruits are from the Himalayan region - India, and then the Mongolia
region [5]. Russia has also big areas of cultivation and has spared his varieties in German and Baltic States. In
Europe the sea bukthorn establishments were made in 1970 in Germany, after that in Baltic States (Estonia,
Lithuania, Sweden and Finland) had establish this type of plantations, but also this trend arrived in Italy, France,
Poland, Belarus and Romania.
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Carrying out a detailed study on the spread of these cultures and their varieties in Europe, Fig.2, a
classification was made due to the large variety of climatic zones, respectively a very large variety of plants:
A) German sea buckthorn varieties: Leikora, Hergo, Askola, Habego, Sirola, Dorana, Frugana, Orange
Energy, Pollmix, etc). [6, 7] Usually the first for varieties are ripped late and are resistant at 250C, their
captivation is estimated on 600 ha in Germany [7]
B) Finland sea buckthorn varieties: Tytti, Terhi, Tarmo, etc. [6]
C) Sea buckthorn varieties obtained from crossing the Russian continental varieties with in the South cost
of Baltic Sea: Botanitscheskaya, Ljubitelskaya, Prozrachnaya, Podarok Sadu, Marija, Tatjana, Lord,
etc).[6]
D) Sea buckthorn varieties obtained from crossing the Russian continental varieties with in the North cost
of Baltic Sea, varieties that were obtained during the research activities conducted in 2004 and not yet
putted on market;
E) Romania sea buckthorn varieties: Clara, Dora, Mara, Cora, Speranța, Tiberiu, Silvia, Diana, Auras,
Victoria, that are established in the large plantations as can be seen in Fig. 3, etc. [6, 8, 9]);
F) Russian sea buckthorn varieties: Botanitscheskaya, Botanitscheskaya Ljubitelskaya, Gibrid Pertsika,
Otradnaja, Podarok Sadu, Trofimovskaja. Those are usually cultivated in the Baltic See cost; [6, 8]

Fig. 2 – Europe sea buckthorn plantations [6] Fig. 3 – Update Romanians sea buckthorn plantations in 2010-2019

For these reasons, the current technologies used on worldwide integrated equipment’s for separating the
berries from the branches with a high grade of complexity and automatized systems (designed on principle of
4.0 industry) inspired from multiple engineering fields and food industry equipment’s.
National perspective of development in sea buckthorn production started in 2013, when Romania
exported more than 521 tonnes of sea buckthorn to the EU Member States, namely: Belgium, Germany,
Hungary, Poland, and Bulgaria, because the Romanian farmers found that from economic point of view this
business profitable and this figure is increasing each year.[11] But the largest sea buckthorn plantation is in
Arad county (about 16 ha) and produces about 24 t/ha, the harvesting process is done every two years and the
price of the raw material is 20.000 Euro/ha (0,9 euro/kg) and is therefore considered to be the "most profitable
fruit growing" because the maintenance costs are relatively small. Taking into consideration the SWOT analysis
(Fig.3), it can be observed that Romanian farmers have a great interest to invest and develop this sector and to
associate on regional interests, as “Cooperativa Agricolă BIO CĂTINA”, which has 155 ha plantation area
owned by 10 partners (Agricola Roșiile SRL; Mădălina Giurescu; Binaturio SRL”; Biofarmnet SRL; Hippophera
SRL; Necula Oliviu PFA; Pingică Silviu PFA; Biorganic Plant SRL; Ecoplant Tortoman; Go Bio SRL; PFA
Peptea Nicolae George) due to economic and technologic advantages that are created and some threats and
weaknesses can be diminished. [2,10].
The farmers had acquired, lately, the newest technologies in this field, and can be stated, that their
interest is focused on pre-processing technology with fast freezer chambers up to ‐400C, mobile/fixed cold
storage rooms at ‐200C and pre-processing operation, like berries separation from the branches, that nowadays
is made entirely with human labour.
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Fig.3 - Romanian sea buckthorn management plantation SWOT analysis

In order to support the fruit growers in this area, INMA Bucharest wishes to come to their support and to
eliminate the weakness, namely human labour deficit, and the risk of harvesting and pre-processing technology
lack, of their businesses and to encourage the marketing of native sea buckthorn variety that are unique in
Europe (Cora, Dora, Clara, Mara, Pitesti, Ovidiu, Victoria, Auras, etc.).
MATERIAL AND METHOD
This chapter will be presented some of the most representative technologies and equipment’s that
represent the actual state of art designed to separate and handling the sea buckthorn fruits from the simple to
the most complex.
 A trunk vibration harvesting device was developed by the Department of Agricultural Machinery
Development at the Russian Institute of Medicine, which is built from a fruit picker, vibrator clamp, hydraulic
engine and control cylinder. [3] But harvesting process records good results when are used vibrations at 25 Hz
and 25 mm amplitude on sea-buckthorn culture "Hergo" (Gaetke and al., 1991), Fig.4. At lower amplitudes, was
required a frequency of 30 Hz. Also, a Swedish prototype was tested at amplitudes of 40 and 55 mm at
frequencies up to 25 Hz, (Olander, 1995). For summer cultivation from western Canada, (Mann et al. ,2001)
found that this method can be applied at 20 and 25 Hz frequencies and the percentage of forest fruits removed
by shaking increased linearly with increasing amplitude. The combination of 25 Hz and 32 mm produced the
best result during the November harvest when 98% of the forest fruits were removed within 15 seconds of
agitation. [12]

Fig. 4 - Russian and Swedish methods to place the manual vibration devices [13,14]

 Recently, sea buckthorn varieties brought from Russia have been introduced into China to be planted for
commercial production, but also was acquired the harvester 1ZGQ-2B which weighing 60 kg, designed to
separate berries and walnuts with a diameter up to 16 mm, or sea buckthorn (Yun, 2003; Liang, 2008; Mu,
2012). Its structure is made from a platform, an energy generator using gasoline, ventilation system, regulator,
harvesting head and collection device, as shown in Fig. 5. The power of the generator is transmitted both to the
collection head via the regulator and to the fan, after which it is passed to the container and to the collection
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device. The harvesting head separates sea buckthorn fruits using the vibrations produced by a small built-in
engine (Liang, 2007; Mu, 2012). Then the separated fruit moves to the collection device and is sucked into the
container. It is mentioned that this harvester could separate the large plantations, because it has a productivity
of 70÷80 kg/h. However, the high-frequency vibrating head that is held in the hand is not suitable for long-lasting
work. [15]

Fig. 5 - The structure of 1ZGQ-2B prototype [12, 15]
1 - gatherer; 2. - separation device; 3 - container;
4 -Gasoline generator; 5 – air flow regulator;
6 - ventilation system; 7 - platform

Fig. 6 – The structure of an autonomous vacuum berry
harvester SBT MII 70-6 [12]
1 – central shaft; 2. – pulley assembly; 3 – berry boxes; 4 -vacuum
generator; 5 – wheels; 6 – compress air container; 7 – berry
container; 8 – vacuum flexible connection; 9 – collector; 10 - platform


The vacuum harvesting technology, SBT MII 70-6 developed by Agriculture Research
Institute from Moscow, was successfully implemented in Finland on 2017, Fig. 6, but it was adapted to be
supplied with energy from a monoculture (mobile system for generating energy) or small tractors (36,6 kW), that
can be easily used in plantations with small distances between rows.[16]

Ernst Triquardt WEM 01 equipment, Fig. 7, is an old experimental model from 1985 designed
at Humboldt University for the sea buckthorn fruit separation, respectively the variety Hergo, because this
variety has big fruits with a lot of pulp and the forces of separation are around 1,5 N. This equipment has been
experienced on the Mecklenburg-Vorpommern plantation, established since 1990 near Fredersdorf, covering
approximately 4.5 ha. [10,17]

Fig.7 - Ernst Triquardt WEM 01 equipment for separating fresh seafood in the field and the Canadian model
[17,18, 19]


In Canada was implemented a research project during the years 1999-2001 for a selfpropelled sea buckthorn harvester, Fig. 7, which had the cutting equipment positioned at a certain distance
from the soil to harvest the hole plant but the technical information regarding its performances are not available
in the scientific literature or on web.

30 years ago, in Germany was manufactured and sell the Harnemann sea buckthorn
harvester combine, to achieve the berries harvesting mechanization and the raw material transport until the
pre-processing hall, see Fig. 8A. If is practiced an early harvest, no more than 30% of the leaves can be
removed from the trees, whereas the percentage increases up to 50%. The productivity of this combine is 4-6
t/ha, but the trees must be established according to a certain scheme in order to protect the male trees and the
distance between them to allow the passing of this equipment. Once the raw material arrived in the fruit pre865
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processing hall, the transported material feeds a technological line of frizzed fruit separation from the branches
equipped with a series of equipment, located according to various configurations, see Fig.8. The branches are
unloaded and transported to a fast freezing module (refrigerated tunnel equipped with conveyor belt), at the exit
of this the raw material is directed to a module provided with a separation system , Fig. 8B, equipped with a
rotary rotor and vibrator with fingers, which move the branches through the guide device and transfer the
vibrational motion to the branches so that the inertia force detaches the fruit from the branches without being
injured. The leaves, branches and fruits are transported to a separate suction module, a module with rotating
sieves and then through the separation with fine sieves, Fig. 8C. The cleaned dog beans are then collected in
containers, Fig. 8D, and weighed, and finally placed in refrigerated chambers [20].

Fig.8 - German harvesting technology and sea buckthorn separation line

Now, the largest producing and supplying company in Germany is the Sanddorn Storchennest GmbH
applied the sea buckthorn manual harvesting method, which has a cultivated area of 120 ha from which only 25
ha are harvested, part of which fruits are taken over by Voelkel or Ludwigsluster. The berry separation line is
made by special equipment that in my opinion is made after the Ernst Triquardt WEM model that is working in
the stationary regime.

Fig.9 – Sea buckthorn separation line used by Sanddorn Storchennest GmbH and details from berry separation
equipment [21-26]
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In Poland, in 2018, on the plantation of Mecklenburg-West Pomerania, it was used an innovative
harvesting equipment sea buckthorn branches, Fig. 10. The technology that is using is specific to this crop,
respectively the fruit branches are frozen quickly (within 12 hours at -230C) and separated from the vegetable
debris, details on the equipment shown in Fig. 11. The process of rapid freezing is important because the fruits
are easier to detach from the branches, they are staying fresh and not losing vitamins.[27]

Fig.10 – Poland sea buckthorn towed harvesting equipment [28]

Fig.11 – Berry sea buckthorn separation line [29]

At the end of this prospective study was concluded that the harvest equipment’s are designed for new
tree establishments that allow applying mechanization harvesting and the berry separation technologic lines
have a complex structure with performant equipment that can be easily adjusted on the sea buckthorn fruit
properties and buyer requirements.
RESULTS
In Romania, the small-scale plantations on which the mechanized maintenance and harvesting
technologies can be implemented are very few, and for these reasons, the technology that can be implemented
at this time for sea buckthorn orchards involves manual harvesting.
According to the studies carried out in previous chapters, manual harvesting is more productive, if are
used the branches cutting equipment’s provided with energy generators, thus considerably reducing physical
effort and increasing productivity. This harvesting method is recommended by Norden states of Europe because
all the productive branches have different vegetation levels and can be harvested applying different cutting
schemes, so the plantation can be fruitful two consecutive years, and in the third year is unproductive because
the shrubs regenerate its vegetation.
So INMA Bucharest designed a block diagram of adaptive technology for harvesting and separating
freeze sea buckthorn fruits from the branches using the latest equipment’s in this field, taking in to consideration
the fruit physical-mechanical properties and the buyer quality requirements needed to be fulfilled at the higher
commercialization price, Fig.12, [Visan,2019].
The technology of separating the frozen sea buckthorn fruits from the branches can be adapted to the
national orchards and includes the next phases: phase I - fruit/branch harvesting; phase II - collection and
transport; phase III - rapid freezing; phase IV - Fruit batching/separation; phase V - primary fruit separation
(mixed separators); phase VI - secondary separation (separation line fruits); phase VII - final separation
(dimensions and colour separation).
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Fig.12 – Block diagram of INMA current technology to separate sea buckthorn berries [12]

The degree of novelty is the last 3 phases because for the sale of seafood at a high price it is necessary
to use high-quality sorting equipment (thus the beneficiary acquires high quality merchandise).
For the cases in which the vacuum harvesting equipment is used, it can hire a team of up to 8 harvesters
operating simultaneously, the productivity of the machine is 12 kg/h. The field separation unit operates by
detaching the fruits from the branches using collector device which is attached to a flexible tube that is stored in
a container and the leaves are directed to a separate container. The equipment can create 2 ÷3 jobs (10 kVA
electric generator) and the purchase price can be 22,000 euros (without VAT) [30].
In this technology, the INMA researchers consider necessary to develop innovative ESFC equipment
specially design with 3 important modules for sea buckthorn berries pre-processing, Fig.13, to serve the
technology in this project, but the optimum operation mode is in the cold rooms in which the ambient
temperature cannot exceed 10 0C, because the frizzed fruits accumulates on the outside surface water vapor
that condenses from the breathing air.
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Fig.12 – ESFC equipment principle diagram and its operating way
M.I. – fruit detachment/bleaching module; M.II - the primary separation module for sea buckthorn berries; M.III - suction module of light
impurities; A – row material supply opening (twigs + berries + leaves); B – evacuation of branches (wooden material); C – evacuation
material for pre-processing (berries + leaves); D – discharge of small heavy impurities (seeds + fruit fragments + leaves); E – discharge sea
buckthorn berries; F – discharge of large plant debris (leaves + twigs); G – discharge of light impurities.

Given that pre-processed sea buckthorn is frozen at -40 0C, it is desired to:
- preserve the integrity of the fruit;
- shorten the technology operational flow and the pre-processing time (to avoid defrosting the fruit);
- shall be provided with air flow regulating systems designed to ensure a finer adjustment of their lowing
speed;
- reduce the inter-operational transport equipment's
- to provide and implement, on request, an automatic control and command unit (Agriculture 4.0).
CONCLUSIONS
The estimated socio-economic effects of this project are estimated to be:

Economic impact

Social impact

Environmental impact
- maintaining and increasing the - ensuring working conditions the ESFC equipment does
sustainability of the employees' jobs to European standards in the not present risks in terms of
environment pollution and quality
in this area addressed within the areas addressed;
project;
- ensuring
employment, of the processed products;
- maintaining and increasing the improving the quality of life and a decrease in the quantities
of waste resulted in agricultural /
sustainability of the employees' jobs rural development in Romania;
in
the
fruit
plantations
and - capitalizing
on
bioactive fruit farms;
exploitations;
compounds obtained from sea increasing the potential to
- increasing labor productivity with buckthorn and achieving a obtain organic products, if the
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approx. 15% compared to currently
used technologies;
- encouraging the economic agent's
number growth and beneficiaries to
implement
the high
innovation
technology;
- increase the Romanian capacity to
produce safe and high-performance
products, with a high level of quality,
in terms of national and international
regulations
(especially
of
the
European Union);
- increase of the turnover with about
10% of the economic agents who will
assimilate in the equipment the
equipment resulted in the project.

beneficial
contribution
of
products with high nutritional
value;
- raising the level of knowledge
of agricultural personnel;
- creating opportunities for
collaboration and improvement
between research, education
and other economic and social
institutions;
- it increases the possibility of
creating
new
jobs,
the
conversion of the existing human
resource, thus contributing to
sustainable rural development.

plantations are included in the bio
and eco crop circuit;
increasing the human health
degree of protection.

Further research will be made on this theme, in the mechanical actuation systems of the ESFC equipment
and autochthonous sea buckthorn properties present in the pomiculture establishments.
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ABSTRACT
Although it is known as a crop with low demands for vegetation factors, the limiting factor of the extension of the
sorghum crop is the finding of an assortment of herbicides that will control the degree of weeds in the sorghum
crops, especially in the first 40-45 days after emergence, when sorghum plants have a slow growth rate, and
can be easily invaded by weeds. Permanent testing of new chemical molecules with selectivity for monocots is
required as a necessary measure in identifying herbicides that, applied in ppi, pre or post emergence to ensure
cultural hygiene until the later stages of plant development when they become competitive in competition with
weeds. In 2018, at ARDS Caracal, 5 herbicide variants were tested for grain sorghum, using the semi-early
hybrid ES Alizee from Euralis Company. The efficacy of the tested herbicides ranged from 78% for the universal
Buctril herbicide to 89% for the Dual Gold herbicide. The registered grain yields were correlated, both
quantitatively and qualitatively, with the effectiveness of the assortment of herbicides tested.
REZUMAT
Deși este o cultură cu cerințe reduse față de factorii de vegetație, factorul limitativ al extinderii culturii sorgului
este reprezentat de găsirea unui sortiment de erbicide care să controleze gradul de îmburuienare din culturile
de sorg, în special în primele 40-45 zile de la răsărire, când plantele de sorg au un ritm lent de creștere, și pot fi
foarte ușor invadate de buruieni. Permanenta testare a noilor molecule chimice cu selectivitate pentru
monocotile se impune ca o măsură necesară în identificarea unor erbicide care, aplicate ppi, pre sau
postemergent să asigure o igienă culturală până în fazele superioare de dezvoltare a plantelor când acestea
devin competitive în lupta cu buruienile. La SCDA Caracal, pe parcursul anului 2018, au fost testate 5 variante
de erbicide la sorgul pentru boabe, utilizând hibridul semitimpuriu ES Alizee de la firma Euralis. Eficacitatea
erbicidelor testate a variat între 78% în cazul erbicidului Buctril universal și 89% la erbicidul Dual Gold.
Producțiile de boabe înregistrate s-au corelat, atât cantitativ cât și calitativ, cu eficacitatea sortimentului de
erbicide testate.
INTRODUCTION
Sorghum is widely grown in tropical, semi-tropical, arid and semi-arid areas, in over 120 countries across
Africa, Asia, Australia and Europe (Balole and Legwaila 2006, FAO 2017, USDA-ARS 2012, Shewale and
Pandit 2011), between the North latitudes of 50° (North America and Russia) and South latitudes of 40 ° S in
Argentina (Smith and Frederiksen 2000).
A field study was conducted in Arkansas over three years to evaluate various herbicide treatments
showed that the weed interference in the non-treated control reduced grain sorghum yield by 50% as compared
to the weed-free control. S-metolachlor + mesotrione and S-metolachlor fb prosulfuron reduced sorghum yields
by 1009 to 1121 kg ha (-1) compared to other herbicide treatments (Bararpour, Taghi et all, 2019). The five best
herbicide treatments in terms of weed control and grain sorghum yield were quinclorac, atrazine +
dimethenamid-p, S-metolachlor fb atrazine + dicamba, dimethenamid-p fb atrazine, and the standard treatment
of S-metolachlor + atrazine fb atrazine.
Another experiment made in Brasil by Pimentel, G., V et all., 2019, in order to evaluate the efficiency of
weed control and selectivity of herbicides applied in pre and post emergence in the grain sorghum crop of used
treatments of: 1. Hand weeding, 2. S-metolachlor (1,440 g a. i. ha(-1)), 3. S-metolachlor (1,440 g a.i. ha(-1)) +
atrazine (2,000 g a.i. ha(-1)), 4. atrazine (2,000 g a.i. ha(-1)), 5. atrazine (3,000 g a.i. ha(-1)), 6. atrazine (2,000
g a.i. ha(-1)) + mineral oil (0.25%), and 7. atrazine (2,000 g a.i. ha(-1))+ mineral oil (0.5%). It was verified that
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post-emergence atrazine was efficient in the weed control and selective to the sorghum crop, not affecting
productivity, except in mixture with mineral oil (0.5%). S-metolachlor cannot be recommended in pre-emergence
for the tested cultivars because it is not selective, reducing plants and productivity. In this case, the literature
recommends that seeds used must be treated before seedling with an antidote, like Concep III, a safener type
antidote that allows the application of an efficient and simple herbicide technology against related grasses.
MATERIAL AND METHOD
The Caracal Plain area, although benefiting from soils with good natural fertility, is also subject to
changing climatic conditions, with high temperatures during summer, associated with burning and drought,
which makes it the technology for cultivating field plants, including of sugar sorghum, it will be necessary to be
optimized for the pedoclimatic conditions in the area.
Testing the sweet sorghum hybrids, approved or in the process of being approved on the Romanian
market, is required in order to determine which of them values the climate and soil conditions in the mentioned
area.
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).
The main aim of the research was to establish the most valuable variant of applied herbicides in order to
ensure the cultural hygiene on grain sorghum. As experimented genotype we use grain sorghum hybrid ES
Alizee from Euralis Company, a semi early hybrid, with high tolerance on drought, high tolerance to shatter and
shake.
In the experiment we use plants of 30 seeds/square meter and the fertilization background for the
sorghum crop tested was N150P80K80. The experience was placed in the field according to the randomized
blocks method.
As variants we tested the herbicides with pre-emergent and post emergent applied time. The applied
doses are presented in table 1. In all variants seeds were treated with the herbicide antidote Concep III
(fluxofenin) to protect sorghum from the phytotoxic effect of antigraminaceous herbicides.
During the vegetation period of the sorghum were made biometric measurements in the field and in the
laboratory the content of starch and protein was determined using the NIR Tango Brucker type analyzer.
All collected data were processed and interpreted using the method of analysis of variance (ANOVA).
Table 1
Variants of tested herbicide on grain sorghum in 2018 – ARDS Caracal
No.
1
2
3
4
5
6

Variants
Untreated var. - Control
Dual Gold
Casper
Dicopur TOP 464 SL
Gardoprim Plus Gold 500
Buctril universal

S-metolaclor 960 g/l
5% Prosulfuron+50% Dicamba
Acid 2,4 D 344 g/l +Dicamba 120 g/l
S-metolaclor 312,5 g/l + Terbutilazin 187,5 g/l
Bromoxilin 280 g/l + Acid 2,4 D (ester) 280 g/l

Doses (l/ha)

Application time

1.5
0.4
1.0
3.5
1.0

Control
pre-emergence
post emergence
post emergence
pre-emergence
post emergence

RESULTS
Sorghum is one of the thermophilic species, with very high demands on temperature. The climatic
conditions recorded in 2018 (figure 1), were favorable for the growth and development of sorghum plants. Thus,
temperatures of over 14oC have been recorded since the beginning of April, allowing soil preparation and
sowing in the optimum time (the first decade of May). The temperatures recorded immediately after sowing
allowed a uniform emergence of the plants, the sorghum requiring for seed germination a minimum temperature
of 10-12oC (Anda and Pinter 1994; Mahmood 2012, Drăghici I., 1999, Niţă Simona et al., 2015). However,
compared to the multiannual average recorded in the experimentation area, the year 2018 was an extremely hot
one. Compared with the multiannual records, an average temperature of 12.6°C was obtained, with 2.0oC,
higher than the multiannual average of 10.6oC. As regards the months of the warm period of the year (April September), we find that in no month were temperatures lower than the multiannual average. The deviations
were positive, ranging from 0 to + 5.2oC.
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Figure 1 – Climatic condition in 2018 year registered at ARDS Caracal

From the point of view of precipitation, the year 2018 was with a high level of precipitation, especially in
the second part of the vegetation of the plants. The multiannual amount of precipitation in this agricultural year
was 843.6 mm, with 306.2 mm higher than the multiannual average of 537.4 mm.
The efficacy of herbicides, assessed by EWRS (European Weed Research Society) notes on scale 1-9
(rating 1 - without damages, rating 9-crop is completely destroyed), performed in the 2018’s conditions, showed
that the tested assortment proved to be proper for grain sorghum cop and having very good tolerance to the
chemical molecules of active substances (note 1 for all herbicides).
Table 2
Herbicides efficacy on grain sorghum in 2018 – ARDS Caracal
No
1

Variant
Untreated
variant

Dose l/ha
-

2

Dual Gold

1,5

3

Gardoprim Plus
Gold 500 SC

3,5

4

Casper

0,4

5

Dicopur TOP
464 SL

1

6

Buctril universal

1,5

Active
substance

Time of
application

Efficacy 30 days from
treatment

EWRS
Notation

-

-

CONTROL

-

S-metolaclor
960 g/l
S-metolaclor 312,5 g/l +
terbutilazin 187,5 g/l
5% Prosulfuron
+50% Dicamba
Acid 2,4 D 344 g/l
Dicamba 120 g/l
Bromoxilin 280 g/l + Acid 2,4 D
(ester) 280 g/l

Pre
emergence
Pre
emergence
Post
emergence
Post
emergence
Post
emergence

89

1

87

1

83

1

80

1

78

1

The most valuable variant – related the weed spectrum determined in the experimental field – prove to be
S-metolaclor 960 g/l (Dual Gold) in the conditions of seeds treated with Concep III, of 89% efficacy, followed by
the combination of S-metolaclor 312,5 g/l + terbutilazin 187,5 g/l (Gardoprim Plus Gold 500 SC) with an efficacy
of 87% and on the third place being the sum of 5% Prosulfuron +50% Dicamba (Casper herbicide) with a value
of 83% efficacy.
Lower rate of weed control were registered at herbicides Dicopur Top 464 SL and Buctril universal with
80% and respectively 78% efficacy, both treatments applied in post emergence of plants.
Observing the higher efficacy of herbicides applied in pre emergency of plants related those applied in
post emergency time we believe that fact was possible due the rainfall regime with high values in this year
which favored the stepped emergence of the weeds.
Pimentel, G.V et all, 2019, mentioned in a study that in the early development stages, sorghum plants are
relatively small, fragile and has a slow growth (Silva et al., 2014). Competition with weed at this stage is quite
critical, and if control measures are not taken in the first few weeks after the emergence of sorghum plants,
grain yield can be reduced by around 35-70% (Rodrigues et al., 2010).
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In these conditions, the grain yields recorded on the tested assortment of herbicides showed that in the
years with a high rainfall regime the treatments made pre emergence stage of sorghum plant were most
valuable than those with applied time in post emergence (table 3).
The most valuable variant for the 2018 years proved to be one with Dual Gold applied on in pre
emergences of sorghum plants in the conditions of seeds treated with Concep III as antidote which gave a yield
of 8833 kg/ha, with a very significate difference of 4866 kg/ha related to the Control 1 variant.
Table 3
The influence of the applied herbicides on yields registered on grain sorghum in 2018 – ARDS Caracal
Variant
Untreated variant – Control 1
Dual Gold
Casper
Dicopur TOP 464 SL
Gardoprim Plus Gold 500 SC
Buctril universal
Average/experience – Control 2
DL 5% - kg/ha
DL 1% - kg/ha
DL 0,1% - kg/ha

Doses
l/ha
C1
1.5
0.4
1.0
3.5
1.0
MT2

Yield
kg/ha

%

Differences
kg/ha

3967
8833
8133
7917
8342
7815
7501
986
1473
2168

100
223
205
200
210
197
189

C1
4866
4166
3950
4375
3848
3534

Signification
Related
C1
C1
***
***
***
***
***
***

Differences
kg/ha
-3534
1332
632
416
841
314
C2
1294
1843
2624

Signification
Related
C2
OOO
*
C2

Chemical molecules of 5% Prosulfuron+50% Dicamba, active substances components of Casper
herbicide, had also a strong influence in order to ensure cultural hygiene to the grain sorghum crop and that
variant registered a value of production of 8133 kg/ha STAS seeds.
From the post emergence stage of herbicide application, the best variant was Gardoprim Plus Gold 500
SC, with a plus production of 4375 kg/ha in comparison with the untreated variant.
Related the Control 1 – untreated variant – we record very significant in productions in all tested
variant, with differences ranging between 97% to 123%.
Reporting the productions to the second control – the average/experiment C2 – it is easy to
observe that due the high level of yields significant differences were obtained only in two variants: negative
differences of 3534 kg/ha in case of the untreated variant and a significant positive increase in production, of
1332 kg/ha on Dual Gold variant. The rest of variants has registered differences statistically point of view as not
significant. The effect of weeds from the crop of grain sorghum has been quantified even from the point of
quality of productions. As we present in figure 2 the main elements of productivity: seeds humidity at harvest
time (U%), hectolitric weight (MH) and mass of a thousand seeds (MMB) had a large variability due the
treatment applied to the variants.
Related to the seeds humidity at harvest time – U% - we observe that the values, with a single
exception, were below 14% and range between 13.2% to 13.5%. The only variant with a high humidity value
was Dicopur TOP 464 SL of 14.3%.
Another important indicator of productivity is hectolitric weight – kg/hl and in our experiment this feature range between 77.2 kg/hl at Control variant and 80.1 kg/hl at Gardoprim Plus
Gold 500 SC. Related the values we observe that the level of hectolitric weight were above 78 kg/hl and indicate
a very good yields rom this point of view.

Fig. 2 – The influence of the herbicide to the productivity elements on grain sorghum at ARDS Caracal in 2018
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The mass of a thousand seeds – MMB – grams – had the same distribution of the levels as in case of
previous indicator, with the smallest value registered at Control - the untreated variant and the highest
registered at variant with Dual Gold, of 28.3 grams.

Figure 3 – The influence of the herbicide to the quality yields
on grain sorghum at ARDS Caracal in 2018

A prevision of Climate Change during 2000-2050 in the Balkans, where Romania is located, requires a
reconsideration of sorghum as: cereal food (beans composite flour used in the formula for baking gluten and
gluten-free, fresh juice, extracted of strains used in the manufacture of syrup, vinegar and other food), fodder
(as green mass, hay storage, feed pellets) and crops (sorghum and sorghum mature mellitus for the production
of raw materials for energy (liquid, solid, gas, electricity, heat), chemical (stationery and textile pulp, plastics),
building materials and craft industry (household and industrial brushes, brooms) Coclea D., et all, 2014.
The quality of the grain sorghum is influenced mainly by two factors category: genetically and
technologically ones.
The data presented in figure 3 shows that even the weed management by herbicides has a powerful
influence to the protein and brut starch content of the sorghum grain. Thus, the level of protein content range
from 9.57% at Casper variant to 10.23% at Dual Gold variant.
From the point of brut starch content – the recorded levels range between 77.8% at Buctril universal
variant to 79.4% on variant where was applied Casper herbicide in post-emergences of plants.
CONCLUSIONS
If we summarize the data from the paper, we can highlight, as most important conclusions, the
follows:
 The climatic conditions recorded in the year 2018 were favorable for the growth and development of
the grain sorghum plants grown on the argic chernozem from ARDS Caracal;
 All the tested herbicide had very good selectivity for the sorghum plants in the conditions of seeds
treated with antidote – Concep III;
 The highest level of yield was observed at variant where we apply Dual Gold in pre emergences of
plants, of 8833 kg/ha;
 In the climatic conditions of 2018’s year the herbicides applied in pre-emergence: Dual Gold (Smetolaclor 960 g/l) 1,5 l/ha and Gardoprim Plus Gold 500 SC (S-metolaclor 312,5 g/l + terbutilazin
187,5 g/l) 3,5 l/ha proved to have the highest rate of weed control of 89% and respectively 87%.
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ABSTRACT
Fertilization is considered one of the basic elements of precision agriculture. As water is another essential
element that puts its mark on crops, also fertilization must be approached and analysed in detail. A welldesigned fertilization plan / scheme can show the exact amount of nutrients that can bring a higher yield, or if a
particular type of crop needs more fertilizer than another one. For this purpose, a number of algorithms have
been developed based on which the exact nutrient doses for a pre-established amount of culture can be
determined.
REZUMAT
Fertilizarea este considerată unul dintre elementele de bază ale agriculturii de precizie. Deoarece apa
este un alt element esențial care își pune amprenta asupra culturilor, fertilizarea, de asemenea, trebuie
abordată și analizată în detaliu. Un plan / schemă de fertilizare bine proiectat(ă) poate arăta cantitatea exactă
de nutrienți care pot produce randamente mai mari sau dacă un anumit tip de cultură are nevoie de mai multă
îngrășământ decât un alt tip de cultură. În acest scop, au fost dezvoltate o serie de algoritmi pe baza cărora se
pot determina dozele exacte de nutrienți pentru o cantitate de cultură prestabilită.
INTRODUCTION
For healthy growth, plants depend on different nutrients, of which nitrogen is needed in the greatest
amount. Farmers and agricultural producers provide nitrogen from nitrogenous fertilizer to plants to achieve
optimum agricultural harvesting and sustainable agricultural production. These guidelines turn their attention to
urea. They are designed to provide general guidance for the efficient use of agricultural crops under European
conditions. Proper administration of nutrients from nitrogenous fertilizers: the sustainable solution.
The nutrient requirement of the crop takes into account the local climate and the growing conditions,
as well as the estimated production. Thereafter, they are related to crop nitrogen available in the soil
(mineral nitrogen analysis) in order to determine the required amount of fertilizer.
First, the contribution of nitrogen from the recycled materials of the farmer (manure, sludge, etc.) is
evaluated. The evaluation is done on each nutrient to select the most suitable type of fertilizer, which is
subsequently applied in correct proportion, at the optimum time, in a single fertilization or divided, using the
appropriate methods of application. It also takes into account the climatic conditions and the growth of the
plant.
THE ROLE OF CHEMICAL MACRO-ELEMENTS
a) Nitrogen
Nitrogen from the plant is the fundamental element with plastic role of construction in the constitution
of plants. It is found in the form of protein combinations, amino acids, nucleic acids, chlorophyll etc.
Lack of nitrogen leads to stopping plant growth and excess nitrogen sensitizes plants to falls, diseases,
drought, or frost. Plants use 25-60% nitrogen. By rationally applying fertilization, the plants can use up to
60% nitrogen from the soil (soil reserve, nitrogen fixed by bacteria, nitrogen from precipitates, from
fertilizers, nitrogen left by vegetable debris, nitrogen from garbage). The losses are due to erosion and
washing, sanding and denitrification.
The species that fix nitrogen in the plant due to the bacteria Azotobacter and Clostridim are legumes: pea,
soy, clover, alfalfa and others. There are other bacteria in the soil that fix nitrogen and are marketed as
biological fertilizers. The nitrogen in the soil is determined by NI (nitrogen index) and H (humus). A medium
fertile soil has NI = 4 and H = 3. Above these values we have very fertile soils (Niinemets Ü., Portsmuth A.,).
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Fig.1 - The nitrogen fertilization scheme applied for maize

b) Phosphorus
Phosphorus is an essential element for plants. It is found in the plant in mineral form or in the form of
organic compounds. The lack of phosphorus causes profound disturbances. The plants remain small, the leaves
become discolored, the growth of the roots is slowed, the leaves fall and the production falls. Lack of
phosphorus leads to nitrogen starvation even if there is enough nitrogen in the soil. Excess phosphorus
becomes toxic to plants and leads to sterility, and premature yellowing of leaves.
From the phosphorus in the soil the plants take 1-5%, of the one that is soluble. The phosphorus content is
expressed in ppm, P2O5. Weak soils have ppm below 20. Middle soils have ppm between 40-80. Very good
soils have over 160 ppm (Johnston A.E., Poulton P.R.,2014).
c) Potassium
The role of potassium in the plant is multiple: it increases the absorption of water; reduces sweating;
favors the synthesis of carbohydrates, lipids and proteins; intensifies photosynthesis; stimulates cell division and
plant growth. Lack of potassium in the plant causes major disorders: old leaves that twist and dry; weak twisting
of cereals; root rot; uneven baking. By applying potassium sulfate, this shortcoming is corrected.
In potassium soil it is widespread but only 1-3% of the total potassium in the soil is potassium
exchangeable from the soil solution. It is expressed as K ppm. A poor soil supplied with potassium has a ppm of
less than 66. A good soil has a ppm between 132-200, and a very soil has a ppm above 200 (Cole J.C. ,Smith
M.W,2016).
MATERIAL AND METHOD
Crops need an adequate supply of nutrients if satisfactory and high-quality crops are to be maintained.
The growth and fruit of any crop takes nutrients from the soil reserves, which must be restored. Nitrogen
fertilizers contain nitrogen in a high-quality mineral form, which can be applied precisely.
Recommended fertilizer doses for maize, wheat and sunflower, when applied to crops and depending on
what factors their quantity is determined.
1. Maize is a major consumer of nutrients. The specific consumption for 1 To kg of grains and the related
secondary production is 27.5 kg N, 12.5 kg P2O5 and 16.5 kg K2O.
The consumption of nutrients is slow at the beginning of the vegetation and increases with the growth of
the plants, reaching the highest level during the period of intense growth-fruiting. Most of the nitrogen and
phosphorus (about 2/3) is used in the production of grains, and potassium enters the composition of the stems
and leaves.
Nitrogen is the element that most strongly influences maize production.
Potassium causes the plants to increase their resistance to drought, disease and fall.
Indicative doses of phosphorus reveal the need to apply this fertilizer on all soil types.
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These doses are reduced by 1 kg for each ton of manure applied to maize and by 0.5 kg when the manure was
applied to the premix (Shang Y., Hasan Md.K.,2019).
Table 1
The level of grain
production (t/ha)
5

Indicative doses of nitrogen for maize fertilization
Soil fertility
Low
Medium
(IN=1-2)
(IN=2-3)
90-120
80-110

High
(IN=3-4)
60-100

6-10

140-240

130-220

120-200

10-15

240-320

230-290

210-260

Table 2
The level of grain
production (t/ha)
5
6-10
10-15

Indicative doses of phosphorus for maize fertilization
Soil fertility
Low 1-2 mg
Medium 2-3 mg
P2O5/100 g sol
P2O5/100 g sol
40-80
20-40
70-130
40-80
110-150
80-110

High 4-6 mg
P2O5/100 g sol
25-60
60-80

Table 3
Indicative potassium doses for maize fertilization
Soil supply with K2O

The level of
grain
production
(t/ha)
5

Low < 10 mg
K2O/100g sol

Medium 10-20 mg
K2O/100 g sol

High > 20 mg
K2O/100 g sol

80-120

40-60

-

6-10

110-200

50-120

40-80

10-15

170-240

110-175

60-120

2. Wheat. Possibilities for the use of nitrogen by plants in deep soil, under normal growing conditions, the wheat
crop has the ability to fully utilize the nitrogen supplied by the soil and present on the profile at a depth of 1-1.5
m, depending on the type of sun.
The nitrogen applied as fertilizer is explored by the culture of the surface layer of soil, because in the case
of a growing crop, the depth of water flow is limited because the culture absorbs all the water from precipitations
that penetrate the soil and nitrogen is not entrained in profile.
The general rule is: - fertilizers with P and K due to the reduced mobility in the soil, are applied before
nitrogen, in the dose of 60-120 kg / ha P2O5 and 60-80 kg / ha K2O, to be incorporated in the soil in the
maximum area of activity of the system root (the arable layer), or when preparing the germinal bed in the case
of using complex fertilizers. - fertilizers with N, due to the high mobility are applied fractionally, depending on the
requirements of the plants in vegetation phases.
The nitrogen dose size for the conditions in Romania is between 70 and 120 kg N /ha, and on the wellcultivated agricultural lands, after favorable precursors, fertilizers with N in autumn should not be applied.
Further fertilization of wheat in the spring is necessary, because nitrates are washed in the ground by the
water that has fallen during winter season. Nitrates are deep levitated, depending on the amount of rainfall
infiltrated. The 200 mm precipitation, of which 150 mm have been infiltrated, it turns out that the level of nitrates
is outside the root zone (below 1.2 m) (Mandic V., Krnjaja V.,2015); (Szmigiel A., Kolodziejczyk M.,2016).

3. Sunflower is the main oil culture in our country from the seeds of which is extracted an edible oil of great
food quality, with high digestibility and high calorific value, rich in provitamins and fat-soluble vitamins.
Sunflower is pretentious to soil conditions - prefers medium textured soils (muddy, sandy loam) aerated,
without natural or technological touch, well drained, with good exposure, weak acid-neutral (pH = 6.5 - 7,2), well
supplied in the essential fertilizing elements being appreciated from this point of view as a crop plant with high
demand for soil fertility level (Roy R.N., Finck A.,2006).
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Table 1
Soil specific fertilizer consumption
Specification

N

P2O5

K2O

CaO

MgO

S-soluble

Specific consumption (kg/t)

36,5

17,5

50

30

20

10

Fertilization recommendations:
The fertilization of the sunflower culture has as a system a complex basic fertilization (NPK or NPK + S +
Mg), at the preparation of the germinated and sown bed, which supports the normal course of the critical period
of nutrition and lays the basis of total production. This basic fertilization is complemented phasial (additionally)
by fertilization until the appearance of the floral bud with N (from ammonium nitrate or ammonium nitrate - on
acid or urea soils) or NP (from 27-13,5-0 or 20-20-0 ) in doses equivalent to 60-70 kg N / ha.
The administration of the nitrogen doses, necessary for the sunflower culture, is administered in two
stages, namely: half of the total quantity, when preparing the germinal bed or concurrently with the sowing and
the rest of the quantity is administered during mechanical seedlings
(https://www.sunflowernsa.com/uploads/30/146122-fertilization-of-sunflowerslr.pdf)
Phosphorus. As with the other macroelements that should not be lacking in the basic fertilization of a crop,
phosphorus plays an important role in plant life and development. In sunflower culture, phosphorus is essential
due to the fact that it influences the accumulation of oil in seeds and at the same time induces an increase in the
production of achenes, even more important than nitrogen.
Potassium. Sunflower is a high potassium consumer, which is returned by the remaining vegetable residues
after harvesting, in a proportion of 90%.
Through a good potassium supply of the soil, sunflower presents a better use of water and at the same
time an increased resistance to breaking the stems and attacking different diseases. In the case of a potassium
deficiency, the sunflower plants acquire the appearance of shrubs and remain small (having short internodes
and thick leaves) and also the leaf surface is significantly reduced (https://cich.ro/wpcontent/uploads/CataloagePDF/Catalog-EN.pdf).
RESULTS
In order to accomplish the laboratory analyzes with the purpose of determining the agrochemical
indicators monitored in the dynamics, a series of analysis forms were made, as follows: in the physical block
228 of the Băneasa village, 12 average soil samples were collected and analyzed; from the physical block 12,
13 average soil samples were collected and analyzed. The final result is expected to be a database, from which,
using the algorithm shown in figure 2, to determine the amount of nitrogen, phosphorus pentaoxide or
potassium oxide required for intelligent fertilization of wheat, corn and sunflower crops.
To test the algorithm, several test forms were created, with the help of a number of soil samples (approx.
80). The samples were extracted from a depth between 0-25 cm, and the measurements were made as follows:
a) The following parameters were extracted/ measured: - pH in aqueous suspension; - humus; - the basic
cations of exchange sum (SB); - hydrolytic acidity (Ah).
b) T and VAh were calculated: T = SB + Ah; VAh =% of T.
c) In the following steps it has be chosen the first wheat crop, for which the nitrogen index, (if applicable), the
nitrogen index, the extractable phosphorus in ammonium acetate-lactate (PAL), the potassium extractable in
ammonium acetate-lactate (KAL) were calculated or extracted and finally, with the help of the algorithm created
for this purpose, the necessary N, P2O5, K2O for the quantity of expected culture.
The same principle is applied to every culture; only the amount of nutrients administered is different. Depending
on all these parameters, the aforementioned algorithm has been developed, which will be used within the
database creation process. This algorithm was being generalized for all crops that have a similar calculation
mode. For phosphorus pentaoxide and potassium oxide, a similar algorithm is used, in which the nitrogen index
(IN) is replaced by phosphorus / potassium extractable in ammonium acetate-lactate (PAL / KAL), the searching
process in tables / arrays is running according to the algorithm described.
In the first stages, the algorithm initializes crop values (eg wheat, corn, sunflower, etc.); of the productions; pH;
humus (H); SB, Ah, T, VAh. Continuing with the calculation of IN (valid only for nitrogen) and the initialization of
counters for the array number of rows and columns.
The next step is represented by the interpolation function for calculating the exact value of the required N, P2O5,
K2O.
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Fig. 2 - Algorithm for determining the optimum amount of nutrients applied to a crop
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CONCLUSIONS
• In 2018, the quantity of fertilizers used worldwide has increased by 200 million tonnes, 25% higher than in 2008,
according to a report published by the United Nations Food and Agriculture Organization (FAO). This forecast was
achieved when the world consumption increased by 1.8% per year (http://www.fao.org/news/story/en/item/277488/icode/).
• FAO stresses that the production potential of fertilizers will exceed consumption, so that the difference
between available fertilizers and real demand will increase for nitrogen, phosphate and potassium, the three
main fertilizer categories. According to the source, the global consumption of nitrogen, by far the most used
fertilizer, increased by 1.4% per year by 2018, while phosphate consumption increased by 2.2%, and that of
potassium by 2.6 %. Comparatively, the offer for the three products will increase by 3.7%, 2.7% and 4.2%
respectively (http://www.fao.org/fishery/affris/profil-des-especes/catla/fertilizers-and-fertilization/fr/).
• Asia is the largest consumer of fertilizers in the world and relies on imports for all three basic types. Romania uses only
half the quantities of chemical fertilizers that are applied in the developed countries of the European Union.
• Romanian agriculture has not affected the environment during the last 50 years. Romania uses only half of the
chemical fertilizer quantities applied in Hungary and Poland or even 25% of what is used in more developed countries,
the Netherlands or Spain. In absolute numbers, the amount of chemical fertilizers was 491,000 tons, of which 344,000
tons nitrogenous, phosphatic 113,000 tons and 33,000 tons potassium (http://www.fao.org/3/a-i4324e.pdf).
• Creating an algorithm, and implicitly a database for the purposes mentioned in the paper, represents a real
achievement, since, establishing an exact amount of chemical fertilizer, which must be administered to help a certain
type of culture, depending on the conditions. environmental and soil, one can reach an intelligent use of chemical
fertilizers in agriculture, and this fact has many positive parts, among which are mentioned: keeping a culture as
clean as chemically; the surface of the land used for cultivation purposes will be less polluted; less pollution in terms
of the extraction / production / administration of these substances; low use of economic, fossil, human resources etc.
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ABSTRACT
The paper presents the conception of an innovative equipment that performs the superficial processing of
soil with elastic leveling parts and with self-driven active parts with profiled, fixed and floating conical edges. The
work performed corresponds to a protective layer through which water is stored in the soil. It works during the
spring, on frozen plowing or during the autumn on fresh plowing to sow plants that require a small depth to be
incorporated. Superficial processing is done with low costs and high working speeds compared to the
conventional machines. The quality of the work is being pursued.
REZUMAT
În lucrare se prezintă concepția unui echipament inovator care execută prelucrarea superficială a solului
cu organe elastice de nivelare și cu organe active autoantrenante cu tăiș conic profilat, fixe și flotante. Lucrarea
executată corespunde unui strat protector prin care se păstrează apa în sol. Lucrează primăvara, pe arătură
degerată sau toamna, pe arătură proaspătă pentru a semăna plante ce necesită adâncime mică de încorporat.
Prelucrarea superficială se realizează cu costuri reduse și viteze de lucru ridicate în raport cu utilajele clasice.
Se urmărește o calitate superioară a lucrării.
INTRODUCTION
Plants permanently need a complex of nutrients to grow and develop during on the entire vegetation
period. Some of them, those that depend on human action, are constantly improving, as new active parts of soil
or other location, compared to the classical one with which higher work is obtained and at low costs. INMA
Bucharest intends to implement in the Romanian agricultural research the latest international guidelines by
creating an innovative equipment for the superficial processing of the soil, equipped with active parts in a new
formulation and location, adapted to the climate conditions in the country.
The concept of the innovative equipment will focus on choosing the elastic active parts that achieve an
easy leveling of the soil, by breaking the bulging soil with shock at which the working position is adjusted
according to the needs and self-driven active parts with conical cut profile that lead to the superficial processing
of the soil., realizing soil aggregates with singular structure relaxed with optimal free spaces, necessary for the
development of microorganisms and for maintaining moisture in the soil. The surface layer, processed will be a
barrier in the circulation of water from the ground to the outside, thus preserving the soil moisture for a longer
period (main technical objective to be achieved).
The superficial soil processing can be performed in the spring, on the plowed field in autumn or in
summer-autumn on fresh plowing on the ground where plants are cultivated that require a low depth to be
incorporated, with low costs and high working speeds compared to the classic machines. Innovative equipment
will work in aggregate with tractors of 45 HP.
MATERIAL AND METHOD
The concept of the innovative equipment for superficial soil processing
The concept of the innovative equipment will be based on the choice of active parts according to the
latest solutions tested on machines of internationally renowned companies. The active parts of the innovative
equipment achieve an easy leveling of the ground, by breaking the clods of soil through shock at which the
working position is adjusted according to needs and of the self-driven active parts with profiled conical edge that
lead to the superficial soil processing, realizing soil aggregates with singular structure relaxed with optimal free
spaces, necessary for the development of microorganisms and for maintaining moisture in the soil.
The working process of the self-training active bodies with profiled conical edge of the innovative
equipment is shown in figure 1.
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Fig. 1 – The working process of the self-training active bodies with profiled conical edge

The important parameter of these active organs is represented by the diameter Dt (figure 1) on which
depends the size of the lifting of soil in front of the roller. It aims to reduce this accumulation of soil to eliminate
clogging. Diameter Dt is determined according to "h" and the contact angle "α" (Biriş S. Şt. (2010)).

h=

Dt Dt
2*h
−
cos α or Dt ≥
1 − cos α
2
2

After passing the self-training active organs, due to the elastic properties, the soil rises to a height so that
the soil level drops to the depth of (Botta GF, et. al (2012)):
Δh = h - ho ≈ 0.5… 6 cm
In the work process, the following forces and moments act on the self-training active bodies:
Gt = weight of active self-training organs;
Rs = the soil reaction (the result of the forces opposing the compression of soil under the action of
the self-training active organs)
Mf = the moment of friction that appears within the axis bearings of the self-training active organs;
Ft = traction strength.
From the moment equation, to point B, it follows:
MB=Gt*l + Mf - Ft * ( r - b)=0
where r is the radius of the self-training active organs.
From this relation the traction force is deduced:

Ft =

Gt * l + M f
r −b

Considering the moment of friction is negligible and b = 0 results:

Ft = Gt *
where

f =

l
= Gt * f
r

l
is considered the coefficient of rolling resistance, and the expression:
r
Ft = Gt * f

is considered the simplified formula for rolling resistance (Jorajuria D., Draghi L. (1997)).
The relative appreciation of the tapping effect achieved by the rollers, respectively of the tapping degree,
can be made depending on the surface unit or the working width unit (Kok H., et. al. (1996)).
Pressing on the surface unit po can be approximated by the relation (Botta G.F., et. Al, 2009):
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po =

Gt
Gt
[daN / cm2] where:
=
Bt * L AE 2 Bt 2hr − h 2

LAE = length of the rope AE [cm]
h = depth of roller penetration into soil [cm]
r = radius of the roller [cm]
Bt = roll width [cm]
The minimum pressure that the roller has to exert on the ground is 0.3 ÷ 0.4 daN / cm2 (Hamza MA,
Anderson W.K.(2005)) or, between 1.5 ÷ 10 daN / cm2 (Kok H., et al.(1996))
The concept of innovative equipment takes into account:
- the active parts promoted will be of last generation;
- its construction is modular to adapt to the leveling of soils in our country;
- reduced number of active parts compared to the classic machines for preparing the germinal bed;
- superficial soil disturbance to maintain soil moisture;
- superior leveling of the soil with elastic elements;
- increased working speed,
- reduced fuel consumption.

Types of active parts
1. Leveling bodies
The roller with elastic support and leveling blade, located at the front, mounted on a fixed bar or rotors
and has a rectangular blade mounted on an elastic support. They achieve breaking the clods of soil through
shock and easy leveling of the ground by moving the soil in the direction of advancement. Figure 2 shows two
variants of rollers of the most famous agricultural machinery companies ((Duiker S.W. (2004); (Raper R. L., Kirby J.
M, 2006).

Fig. 2 – Roller with elastic support and leveling blade
a) GUTTLER company
b) Maschio-Gaspardo company

2. Surface processing bodies (shredding)
The surface processing bodies are designed in the form of a disc roller with conical teeth. They are selfdriven active parts with profiled conical edge that lead to the superficial processing of the soil, realizing
aggregates of soil with unique structure relaxed with optimal free spaces. Figure 3 shows the variant of the most
representative rollers in the field. The superficial layer, processed will be a barrier in the circulation of water from
the ground to the outside, thus preserving the moisture of the soil for a longer period (main technical objective to
be achieved) ((Schwab G.J., et al. (2004)); (Model with spatial distribution - I.C.P.A, Bucharest)).
886

INTERNATIONAL SYMPOSIUM

Fig. 3 – Discs roller with serrated conical teeth

The innovative equipment for the superficial processing of the soil, presented in figures 4, 5 and 6, is
designed with the latest international guidelines, equipped with active parts in a new formula and location, with
patentable construction solutions, adapted to the conditions in the country. It has three modules with active
parts, one central fixed and two lateral folding horizontally, mounted on a triangular frame, provided with traction
bar and transport train.

Fig. 4 – Transport position - Top view

Fig. 5 – Working position - Top view

Fig. 6 – Transport position - lateral view

RESULTS
The innovative equipment for the superficial processing of the soil was designed with the following
constructive and functional parameters:
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Technical specifications:
o
Number of modules
o
Working width, m
o
Working depth, cm
o
Transport width, m
o
Tractor aggregate, CP

3;
6;
5-8;
3;
min 150

Functional features:
o
Working speed, km / h
o
Working capacity, ha / h
o
Tractor aggregate, CP

min 15;
5-8;
min 150

CONCLUSIONS
The following objectives were based on the conception of the innovative Equipment for the superficial
soil processing:
o
Active parts of last generation;
o
Modular construction;
o
Reduced number of active parts compared to the classic machines for preparing the germinal bed;
o
Superficial soil disturbance;
o
Keeping moisture in the soil;
o
Higher leveling of the soil with elastic elements;
o
Increased working speed, reduced fuel consumption.
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ABSTRACT
The paper presents a study on the main features of innovative solutions offered by companies specialized
in the field of irrigations for agricultural smart farms. The results presented constitute a scientific database that
will lead to the consolidation of knowledge, and by implementing them in exploitation it will be possible to
increase the competitiveness of the agricultural sector, while enhancing its sustainability, by addressing the new
challenges for current agricultural practices and production.
REZUMAT
Lucrarea prezintă un studiu privind principalele caracteristici ale soluțiilor inovatoare oferite de companiile
specializate în domeniul irigațiilor în fermele agricole SMART. Rezultatele prezentate constituie o bază de date
științifice care va conduce la consolidarea cunoștințelor, iar prin implementarea acestora în exploatare se va
putea realiza creșterea competitivității sectorului agricol, consolidându-i, în același timp, sustenabilitatea, prin
abordarea noilor provocări pentru practicile și producția agricolă actuală.
INTRODUCTION
The farmers have started using computers and software systems to organize their financial data and keep
track of their transactions with third parties and also monitor their crops more effectively.
In the internet era, agriculture is rapidly becoming a very data intensive industry where farmers need to
collect and evaluate a huge amount of information from a diverse number of devices (sensors, faming
machinery etc.) in order to become more efficient in production and communicating appropriate information.
(Rawal S., 2017)
Smart farming and precision agriculture involve the integration of advanced technologies into existing
farming practices in order to increase production efficiency and the quality of agricultural products. As an added
benefit, they also improve the quality of life for farm workers by reducing heavy labor and tedious tasks.
Smart Farming is a modular platform made up of sensors that can be integrated in an extremely userfriendly system to enable farmers to get full control over critical processes and events.
Smart Farming can be adapted to support any type of farm, from control of what happens and monitoring
of the various processes. This includes solutions from monitoring environments, using a user-friendly application
on a smart phone or tablet. (Radhi A., 2017)
Nowadays for irrigation different Techniques are available which is used to reduce the dependency of
rain. And mostly this technique is driven by electrical power and on/off scheduling controller. (Deweshvree R.,
Indurkar P.R., Khatri D.M., 2015)
Smart farming uses Internet of Things technology and cloud connectivity to aggregate and store
information, an optimization model to compute the optimal irrigation parameters, and final control implemented
using solenoid valves. (Ramachandran V., Ramalakshmi R., Srinivasan S., 2018)
The Internet of Things is a technology that has become increasingly relevant in last years. It includes
connecting devices throw the Internet in order to retrieve information from them at any time and from anywhere.
In the IoT, sensor networks that exchange information wirelessly via Wi-Fi, Bluetooth, Zigbee or RF are
common. ( Sarkar S., Bhowmick A., Mukherjee A., Guhathakurata I., 2018)
Smart Irrigation systems are designed to reduce the number of workers needed for watering process, and
save time of work. Irrigation can be made automatic by using microcontroller and soil moisture sensors. (Radhi
A., 2017)
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MATERIAL AND METHOD
The Smart Irrigation System is an IoT based device (figure 1) which is capable of automating the irrigation
process by analyzing the moisture of soil and the climate condition. ( Sarkar S., Bhowmick A., Mukherjee A.,
Guhathakurata I., 2018)

Fig.1 - Irrigation System using IoT [6]

Fig.2 - IoT based irrigation System sensors function [6]

An IoT Smart Irrigation System is a combination of hardware and software components. The hardware
part consists of embedded system and software is the webpage designed using PHP. The webpage is hosted
online and consists of a database in which readings from sensors are inserted using the hardware.[5]
IoT based Smart Irigation Systems use smart irrigation controllers. These controllers draw on data from
sensors (figure 2), weather forecasts and plant-care databases to determine watering needs and deliver just
enough moisture at just the right time
The feedback mechanism of a smart irrigation system is a moisture sensor and temperature and humidity
sensor. Evapo-Transpiration (ET), thermal imaging, capacitive methods, and neutron scattering method and
gypsum blocks are some of the technologies that enable moisture sensing. (Ashwini B.V., 2018)
RESULTS
Below are presented a few solutions for smart irrigation from different manufacturers.
• Hydropoint Solutions
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WeatherTRAK from Hydropoint (figure 3) is a smart irrigation controller, flow product and cloud-based
central management product, that eliminates water waste and delivers operational savings.

Fig.3 - WeatherTRAK ET Pro3 Controller [7]

WeatherTRAK controllers can be controlled from anywhere with cloud-based WeatherTRAK Central and
WeatherTRAK Mobile. WeatherTRAK Central (figure 4) includes the most powerful suite of smart irrigation
applications in the industry including: Smart Irrigation Manager, Asset Manager, Drought Compliance Manager,
Water Budget Manager and Flow Manager.
WeatherTRAK controllers features:
•
Mainline/catastrophic break detection and shutdown
•
Real-time station-specific flow monitoring and control
•
Local and remote station-learned flow
•
Fault detection, diagnostics, and alerts
•
Supports up to four flow sensor inputs and master valve outputs
•
Supports normally open or normally closed master valves
•
Customizable flow alert thresholds

Fig.4 - WeatherTRAK Central [7]

• B-hyve Solutions
The B-hyve Sprinkler Timer (figure 5) allows you to water smart by helping you make watering decisions
based on the ecological needs of your yard, while giving you the freedom to control your watering from
anywhere with your smartphone.
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Fig.5 - B-hyve Sprinkler Timer and App [8]

The B-hyve app allows you to completely program and control your timer straight from your smart device.
Additionally, B-hyve connects to local weather data giving your landscape the exact amount of water that it
needs.
• Rachio
The Rachio 3 Smart Sprinkler Controller (figure 6) raises the smart watering bar with foolproof installation,
dual-band Wi-Fi and an expressive light bar. Rachio 3 is the only controller equipped with hyperlocal Weather
Intelligence™ Plus and Rachio Wireless Flow Meter compatibility.

Fig.6 - Rachio 3 Smart Sprinkler Controller [9]

Weather Intelligence™ Plus uses the world's most accurate weather monitoring to automatically update
watering schedules to the forecast in your specific location.
Using comprehensive satellite, radar and weather station data from more than a quarter million sources,
Rachio makes sure you’re never caught watering in the rain, wind or snow.
• Compta
The Bee2Crop solution from Compta (figure 7) is a cloud platform that allows the management of
irrigation and fertigation in real time and for multiple systems. This system monitors the overall state of the
systems, does irrigation programs, obtains irrigation recommendations, makes field readings, consults and
downloads reports, and orders fertilisers.
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Fig.7 - Bee2Crop system [10]

Bee2Crop features:
• Integrated operations: single platform for managing multiple systems
• Efficiency gains: reduces complexity of operations and downtime
• Cloud based solution
• Integration with energy tariffs, hydrants and solar
• Real time data and consolidated reports
• Predictive control: integration with weather information for predictive irrigation
• Android APP
• John Deere
The Smart Irrigation System from John Deere (figure 8, 9) combines different technologies as drip
irrigation, RTK precision guidance, field sensors and a complete field station with pumps, valves, filters and
fertiliser infeed.[11]

Fig.8 - John Deere's Smart Irrigation System [11]

The system allows more precise delivery of water and nutrients through an innovative system of delivery.
The RTK-controlled and correspondingly documented laying out of the soakage hoses also allows problem-free
use of tillage and drilling machinery and equipment without damaging the hoses.
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Fig.9 - John Deere's Smart Irrigation System [11]

CONCLUSIONS
Smart Irrigation systems are designed to reduce the number of workers needed for watering process, and
save time of work.
Companies have developed Smart Farming Irrigation systems that use IoT technology and cloud
connectivity to sensors that reduces the workforce involved, increases the accuracy of irrigation and reduces
water losses and related costs.
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ABSTRACT
The paper presents the concerns in the field of the use in agriculture of renewable energy (solar and wind) of
the research organization INMA Bucharest and enterprises ROLIX IMPEX SERIES SRL by creating a mobile
system for the production of electricity from alternative sources (solar + wind) for agricultural applications and
monitoring services, tele-transmission and management of agricultural crops.
REZUMAT
Lucrarea prezintă preocupările în domeniu utilizării în agricultură a energiei regenerabile (solară și eoliană) a
organizației de cercetare INMA București și întreprinderi ROLIX IMPEX SERIES SRL prin realizarea unui sistem
mobil pentru producție de energie electrică din surse alternative (solar + eolian) pentru aplicații agricole și
servicii de monitorizare, teletransmisie și management al culturilor agricole.
INTRODUCTION
For Romania, combating climate change is an important objective, in this regard, it has joined the
leaders of the 193 UN member states, by adopting "Agenda 2030 for sustainable development", a global action
program in the field of development with universal character and which promotes the balance between the three
dimensions of sustainable development - economic, social and environmental. One of the global goals is "Clean
and affordable energy - Ensuring everyone has access to affordable energy in a safe, sustainable and modern
way" [2].
The energy from renewable sources is the energy produced from non-renewable renewable sources
which, considered on a human time scale, are naturally restored or have an extremely small impact on the
environment or the health of the living beings, being, at the same time, sources that are regenerated due to
natural processes or are inexhaustible (from the temporal perspective of human life). [3]). In 2017, the energy
from renewable sources represented 17.5% of the energy consumed in the EU, being on the path of achieving
the 20% target for 2020. Figure 1 shows the share of energy from renewable sources, in 2017 (in% of gross
final energy consumption [4]).

Fig.1. Share of energy from renewable sources, in 2017 in EU countries

The statistics presented in this article are based on data compiled in accordance with the accounting
rules established in Directive 2009/28 / EC [5] regarding the promotion of the use of energy from renewable
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sources and calculated on the basis of the energy statistics provided by Regulation no. 1099/2008 [6].
Regarding the statistics in the field of energy, most recently amended in November 2017 by Regulation no.
2017/2010 [7].
Both the production and the consumption of energy from renewable sources are increasing in the EU,
but it is necessary to continue the efforts if the objectives of the EU regarding the energy from renewable
sources are set, that is to say that the share of this type of energy in the final consumption reaches 20 % by
2020 and at least 27% by 2030 [8].
In this context, in the conclusion of the subsidiary contract no. 913 / 21.08.2017 between the research
organization INMA Bucharest and the company ROLIX IMPEX SERIES SRL, it was proposed to create a mobile
system for the production of electricity from alternative sources (solar + wind) for agricultural applications and
services for monitoring, teletransmission and crop management. agricultural, developed within the financing
contract no. 80, MySMIS 105551 [9], which will lead to the use of renewable energy sources in agriculture to
reduce greenhouse gas emissions, in order to comply with the Paris Agreement on climate change [10].
Also, increasing the use of energy from renewable sources in agriculture could reduce the EU's
dependence on fossil fuels and energy imports, thus contributing to the security of its energy supply [1].
MATERIALS AND METHODS
The researches were carried out by using reading sheets of the articles in the specialized literature
(consulting the scientific databases) and by studying the execution documentation in the INMA Bucharest
archive.
RESULTS
In order to dimension the photovoltaic installation, the power requirement for the location of the mobile
system for the production of electricity from alternative sources (solar + wind) for agricultural applications and
monitoring, tele-transmission and agricultural crop management services has been departed. For the realization
of a photovoltaic installation (photovoltaic generator) that supplies the electricity with a power of 3 KW that is
needed, a sizing calculation was first performed.
Looking at the suppliers of photovoltaic panels, we have chosen a photovoltaic panel of the type LG
360WmonoXL LG 360Q1C-A5N, which is of the monocrystalline type and composed of 60 solar cells. The
monocrystalline photovoltaic panel complies with European standards and norms in the photovoltaic field,
respectively EN 61215 and EN 61730-1 / 2. This type of monocrystalline panel was chosen because it performs
better in low light and has more power on the same surface than polycrystalline panels.
The next step was to determine the number of photovoltaic panels. To cover the power needs, a
number of 12 photovoltaic panels were chosen. Considering that the system for the production of electricity from
alternative sources is mounted in a trailer to be transported on public roads in the field, a 3D mechanical design
of a system of packing of photovoltaic panels was performed (fig. 2), which presupposed the faithful geometric
realization of the components, restrictions and operating conditions.

Fig. 2. Photovoltaic panel packing system

Theoretical researches for the CAD design of the photovoltaic panel packing system were performed by
parametric 3D modeling with the SolidWorks 2019 program of the support of the LG 360WmonoXL LG 360Q1CA5N photovoltaic panels whose unit mass is 18.1 kg. The total mass of the photovoltaic panels is 217.2 kg. For
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the dimensioning of the support for the support of the photovoltaic panels, a total mass of 300 kg was taken into
account.
In the situation when three configurations had to be managed, using SolidWorks 2019 for each
reference of the support of the photovoltaic panels we used Design Table having the icon that suggests an
Excel file. Using the Microsoft Excel application, the configurations were very easy to manage, and after closing
the application, the program switched us to SolidWorks 2019 where we went through each operation to see if
they were as planned.
Figures 3, 4 and 5 show the configurations 1, 2 and 3 of the support for the photovoltaic panels when
the basic profile is for the configuration 1: 40 × 4 square pipe, for the configuration 2: 50 × 20 × 3 rectangular
pipe, respectively for configuration 3: profile C 40 × 20 × 8 × 2.

Fig. 3. Configuration 1: 40 × 4 square pipe

Calculation of masses for configuration 1: 40 × 4 square pipe
Mass properties of SPF-1.1c1
Configuration: Default<As Machined>
Coordinate system: -- default -Density = 0.00 kilograms per cubic millimeter
Mass = 7.09 kilograms
Volume = 909153.96 cubic millimeters
Surface area = 455646.57 square millimeters
Center of mass: (millimeters)
X = 0.00
Y = 0.00
Z = -850.00
Principal axes of inertia and principal moments of inertia: (kilograms * square millimeters)
Taken at the center of mass.
Ix = (0.00, 0.00, 1.00)
Px = 2937.00
Iy = (0.00, -1.00, 0.00)
Py = 1709314.22
Iz = (1.00, 0.00, 0.00)
Pz = 1709314.22
Moments of inertia: (kilograms * square millimeters)
Taken at the center of mass and aligned with the output coordinate system.
Lxx = 1709314.22
Lxy = 0.00
Lxz = 0.00
Lyx = 0.00
Lyy = 1709314.22
Lyz = 0.00
Lzx = 0.00
Lzy = 0.00
Lzz = 2937.00
Moments of inertia: (kilograms * square millimeters)
Taken at the output coordinate system.
Ixx = 6832851.36
Ixy = 0.00
Ixz = 0.00
Iyx = 0.00
Iyy = 6832851.36
Iyz = 0.00
Izx = 0.00
Izy = 0.00
Izz = 2937.00
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Fig.4. Configuration 2: 50 × 20 × 3 rectangular pipe

Calculation of masses for configuration 2: rectangular pipe 50 × 20 × 3
Mass properties of SPF-1.1.c2
Configuration: Default
Coordinate system: -- default -Density = 0.00 kilograms per cubic millimeter
Mass = 4.89 kilograms
Volume = 626532.74 cubic millimeters
Surface area = 418425.59 square millimeters
Center of mass: (millimeters )
X = 850.00
Y = 0.00
Z = 0.00
Principal axes of inertia and principal moments of inertia: (kilograms * square millimeters )
Taken at the center of mass.
Ix = (1.00, 0.00, 0.00)
Px = 1614.77
Iy = (0.00, 1.00, 0.00)
Py = 1177232.66
Iz = (0.00, 0.00, 1.00)
Pz = 1178265.60
Moments of inertia: (kilograms * square millimeters )
Taken at the center of mass and aligned with the output coordinate system.
Lxx = 1614.77
Lxy = 0.00
Lxz = 0.00
Lyx = 0.00
Lyy = 1177232.66
Lyz = 0.00
Lzx = 0.00
Lzy = 0.00
Lzz = 1178265.60
Moments of inertia: (kilograms * square millimeters )
Taken at the output coordinate system.
Ixx = 1614.77
Ixy = 0.00
Ixz = 0.00
Iyx = 0.00
Iyy = 4708057.89
Iyz = 0.00
Izx = 0.00
Izy = 0.00
Izz = 4709090.83

Fig. 5. Configuration 3: C profile 40 × 20 × 8 × 2
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Calculation of masses for configuration 3: profile C 40 × 20 × 8 × 2
Mass properties of SPF-1.1.c3
Configuration: Default
Coordinate system: -- default -Density = 0.00 kilograms per cubic millimeter
Mass = 2.24 kilograms
Volume = 287525.66 cubic millimeters
Surface area = 294663.93 square millimeters
Center of mass: (millimeters )
X = 850.00
Y = 20.00
Z = -7.45
Principal axes of inertia and principal moments of inertia: (kilograms * square millimeters )
Taken at the center of mass.
Ix = (1.00, 0.00, 0.00)
Px = 640.26
Iy = (0.00, 1.00, 0.00)
Py = 540232.95
Iz = (0.00, 0.00, 1.00)
Pz = 540641.21
Moments of inertia: (kilograms * square millimeters )
Taken at the center of mass and aligned with the output coordinate system.
Lxx = 640.26
Lxy = 0.00
Lxz = 0.00
Lyx = 0.00
Lyy = 540232.95
Lyz = 0.00
Lzx = 0.00
Lzy = 0.00
Lzz = 540641.21
Moments of inertia: (kilograms * square millimeters )
Taken at the output coordinate system.
Ixx = 1661.68
Ixy = 38125.90
Ixz = -14193.88
Iyx = 38125.90
Iyy = 2160708.15
Iyz = -333.97
Izx = -14193.88 Izy = -333.97 Izz = 216188
After the stage of realizing the support configurations of the photovoltaic panels, we went to the analysis
stage of their structural analysis with the help of the structural simulation application SolidWorks SIMULATION
2019, which involved importing the geometry of the model realized with the computer-aided engineering
application (SolidWorks 2019), defining the material of each component part, defining the restrictions
appropriate to the discretizations, the analysis calculation to determine the tensions, the displacements under
the effect of an applied load, the safety coefficient and the visualization of the results.
The structural analysis involved carrying out the following operations:
- select static option as analysis type, solid for discretization type and FFEPlus solver;
- selecting materials from the SolidWorks 2013 library and automatically assigning these properties to each
component part;
- applying the appropriate task in accordance with the actual operation (of operation) of the welded frame, the
simulation scenario has been adapted accordingly. The task was applied at the points corresponding to the
assembly of the photovoltaic panels
- the use of the network procedure ‚meshing procedure’, to decompose the model into discrete elements. In
general, a finite element model is defined by a network, which is completely realized, from a geometric
arrangement of elements and nodes. Nodes represent points, where characteristics are calculated, such as
displacements;
- run the analysis study to calculate the voltage, safety factor and displacement, which is based on geometry,
material, load, restraint conditions and type of discretization.
After running the analysis studies, the results could be viewed for comparison.
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Figures 6, 7 and 8 show the sequences during the comparison of the analysis studies and the results
for the 3 configurations of the support of the photovoltaic panels that appear on the screen in the form of the von
Mises voltage distribution, the displacement distribution, the image of the deformation shape and the safety coefficient.

Fig. 6. Sequence during comparison of the study analysis and results for configuration 1

Fig. 7. Sequence during comparison of study analysis and results for configuration 2

Fig. 8. Sequence during comparison of study analysis and results for configuration 3
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The results of the structural analysis for the 3 constructive configurations of the support for supporting the
photovoltaic panels are presented in table 1.

Name

Unit of
measurement

The distribution of the von Mises equivalent voltage field
The distribution of the relative displacement field, mm
Safety factor
Total weight
Material consumption per unit of safety coefficient

N/mm2 (MPa)
mm
kg
-

Table1
Values
Config. 1 Config. 2 Config. 3
1,7
1,9
0,52
3,9
5,7
2,9
1,1
1,2
1,7
7,09
4,89
2,24
6,44
4,07
1,31

Conclusions of the CAD-CAE analysis:
- The value of the safety coefficient is usually only for configuration 2 and configuration 3 of the support of the
photovoltaic panels;
- The material consumption indicator per unit of optimum safety coefficient is for profile C 40×20×8×2;
- The material consumption indicator per unit of safety coefficient proposed for analyzing the choice of optimal
configuration, contributes to reducing the design validation time.

CONCLUSIONS
- The calculation patent was necessary when finalizing the execution documentation of the mobile system for
the production of electricity from alternative sources;
- 3D modeling has greatly reduced the design time with significant benefits;
- The structural analysis led to the creation of a virtual product, the execution of which will be simpler and
cheaper.
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ABSTRACT
The paper presents the studies done on a vertical rotor harrow, taking into account its working
parameters.
The variation of the number of blades on the rotor leads to the decrease of the thickness of the ground
chisel, at the same time with the increase of the degree of ground crunching. speed of movement. The variation
of the speed of movement of the tractor, in turn imposes its correlation with the number of blades on the rotor
and with the rotor speed in order to obtain higher quality indices of the work.
REZUMAT
În lucrare se prezintă studiile făcute pe o grapă cu rotor vertical, luând în considerație parametrii de
lucru ai acesteia.
Variația numărului de cuțite de pe rotor conduce la micșorarea grosimii așchiei de sol, concomitent cu
creșterea gradului de mărunțire a solului. Același lucru se poate realiza prin menținerea pe rotor a unui număr
mic de cuțite dar prin creșterea turației rotorului, odată cu menținerea constantă a vitezei de deplasare. Variația
vitezei de deplasare a tractorului, în schimb impune corelația acesteia cu numărul de cuțite de pe rotor și cu
turația rotorului pentru obținerea unor indici calitativi superiori ai lucrării.

INTRODUCTION
The paper presents the realization of a vertical rotor harrow with a number of 3 knives on the rotor
instead of two as the ones present on the market, the mounting of the knives will be made on different
diameters and the length of the knives will also be different.[4] By changing the positioning of the knives on the
rotor, it is intended to increase the traveling speed, while reducing the energy consumption and improving the
agrotechnical working parameters.
The advantage of using vertical grapples is that soil chips are not overturned and virtually dislocated
and shredded.[3]
Along with the change in the speed of the aggregate, the rotor speed must also be changed to keep the
qualitative working indices constant.
Cyclides will be traced, proposals will be made to find other technical improvement solutions, and
conclusions will be drawn. Qualitative work indices will be determined [6].

MATERIALS AND METHODS
Figure 1 shows the positioning of the knives on the rotor. A vertical rotor was used on which a circular
shaped plate made of 35MnSi12 alloy steel, 250 mm in diameter, was mounted on which were mounted 3
knives of different lengths, the first of 250 mm, the second 20 mm and the third 18 mm, which were mounted on
different diameters. [2-9]
By changing knife positioning and variation in length, it is intended to increase the speed of movement,
improve operating parameters, and reduce fuel consumption and reduce the energy consumption required to
drive the vertical rotor harrow [5-7].
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Fig.1 Positioning the knives on the vertical rotor harrow rotor

Fig. 2 Distribution of knives on rotor

Fig. 3 The height of knives
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Fig.4. The soil slices resulting from the intersection of the knife trajectories on the adjacent discs

Figure 1 and 2 shows the positioning and distribution of the knives on the rotor. Figure 3 shows the
height on the knives and figure 4 shows the trajectory of the knives.
Samples were made on the field with a vertical cropper with two knives on the rotor in parallel with a
vertical harrow with three knives on the rotor, in the same soil, measurements were made and determined the
agrotechnical indices of the work.
The results obtained have were passed on a table.
Table 1
Qualitative work indexes
Working indices

Vertical harrow with two
blades on the rotor

Vertical harrow with three
knives on the rotor

The degree of shredding
Degree of leveling
Soil Moisture (%)
Degree of Weed Destruction (%)
Travel speed (km / h)
Fuel consumption (l / ha)
Working capacity (ha / h)

85
87
87
88
4
14.2
1.2

90
93
92
93
5.2
13.4
1.3

RESULTS AND DISCUSSION
As a result of the researches, an increase in the soil level and the destruction of the weeds was
observed due to the decrease of the thickness of the soil chip, which was achieved due to the positioning of the
knives on different diameters.
There is a decrease in fuel consumption due to the increase of the traveling speed and implicitly an
increase of the working capacity.
The degree of shredding also increases from 85 to 93 due to the reduction of the chipped soil cutter
during the working process, which also leads to increased shredding.

CONCLUSIONS
 Increasing the degree of soil shredding
 Increasing the speed of movement
 The soil holes are not overstretched and virtually dislocated and shredded
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 Decreasing the energy consumption due to the increase in the number of knives on the rotor
 Shrinking soil thickness
 Increasing the degree of destruction of vegetal remains
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ABSTRACT
The article proposes different methods of applying phytosanitary treatments with the help of machines and
special equipment, in order to apply the treatments on time, quickly and efficiently. The results consist in the
importance of phytosanitary machinery and equipment which ensures optimal use of products, minimizes risks
to culture, man and the environment, intervenes quickly where necessary and as often as necessary, the
application is made as small drops for a maximum efficiency of coating.
REZUMAT
Articolul propune diferite metode de aplicare a tratamentelor fitosanitare cu ajutorul mașinilor și echipamentelor
speciale, pentru a aplica tratamentele la timp, rapid și eficient. Rezultatele constau în importanța utilajelor și
echipamentelor fitosanitare care asigură utilizarea optimă a produselor, minimizează riscurile pentru cultură, om
și mediu, intervine rapid acolo unde este necesar și de câte ori este necesar, aplicarea se face sub formă de
picături mici pentru o eficiență maximă a acoperirii.

INTRODUCTION
In Europe, the first devices for the application of the phytosanitary treatments were built and perfected by
Vermorel being used mainly in the treatments to combat the manna of vines. The agricultural sprayers can be
towed, carried on the tractor, as well as self-propelled (it exerts its own traction force).
The basic element, within the integrated control of pathogens, which confers safety in protecting the
culture, is the chemical treatments (Baicu, 1978). Application machines and equipment: ensures optimal use of
protective products, minimizes risks to culture, man and environment intervene quickly where necessary and
whenever necessary, can apply solutions or suspensions of chemicals. The application is made in the form of
small drops for maximum coverage efficiency, can be applied before, during or after sowing.
The agricultural machines can be equipped with different equipment that allows them to be automated,
these can be manipulated as easily as possible. Also, the new technologies are based on the use of modern
sensors that remotely transmit valuable information that can prevent the emergence of diseases of agricultural
crops (Persu C., 2016).
Machine learning is an essential element in precision agriculture, which is used in the processing of data
generated by detection systems, using different statistical and mathematical models (Matache M., 2017, Nitu
M., 2017, Persu C., 2016).
Applying pesticides on time, quickly and effectively can save a potentially compromised crop and is
crucial in modern agriculture.

MATERIAL AND METHOD
The mode of application of the chemical treatments is determined by the conditioning of the plant
protection product and by the amount of active substance to be administered on the surface unit.
Phytopharmaceuticals can be administered as simple soluble substances, wettable powders, emulsifiable
concentrates, powder powders.
The treatment of the crop plants is done by dusting or sprinkling them:
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- Dusting treatments should cover the whole plant with a fine powder of the fungicide. It has the
advantage that it excludes the amount of water needed to solubilize the fungicides, avoids dosing errors, is
suitable for the use of flight control devices. The effectiveness of chemical treatments by dusting is lower than
that applied by spraying.
- Spraying is aimed at treating the aerial organs of plants during vegetation or during vegetative rest,
using portable appliances, motor vehicles, spray guns, airplanes and helicopters. It has the advantages of a
greater effectiveness of the treatments than in the case of dusts and a lower consumption of active substance.
The size of the spray drops reaches 75-150 ц, so that solution quantities of the order of tens of liters per
hectare can be administered. Thus using 2-3 liters of active substance per hectare.
Chemical treatments are usually energy-consuming, which is why mixing several pesticides has the
advantage that multiple treatments, pests and weeds can be combined with a single treatment.
The mixing of fungicides, insecticides and herbicides is complicated, as undesirable chemical reactions
can occur which may diminish their effectiveness or even inactivate the pesticide action.
Phytopharmacy researches every year bring news about pesticide compatibility. Identifying the presence
of diseases and taking measures to reduce their negative influence on crops is carried out within an
organizational system. The organizational structure of plant protection depends on the form of ownership, its
economic efficiency and especially on a number of technological and ecological factors (Florian V., 2006).

RESULTS
The machines and technical equipment used in the herbicide spray liquid chemicals in the form of
solutions, suspensions or emulsions, in very fine drops and in quantities determined on the surface of plants or soil.
At present, both hydraulic spraying machines, pneumatic spraying machines, mechanical spraying
machines and hydropneumatic combined spraying machines are used.
In general, a sprinkler consists of: the frame of the machine; the liquid tank; hoses and pipes for
transporting liquid; the filtration system; liquid pump; liquid agitators; the control group with control, dosing and
distribution equipment; spraying ramp with spray equipment; various auxiliary equipment (for washing,
preparation of solutions, etc.).
Self-propelled and self-propelled chassis spraying machines:
• Spraying machine worn on the hydraulic rods
• Sprinkler mounted on the tractor chassis
• Trailed sprayer
• Hydraulic spraying machine
• Spraying machine with the ramp in front
• Dust spray equipment
Methods to improve spraying (anti-drift)
Drift is the uncontrolled movement of the particles, during or after the treatment application (uncontrolled
migration). Problems: reduced control of the application of the solutions - non-uniformity in application possible
damages on the flora and fauna.
Factors that may affect drift:
• Primary factors:
- Air temperature and humidity
- Wind (direction and speed)
- Air stability / inversion
- Land topography
- Quality and training of the operator
• Factors related to equipment and work indices:
- The type you have
- The size you have
- Orientation of the liquid jet
- Working pressure
- The height of the ramp against the ground
• Factors related to the solution applied:
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- Formulation of the product (granules, dust, liquid)
- Physio-chemical properties (volatility and viscosity)
- The size of the drops
- Solution rule applied
Table 1
The influence of the type of nozzles on the drift according to table 1
• high droplet fineness (depending on pressure)
With flattened jet
• good and very good performances
• susceptible to drift
• can reduce drift by up to 50%
With non-pressurized air port
• high efficiency at low standards / ha
With low pressure air induction
• can reduce drift by 50% -70%
With air induction
• can reduce drift by 70% -90%
Methods to improve spraying by:
- the reduction of the height to the ground and the use of nozzles with inclined jet
- the use of an air curtain for the quick direction of the drops to the ground
- use of protective shields for sprinkling throughout the working width
- use of protective shields for splashing in the belt

Agricultural sprayers
The agricultural sprayers vary depending on the product to be sprayed and the type of crop to be treated.
Dynamic FR sprayer (figure 1) manufactured by Mañez y Lozano S.L., is a sprayer with a power of 55 CP,
working width from 116 to 179 cm and a storage capacity from 800-3000 liters [7].

Fig.1.- Dynamic FR sprayer
.

The Dynamic FR sprayer is equipped with a two-channel system of care air outlet, which increases the
production, avoiding that the rapidly produced air at the top of a helix is surrounding, with the borrowed one
being generated in the central part. Double line of nozzle holders for more homogeneous product distribution.
Double Tunnel sprayer (figure 2) manufactured by the same company Mañez y Lozano S.L., is a
sprayer with a working width of 197-230 cm and a tank capacity of 1000-3000 liters [8].
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Fig. 2 - Double Tunnel sprayer

The Double Tunnel sprayer is equipped with a double cylinder that incorporates hydraulic movement to
open or close the angle between the two barrels. It is used especially for large crown trees.
The Fede Inverter H3O Palm Inverter Sprayer (Figure 3) produced by Fede is a sprayer with a capacity
from 1000 to 2000 l. It was awarded the prize of excellent technical innovation at FIMA 2018 by
Smartomizer, a global innovation that will change the current model. of special crop protection [9].

Fig. 3- Inverter H3O Palm Inverter Sprayer

The Fede Inverter Palm3 H3O sprayer has been awarded the prize for excellence in technical innovation at
FIMA 2018 by Smartomizer, a worldwide innovation that will change the current special crop protection model.
Smartomizer combines air-blast and precision agronomic management platform (specialized crop platform),
resulting in intelligent and connected ventilation.
The TUNNEL sprayer (Figure 4 and Figure 5) manufactured by LIPCO is a manufacturer of TUNNEL spray
devices and blowers for viticulture and orchards [10].
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Fig.4 - Sprayers for fruit trees

Sprayers for fruit trees
Radius max. height
3,50 m
Width adjustment
0,20 - 2,40 m
The length of the tunnel 2,00 m
Minimum line width
2,50 m
Modular system
extensible
Stirrer
pneumatic

Fig.5 - Sprayers Tunnel for viticulture

Sprayers Tunnel for viticulture
Radius max. height
2,30 m
Width adjustment
0,20 – 1,30 m
The length of the tunnel
1,25 m
Minimum line width
1,60 m
Modular system
extensible
Stirrer
pneumatic

Application for the two sprayers is done on two sides with recycling device - fixing device, trailer or
semi-trailer.

CONCLUSIONS
Application machines and equipment: ensures the optimal use of protective products minimizes the risks
for culture, man and environment.
Precision agriculture is based on the monitoring of agricultural lands by introducing technologies and
high-performance machines to streamline the agricultural process and ensure production control.
The machines and technical equipment used in the herbicide spray liquid chemicals in the form of
solutions, suspensions or emulsions, in very fine drops and in quantities determined on the surface of plants or
soil.
The agricultural machines can be equipped with different equipment that allows them to be automated,
these can be manipulated as easily as possible.
Also, the new technologies are based on the use of modern sensors that remotely transmit valuable
information that can prevent the emergence of diseases of agricultural crops.
Machine learning is an essential element in precision agriculture, being used in the processing of data
generated by detection systems, using different statistical and mathematical models.
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ABSTRACT
This article presents the problems that Romania faces in this field of organic farming, the advantages we can
have if the areas cultivated in ecological system were increased, compared to the agriculture practiced in the
classical-intensive system and the way in which other countries succeeded to achieve this goal. Organic farming
is today required as a modern practice, with results based on scientific data that create a new conception of life,
work and agriculture, with greater efficiency and that can provide products in accordance with the demanding
demands of consumers. The relationship of AGRICULTURE - FOOD - HEALTH is becoming more evident,
because the "diseases of civilization" are largely attributed to poor quality food, due to the excesses of the use
of chemistry in intensive technologies and as such the market for organic products is from the most sought after
and most appreciated. The presence of pesticides in drinking water has become an important problem,
conventional agriculture being the main source of water contamination with nitrates, nitrites, bacteria, pesticides.
Due to these considerations and other problems arising in the classical-intensive agriculture, organic farming is
considered as the only alternative for the third millennium. Some of the main objectives of organic farming are:
-to produce high quality nutritious agricultural products and in efficient conditions
-to develop and strengthen living systems during production cycles;
-maintain and improve soil fertility in the long term;
-avoid all forms of pollution that can result from agricultural practice;
Thus, organic farming has a great contribution to lasting economic development and plays an important role in
improving the environmental condition, soil preservation, improving water quality, biodiversification and nature
protection. Strategically, the qualitative objective of the sector is the positioning of organic farming in the center
of national agriculture, as a pivot for long-term development in the rural area.
REZUMAT
Acest articol prezintă problemele cu care se confruntă România în acest domeniu al agriculturii ecologice,
avantajele pe care le putem avea dacă s-ar mări suprafețele cultivate în sistem ecologic, comparativ cu
agricultura practicată în sistem clasic-intensiv și modul în care alte țări au reușit să realizeze acest obiectiv.
Agricultura ecologică se impune astăzi ca o practică modernă, cu rezultate care au la bază date științifice ce
creează o nouă concepție despre viață, muncă și agricultură, cu eficiență sporită și care poate asigura produse
în concordanță cu cerințele exigente ale consumatorilor. Relația AGRICULTURĂ - ALIMENTAȚIE – SĂNĂTATE
este din ce în ce mai evidentă, deoarece în mare parte „bolile civilizației” sunt puse pe seama unei alimentații
necorespunzătoare calitativ, urmare a exceselor de utilizare a chimizării în cadrul tehnologiilor intensive și, ca
atare, piața produselor ecologice este din ce mai căutată și mai apreciată. Prezența pesticidelor în apa potabilă
a devenit o problemă importantă, agricultura convențională fiind principala sursă de contaminare a apei cu
nitrați, nitriți, bacterii, pesticide. Datorită acestor considerente și altor probleme apărute în agricultura practicată
în sistem clasic-intensiv, agricultura ecologică este considerată ca fiind singura alternativă pentru mileniul trei.
Câteva dintre obiectivele principale ale agriculturii ecologice sunt:
-să realizeze produse agricole de înaltă calitate nutritivă și în condiții eficiente;
-să dezvolte și să întărească sistemele vii pe parcursul ciclurilor de producție;
-să mențină și să amelioreze fertilitatea solului pe termen lung;
-să evite toate formele de poluare care pot rezulta din practica agricolă;
Astfel, agricultura ecologică are o mare contribuție la o dezvoltare economică de durată și joacă un rol important
în îmbunătățirea condiției mediului, prezervarea solului, îmbunătățirea calității apelor, biodiversificare și
protejarea naturii.
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INTRODUCTION
According to the definition, given by the Food and Agriculture Organization (FAO) and the World Health
Organization in the "Alimentarius Code", organic farming represents an "integral system of production process
management, which contributes to the support and strengthening the resilience of the agroecosystem, including
biodiversity, biological cycles and soil biological activity”.
In order to achieve these objectives, organic farming emphasizes the use of appropriate management practices,
instead of introducing products manufactured outside the respective farm and also takes into account that the
particularities of each region in particular require systems, well adapted to the specific of this region. This can be
achieved by using, where possible, agronomic, biological and mechanical methods instead of using synthetic
materials for certain operations within the system. Organic farming follows strict rules, established by the
legislative norms.
Like any trademark, which guarantees a higher quality and the origin of the products, organic farming is
closely linked to compliance with strict production rules, established by certain legislative norms, according to
which organic farming must be controlled and certified, in order to guarantee the consumer's respect
established production rules.
Organic farming is a production method that takes into account the traditional knowledge of peasants
and integrates scientific progress in all agronomic disciplines, responding to social and environmental concerns,
providing consumers with quality products even in poorer countries.
The main objective of organic farming is to protect the planet's biosphere and natural resources, excluding the
use of chemical fertilizers, synthetic pesticides and herbicides, prevention methods playing a vital role in the
fight against pests, diseases and weeds.
In order to practice agriculture in harmony with nature, it is necessary to take into account the biological
techniques used, but also the local conditions, adapting to the socio-economic realities but also to the traditional
methods, by optimum use of the resources from agroecosystems, being a factor essential for optimum and longlasting results.
The principles on which organic farming is founded are universal, but the techniques used are adapted
according to the pedoclimatic conditions, resources and local traditions.
Organic farming is a method that requires the capacity for observation and reflection.
It uses a high labor force potential, thus requiring new jobs, and keeps the peasants at work, an important
aspect in a period of unemployment on the one hand, and massive exodus from the rural areas to the urban
agglomerations, on the other.
Minimum requirements for achieving sustainable development:
- the balanced and equitable distribution of resources and the accentuation of the qualitative side of the
production as attributes of a new conception about the resizing of the economic growth.
- perfecting, reorienting or even changing technologies, putting them under control and monitoring their risks.
- decentralization of the forms of government, increasing the degree of participation in making decisions
regarding ecology and environment;
- ensuring a potential developed from a financial, economic, human and technological point of view.
The environment and natural resources must be recognized as the basis of all human activities, and
their protection must be a mandatory condition for development.
The concept of sustainable development is based on rights, obligations and justice, assuming:
- the need to maintain environmental integrity;
- promoting economic efficiency (Economic efficiency);
- maintaining equity (Equity).
Such an agriculture determines and diversifies economic activities because the raw materials appear
and are processed mainly in rural areas, develops the infrastructure and increases the economic potential of the
villages. So sustainable agriculture must be:
- productive;
- profitable;
- ecological;
- able to conserve resources;
- socially and humanly balanced;
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MATERIAL AND METHOD
Sustainable agriculture is also a problem of education, in the spirit of respecting nature and knowing the
traditions. Under these legacies of theoretical and practical knowledge, organic farming, in all its currents,
proposes updating traditional methods verified for centuries and combining them with modern methods, in order
to maintain and increase the natural productive potential of the soil. There were three major currents that left
their mark on organic farming today:
- biodynamic agriculture (R. Steiner) - implies the replacement of mineral fertilizers with manure compost,
produced by aerobic route, and proposes treatments with the preparation of biodynamic measures that
raise the level of soil fertility, ensure agricultural crops correlated with the state of the variety and with
the climate, increases the resistance of plants to diseases and pests and does not damage the
ecological balance;
- organic farming (Sir A. Howard) - practiced in England and the USA, is based on soil fertilization with
organic composts, including animal waste or urban waste;
- biological agriculture (Rush-Muller) - involves the preservation of organic matter on the soil surface,
which should not be incorporated until after fermentation, and with the help of microorganisms an
adequate level of humus is maintained.
The three names refer to Alternative agriculture, which essentially refuses to chemise, being opposed to
intensive-industrial agriculture. The existence of numerous concepts regarding the name of alternative
agriculture has led to some controversies and in the end a name accepted by the specialists in the field has not
yet been established, for the conditions in our country.
Organic farming is today required as a modern practice, with results based on scientific data that
creates a new conception of life, work and agriculture, with greater efficiency and that can ensure products in
accordance with the demanding demands of consumers.
The dynamics of the surfaces of Europe cultivated in ecological system
Organic farming is considered as the only alternative for the third millennium. In Europe, especially the
western states have begun to organize this activity since 1935-1940, but the first signs of recognition of the
productive and commercial activity date from 1980, when organic farming is recognized both by the market and
by national and international governments or bodies. After 1990, the development becomes spectacular, so that
at the level of 1997 organic farming in Western Europe had a share of 0.44% of the agricultural area,
respectively 1,995,435 ha, so that in 1999 it would reach 2.1% of the total, respectively 2,858,339 ha. Countries
such as Italy, Australia, Spain, Great Britain, Germany, France, etc. are highlighted in this regard.
Statistics published by SOEL - SURVEY (2004), INFOAM, EUROSTAT, and USDA show that organic
farming is on the rise, practicing in over 100 countries in 5 continents, but has successes and concerns in many
other countries.
In 2003, the largest number of organic farms was in Italy (56.4 thousand hectares), Turkey (18.4
thousand hectares) and Austria (18.3 thousand hectares), and the largest percentage of organic farms in the
total number. farms were in Liechtenstein (28%), Switzerland (10.2%) and Austria (9.3%).
In most of the producing countries there are national bodies that protect and control the "organic" production.
Table 1
The dynamics of operators and surfaces in organic farming
The indicator

2010

2011

2012

2013

2014

2015

2016

2017

2018

Total number of certified
operators in organic farming

3155

9703

15544

15194

14470

12231

10562

8434

9008

Total area in organic farming
(ha)

182706

229946

288261

301148

289251 245923 226309

258471

326.259

Total cereals (ha)

72298

79167

105149

109105

102531

81439

75198

84925

114.427

5560

3147

2764

2397

2314

1834

2203

4994

8.751

504

1075

1124

740

627

667

707

665

505

Dried and protein legumes for
the production of grains
(including seeds and mixtures
of cereals and legumes) (ha)
Total tuberculiferous and root
plants (ha)
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Industrial crops (ha)

47815

47879

44788

51770

54145

52583

53396

72388

80.193

Green harvested plants (ha)

10325

4788

11082

13184

13493

13636

14280

20350

28.253

Other crops on arable land (ha)

579

851

27

264

29

356

258

88

112

734

914

896

1067

1928

1210

1175

1458

983

3093

4166

7781

9400

9438

11117

12020

13165

18.569

31579

78197

105836

103702

95684

75853

57611

50685

66.890

10216

9758

8810

9516

9058

7225

9457

9747

7.572

Fresh vegetables (including
melons) and strawberries (ha)
Permanent crops orchards,
fruit shrubs, nuts, etc. (ha)
Permanent crops and
grasslands (ha)
Uncultivated land (ha)

Source: Communications of inspection and certification bodies, MADR - Organic farming
* Eurostat classification

From the table above, it appears that in 2010, the area cultivated in the ecological system was 57.91 ha
/ farm, so that in 2018 it would fall to 36.21 ha / farm. In 1972, the International Federation of Organic
Agriculture Movements (IF.O.A.M. - International Federation of Organic Agriculture Movements) was
established in Germany, which groups over 500 organic farming organizations and over 80 countries.
I.F.O.A.M. organizes scientific events, symposiums, world congresses, publishes scientific or popularization
papers and adopts at the World Congresses the "Framework Specifications", important in unifying the
movements of organic agriculture, where any country can intervene, correct or substitute some provisions.
Principles of organic farming
The basic principle of organic farming is "to develop agriculture as an organism and to consider it an
ecosystem that is modeled in nature and constitutes an alternative to intensification, specialization and
dependence on the use of chemicals".
To achieve this, organic farming is based on a number of objectives and principles, as well as good practices
created to minimize human impact on the environment, while ensuring that the agricultural system operates as
naturally as possible.
The specific practices of organic farming include:
• Crop rotation as a prerequisite for efficient use of farm resources.
• Very strict limits on the use of synthetic chemical pesticides and fertilizers, animal antibiotics, food additives
and other complementary substances used in the processing of agricultural products
• Prohibition of the use of genetically modified organisms
• Harnessing existing resources on the spot, such as the use of manure and animal feed produced on the
farm as fertilizer
• The choice of plant and animal species resistant to diseases and pests, adapted to local conditions
• Rearing animals in freedom and open shelters and feeding them with organic feed
• Use of breeding practices for animals adapted to each breed

RESULTS
Soil, as an open ecological system, is linked to the environment through a continuous flow of matter and
energy. In its long evolution, under the action of natural factors and of agricultural culture, the soil tends towards
a stationary state characterized by tendencies to equalize the imports and exports of energy and substances. In
the case of its evolution, the soil reaches the equilibrium stage, it maintains a practically constant entropic state,
through a complicated mechanism of self-regulation, self-preservation and interconnection of the processes of
humification-mineralization and respectively of fertility.
In this context, fertility is a fundamental trait that has developed over time with soil formation and
evolution and involves the basic physical, physico-chemical, chemical and biological properties of the soil. It is
precisely on their optimization that all human efforts are focused on agricultural activities. In order to impose on
the soil a certain sense of evolution, in order to establish the nature, the amount and the most suitable moment
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for applying the necessary cultural measures, as well as to maintain their production capacities at a high level, a
permanent supervision of the factors that interfere, especially with the anthropic actions, by monitoring
measures, firstly on the easily changeable components or those which condition a good development and
fruition of the cultivated plants.
The pronounced variety of bioclimatic conditions has led to a high diversity of soils and an increased
differentiation of fertility factors. These imply the need for a differentiated approach to human activities in
agricultural practices.
In the context of protecting agricultural lands from degrading actions and preserving and increasing soil
fertility, a detailed analysis of the risk factors, the limiting and restrictive factors of agricultural production is
required. The analysis considers the identification of these degradations or limitations and the establishment of
their manifestation areas, as well as of the factors that determine them.
In the context of the above, the assessment of soil capacities implies:
- evaluating the potential of soils within the entire complex of natural and anthropogenic factors induced;
- current evaluation of fertility factors (physical, chemical, agrochemical) and the degree of realization of
soil potential;
- identification of restrictions and assessment of their impact on soil fertility;
- identification of the interactions and interrelations between the restrictive factors and elaboration of the
measures of combating them in complex or differentiated;
- establishing the priorities and identifying the modalities of use of the soils with maximum economic and
environmental efficiency under concrete land conditions;
- establishing restrictions and restrictive factors with the subsequent decision-making regarding the
classification of the lands in the ecological agricultural circuit.
According to the principles listed, it is necessary to distinguish restrictions that limit the classification of
land in the ecological agricultural circuit and, on the other hand, the risks within ecological agricultural practices.
Within the restrictions that limit the framing of the land in the ecological circuit are:
1. The small thickness of the humiferous layer and the small reserves of humus;
2. Salinization - solonization of the active pedogenetic layer and soil;
3. The high level of groundwater;
4. Very weak and weak insurance with mobile phosphorus;
5. Primary compaction;
In Table 2 are presented the restrictions that limit the classification of the lands in the ecological
agricultural circuit, and in table 3 are presented the risks from the ecological agricultural practices.
Table 2
Restrictions that limit the framing of land in organic farming
Restrictions
1. Unbalanced particle size.
1 a). Increased content of fine clay;
1 b). Small fine clay content;

1 c). Increased content of coarse dust
2.Physical and hydrophysical stratification
of the profile.

3. Deep compaction of the profile.
4. Hidrostabilitatea agregatică mică

Ecopedological implications
1a. Low degree of permeability, mobility and accessibility of water.
Aeration deficiency.
1b. Exaggerated permeability for water. Excessive aeration. Low
water capacity.
Moisture deficiency.
Intensive mineralization.
1c. Crusting. Defective aerohydric regime.
Small thickness of the layer exploited by the root system. Drought
vulnerability. Pollution of the active root layer. The discontinuity of
the porous space.
Lack of nutrients.
Defective exchange of substances in the profile. Soil pollution with
products of bio- and pedogenesis.
Risk of compaction and crustification. The instability of the porous
space. Defective aerohydric regime.
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Table 3
Priorities and risks within ecological agricultural practices
Mode of use and risk
Priorities
Risks
Functional changes
factors
Salinization - alkalization.
Destructuring. Pollution.
Vegetables culture
Nourishing diet
Biodiversity degradation.
Reduction of permeability for
- irrigation;
favorable.
Excess humidity.
water and air. Reduction of
- organic and mineral
Hydro and
Crusting.
water capacity. Modification
fertilization;
aerohydric regime.
Siltizare.
of biogeochemical circuits.
- phytosanitary measures
Thermal regime.
Exhaustion.
Erosion.
Humus status
Exhaustion
Reduction of permeability for
Fruit growing - Viticulture
indices (thickness
Destruction
water and air. Modification of
- agrotechnical measures;
of humiferous
Compaction
biogeochemical circuits.
- phytosanitary measures;
layer) indices of
puddle
Reduction of hydraulic
- irrigation.
settlement. Water
Training of technocrats.
conductivity and percolation
regime, thermal
Erosion
depth. Autopollution
Modification of
biogeochemical circuits.
Exhaustion.
Degradation of functions in
Field plant culture
Nutritious, thermal
Destructuring.
relations with water and air.
- agrotechnical measures;
regime.
Compaction.
Reduction of permeability for
- fertilization;
Granulometric
Layering profile.
water and air. Reduction of
- phytosanitary measures
composition.
Erosion.
hydraulic conductivity and
depth percolation of the
profile.

Precautionary measures in ecological agricultural practices, to prevent damage and to restore soil
structure
For the purpose of avoiding and minimizing various forms of soil degradation: erosion with water and /
or wind, reduction of humus reserves and biophilic elements, compaction and destruction, silting, salinization,
landslide and slip, chemical and biological pollution, etc., users take the precautionary measures set out below.
At the stage of framing the land in the agricultural circuit, users evaluate the risks of degradation and elaborate
plans of proactive preventive measures to avoid degradation processes.
The users must systematically complete, according to the legislation in force, the Field History Book in the
respective compartments in order to monitor the quality of the soils and to record the activities of diminishing the
risk of their degradation.
Measures to prevent soil physical damage in organic farming practices:
Users must apply the following measures to prevent soil physical damage:
1. Performing several works (operations) at a single pass in order to minimize the number of passes of
agricultural machines, within the framework of soil preparation, sowing and crop maintenance;
2. Chopping and incorporating into the soil, through discussion and plowing, the stems and any other plant
debris;
3. Inclusion in the rotation of crops of some improvement plants (perennial forage plants);
4. The use of agricultural machines with low pressure tires and wide wheels for reducing the soil compression
action.
Depending on the causes that cause and intensify soil compaction processes, users must take the
following general measures to prevent secondary soil compaction:
1. Performs works in agricultural practices, which are in accordance with the pedoclimatic conditions, and during
their development ensures the succession of long-lasting rotational crops, including the presence of improved
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crops, as well as undertake measures, which result in the gradual increase of humus content. and improving soil
structure;
2. It minimizes the crossings of the machines and tractors and performs several works at a single pass through
the use of complex aggregates, as well as reducing the surface area beaten by executing crossings on the
same tracks;
3. Changes the depth of plowing each year, in correlation with the technologies of the different crops from the
settlement and the periodic execution (once in 4-5 years) of some works of loosening to the depth of 40-50 cm,
using for this purpose, as the case may be , subsoil plows or chisels, no-till plows, special slackers;
4. Uses agricultural machines that limit the pressure on the ground by using low pressure tires or track tires;
5. Respects the maximum allowable values of the pressure on the surface of the soil depending on the type of
soil, its texture and the period of year of soil work;
Measures to prevent degradation and restore soil structure
In order to prevent soil structure degradation and restoration, users must take the following measures:
1. Performing all the soil works and practicing the traffic on the field during optimal working periods;
2. The priority practice of the minimum soil tillage system, which consists in performing the plowing works with a
periodicity of 4-5 years and reducing the mechanical pressures on the soils during the vegetation period;
3. Practicing a structure of varied cultures, with long lasting rotations (5-7 years), which also includes
ameliorative crops (vegetables and perennial grasses);
4. The application of the crop rotations and the annual incorporation in the soil of the fresh organic matter in
order to ensure a positive balance of the humus and the intensification of the activity of the living organisms in
the soil, especially of the mesofauna (rhymes);
5. The application of the enhancing substances for maintaining in optimum limits (pH 6.2-8.2) the reaction of the
soil and / or its correction, and the composition of the exchangeable cations;
6. The use of specialized plows: plows with variable working width, oscillating plows, plows with coulters in
steps;
7. Performing soil works at low speeds;
8. Use of low-pressure tires, wide tires, crawler tractors and other techniques that increase the contact surface
of the wheels with the ground;
9. Irrigation with good quality water, with a salt content of less than 1 g / liter, neutral or weak basic reaction;
10. Sprinkler irrigation is excluded with gigantic sprinklers with excessive intensity and localized irrigation is
used;
11. Covering the surface of irrigated land by sprinkling with vegetable debris, manure, sawdust, etc.

CONCLUSIONS
The advantages of organic farming:
a. The air, water and agri-food products are less contaminated.
By expanding the organic farming, the air has a better quality mainly by the fact that no more chemicals are
sprayed. The presence of pesticides in drinking water has become an increasing problem, with conventional
agriculture being the main source of water contamination with nitrates, nitrites, bacteria, pesticides.
Non-use of pesticides causes a lower risk of contamination of agricultural products. Thus, agricultural products
will be healthy, safe products for human and animal consumption.
b. Safe working conditions for farmers
Farmers who practice organic farming are less exposed to the risk of pesticide contamination. It is known that
many farmers die annually or suffer from various serious diseases, which are caused by the use of pesticides.
c. Biodiversity
The decline of biodiversity in conventional agricultural systems has the following causes: specialization,
intensification, lack of mixed farms, lack of uncultivated land, use of pesticides (insecticides, herbicides,
fungicides). The use of pesticides is a danger for both plants, animals and humans, pesticides threatening the
existence of certain wild species of plants and animals, with special implications along the food chain.
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Thus, by respecting these principles, organic farming contributes to achieving a much more diverse landscape
and ensures greater biodiversity.
d. Fertile and healthy soil
Conventional agriculture has led to a decrease in soil organic matter content and the accumulation of toxic
compounds. In ecological practice soil fertility and health are maintained by biological methods, such as: crop
rotation, manual work, soil, composting, mulching, etc. In this way, by using organic fertilizers, the percentage of
soil organic matter is increased and maintained.
e. It can be practiced on large or small surfaces
Compared with the agriculture in the classical-intensive system, which in order to be efficient and to obtain a
high yield, must be practiced on large areas, organic farming can be successfully practiced on small areas, on
small, family farms, with very good results.
f. Reduction of nutrient loss through leaching
The lack of use of chemical fertilizers and the contribution of organic fertilizers reduce the risk of nutrient
washing, which is a problem in many countries and a threat to drinking water.
g. Reduction of soil erosion
Soil erosion is also caused by the decrease in soil organic matter content, which is achieved in conventional
agriculture by using synthetic chemical fertilizers, which also cause soil structure destruction. Improving the soil
structure and reducing erosion can be achieved by keeping the land covered as long as possible, either by
mulching or by cultivating some cover crops.
h. Efficient use of water
Improvement of the soil by increasing the content in organic matter and improving its structure, as well as better
coverage through mulching or cover crops lead to the reduction of water consumption in organic farming, and
the high content of soil in organic matter in organic farming systems leads to better water retention and
conservation in the soil, which has the effect of reducing the costs of irrigation.
i. The nutritional quality of organic products
Organic products are characterized by a higher content in dry matter, respectively in amino acids, vitamins,
mineral salts, trace elements. Organic agro-food products are free of heavy metals.
j. Protection of the environment
Organic farming aims at keeping the environment unaltered by using organic and less soluble mineral
fertilizers, composts, green manures, vegetable preparations. The use of pesticides is prohibited, being allowed
only products that do not harm the plants, based on simple mineral salts or plant extracts.
Organic farming minimizes global environmental problems, such as: acid rain, global warming,
biodiversity reduction, desertification. Organic farming reduces the emission of gases responsible for the
greenhouse effect (CO2, methane, nitrogen oxides). The CO2 emission in an ecological system is 40-60%
lower at the level of one hectare, compared to the emissions from a conventional agriculture system. Nitrogen
oxide emissions are lower due to neutralization of chemical fertilizers with nitrogen. Methane is emitted in a
smaller quantity because the density of animals in livestock farms is low.
In order to be validated as ecological and to be placed on the market, foodstuffs must have on the
labels explicit references regarding the ecological methods of their production and the certification of quality
assessment, issued by a supervisory organization. Organic farms represent a new sector.
In order to develop the agro-ecological sector and to improve the competitiveness of the ecological
products on the export markets, the following must be identified and implemented:
- capturing and retaining more value on the national component of the value chain, by orienting the
production and sales to primary products and processing products, but also by promoting the Romanian organic
export products;
- the implementation of the legislation elaborated for this sector to strengthen the control system through
additional measures, meant to supervise the inspection and certification bodies to increase the quality of the
exported products;
- creation of an adequate system of production, processing and marketing for organic products, meant to
satisfy the needs of internal and external markets;
- promoting the exports of Romanian organic products by developing the research activity;
- improving the professional training of all the actors involved in the ecological sector:
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- breeders;
- processors;
- experts from the ministry;
- exporters and importers;
- creation of groups organized by producers to expand production and market;
Strategically, the qualitative objective of the sector is to position organic farming in the center of national
agriculture, as a pivot for long-term development in rural areas. The main objective of the EU agricultural policy
regarding rural development is to promote and develop a compatible relationship between agriculture and the
environment.
The quantitative objective is to expand the cultivated area by ecological methods to 150,000 hectares in
2007 and to create an internal market with organic products. Romania has great opportunities for the promotion
and development of organic farming due to an agricultural area of 14.8 million hectares and unpolluted soils, by
increasing the participation of organic agricultural producers in economic events in the country or abroad
(BioFach 2006).
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EXPERIMENTAL RESEARCH ON THE WORK PROCESS OF THE DENTAL MILLS
/
CERCETĂRI EXPERIMENTALE PRIVIND PROCESUL DE LUCRU AL FREZELOR
DENTARE
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ABSTRACT
The paper presents some experimental results obtained in the experimental researches carried out in the
laboratory on the working process of the dental mills. The researches were carried out on a stand created by the
author, a stand that can very easily copy the actual working process of the dental mill: the material taken into
consideration (peripheral speed), working time, initial weight of the mill, the shape and dimensions of the
working material, the mechanical properties of the working material, the mill advance. Determinations were
made on the shape and dimensions change the cutter, the cutter tooth shape and dimensions, the weight
change of the cutter, the shape and dimensions of the work material.
REZUMAT
Lucrarea prezintă câteva rezultate experimentale obținute în cercetările experimentale efectuate în laborator cu
privire la procesul de lucru al frezelor dentare. Cercetările au fost efectuate pe un stand creat de autor, un stand
care poate copia foarte ușor procesul de lucru curent al frezelor dentare: materialul luat în considerare (viteza
periferică), timpul de lucru, greutatea inițială a frezei dentare, forma și dimensiunile materialului de lucru,
proprietățile mecanice ale materialului de lucru, avansul frezei dentare. S-au determinat modificările de formă și
dimensiuni ale tăișului, forma și dimensiunile dintelui tăietor, modificarea greutății frezei, forma și dimensiunile
materialului de lucru.

INTRODUCTION
Establishing the optimum conditions of the cutting process requires: establishing the optimum geometry
of the cutting tool; economic sustainability; establishing the elements of the optimal cutting regime; determining
the workability of the material to be processed; determining the optimum values of the parameters of the cutting
process: external friction. thermal phenomena, wear of cutting tools, change of working environment, the
influence of heat on the cutting tool, change of hardness and wear resistance, change of dimensions of the
piece and the appearance of internal stresses.
APPLIED WORK METHOD AND EQUIPMENT
Establishing the sequence of stages
By processing stages in the realization of a surface we understand the operations, settlements, phases
and crossings necessary to achieve the technical conditions imposed on the surface (Virgil TEODOR, 2008).
Regardless of the processing process, these steps can be: roughing, semi-finishing, finishing and super
finishing (high fineness), excavation.
The roughing stages aim to bring the shape and dimensions of the semi-finished product to the desired
shape and dimensions.
The semi-finalization stages aim to increase the precision of the surfaces that constitute technological
bases for subsequent processing.
The excavation stages are aimed at performing the excavations in the dental material.
The parameters of adjustment of the technical system:
- cutting edge "s" / "fz" [mm / rot] - using the micrometer, the material undergoing tests is moved
- speed "n" [rot / min],
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time "t" [min]
From the point of view of the type of chips according to the specialized literature [Virgil TEODOR, 2008]
there are:
• Staple chips: fragile,
• Tiered chips (fragmented chips) resulting from the processing of hard and tough materials.
-

USED EQUIPMENT

Fig.1. The experimental stand

Primary processing of experimental research results
Table 1

Mill
F3.1
F3.2
F3.3

The
initial
mass
[g]
1,32
1,31
1,29

Determination of wear at the grinding tooth mill
Initial
Peripheral
Initial
Work
average
speed of the
maximum
RPM
time
diameter
material
diameter [mm]
[min]
[mm]
[rpm]
1,1
1,1
0
7000
120
1,1
1,1
0
15000
120
1,1
1,1
0
25000
120

925

Final
weight
[g]
1,32
1,31
1,29

The final
average
diameter
[mm]
1,0
0,9
0,8

INTERNATIONAL SYMPOSIUM

Fig.2. Graphic representation of wear on the milling cutter

Fig.3. Graphical representation of the wear in the semi-finished mills
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Fig.4 - Graphical representation of the wear in the excavation mills

CONCLUSIONS
 The predominant factor over the milling wear is the milling speed;
 When the milling machine is worn, there is a loss of material from the active head of the milling machine
and the change of its average diameter;
 It is considered that the maximum wear of the milling machine is when the cutting part has been
polished from the active side;
 At the milling and milling mills the degree of wear also depends on the material advance;
 At the excavation mill it was found that the weight loss could not be determined, the weight remaining
constant which leads to the fact that between the two a material transfer takes place.
 The greatest weight loss was observed in the grinding mills;
 The semi-finished mills can be used for exterior finishing and for finishing excavations with a diameter
greater than 3.5 mm;
 The temperature transferred to the surface layer of the workpiece is low, almost insensible, the speed
not allowing the heat the time needed to propagate
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ABSTRACT
The transport of agricultural products and materials is carried out in a proportion of 70… 80% on public
roads, which means that all means of transport are designed, executed and equipped in strict accordance with
the regulations in force regarding the safety of road traffic. The transport of agricultural products can be done
with self-propelled vehicles (trucks) or with systems consisting of tractor and one or two agricultural trailers. For
the transport of agricultural products, mostly tractor-trailer systems are used, due to their higher efficiency in the
case of short-distance and heavy traction conditions, on field roads, maintained or unmanaged, on agricultural
land under reduced load and adhesion conditions. This, correlated with the continuous development of various
power supply tractors, leads to the need to develop the construction of agricultural trailers for both general use
transport and for special transport. This article presents the activities of the research organization, INMA
Bucharest, carried out together with the economic agent, SC FORTIMPEX SRL Iaşi, for designing, realizing and
testing, in order to be introduced in series production, of a technical equipment for the transport of agricultural
products, that can met the current requirements of safety, health and ensure the quality and timely transport of
agricultural products, in order to preserve the quality of these products.
REZUMAT
Transportul produselor şi materialelor agricole se realizează în proporţie de 70…80% pe drumurile
publice, ceea ce presupune ca toate mijloacele de transport să fie concepute, executate şi echipate în strictă
conformitate cu reglementările în vigoare privind asigurarea securităţii în circulaţia rutieră. Transportul
produselor agricole se poate realiza cu vehicule autopropulsate (autocamioane) sau cu sisteme formate din
tractor şi una sau două remorci agricole. Pentru transportul produselor agricole, se utilizează în majoritate
sisteme tractor-remorcă, datorită eficienţei mai mari în cazul deplasărilor pe distanţe scurte şi în condiţii grele de
tracţiune, pe drumuri de câmp, întreţinute sau neîntreţinute, pe terenuri agricole în condiţiile unei portanţe şi
aderenţe reduse. Acest lucru, corelat cu dezvoltarea continuă a bazei de tractoare de diverse puteri, conduce la
necesitatea dezvoltării construcţiei de remorci agricole, atât pentru transportul de uz general cât şi pentru
transportul special. Prezentul articol prezintă preocupările organizaţiei de cercetare, INMA Bucureşti, împreuna
cu agentul economic, SC FORTIMPEX SRL Iaşi, pentru proiectarea, realizarea şi experimentarea, în vederea
introducerii în fabricaţia de serie, a unui echipament tehnic destinat transportului produselor agricole, care să
răspundă cerinţelor actuale de securitate, sănătate şi care să asigure transportul de calitate şi în timp util, a
produselor agricole, în vederea prezervării calităţilor acestor produse.

INTRODUCTION
Transport in agriculture is influenced by the evolution of agricultural crops and implicitly of the obtained
productions.
The fleet of tractors and agricultural machinery, implicitly agricultural trailers, is influenced by the situation
of the agricultural holdings, the numerical necessity depending on the agricultural production.
From the Statistical Yearbook and from the market survey realized within the project carried out by INMA
Bucharest, in partnership with SC FORTIMPEX SRL Iași, resulted a decrease in the number of agricultural
holdings, both of the total and of those with legal personality, in the context of a decrease in agricultural areas
used as well, according to figure 1. (***Statistical Yearbook of Romania, 2017).
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TOTAL holdings

Agricultural holdings
without legal
personality
Agricultural holdings
with legal
personality

Agricultural surface

Fig. 1 - Agricultural holdings and agricultural surface used
(Statistical Yearbook of Romania, 2017)

Due to this fact, unfortunately the agricultural production has fluctuated as well, both in total and on the
plant and animal components. These decreases in production are also reflected in the need for production and
transport equipment. The fleet of tractors and agricultural machinery is old, requiring its renewal. This is mainly
done in large agricultural holdings, producer associations, which have a high profit from the agricultural activity.

TOTAL
Production
(thousand lei)
Plant

Fig. 2 – Evolution of agricultural production in the period 2003-2017
Source: Statistical Yearbook of Romania, 2017

As a result of this analysis, it was highlighted the need for applied research, between the two partners, in
order to develop and introduce in the manufacture the technical equipment intended for the transport of
agricultural products, at SC FORTIMPEX SRL Iasi, taking into account the interest for economic recovery in
Romania, of these products.
929

INTERNATIONAL SYMPOSIUM

MATERIALS AND METHODS
In order to carry out the project of the technical equipment, the 3D design software SolidWorks was used,
which allowed the optimization and application in the design of the technical solutions adopted by the research
organization, INMA Bucharest, the software and the hardware components used being part of the research
infrastructure of INMA Bucharest.
The use of the 3D software allowed the optimization of raw materials and materials consumption and
gave the possibility of optimum sizing, to ensure the operational resistance, thus optimizing the cost price as
well, by modeling the parts, assemblies and realizing the execution drawings, image generation, animation and
product data management. The design errors were eliminated and the manufacturing cycle was shortened, with
implications in reducing the cost price.

a)

b)

c)

d)
e)
Fig. 3 – Double axle trailer for the transport of agricultural products with a useful mass of 7 tons. 3D project
a), b) perspective view; c) left lateral view; d) front view; e) rear view
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The researches performed for making the execution project included simulated researches, using SolidWorks
Simulation, virtual model checks, an example being the towing eye check in order to choose the optimal variant
(Cristescu A.C., Popa L., Stefan V., Anghelet A., 2018).
Several geometric shapes, different types of materials were studied in order to choose the optimal solution.
Stretching, compression, bending check generated rapid results, eliminating successive checks under real
conditions and shortening the time required to experiment each of them.

Fig. 4 – Virtual research for choosing the shape and material of the tow eye, part of the trailer hitch

For the physical realization of the equipment, there were used machines and pieces of equipment that are
part of the infrastructure owned by the commercial company entity, which mainly carries out industrial activities,
SC FORTIMPEX SRL Iaşi, which has as object of activity mechanical processing and equipment execution, and
secondly, research activity (http://erris.gov.ro/infrastructura-FORTIMPEX).
In the execution of the subassemblies’ parts were used semi-finished products from plants in the country,
with the quality system implemented (sheet, round, rectangular or square pipes, laminated profiles, wire and
steel bars).
Subassemblies that required specialized execution technologies, for example the brake axle, the slewing
turntable bearing from the steering system, the elements of the hydraulic tilting system (the hydraulic tilting
cylinder, connecting components, hydraulic hoses, etc.), the components of the pneumatic braking system,
components of the electrical and signalling system, wheels (tires and rims), etc., were purchased from
specialized manufacturers.
The experimental researches included laboratory researches, when stationary, on the experimental
model, as well as experimental researches under operating conditions.
For testing, an aggregate consisting of tractor and RB-7 trailer was used, with the following specifications:
Table 1
SPECIFICATIONS
Brand / Type
Total mass [kg]
Mass on the front axle [kg]
Mass on the rear axle [kg]
Mass on the coupling eye [kg]

TRACTOR

TRAILER

Valtra / T214
7300+ 75 operator weight
2920
4380 + 75
-

RB-7
9850
4630
5220
-

For measurements and data recording, a test plan had been prepared in advance, the equipment used
being identified in this plan. We used the usual equipment for measuring the linear dimensions of the
components (measuring tape, caliper, micrometer), angular dimensions (optical device for angles-clinometre),
as well as the DATRON equipment for verifying the braking performance of the trailer.
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Fig. 5 – DATRON measuring device, mounted on the tractor, for measuring the braking performances

RESULTS
The research performed led to the realization of the physical product, the experimental model variant, which is
presented in the following figures.
Scope and field of use
Double axle trailer with 7t useful mass - RB 7, is a medium capacity trailer for tractors with min. 65 HP,
intended for the transport of bulk or packaged products and materials.

Fig. 6 - Experimental model of RB-7 trailer
(left perspective view)

Fig. 7 - Experimental model of RB-7 trailer
(right perspective view)

Fig. 8 – Experimental model of RB-7 trailer (lateral view)
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Table 2
Technical and functional characteristics
•

Type

•

Power of the tractor from the aggregate [HP]

•

Bilateral tilting

•

Tilting angle, [degrees]

•

Overall dimensions [mm]:

trailer with articulated tow hitch
≥ 65
left-right
45

•

Length [mm]

6527

•

Width [mm]

2344

•

Height (unladen) [mm]

2188

•

Bucket internal dimensions (Lxwxh), [mm]

•

Bucket volume [mc]

9.45

•

Axle track [mm]:

1800

•

Wheelbase [mm]:

2790

•

Platform height against the ground (unladen):

1180

•

Own mass [kg]

2850

•

Maximum laden mass [kg]

9850

•

Payload [kg]

7000

•

Tire type

•

Tire pressure [bar];

•

Parking brake type:

•

Axle and suspension

•

Type of towing device

•

Maximum speed [km/h]

4500x2100x1000

12.5/80 R18 14PR
4.3
mechanical, with crank and cable drive
of the rear wheel brakes
rigid axle of square pipe and suspension
by 4 semi-elliptical lamellar springs
eye φ 40 with toric section (φ 30)
40

The following values for the loading coefficient of the bucket resulted from the calculations made on the
loading capacity of the trailer, depending on the material loaded:

Table 3
Loading capacity of the bucket
Den.
No.

Transported
Product

Normale Shutter Bucket
Load capacity
Load capacity
(kg)
coefficient
6804 - 7938
0.992 - 1.134

Specific weight
(kg/m3)

1.

Wheat

720 - 840

2.

Barley

680 - 720

6426 - 6804

0.918 - 0.992

3.

Corn beans

750 - 870

7088 - 8222

1.013 - 1.175

4.

Corn cobs

450 - 550

4253 - 5198

0.62 - 0.74

5.

Chemical fertilizers

800 - 1200

7560 - 11340

1.08 - 1.62

6.

Potatoes or beets

600 - 700

5670 - 6615

0.81 - 0.945

7.

Manure

650 - 700

6143 - 6615

0.88 - 0.945

8.

Soil

1450 - 1800

13703 - 17010

1.96 - 2.43

9.

Ballast

1800

17010

2.43
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Table 4
Testing results regarding the braking performances
MEASURED PARAMETERS
Initial speed (km/h)
Average deceleration (m/s2)

VALUES (5 TRIALS
AVERAGE)
38.85
6.85

dm ≥ 5 m/s2
Maximum deceleration (m/s2)

7.75

Braking distance (m)
S ≤ 0.15v + v2/130

11.25

S ≤ 18.30 m
Total braking time (s)

2.87

Response time (s)

0.35

Resultant interaction force between tractor and trailer(daN)
-

Sense

-

Average value

Compression force
95

Vertical pressure on the coupling device (daN)
-

static

1365

-

dynamic

2800

Air pressure for tractor control (kPa)

750

Air pressure of the braking cylinders (kPa)

370

Control force applied on the tractor brake pedal when deceleration is higher than the
maximum value [daN]

46.6

CONCLUSIONS
The realization of the technical equipment designed for the transport of agricultural products, symbol
RF-7, its introduction in the series production of SC FORTIMPEX SRL and later its use in the transport
technologies will lead to:
- making transport more efficient and reducing fuel consumption, implicitly polluting emissions, with
favourable effects in protecting the environment,
- reducing greenhouse gas emissions, in line with current global concerns about limiting the temperature
increase caused by climate change, with the EU targeting a reduction by 80-90% of emissions by 2050,
compared to 1990, by creating equipment with high load capacity, which ensures the transport of the
same quantity of products by a smaller number of routes;
- increasing the tare coefficient by 30… 45%, higher than in the case of the trailers manufactured
previously, and implicitly obtaining a fuel consumption by 10-20% lower, by making components of
materials with high strength and reduced mass per ton of semi-finished product;
- reducing soil compaction, when travelling on agricultural land, by equipping the drivetrain with low
pressure tires;
- relaunching the agricultural machinery building industry;
- strengthening the collaboration between the research organization and the economic agent;
- braking the aggregate RB-7 trailer and tractor with a total mass of at least 7500 kg (including the
tractor operator), using the service brake is safe and effective. The braking stopping distance of the
system is less than 18.30 m, maximum allowed for the tractor according to the EU regulations in force.
ACKNOWLEDGEMENT
These researches were performed within the project “Researches on the promotion of new equipment
designed to carry agricultural materials and products”, subcontract no.917/22.08.2017 within the project
Rapid transfer of knowledge and technical-scientific support in the production of competitive products and
934

INTERNATIONAL SYMPOSIUM

technologies in companies specific to the field of bioeconomy and bioresources production, Financing
contract: 80/08.09.2016, ID: P_40_339, Project co-financed from the European Regional Development Fund
through the Operational Programme Competitiveness 2014-2020
REFERENCES
[1]
Cristescu A.C. Popa L. Stefan V. Anghelet A. (2018). Modeling simulation and study of loads and
deformations in traction devices. TeReRd. 7th International Conference on Thermal Equipment.
Renewable Energy and Rural Development. 31 Mai-21 June. Drobeta Turnu Severin/Romania;
[2]
Popa L., Ciupercă R. (2001). Advantages of using agricultural semi-trailers over articulated trailers for
transport”. Scientific papers - INMATEH-I. Bucharest/Romania;
[3]
*** https://ec.europa.eu/eurostat/statistics-explained/index.php/Transport_statistics_introduced;
[4]
***https://ec.europa.eu/eurostat/web/products-eurostat-news/-/WDN-201912181?inheritRedirect=true&redirect=%2Feurostat%2Fweb%2Fagriculture%2Fpublications
[5]
***https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Agricultural_production_-_crops
[6]
https://www.google.com/search?rlz=1C1GCEA_enRO782RO782&sxsrf=ACYBGNTakuNJE1q2vrZBhIxa1
gIwMhoKew:1580380238776&q=agricultural+transport+in+europe+statistics&tbm=isch&source=univ&sa=
X&ved=2ahUKEwjm5veVj6vnAhUErosKHeZ1B_oQsAR6BAgFEAE&biw=1536&bih=806#imgrc=nCY_3TSyHbfKM
[7]
***(http://erris.gov.ro/6SYSTEM-OF-DESIGNING-EXECUTI:;
[8]
***http://erris.gov.ro/RESEARCH-INFRASTRUCTURE-FOR-).
[9]
***(http://erris.gov.ro/infrastructura-FORTIMPEX).
[10] ***Romanian Statistical Year Book. 2017. National Institute of Statistic. 781 p.. Bucharest/Romania;
[11] http://www.insse.ro/cms/sites/default/files/field/publicatii/anuarul_statistic_al_romaniei_carte_ro.pdf

935

INTERNATIONAL SYMPOSIUM

THE INFLUENCE OF SUNFLOWER SOWING IN STRIPS USING THE ELS4 AGGREGATE
ON THE SUNFLOWER BIODIVERSITY IN AMZACEA, CONSTANȚA COUNTY
/
INFLUENȚA SEMĂNATULUI FLORII SOARELUI ÎN BENZI CU AJUTORUL
AGREGATULUI ELS4 ASUPRA BIODIVERSITĂȚII DIN CULTURA DE FLOAREA
SOARELUI LA AMZACEA, JUDEȚUL CONSTANȚA
Manole T.*1), Jinga V.1), Manole D.2), Marin E.3), Popescu M.3)
1)

Research-Development Institute for Plant Protection, Bucharest, Romania
2)
S.C. Sport Agra SRL, Amzacea, Constanța county
3)
INMA Bucharest, Romania
Tel: +40-21-269.32.31; e-mail: traian.manole@gmail.com

Keywords: arthropods biodiversity, sunflower, belts sowing
ABSTRACT
The ELS4 technical equipment can be used independently at a crossing for processing, mobilizing and
loosening the soil on an area called the "narrow band" and at another crossing for planting crops (sowing seed
to seed on maize, sunflower, etc.) concomitant with the administration of chemical fertilizers and insecticides or
at the same time when processing the soil into "narrow strips", sowing plants, fertilizing, distributing granular
insecticides, incorporating them into the soil, covering them and setting them easy at a single pass. The ELS4
worn-out technical equipment works in aggregate with the 80 ... 100 hp tractors on wheels equipped with threepoint suspension systems of category 2 according to SR ISO 730-1 + C1. The equipment is used on land and
with a slope of up to 6°, on all soil types within innovative soil technology, fertilization and application of granular
insecticides simultaneously or independently with the sowing work of the adapted pruning crops in pedoclimatic
conditions specific to the regions of Romania. In sunflower sowing in the belts with this engine, in the drought
springs conditions from Dobrogea, the development of the plants was faster and the spaces between the rods
created were also shelters for many useful species of insects or arthropods. In the present paper we investigate
for the first time the influence of the sowing technology on the arthropods biodiversity in the sunflower crops in
conditions of Dobrogea and the preliminary results are presented.
REZUMAT
Echipamentul tehnic ELS4 poate fi utilizat independent, la o trecere, pentru prelucrarea, mobilizarea și afânarea
solului pe o zonă numită “banda îngustă” iar la altă trecere, pentru semănatul culturilor de plante prășitoare
(semănatul bob cu bob la porumb, floarea-soarelui etc.) concomitent cu administrarea îngrășămintelor chimice
și insecticidelor sau simultan, când prelucrarea solului în “benzi înguste”, semănatul plantelor prășitoare,
fertilizatul, distribuirea insecticidelor granulate, încorporarea în sol, acoperirea și tasarea ușoară se realizează la
o singură trecere. Echipamentul tehnic ELS4, de tip purtat, lucrează în agregat cu tractoarele de 80...100 CP pe
roți prevăzute cu mecanisme de suspendare în trei puncte de categoria 2, conform SR ISO 730-1+C1.
Echipamentul se utilizează, pe teren șes și cu panta până la 6º, pe toate tipurile de sol, în cadrul tehnologiei
inovative de lucrare a solului, fertilizare și aplicare a insecticidelor granulate concomitent sau independent cu
lucrarea de semănat a culturilor de prășitoare adaptată la condițiile pedoclimatice specifice regiunilor din
România. Floarea-soarelui semănată în benzi cu ajutorul acestei mașini, în condițiile primăverilor reci și
secetoase din zona Dobrogei ajută plantele să aibă o dezvoltare rapidă iar spațiile dintre benzi reprezintă zone
de refugiu pentru o biodiversitate diversă, în general utilă pentru numeroase specii de insecte și artropode. În
lucrarea de față analizăm pentru prima dată influența tehnologiei de însămânțare asupra biodiversității
artropodelor în culturile de floarea-soarelui în condițiile Dobrogei și sunt prezentate rezultatele preliminare.

INTRODUCTION
In EU-28 the sunflower crop had a top position between the total crops cultivated concerning the area
occupied (4.5 million ha) after wheat (57 million ha) and maize (10.3 million ha). UE countries were the largest
sunflower grain producers in the world, accounting for 68% of global volume. (Eurostat 2017; EPPO 2012).
Romania is one of the largest growers and producers of sunflower seeds with around 843,600 ha cultivated
which means 9.6% from EU-28 total area with a constant growing of yield in % showed in Fig.1.
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Fig.1 – World increase of sunflower production in period 2007-2017

In 2012, EU-28 harvested production of rape, turnip rape and sunflower seeds were 26.3 million tonnes,
from which the sunflower reached 4,196.9 million tonnes). However, in most of these countries, there subsists
major yield gaps (national yield between 1.1 and 2.4 t /ha) and the slope of actual yield progress is rather flat, in
spite of the steadily genetic improvement (e.g., Salvi and Pouzet, 2010 for France). Climate change could be
partly responsible for yield limitation, as was observed for wheat (Brisson et al., 2010) although changes in
cultural practices and land use could contribute as well. However, its market demand exceeds production, which
provides interesting opportunities to suppliers elsewhere. Even though the majority of sunflower seed production
is destined for the production of sunflower oil, the market for confectionery-grade seeds is growing. Sunflower
seeds are used in bakery products, but also in a number of products such as healthy snacks and for direct
consumption (in-shell or as kernels). In 2014 for instance, the total production of sunflower seeds in Europe
amounted to 9.2 million tonnes. Since 2010, the European average annual volume increased by 7.0%.
Romania and Bulgaria are the largest producers of sunflower seeds in the European Union. Therefore, in
its traditional production areas, sunflower crop, as a spring- and summer-sown crop, will be exposed to major
climate change and potentially impacted by water shortage and high temperatures. Sunflower is commonly
viewed as a drought-tolerant crop and, consequently, as a cropping opportunity for regions where water
resources (used for irrigation) are decreasing and in situations where soil water deficit is expected to increase
dramatically (García-Vila et al., 2012). When water is fully available, maize or soybean are preferred, and
sunflower is often restricted to marginal areas or non-irrigated farms (Debaeke et al., 2008). However, if climate
change is a threat for sunflower in southern and eastern regions, it could also offer new cropping opportunities
in northern parts of Europe. As the only summer oilseed crop in Europe, sunflower could break winter crop
rotations where non-sustainable use of fertilizers and pesticides are currently practised. In terms of potential
yield, the yield improvement was simulated by 2020 compared to baseline time horizon in a magnitude of 5–
10% or no change in whole Europe except decline in some places of Portugal, Romania and Bulgaria (Donatelli
et al., 2012).
The purpose of the present study had covered an ecologically theme, although not too broad, but into the
frame directed by the concerns related to the conservation and protection of biodiversity in agricultural and
forest ecosystems. The issue covers several areas of interest such as: the complex interactions between natural
and anthropic ecosystems against the background of the ecological crisis, the influence of different agricultural
practices on ecosystem services of biodiversity under the conditions of climate change, especially of the
prolonged drought affecting agricultural crops. In the mentioned direction it is the study of the influence of the
different aspects of the agricultural landscape design which are widely revealed by the studies carried out by
Christensen et al., 1996 which include the interrelations between the components of the biodiversity of some
agricultural ecosystems including the sunflower and the changes of the agricultural landscape. Sunflowers grow
best on well drained, high water-holding capacity soils with a nearly neutral pH (pH 6.5-7.5). The optimum soil
classifications for sunflowers are loam, silty loam and silty clay loam soils. Sunflower production performance on
reduced agricultural capacity soils such as those affected by salinity, drought potential or wetness, is not ideal,
but compares with of other commonly grown commercial crops.
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Determining the structure indices (presence, relative abundance, numerical density, constancy,
frequency) and biodiversity indices of the component species of the biocenoses in the sunflower and forest
bands ecosystems or of the associated medicinal plant crops is the associated specific objective of the study.
Studies on the spectrum and structure of species of harmful and useful organisms in the sunflower ecosystems
depending on the phytosanitary protection schemes, companion plants and forest bands. Integrated Pest
Management (IPM) is a sustainable approach to managing pests by combining biological, cultural, physical and
chemical tools to minimize economic, health, and environmental risks. A number of factors influence the
abundance and diversity of pests from year to year. Control methods vary in effectiveness, but integration of
different pest management tools can minimize pest numbers and the cost of management without unnecessary
crop losses. IPM maximizes the effectiveness of chemical pesticides, while minimizing the impact on non-target
organisms and the environment. Scouting for potential pests, monitoring fields and keeping notes of pest
incidences and densities is required to determine if levels are approaching the Economic Injury Level (EIL) or
the Economic Threshold Level (ETL). Economic losses are a result of pest numbers increasing to where they
cause crop losses greater than or equal to the cost of controlling the pest. The EIL is the number of pests at
which tactics must be applied to prevent an increasing pest population from causing economic losses.
The ETL is the level of pests that will cause economic damage and is often lower that the EIL. The ETL
varies with crop price, yield potential, crop density, cost of control and environmental conditions. Pests should
be identified accurately; control measures and economic injury levels differ between different organisms.
Recognizing beneficial organisms is important as they help reduce numbers of damaging insects, which then
may not require additional control. Significant progress within sunflower pest management strategies have been
made, and will continue to be made in the future. As new crop management strategies are developed, it is
important to weigh crop production benefits versus environmental impacts. The research study enlightens the
subject of sunflower biodiversity from the theory of ecosystemic adaptive management (Christensen et al.,
1996; Vădineanu, 2004; Chaplin-Kramer et al., 2012). In the world scientific literature, the influence of some
technological elements in cultivated sunflowers of the arthropod communities were relatively rare (Altieri, 1999;
Bredeson and Lundgren, 2015). In Romania, there is the same situation, the subject of the impact of agricultural
technology was addressed related mainly to maize and wheat crops (Mărgărit et al.,1987; Manole et al.,1996;
Iamandei et al.,1996; Ştefănescu et al., 2000; Ionescu-Mălăncuş et al., 2011; Antonie et al., 2012; Antonie et al., 2013).

MATERIAL AND METHOD
Research site and environment
The study was conducted in the experimental field (≈ 90 ha surface divided in three plots, 30 ha each, two
experimental plot and one control plot) established in the sunflower crops from Sport Agra SRL, Amzacea Constanța county. The land was georeferenced (GPS: N 43057.564’’, E 028017.345") between the cities of
Amzacea and Topraisar between 2015 - 2018.
Technological improvements and plot design
Experimental equipment
The technical equipment ELS 4 (Fig.2) for working the soil in strips, sowing plants, fertilizing and
distributing insecticides performs the following operations in one pass: i) uncovering the stubble or the
superficial layer of the soil creating a strip 20 cm wide and 2 cm deep, cleaned of vegetal debris by the two
inclined discs mounted inclined; ii) cutting the weeds, vegetal debris and vertical growth of the soil on the axis of
the row to be sown, on a depth of 4 - 15 cm by the straight notched disc; iii) penetration into the soil on a depth
of 2 - 20 cm to create a channel filled with loose soil by partially breaking and entraining the soil by the chisel
knife; iv) mobilization and loosening of the soil in strips with a width of 20 cm and a depth of 2 - 8 cm by the pair
of spherical discs; v) sowing of weeds, incorporating seeds into the soil, covering them and lightly tapping them.
The ground is fixed around the streams by means of a clamping wheel which can be of the type with "V" shaped
discs, with "V" rubber discs and with zero pressure tires.
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Fig.2 - The technical equipment ELS 4
for working the soil in strips, sowing plants, fertilizing and distributing insecticides

Soil. The degree of soil settling is of particular importance, due to the requirement to establish an optimal
contact between seed and soil for a uniform germination and emergence. The soil is of chernozem type, a very
fertile soil, of black color, contains humus in the proportion of 3-6%, small percentage compared to other soils,
which can have up to 25% humus, but it is of good quality (mull calcic), the saturation in the bases is 90-100%
with a neutral, weak alkaline reaction (pH = 7-7.8) and a significant percentage of phosphoric acid, ammonia
and phosphorus. The climate is continental, specific to the steppe area with precipitation of 400-500 mm and
temperatures of 9.5-11.5°C, evapotranspiration over 700 mm, the aridity index frequently 20-24, and the nonpercolative water regime. The vegetation under which it is formed is a well-finished grassy carpet, which leaves
a large amount of organic matter in the soil (Festuca valesiaca Schl., Agropyron cristatum (L.) Gaertner,
Chrysopogon gryllus (L.) Trin., Poa bulbosa L ., etc.)
Agricultural works. The stubble-turning and then the plowing were performed in the summer of 2015
immediately after harvesting the pre-harvest (wheat) plant, a slight plowing at 20 cm to maintain moisture in the
soil taking into account the root system of the sunflower. In the spring, a work was carried out with the
combinator shortly before sowing for the preparation of the germinal bed and the clearing of the soil.
Hybrid. Sunflower hybrid, NK Neoma produced by Syngenta® using Clearfield® technology, a semi-early hybrid
was sown on March 5, 2015 (a major technological change from the optimal period, March 25-April 15, taking into
account the changes climate and especially the lack of rainfall in April-May). It is a hybrid with a semi-high waist
and good resistance to fall. The density at seeding was 60,000 germinable seeds/ha. The critical period of sunflower
plants was taken into study which mean the vegetative emergence (VE) and vegetative stages (V1-V4) (Fig.3).
Treatments performed. Sunflower seeds were treated before sowing with the fungicide Maxim 4FS (a.i.fludioxonil)
(produced by Syngenta®) in a dose of 5 liters/ton of seeds. This treatment provides protection during seed
germination and after seedling against pathogens such as downy mildew (Plasmopara helianthi), white mold
(Sclerotinia sclerotiorum) and grey mold (Botrytis cinerea). At the appearance of the first 6-8 leaves, a preventive
treatment was carried out with the Pictor® systemic fungicide produced by BASF (a.i.boscalid + dimoxistrobin) at a
dose of 0.5 l/ha against white mold (Sclerotinia sclerotiorum), gray mold (Botrytis cinerea), Phomopsis stem canker
(Phomopsis helianthi), phoma black stem (Phoma macdonaldi), charcoal root disease (Sclerotium bataticola),
sunflower rust (Puccinia helianthi), sunflower blight disease (Alternaria helianthi) sunflower leaf spot (Septoria
helianthi). Immediately after sprout, a first treatment with Actara 25WG insecticide (a.i.thiametoxam 25%, a systemic
neonicotinoid produced by the first 6-8 leaves, a preventive treatment was carried out with the Pictor® systemic
fungicide produced by BASF (a.i.boscalid + dimoxistrobin) at a dose of 0.5 l/ha against white mold (Sclerotinia
sclerotiorum), gray mold (Botrytis cinerea), phomopsis stem canker (Phomopsis helianthi), phoma black stem
(Phoma macdonaldi), charcoal root disease (Sclerotium bataticola), sunflower rust (Puccinia helianthi), sunflower
blight disease (Alternaria helianthi) sunflower leaf spot (Septoria helianthi).

VE

V2

V4

Fig.3 – The vegetative stages of sunflower under study related to the main pests attacks
(© from Schneiter, A.A., and J.F. Miller. 1981)
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Immediately after sprout, a first treatment with Actara 25WG insecticide (a.i.thiametoxam 25%, a systemic
neonicotinoid produced by Syngenta®) at a dose of 0.1Kg/ha was applied at the 2-3 leaves phenophase to
prevent weevils species attack (Tanymecus dilaticollis Gyll., T palliatus F), soil fleas (Phyllotreta sp.,
Chaetocnema sp.) and aphids. For the control of weeds and preventive against the attack of sunflower common
broomrape (Orobanche sp.) the product Imazamox 700WG (a.i.imidazolinone) (produced by Imtrade Australia
Ply Ltd.) was used at a dose of 1.2l/ha divided into two phases one for weed control (0.7l/ha) and the second
one to prevent the attack of broomrape (0.5l/ha).
Biodiversity sampling design
The working methodology was established in accordance with the Operational Procedures for the
Sampling of Biological Material and the Identification of Arthropod and Invertebrates Pests to Field Cultures,
(PO-OD-03, 1 edition, revision 0/24.10.2014), in the case of present study we refer only at the invertebrate
fauna under soil surface captured by soil traps. Biological material was collected at 2 weeks interval (beginning
with VE stage of sunflower until the harvest), from a number of 25 traps located in the sunflower plots: the two
experimental and control field. The soil pitfalls used in this study were Barber type traps installed on the soil in
order to capture the mobile fauna of arthropods of the surface of the soil over a period of time. Such a trap
consists of a container of glass with 300 cm3 volume, which was introduced into the soil with the opening at the
ground level (Fig.4a). A 4% formaldehyde solution that fills the recipient in a proportion of 50-70% is introduced
into this container. Opening of the vessel is covered with a plastic lid leaving a gap of 4 to 5 cm between the
opening and lid (Fig.4b). The minimum collection time for such a trap is 48 hours after installation. The biological
material was collected and conserved in 70% alcohol and studied in the laboratory. Traps were placed in such a
way that the collection surface of one does not intersect with another. Data obtained from identified species or
groups were quantified in species lists and primary ecological indices (numerical density, relative abundance)
were calculated. Previous experiments (Manole et al., 1994, 1996, 2002, 2011) indicated that the maximum
collection area of a single soil trap is a circle with the radius of 10 m around the trap. The quantification and
extrapolation of biodiversity at the surface unit was based on the equation that measures the surface of the
circle (πR2) which in this case was 314 m2. It is easy then that the data obtained is expressed in ha or at the
size of the experimental plot. After calculating the data and entering the tables, considering that all samples
were georeferentially monitored, they were analyzed using an ArcGis model that expresses the dynamics of the
useful and harmful fauna, or the dynamics of the specific fauna (i.e. in a single species) and later allows an
accurate knowledge of how it is distributed on the experimental surface. On the two experimental plots the
technological improvement differ were consist in the application of new agricultural work in the second
experimental plot and the results obtained will be registered and compared between them and with the control
plot. All data obtained (which is referred to total biodiversity) was analysed by ANOVA test – comparison of
samples media and Tukey's multiple comparisons test.

RESULTS
Effects of management schemes on overall arthropod communities
Local diversity reflects the average diversity within each plot field and was calculated using individual crop
fields as the sampling unit (Lichtenberg et al., 2016).Inventories of biological communities provide an important
dataset critical to informing researchers and producers on how current management practices support
biodiversity and its services (Goldstein, 2004).Total biodiversity recorded in the experimental variants (control
plot included) were extracted from the soil and identified and classified in orders and families taxonomically.

a
b
Fig.4 – The soil pitfall Barber Type for fauna under soil surface capture
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The mean values (±SEM) of soil arthropod diversity were calculated per fields but evenness had not yet
evaluated. The influence of modified technology was estimated on global diversity from the experimental field.
The structure of total biodiversity it differed quantitatively and qualitatively between the experimental plots and to
control plot. In the plot with standard technology (V1) the invertebrate biodiversity was present by 5 classes
(Fig.5): Annelida, Crustacea, Myriapoda, Arachnida and Insecta which was dominant (76% relative abundance,
RA).At the next taxonomic level 12 orders were recorded with the dominance of insects from Coleoptera order,
mainly predatory species were present (Fig.5).
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Fig.5 – Structure of fauna diversity in the standard plot (V1), RA
of main invertebrate classes (left) and the taxonimic orders (right)

Technology modification on sunflower sowed in strips brings an enhanced value of the insects species
component of the relative abundance (83%, RA) (fig.6) but the main changing appear in the structure of
taxonimic orders (high diversity, 15 orders).
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Fig. 6 – Structure of fauna diversity in the modified technology plot (V2), RA
of main invertebrate classes (left) and the taxonimic orders (right)

In the control plot the structure of biodiversity had dramatically reduced at the level of main groups but
also with dominance of insect species (Fig7) and also a corresponding decrease at the level orders.
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Fig.7 – Structure of fauna diversity in the control plot, RA
of main invertebrate classes (left) and the taxonimic orders (right)
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The influence of modified technology on the total biodiversity of sunflower was analysed and tested using
ANOVA test – comparison of media samples and Tukey's multiple comparisons test. The results of the
bioinventories of arthropod communities from sunflower experimental plots and the multiple comparisons
indicate that a modified element introduced in the standard technology had a major improvement of the fauna
diversity enhancing the presence of many useful species (Fig.8).The RA of arthropod comparison from the
experimental plots (mean±sem) indicated a significant increasing of total biodiversity in the experimental plot V2
against standard technology and plot control (Fig.8, Table 1).
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b io d iv e rs ity o f in v e r te b r a t e fa u n a fr o m s u n f lo w e r
(M E A N ± S E M )

40
N u m b e r o f s p e c ie s

V 1 - S t a n d a r d te c h n o lo g y
V 2 - M o d i f ie d t e c h n o l o g y

30

C o n tro l
20

10

ol
tr
on
C

2V

V

1-

S

M

ta

od

nd

if

ar

ie

d

d

te

te

ch

ch

no

no

lo

lo

gy

gy

0

Fig.8 – The influence of changing of technology upon level of
biodiversity from sunflower plots of Amzacea, Constanța county

Beyond of the biodiversity enhancing the technology of sunflower sowing in strips had a major
contribution to maintain of the soil moisture because of the remaining belts without plowing. The strips had also
a main role to create to arthropod species the refuge habitats and many opportunities to catching preys for
predatory species. The ANOVA statistical analyses show that the standard error (SE) indicate values of RA
averages significant bigger in the modified technology experimental plot (23.32±7.66) then in plots with standard
technology and control (Table 2). Significance of all influence of sowing sunflower in strips technology was
presented in the Table 3. Comparisons by multiple Tukey test shows that the experimental modified technology
had a very significant influence against both other experimental plots (V1, control) on the total biodiversity of
sunflower crops in the climatic conditions from Amzacea, Constanța county (Table 3).
Table 1
ANOVA test – comparison of media samples of arthropod from experimental plots
Variable
Coefficient
SE
P (95.00%)
V1- Standard technology vs. V2- Modified technology
-17.88
-21.9/-13.86
<0.0001
V1- Standard technology vs. Control
-5.28
-9.296/-1.264
0.0067
V2- Modified technology vs. Control
12.6
8.584/16.62
<0.0001

Table 2
ANOVA test – comparison of media samples of arthropod from experimental plots
Variable
Coefficient
SE
P(95.00%)
V1 - Standard technology
-17.88
5.44±2.97
<0.0001
V2 - Modified technology
-5.28
23.32±7.66
0.0067
V3 - Control
12.6
10.72±16
<0.0001

Table 3
Tukey's multiple comparisons test of significance of modified technology upon the total biodiversity of sunflower
experimental crop from Amzacea, Constanța county
Mean
Adjusted P
Variable
Diff.
Significant?
Summary
Value 95.00%
V1- Standard technology vs. V2- Modified technology
-17.88
Yes
****
<0.0001
V1- Standard technology vs. Control
-5.28
Yes
**
0.0067
V2- Modified technology vs. Control
12.6
Yes
****
<0.0001
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DISCUSSIONS
Global biodiversity is changing at an unprecedented rate as a complex response to several human-induced
changes in the global environment (Pimm et al., 1995; Vitousek, 1994; Sala et al., 2000). Change in biodiversity at
the biome level is understood as the changes in number and relative abundance of species that occur naturally in
that biome. Simplification of agricultural landscape, and increased use of fertilizers and pesticides, threaten
arthropod communities worldwide (Matson et al., 1997; Potts et al., 2016; Tscharntke et al., 2005). This could
impair agricultural sustainability because declines in arthropod abundance and diversity are often associated
with reduced provisioning of ecosystem services including pollination, pest control, and nutrient cycling (Kremen
and Miles, 2012; Oliver et al., 2015). Drought is the main environmental factor limiting sunflower plant growth in
a wide range of environments in Europe and worldwide. Sunflower, being a crop with medium water
requirements (Ky < 1), has the ability to tolerate a short period of drought, recover partially from stress and
exhibit less than proportional reductions in yield with reduced water use (García-Vila et al., 2012). By its high
capacity to extract water from the subsoil, the crop has access to deeper resources (Cabelguenne and
Debaeke, 1998). Its ability to regulate plant leaf area according to available water allows sunflower to control
future water loss. Varieties of sunflower have been shown to exhibit contrasting responses to drought (Virgona
et al., 1990; Pankovic et al., 1999). Sunflower genotypes may have conservative or productive stomatal
responses resulting in various patterns of water use (Casadebaig et al., 2008; Andrianasolo et al., 2016b). Plant
breeding is considered to be a substantial tool for adaptation strategies to climate change (Ceccarelli et al.,
2010). Breeding for new varieties better adapted to thermal shocks (heat, cold) and drought is often suggested
as the major long-term adaptation. The breeding strategies aim at improved water efficiency, improved drought
stress tolerance, and increased responsiveness to higher atmospheric [CO2] (Ceccarelli et al., 2010; Ziska et al.,
2012). However, prospective results of plant breeding are unforeseeable and the impact assessment strongly
depends on the assumptions made on breeding progress (Graß et al., 2015). Short-term strategies have been
identified from current practices to take advantage of more favorable growing conditions or to offset negative
impacts: shifting sowing dates, changing cultivars (earliness), revising soil management, fertilization, and plant
protection practices, introducing or expanding irrigation. Crop management still offers a range of opportunities to
cope with drought-prone conditions (Debaeke and Aboudrare, 2004). In northern parts, earlier sowing date in
spring was attempted with sometimes-unsuccessful results (Alline, 2009). Varieties adapted to early planting
with increased vigor should be selected to take advantage of this practice (Houmanat et al., 2016). Without
irrigation, the search and use of cultivars with lower base temperatures and shorter thermal times for
emergence will become of great importance. The compensation of reduced crop duration with increasing
temperature could be searched by using long cycle cultivars combined with early sowing date. Crop models
have been applied in given situations or at a regional scale to simulate impacts of climate change on yield as a
preliminary task for simulating possible adaptations. The technological element introduced into the sunflower
standard technology of sowing had many ways of beneficial and ecological improvement. One of the main is
that by such operations conducted whit the ELS 4 equipment the water and moisture of the soil is maintained in
the critical vegetation period of sunflower plants. The second is the increasing of the total biodiversity level
which, in agrosystems played an important role of ecological services. Internal regulation of function in
agrosystems is largely dependent on the level of plant and animal biodiversity present and performs a variety of
ecological services beyond the production of food, including recycling of nutrients, regulation of microclimate
and local hydrological processes, suppression of undesirable organisms and detoxification of noxious chemicals
(Altieri, 1999).The enhancing by using this kind of technological methods of the natural enemies populations to
control crop pests could provide significant societal benefits by reducing economic, environmental, and public
health costs (Pimentel et al., 1992; Eskenazi et al., 2007).Unlike the complex study of the effects of diversified
farming systems on arthropod diversity within fields and across agricultural landscapes (Lichtenberg et al.,
2016), we only assessed in the study to compare effects of farm management schemes on diversity and
abundance to determine in the first phase analyses for the overall arthropod community but not for each
functional group separately. Also, we did not assess in this first study the ecological parameters like local
richness and evenness of arthropod communities.
CONCLUSIONS
Romania is one of the largest growers and producer of sunflower seeds with around 843,600 ha
cultivated which means 9.6% from EU-28 total area with a constant growing of yield in % and the farmer’s
interest for cultivation of this plant is constantly increased.
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Sunflower is cultivated on larger surfaces in the south part of Romania and the climatic conditions in
this area are driest in almost of the period of the plants vegetation, therefore technological solutions are
sought to maintain soil moisture as long as there is no irrigated system.
The technological element introduced into the sunflower standard technology of sowing had many ways
of beneficial and ecological improvement. The sowing system of sunflower in strips using the ELS4 aggregate
had a positive influence on sunflower total biodiversity of arthropods and in the same time to maintain a soil
moisture longer then in standard technology application.
Comparisons by multiple Tukey test shows that the experimental modified technology had a very
significant influence against both other experimental plots (V1, control) on the total biodiversity of sunflower
crops in the climatic conditions from Amzacea, Constanța county. Further studies remain to be carried out
related to assess the local species richness and evenness of arthropod communities in sunflower crops under
the modified technology improvements.
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ABSTRACT
Over time, the Danube Delta coastline experienced variable dynamics since its shape is affected by
various factors. Coastline changes are caused by sediment erosion and depositing that have important
consequences for coastal ecosystems and coastal communities and monitoring these processes is very
important for navigation and coastal resource management. This paper presents the results of monitoring the
coastal morphological changes of the Danube distributaries river mouths in the Chilia – Bystroye area using
Remote Sensing data and GIS techniques.
REZUMAT
De-a lungul timpului, linia de țărm a Deltei Dunării a cunoscut procese dinamice variabile, deoarece forma
sa este afectată de diverși factori. Modificările țărmului sunt cauzate de eroziunea și depunerea sedimentelor
care au consecințe importante asupra ecosistemelor și comunităților costiere, iar monitorizarea acestor procese
este foarte importantă pentru navigație și gestionarea resurselor costiere. Această lucrare prezintă rezultatele
monitorizării modificărilor morfologice costiere ale gurilor de vărsare ale brațelor Dunării din zona Chilia Bâstroe folosind date de teledetecție și tehnici GIS.
INTRODUCTION
Remote sensing has become one of the most important methods used to acquire information on the
Earth's surface, quickly and directly. The remote sensing refers to the Earth surface processes and phenomena
recording from a distance, without having direct contact. The Remote sensing techniques covers a wide range
of domains like air quality assessment (Grigoraș G. et al, 2016), change detection in various environments
(Vizireanu I. et al, 2017), land and water monitoring (Constantin S. et al, 2016) and offer the unique possibility to
observe large areas, repeatedly, with difficult and sometimes restricted access (IOCCC, 2000).
The Chilia-Bystroye area is located in the Danube Delta at the Romania-Ukraine border. Chilia Branch
and Bystroye Branch are major river mouths of Danube River, one of the most important waterways within the
European navigation network (Fig.1). The present coastline configuration is the result of the long-term evolution
of this deltaic coast (Vespremeanu-Stroe A. et al, 2017). In the last 160 years, the shoreline evolution on
different sectors of the Danube Delta was dominated by either accumulation or erosion (Tătui F. et al, 2017).
Danube River’s branches contribute differently to the development of coastal areas, depending on the
proportion of liquid and solid discharge rates registered at their mouths (Constantin S. et al, 2017,
Vespremeanu-Stroe A. and Preoteasa L., 2015).
Rivers are the major sediment suppliers to continental shelves (Giskard A. et al, 2019). In the study area,
active morphological processes are taking place due to natural phenomena and anthropic interventions, like the
Ukrainian project implemented since 2004 that aims to carry out hydro-technical works on the Bystroye Canal,
in order to ensure its navigation access to the Black Sea and thus to remove the monopoly held by Romania
through Sulina branch. According to several papers from the specialty literature (Starodubstev V.M., 2013; Tătui
F. et al, 2017), effects of the hydro-technical works can be observed for the deltaic lobes forming the Danube
Delta, corresponding to the main branches.
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Fig.1 - The Chilia - Bystroye area location

The two main objective of the present paper are:
a) Analyse of the coastline evolution of Danube Delta in the Chilia-Bystroye area, highlighting the regions
with accumulation and erosion using Landsat satellite data from a long period of time.
b) Highlight the suspended solid distribution spatial patterns in the Chilia-Bystroye area, using Landsat
satellite data from a recent time interval.
MATERIAL AND METHOD
Landsat satellite images were selected, downloaded from GLOVIS (USGS portal) and then processed for
atmospheric correction using the ERDAS program. For a better analysis, satellite images with no cloud cover
were chosen (Table 1 and Table 2). For a visual comparison analysis, colour bands and infrared bands were
combined, thus obtaining “Natural Look” and “Infrared” images. Remote sensing data represents the only
approach available today that allows an overview of the shoreline evolution and of the turbidity dynamics over
large areas (Bondar C. et al, 2011; Constantin S. et al, 2016, Peng Li et al, 2019).
For the first type of analysis, the oldest valid image was chosen (1984-07), alongside with an image from
the Ukrainian hydro-technical works on the Bystroye Canal period (2004-07) and a recent image (2019-08). For
the second type of analysis, recent images were selected from a period of one year (from 2018-10 to 2019-09)
highlighting the suspended solid distribution spatial patterns, Landsat images being one of the most used
satellite data in order to analyse the sediment plume (Giskard A. et al, 2019).
Table 1
Landsat data used for the evolution of the river mouths analysis in the Chilia - Bystroye area (long time period)

Landsat satellite and sensor
Landsat 5 TM
Landsat 5 TM
Landsat 8 OLI

Acquisition date
1984-07
2004-07
2019-08

Cloud cover (%)
0
0
0
Table 2

Landsat data used for evolution of the river mouths analysis in the Chilia - Bystroye area (short time interval)

Landsat satellite and sensor
Landsat 8 OLI
Landsat 8 OLI
Landsat 8 OLI
Landsat 8 OLI
Landsat 8 OLI
Landsat 8 OLI

Acquisition date
2018-10
2019-03
2019-04
2019-06
2019-08
2019-09
947

Cloud cover (%)
0
0
0
0
0
0
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RESULTS
For the first paper objective, the results of the visual analysis showed that the accumulative processes in the
sea coast are present, near the river mouth, where water covered areas are transformed in land surface. Erosion
processes are present, but on smaller areas and usually on the other side of the river bank (Fig. 2). At the river mouth
of the Bystroye channel, the changes are most notable and there are mainly due to anthropic activities; the island that
formed after the anthropic activities was united with the shore line, thus extending the land surface.

Fig. 2 - Evolution of the river mouths analysis in the Chilia - Bystroye area for 1984 - 2019 period;
Natural Color composition (left) and Near Infrared (right).
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For the second objective, the results of the visual analysis highlighted two patterns for the distribution of
the suspended sediments in the Danube river mouth, and the areas with maximum degree of turbidity (Fig.3
and Fig.4). The turbidity regime in the coastal area, near of the river mouths is also influenced by other
factors besides Danube discharge rates, wind and marine currents having an important role in the dynamics
of suspended sediments.

Fig. 3 - Suspended solids distribution in the Danube Delta at the coastal part of the Black Sea;
Natural Color composition (left) and Near Infrared (right).
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The time series analysis of the Danube distributaries river plume patterns highlights that the plume
shape reacts really fast to wind conditions. The main direction of suspended sediments is from north to south,
parallel to the shore line. Another direction tends to the east mainly due to the wind stream move and
probably to the upwelling effect.

Fig. 4 - Suspended solids distribution in the Danube Delta at the coastal part of the Black Sea;
Natural Color composition (left) and Near Infrared (right).
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CONCLUSIONS
Landsat satellite data represents a very important source of information for coastal applications, mainly
due to their spatial resolution (30 m), accessibility and their ease to use. Comparison analysis between
satellite images of the Danube River mouths in the Black Sea highlight the shoreline evolution for 1984 - 2019
period and reveals the erosion and accumulation processes and the human impact on the Danube Delta
coastline.
From the images from 2018-2019 interval, a high degree of turbidity can be observed. In most scenes,
the structure of the turbidity fields has a whirling aspect, the main factors being the flow direction of the
Danube branches in the Black Sea but also the direction and intensity of the sea currents. The general
orientation of the plume is associated with the wind conditions and direction for each Landsat image
analyzed. The suspended sediments spatial distribution is influenced by the discharge rate of the Danube
River distributaries, wind and marine currents.
Time series analyse on remote sensing data strongly suggest that this method can be useful to explore
changes over long periods of time in areas without suitable in situ recorded data.
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ABSTRACT
Jerusalem artichoke (topinambur) is a technical plant that grows on almost any type of soil, not being very
demanding under conditions of soil, water etc. However, the qualities of tubers and implicitly of the products
obtained by their processing are influenced by the type of soil in which the Jerusalem Artichoke grown.
In this paper are analyzed some properties of the flour obtained from several types of Jerusalem Artichoke,
harvested from the sandy area (Dăbuleni), the Caracal plain and from the Ilfov area (Romania), respectively.
REZUMAT
Anghinarea de Ierusalim (topinamburul) este o plantă tehnică care creşte pe aproape orice tip de sol,
nefiind foarte pretenţios la condiţii de sol, apă etc. Totuși, calităţile tuberculilor şi implicit ale produselor obţinute
prin procesarea acestora sunt influenţate de tipul de sol în care topinamburul a fost cultivat.
În această lucrare sunt analizate câteva din proprietăţile făinei obţinută din mai multe tipuri de
topinambur, recoltat din zona nisipoasă (Dăbuleni), câmpia Caracalului, respectiv din zona Ilfov (România).
INTRODUCTION
The Jerusalem artichoke, like the potato, comes from Central America, being brought to Europe by
French immigrants from Canada. It has been used since the 19th century as one of the main crop plants for food
and fodder. Today, the plant is grown on almost all continents, the main crops being found in North America,
Russia, Australia and Asia, except in Europe.
Like the potato, the Jerusalem artichoke’s underground tubers are used, and the underground stem of the
plant is a rhizome. Potato-like tubers are formed on the root branches, which are used in food or especially for
animal feed.
The chemical composition of the tubers clearly shows their nutritional value: over 22 % high content in dry
substances, 1.6 % proteins, 0.2 % fats, 1.1 % cellulose, 0.95 % mineral salts, non-aqueous extractive
substances in the form of inulin, sucrose, levulin and starch 18.43 %, which makes the topinambur a feared rival
of sugar beet. At the same time, topinambur tubers are successfully used in the spirit industry. From 100 kg
tubers of topinambur are obtained about 7-10 liters alcohol and about 60 kg marc.

Fig. 1. Jerusalem artichoke crop and tubers

The use of Jerusalem artichoke (Helianthus tuberosus) has been studied by many researchers around the
world as a potential energy source (Cepl, 2012; Wieczorek, 1988), an energy plant from which biofuels can be
obtained (Kerckhoffs, 2013; Duke, 1983; Coulman, 2013; Swanton, 1994; Huxley, 1992), in terms of content of
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sugars and fructo-oligosaccharides in stems and tubers (Slimestad, 2010; Swanton, 1994), as medicinal saltresistant plant with high adaptability and multiple-use values (Ma, 2011; Swanton, 1994), in terms of its
bioactive constituents (Pan, 2009), or as feedstock for non-food production (Cepl, 2012).
Other studies present the influences of different water regimes on Jerusalem artichoke properties (Monti,
2005), past and recent applications of a classical growth model (Tassoni, 2010). Kays (2007) studied the
biology and chemistry of Jerusalem artichoke, general aspects on Jerusalem artichoke (Lindsayjean, 2013;
Grassi, 1989), and its productivity and fermentability (Chabbert, 1983).
Analyzing biomass resources for a sustainable future (Zhang, 2010) and the possibilities of use correlated
with biofuels production, food security and the environment (Naylor, 2007), the Jerusalem artichoke emerged as
an agricultural crop (Kosarik, 1984) with major energy potential for bioenergy production (Li, 2010).
In Romania, different researches were carried out regarding the possibilities to valorize the Jerusalem
artichoke under the national cultivation conditions (Popescu, 2014), quality and safety of dry white topinambur
(Helianthus Tuberosus) as feedstock for functional foods and pharmaceutical products (Popescu, 2016a),
respectively freshly harvested, as source of raw material for functional foods and pharmaceutical products
(Popescu, 2016b).
Other studies were focused on the variability of some morphological characteristics to the Jerusalem
artichoke crop under the conditions of the ards Caracal (Matei, 2018) and new equipment and installations for
planting the Jerusalem artichoke (Vlăduţ, 2018) respectively for its washing (Olan, 2019).
MATERIALS AND METHODS
The raw materials are conditioned to obtain cheap functional ingredients, concentrated in proteins, amino
acids, minerals and fibers, which can be used to obtain foods that have a beneficial role on health, due to a
synergy between the nutrient density contained and the presence of food fibers with proven benefits in
regulating cholesterol, regulating intestinal transit, increasing satiety and weight management, improving
glucose tolerance and insulin response, reducing hyperlipidemia, high blood pressure and risk factors for
coronary heart disease, reducing risk of coronary heart disease, reducing risk development of some cancers.
Jerusalem artichoke flour resulting from the processing of tubers can be used to create food
supplements enriched with natural antioxidants, which will help to normalize lipid and carbohydrate metabolism,
respectively to maintain the intestinal flora under optimal conditions. The obtained dietary supplement
contributes both to the secretion of gastric juices and to the increase of the capacity of contracting the intestinal
walls to improve the liver function.
In order to condition the raw materials to obtain functional ingredients, the technological conditioning
process requires the following equipment:
• Dehydration plant, CE-0 (Fig. 2), that performs the drying of the Jerusalem artichoke tubers, cut into thin
slices, the drying temperature can be adjusted, depending on the quality requirements, respectively on the
physical characteristics of the product (Jerusalem artichoke tubers).

Fig. 2. Dehydration plant of chopped Jerusalem artichoke tubers
a) front view; b) rear view; c) inside view
1 - assembly drying chamber; 2 - drawer support; 3, 4 - drawers; 5 - air recirculation system; 6 - electrical and automation system
•

Mill for fine grinding of dry food, MMC (Fig. 3) is intended for the grinding of food products in the dry state,
such as cereals (rice, wheat, etc.) and vegetables and dried fruits, previously dried, in order to obtain flour of
different granulations. The grain size of the obtained flour varies depending on the diameter of sieve holes.
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Fig. 3. Mill for fine grinding of dry food products

RESULTS
Before beginning the preparation of Jerusalem artichoke tubers from different varieties grown in different
areas of the country, the tubers were thoroughly washed with pressurized water to remove the soil and other
impurities, and then the water was allowed to drain (the Jerusalem artichoke was washed on the sieves with
cylindrical holes) (Fig. 4).

Fig. 4. Washing of Jerusalem artichoke tubers with pressurized water

In the experiments regarding the primary preparation of the Jerusalem artichoke tubers for the aim of
capitalizing them as flour, 13 Jerusalem artichoke samples were used (Table 1).
Table 1
Jerusalem artichoke used for experiments
Sample
Area of
no.
cultivation

Jerusalem artichoke variety

Sample Area of
no.
cultivation

Jerusalem artichoke variety

1

C.C.D.C.P.
Dăbuleni

Dăbuleni

8

SCDA
Secuieni

Small Dacic

2

C.C.D.C.P.
Dăbuleni

Rareș

9

SCDA
Secuieni

Olimp

3

C.C.D.C.P.
Dăbuleni

Dacic

10

SCDA
Secuieni

Rareș
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4

University of
Dăbuleni
Craiova

5

University of
Craiova

6

University of
Craiova

Dacic

7

University of
Craiova

Olimp

11

SCDA
Secuieni

Dăbuleni
Population

12

INMA
Bucharest

Dacic

13

INMA
Bucharest

Olimp

Rustic

Amounts of material per dry sample
For each sample subjected to drying, the amounts of material presented in Table 2 were used.
Table 2
Jerusalem artichoke used for experiments
Sample Sample
no.
weight [kg]

Sample Sample
no. weight [kg]

Jerusalem artichoke variety

1

2.44

Dăbuleni

8

4.98

Small Dacic

2

6.52

Rareș

9

4.96

Olimp

3

5.96

Dacic

10

4.68

Rareș

4

3.18

Dăbuleni
Population

11

4.8

Dăbuleni
Population

12

1.66

Olimp

13

2.38

Dacic

5

oC

Jerusalem artichoke variety

3.57

Rustic

6

3.58

Dacic

7

4.12

Olimp

During the experiments, for each sample were monitored the drying time of the samples in the oven at 40
(Fig. 5) and the difference in weight between the samples before and after drying.
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Fig. 5. Conditioning of Jerusalem artichoke samples by drying

CONCLUSIONS
Jerusalem artichoke is a plant with potential, insufficiently exploited in Romania, both from an energy
point of view but especially in the food and pharmaceutical industry and not least in the animal feed. Being an
unpretentious plant, this can be a solution for agriculture (and for industry), especially in the context of current
climate change where rainfall decreases yearly, concurrently with long periods of drought.
In certain situations, this plant can be classified as the classical technical plants, such as potato and soy
that are used for humans and animals food. The diference is that the Jerusalem artichoke is more resistant to
vitreous conditions, it gives higher yields per hectare (almost double than potato), its impact on human and
animal health is better and the artichoke stems can be used to obtain solid biofuels (pellets or briquettes).
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ABSTRACT
For the elaboration of the case study in order to obtain the Jerusalem artichoke flour, 3 experimental fields with
rigorous experiments were placed, in different pedoclimatic conditions. At S.C.D.A. Caracal, the location of the
experiments was done on an argic chernozem, in which the granulometric composition showed that the soil falls
into the group of fine textures, the soil being medium loam - clayey, at S.C.D.A. Secuieni they were located on a
typical phaeozem (chernozem) cambic soil type, and at S.C.D.C.P.N. Dăbuleni, on a sandy soil, characterized
as low in nitrogen (0.05 - 0.11%) and organic carbon (0.20% - 0.63%).
REZUMAT
Pentru elaborarea studiului de caz in vederea obtinerii fainei de topinambur, au fost amplasate 3 câmpuri
experimentale cu experiențe riguroase, în condiții pedoclimatice diferite, la S.C.D.A. Caracal, unde amplasarea
experiențelor s-a făcut pe un cernoziom argic, la care compoziţia granulometrică a evidențiat că solul se
încadrează în grupa texturilor fine, solul fiind lut - argilos mediu, la S.C.D.A. Secuieni a fost amplasat pe un tip
de sol faeoziom (cernoziom) cambic tipic, iar la S.C.D.C.P.N. Dăbuleni, pe un sol nisipos, caracterizat ca fiind
redus aprovizionat în azot (0,05 - 0,11 %) și catbon organic (0,20% - 0,63%,).

INTRODUCTION
Jerusalem artichoke is a very rustic plant, without special demands with respect to soil and very well
adapted to temperate climate conditions. It exploits well all types of soil, even very poor ones, except those with
excess moisture. It is very resistant to winter and prolonged frosts and also withstands excessive drought well. It
is a species particularly favourable to organic farming in our area, being able to achieve very good productions
without any special intervention. The main causes that limit the spread of this species in the culture are the very
long vegetation period and the heavy cleaning of the soil of the non-uniform tubers. (Ambăruş, 2011).
Jerusalem artichoke ( Helianthus tuberosus L.) is a perennial tuberous plant rich in inulin and is a
potential energy crop (Zu-xinliu, 2011).
Jerusalem artichoke is also easily grown in coastal and semiarid areas because of its high drought and
salinity tolerance (Long, 2010). As a major component of global biodiversity, soil microorganisms play pivotal
roles in terrestrial ecosystem processes, including soil formation, carbon and nitrogen cycling, and plant nutrient
acquisition (Bardgett, 2014, Wagg, 2014).
Jerusalem artichoke is a plant native to North America. It has a number of advantageous characteristics
over traditionally agricultural crops, including high growth rate, good tolerance to frost, drought and poor soil,
strong resistance to pests and plant diseases, with minimal to zero fertilizer requirements ( Duke,1983,
Slimestad, 2010).
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Fig. 1. Flowering of Jerusalem artichoke

Fig. 2. Jerusalem artichoke (Helianthus tuberosus)

Jerusalem artichoke (Helianthus tuberosus) is a perennial plant which consists of a stem about 1–3 m
tall, small yellow flowers, hairy oval shaped leaves and an underground rhizome system which bears small
tubers. It is an angiosperm plant species of the Compositae family, which is commonly referred to as the
sunflower or daisy family (Duke,1983; Monti, 2005; Tassoni, 2010; Kays, 2007).
Jerusalem artichoke is an excellent livestock feed, which also serves multiple ecological functions. It
shows significant ecological and commercial importance for its strong stress tolerance, very high yield potential
and utilisation as biofuel (Liu et al.)
Multiple applications of Jerusalem artichoke are illustrated in Figure 3. These diverse applications along
with low-cost of plantation render Jerusalem artichoke a promising biomass for the development of a
bioeconomy (Quan 2015).

Fig. 3. Multiple applications of Jerusalem artichoke (Quan 2015)

The plant growth characteristics are spatially variable due to inherent variability in soil properties and
other parameters of the landscape. In the study, the plot size in the field had a length of 670 m (south-north
direction), and a width of 70 m. The stem height and diameter were measured in October, and tuber yield was
evaluated in December 2012. The salt content of 0-5, 5-10 and 10-20 cm depth of soil was measured. The
morphological characteristics and normal distribution test were analysed by descriptive statistics using Matlab.
The collaborative kriging interpolation and the distribution of spatial heterogeneity of related parameters were
analysed using GS+ software. Soil salt content increased with increasing soil depth. At the same soil depth, the
salt content was higher in the north than in the south part. The root fresh weight, tuber number, stem height and
diameter of Jerusalem artichoke were relatively larger in the north than in the south. The distributions of tuber
fresh weight and tuber number in space were similar. The Pearson correlation coefficient between tuber fresh
weight and tuber number was up to 0.70. Jerusalem artichoke's morphological characteristics were directly
related to soil salt content. Inherent variability of position and soil properties could strongly influence the
morphological characteristics of Jerusalem artichoke (Xiao, 2014).
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Owing to its high tolerance to drought and salinity, it is grown in coastal and semiarid areas (Long, 2010).
However, its tuber yield and quality are reduced in continuously monocropped system (Chi, 2009,) due to soil
sickness (Zhou, 2012).
Soil microorganisms are responsible for the key processes associated with soil fertility and plant health,
hence, greatly influence the functioning of terrestrial ecosystems (Jousset, 2014; Van der Heijden, 2008). The
changes in soil microbial communities may alter functions of community which may have feedback effect on
plant health (Bever, 2012). The use of Jerusalem artichoke (JA) (Helianthus tuberosus) for food, fuel production
and industrial products has increased significantly. This crop has high tuber yield, grows well in poor soils, and
is resistant to cold temperature, pests, and diseases (Wahyono, 2016).
The tuber of JA is a good source of inulin, with its content ranging from 7–30% of fresh weight (Kays and
Nottingham, 2008). In dry tubers, the inulin content ranges from 75–85% and its degree of polymerization is 6–14
(Gunnarsson, 2014).
In the Russian Federation, due to the variety of conditions for growing tubers, it is important to increase the
yield and completeness of the harvest in difficult and extreme conditions of harvesting. The technology, stable in
critical weather conditions, based on the cultivation of food potatoes and Jerusalem artichoke of high quality, was
developed by specialists of the all-Russian research Institute of potato farming named after Lorkh. Its main
elements include growing tubers on broad ridges (110+30) and (120+30) cm. This placement of plants, both on
loam and sandy loam provides retention of more moisture in dry periods, and more uniform maintenance of
optimal moisture in the event of a significant amount of precipitation. Data on changes in soil moisture show that
the value of this index is possible to exert a certain influence through a variety of agrotechnical methods. The
difference in soil temperature during hot periods depends on the row spacing: in the variant (110+30) cm it was
0.6 ... 0.8 degrees C lower than with the row spacing of 70 cm. On average, for 3 years, the average temperature
in the ridges (120 + 30) cm was 0.5 degrees C less than in 75 cm ridges. Thus, changing the parameters of the
ridge can affect the temperature of the soil in the zone of the tuber nest (Starovoitova, 2019).
The soil for Jerusalem artichoke must be well drained, with moderate fertility and a pH of 5.8 - 6.7, rich in
humus and calcium, heavy or clay soil deforms the roots. The plant is a little pretentious to the soil.
The Romanian market is not developed for Jerusalem artichoke. It can also be used successfully to make
protective curtains to protect more sensitive crops or to prevent evaporation of moisture from the soil due to the
large stems, which in some varieties exceed 3 meters in height. They can also be used to produce pellets. Today, in
many countries around the world, Jerusalem artichoke is processed into syrup and alcohol. In Switzerland,
Jerusalem artichoke dishes are considered a delicacy, and Romanian processors have followed suit.
MATERIALS AND METHODS
The S.C.D.A. Caracal soil reaction is neutral to weak-alkaline (pH in water is 7.6). The sum of the
exchangeable bases is medium (25.60 me%), the hydrolytic acidity (Ah has the value of 2.04 me%) being small
and V% registers the value of 92.62% which increases gradually, in the following horizons. The depth of the
groundwater is 8-9 m (tab 1).
Table 1 Influence of soil types for obtaining Jerusalem artichoke flour
The first type of soil:
The second type of soil:
The third type of soil:
Argic chernozem soil
Faeoziom soil
Sandy soil
At SCDA Caracal, the location of At SCDA Secuieni, the At SCDCPN Dăbuleni, the experimental
the experiments was made on an experimental field was located field was located on a sandy soil,
argic chernozem, in which the
on the second terrace of Siret, characterized as low in nitrogen (0.05
granulometric composition showed
- 0.11%) and organic carbon (0.20% on a typical cambic phaeozem
that the soil falls into the group of
0.63%). The extractable phosphorus
(chernozem)
soil
type,
fine textures, the soil being medium
showed values between 54 ppm and
characterized as normally
loam - clayey. In the arable layer,
110 ppm, values that characterize the
supplied
with
mobile
the humus content is small to
soil as being well supplied with
medium (3.18%), poorly supplied phosphorus (P2O5 - 39 ppm), phosphorus, and the exchangeable
with nitrogen (0.130% N total), and mobile potassium (K2O - potassium content was between 26
medium to good with phosphorus 161 ppm), moderately supplied ppm and 64 ppm, which indicates a
(43.6 ppm mobile P) and well to with nitrogen (soil nitrogen low to medium supply state. The pH of
very well supplied with potassium index: 2.1), weakly acidic (pH: the soil ranged from 4.64 to 5.63,
(233.7 ppm mobile K) and the 6.29) and poorly fertile (humus showing a moderately strong to
content 2.3%).
value of the C:N ratio is 16.53.
weakly acidic reaction.
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The paedogenetic factors that contributed to the formation of soil cover in Oltenia, among which we can
mention the most important: climate, relief, lithological composition of the parent material, vegetation, fauna,
groundwater and stagnant water, time factor and anthropogenic influence, made the territory of this province to
be a wide variety of soils.
According to the Romanian Soil Taxonomy System - SRTS (N. Florea and I. Munteanu, 2003), they
belong to 12 soil classes respectively: protisols, cernisols, umbrisols, cambisols, luvisols, spodosols, pelisols,
andisols, hydrisols, salsodisols, histisols and anthrisols.
The granulometric composition showed that the soil falls into the group of fine textures, the soil being
clay - medium clay. The clay content is between 35.1 - 43.5%, the dust content between 22.8 - 26.9%, and the
fine and coarse sand content between 33.7 - 39.1%. Compaction is maintained in depth; the degree of
compaction is maintained in the moderately compacted range up to a depth of 75 cm. In the Bt2 horizon, the
settlement degree had an average value of 8% indicating a poorly compacted state of looseness.
The soil reaction is moderately acidic in the A horizon (0 - 20 cm) moving slightly in the weakly acid
range from the Am horizon. The pH values evolved from 5.7 in the A horizon to 6.6 in the Bt2 horizon. The
humus content is low, but what is not unimportant and it should be noted is that it is quite uniform in the first 45
cm of the soil profile, the numerical values being between 2.9 ... 2.5%. The total nitrogen content in the first 45
cm shows numerical values that are found at the lower limit of the middle supply range.
The mobile phosphorus content determined in the A horizon is located in the middle supply range but in
the I horizon the value of the mobile phosphorus content decreases drastically (8 mg / kg) indicating a reduced
supply of this nutrient.
The mobile potassium content determined in the A horizon (210 mg • kg-1) is high, its numerical values
highlighting the corresponding accumulation and supply. The physico-chemical properties (although below the
level of the cambic chernozem) are relatively good and together with the favourable pluviometric regime make
the argic chernozem a soil suitable for all uses (field crops, vegetables, vineyards, trees). During dry periods,
irrigation is necessary, organic and mineral fertilizers bring significant increases in yield.
In the Russian Federation, researches of soil parameters in the cultivation of potato tubers and
Jerusalem artichoke was carried out in 2002-2004 in Lorch Potato Research Institute of the Moscow region on
sod-podzolic medium loamy soil. At the depth of the arable horizon, the soil is characterized by the following
agrochemical indicators of the arable horizon: humus content by the method of Tyurin (OST 4647-76) was
2.49%; mobile phosphorus by Kirsanov was 372-551 mg/kg; exchange potassium by Kirsanov was 122-259
mg/kg; pH (KCl) was 5.63; hydrolytic acidity was 3.43 mg-EQ; maximum field moisture content of the soil (PPV)
was 22.5%. Also, in 2015-2017 on the basis of the experimental Lorch Potato Research Institute in Korenevo
(Lyuberetskiy district, Moscow region) on sod-podzolic sandy loam soil. At a depth of arable horizon soil was
characterized by the following agrochemical indices: the sum of exchange bases was 1.5...2.4 mg-EQ/100 g;
the content of humus according to Tyurin method (Government Standard (further named as GOST) 26213-91)
was 1,99%; mobile phosphorus according to Kirsanov (GOST 26207-91) was 380-653m/kg, exchange
potassium by Kirsanov (GOST 26207- 91) was 380-653 mg/kg, exchange potassium by Kirsanov (GOST 620791) was 223 is 25 mg/kg; pH X, Alyosha (GOST 26483-85) was 5.04; hydrolytic acidity (GOST 26412-91) was
3.46 mg-equiv.; maximum field moisture capacity of soil (PPV) – 13.3% (Starovoitova, 2019).
During a three year period (2007, 2008 and 2009), field and laboratory trials were carried out with
tubers of Helianthus tuberosus L., produced on a few localities in the District of South Banat, differing in soil
type: humogley at locality L1 Ivanovo 1 (N 44° 70′ 13′′, E 20° 72′ 09′′); alluvium at locality L2 Ivanovo 2 (N 44°
73′ 19′′, E 20° 70′ 13′′); and chernozem on loess at locality L3 Starčevo (N 44° 81′ 06′′, E 20° 69′ 84′′) (Filipović, 2016).
In Serbia the chemical analysis of the soil presented in Table 2, was performed with the use of following
methods, pH soil reaction – by Potentiometric method; Carbonate content (CaCO3) – by Scheibler’s Volumetric
method; Humus content – by Tjurin’s method; Total Nitrogen (N) – by Kjeldahl’s method; Available potassium
(K2O) – by Al-method according to Egner-Riehm; Available phosphorus (P2O5) – by Al-method according to
Egner-Riehm. In terms of chemical soil properties, there were similarities and differences in individual
characteristics between the studied localities. Soil reaction (pH in KCl) is alkaline, not significantly differing
between the localities (Table 1- Filipović, 2016).
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Table 2
Chemical characteristics of plough layer (0–25 cm) of the soils on which the trials were conducted
Available
Soil type
pH
CaCO3
Humus
Total N
mg/100 g soil
Year
(KCl)
%
%
%
P2O5
K2O
Humoglay
2007
7.32
5.16
3.27
0.206
18.4
22.2
2009
7.08
5.98
3.25
0.203
13.4
27.8
2007
7.56
11.13
1.62
0.109
11.9
13.7
Alluvium
2009
7.27
13.62
2.12
0.138
17.4
15.2
2007
7.18
3.29
3.13
0.189
33.4
38.9
Chernozem
2009
7.33
3.01
3.45
0.201
28.7
33.5

RESULTS
The experimental results on the evaluation of the mineral content of the flour mixture samples showed
that, as the percentage of Jerusalem artichoke flour increases, the mineral content of the flour mixtures
increases. Thus, the potassium content increased from 182.34% to 597.89%, the calcium content increased
from 43.81% to 62.50%, and the magnesium content increased from 43.50% to 56 70%.
Significantly increasing the potassium content of experimental samples, along with increasing the
percentage of Jerusalem artichoke tuber flour is important because potassium is a necessary mineral in the
human body because it is part of the electrolytes absolutely necessary for the functioning of all organs in the
body. In addition to other functions, it influences the osmotic balance between cells and interstitial fluid and is
important in the functioning of neurons.
From a microbiological point of view, the experimental samples of croquettes obtained at laboratory level
are within the admissibility limits of the regulations in force. Through the correlations between the data obtained
from the physico-chemical and sensory determinations, it was established that the optimal variant of the
croquette product is the one with the addition of 10% Jerusalem artichoke tuber flour.

Fig. 4. Establishing technological parameters with high efficiency in
the culture of Jerusalem artichoke, SCDA Secuieni

Several variants of croquettes were made from wheat flour with the addition of 5% (P1), 10% (P2) and
15% Jerusalem artichoke tuber flour (P3). The manufacturing recipe used in the experimental research to obtain
the croquette samples was: 1.00 kg of flour mixtures, 0.200 kg of butter, 0.350 kg of Telemea cheese, 5 g of
baking yeast, kneading 2 minutes slowly and 8 minutes fast, with a Diosna mixer, fermentation for 30 minutes in
a fermenter with controlled atmosphere (300 C, relative humidity 70%); portioning into pieces; baking in the
oven on the hearth, for 35 minutes, at 1800 C, with steam treatment, in the first 10 seconds; cooling to room
temperature.
Analysis of the nutritional composition of croquette samples obtained from mixtures of white wheat flour
with the addition of Jerusalem artichoke flour revealed that the addition of Jerusalem artichoke tuber flour
resulted in a significant increase in the inulin content of the proportionate flour mixture. The total fibre content
improves from 1.8% s.u. of the wheat flour sample, up to 16% s.u., the content of sample P3 - 75% wheat flour
+ 15% Jerusalem artichoke flour.
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The high inulin content of Jerusalem artichoke flour (~ 56%) causes an enrichment of wheat flour in this
ingredient with a functional role. Also, the ash content increased from 0.55% to 1.29% s.u., which indicates an
increase in the mineral content of the flour mixture.
As all variants of flour mixtures had a content of more than 3 g of total fibre per 100 g of flour, the
nutritional mention of "fibre source" can be allowed and they contain more than 40% more fibre than wheat flour,
so that the notion of natural "high fibre" nutrition is allowed. The same statement may be made in case of inulin
content.
Agronomic investigations on the cultivation of Jerusalem artichoke has shown this crop to have a
significant advantage over other ones with respect to biomass yield not only in fertile areas, but especially on
marginal, i.e. sandy soils. In a number of experimental trials, an average fresh tuber yield of 40–80 t ha−1
together with an above-ground dry matter yield of 4 to 24 t ha−1 was recorded. Cultivar differences, a.o.
regarding tuber yield, indicate possibilities of further improvement by plant breeding. Furthermore, yields could
be increased by more adequate growing practices.(Pejin, 1993)
In the Russian Federation, Soil moisture during the growing season is largely due to the amount and
distribution of precipitation [Lorh, 1948, Pisatev, 1990, Mackerron, 2004]. The vegetation period of 2002 was
characterized by very rare precipitation, much less than the average annual. Soil moisture was low (figure 1).
Before harvesting the control (the row spacing was 70 cm) it reached a critical value of 43.6% PPV, in the ridges
it was 44.6%. Necessary for the optimal development of plants, the value of this indicator was noted only in May
in the ridges.(Starovoitova, 2019)

Fig. 1. Soil moisture in the zone of the tuber nest (%of PPV) depending on
the row spacing, average values (Starovoitova, 2019)

Studies in Siberia show that the physical and chemical characteristics of the soil exhibited a significant
effect on the productivity and quality of Jerusalem artichoke tubers. The high content of clay in the humogley
soil caused a shallower tuber development, a reduced length and weight of the tubers, as well as a lower yield
along with the increase in the number of small tubers per plant. On the chernozem, due to favourable texture
and chemical characteristics, the depth of development is the greatest, Jerusalem artichoke tubers are the
largest and the maximum weight per single tuber, with a high content of K and P. On this soil, the best quality
Jerusalem artichoke tubers were obtained from the standpoint of human and domestic animal nutrition. The
sugar content in tubers was the lowest on heavy homogleyed soil and the highest on chernozem. Jerusalem
artichoke tubers grown on the alluvium, were by the productive and qualitative parameters among the worst ones
grown on humogley, and the best ones grown on chernozem (Filipović, 2016).
CONCLUSIONS
The physical and chemical characteristics of the soil exhibited a significant effect on the productivity and
quality of Jerusalem artichoke tubers. Argic chernozem soil (medium loam-clayey) was very well supplied with
potassium (233.7 ppm mobile K) and the C:N ratio is 16.53, phaeozem soil (chernozem) a former normally
supplied with mobile phosphorus (P2O5 - 39 ppm), and mobile potassium (K2O - 161 ppm), and the pH of the
sandy soil for the care of the placed experiments, oscillated a lot between 4.64 and 5.63 values that can be
taken care of to reach a moderate solution.
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The agglutinative product of sorghum flour cookies obtained the score "8" in the sensory analysis by the
"acceptance test method", i.e. "I really like it". The nutritional composition of the optimal version of the croquette
product (with the addition of 10% Jerusalem artichoke tuber flour) revealed that this product is rich in minerals
with functional potential and is a "source of fibre", according to Regulation 1924/2006.
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ABSTRACT
Taking into account the power and working capacity of grain combine harvesters currently produced on
the market by the world's largest producers, they can be classified into 4 major categories: small, medium, large
and very large capacities. The choice of an optimal combine, depending on the working capacity, must take into
account the main characteristics of the combine: supply flow corresponding to a total loss of max. 2.5 %,
working width (m), threshing width (m), shaker surface (m2), cleaning surface (m2), hopper volume (l), cabin air
conditioning, cost (Euro), engine power (HP), mass without header (kg) and fuel consumption (l/t). These
characteristics influence both the price and the working capacity, but especially the efficiency of the combine. In
this paper, a case study was conducted on how a farmer can purchase the best combine harvester for grains /
technical plants, taking into account its available area, so that in operation to have costs as small as possible to
the maximum productivity of the combine.
REZUMAT
Ţinând cont de puterea şi capacitatea de lucru a combinelor de recoltat cereale produse în momentul de
faţă pe piaţă de către cei mai importanţi producători mondiali, acestea se pot clasifica în 4 mari categorii: de
capacităţi mici, medii, mari şi foarte mari. Alegerea unei combine optime, în funcţie de capacitatea de lucru,
trebuie să ţină cont de principalele caracteristici ale combinei: debitul de alimentare corespunzător unor pierderi
totale de max. 2,5 %, lăţimea de lucru (m), lăţimea bătătorului (m), suprafaţa scuturătorului (m2), suprafaţa de
curăţire (m2), volumul buncărului (l), climatizarea din cabină, costul (Euro), puterea motorului (CP), masa fără
heder (kg) şi consum de combustibil (l/t). Aceste caracteristici influenţează atât preţul cât şi capacitatea de
lucru, dar mai ales randamentul combinei. În lucrarea de faţă s-a realizat un studiu de caz privind modul în care
un fermier poate să-şi achiziţioneze cea mai bună combină de recoltat cereale / plante tehnice, luând în
considerare suprafaţa de care acesta dispune, astfel încât în exploatare să aibă costuri cât mai mici la
productivitatea maximă a combinei.
INTRODUCTION
The optimization of the specific works for grain harvesting can only be achieved by establishing and
choosing the correct type of combine to work with, depending on the area’s structure and property currently
existing in Romania. Given that the vast majority of areas are privately owned and taking into account the latest
statistics in Romania (National Institute of Statistics, 2010), the structure of agricultural areas, arable (because
grain harvesters can be used only for harvesting straw grains and maize grown on arable land), is presented in
Table 1.
Analyzing the data in Table 1, it can be noticed that:
- agricultural areas in the form of family gardens cannot be taken into account as they do not represent
arable land and therefore cannot be cultivated with grains;
- agricultural areas between: less than 0.1 ha and 0.3÷0.5 ha, also cannot be taken into account as they
cannot be cultivated to allow a normal mechanization of the working processes (it does not justify), much less of
the process of grain harvesting with combine;
- as shown in the Table, suggestive by colors: red - inadequate for the harvesting process with combine,
respectively green - suitable for combine harvesting (pale green, at first for small areas, the green color
becoming stronger with increasing surface size), combine harvesting can be done starting from the group of
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areas between 0.5÷1 ha, up to 2÷5 ha, but not having a high productivity because nowadays there are very few
models of self-propelled combines with powers less than 120 HP, their capacity being oversized for harvesting
on areas between: 0.5÷2 ha; for these surfaces it is recommended to use towed combines, with working widths
between: 2÷3 m;
- the mechanization of agricultural processes can be done for agricultural areas starting from 2÷5 ha (at
the limit) to large agricultural holdings of over 100 ha reaching 50000 ha and even more.
Table 1 [3]
Agricultural holdings, by categories of use and size classes of the areas used
Size classes of agricultural area
[ha]

Arable land
[no. of holdings]

Total
< 0.1
0.1÷0.3
0.3÷0.5
0.5÷1
1÷2
2÷5
5÷10
10÷20
20÷30
30÷50
50÷100
peste 100

3.158.890
30.030
266.117
241.623
560.228
746.430
929.273
290.949
67.299
9.167
6.187
4.295
7.292

Family gardens
[no. of holdings]
2.687.519
249.537
385.685
180.734
394.502
529.406
673.049
211.030
49.087
6.418
4.284
2.330
1.457

Table 2
Agricultural holdings, by categories of use and size classes of the areas used, for which the
mechanization of agricultural processes (including grain harvesting) is suitable
Size classes of agricultural area [ha]
0.5÷1*)
1÷2*)
2÷5
5÷10
10÷20
20÷30
30÷50
50÷100
peste 100
*) suitable only for harvesting with trailed combines!

Arable land [no. of holdings]
560.228
746.430
929.273
290.949
67.299
9.167
6.187
4.295
7.292

Similar researches on the evolution of grain combine harvesters and trends in optimizing threshing
machines were conducted by Gângu et al. (2018), Isaac et al., (2006), Vlăduţ and Biriş (2014), of combine
energy (Ştefănoiu et al., 2012), respectively their testing in order to determine the qualitative working indices
(Vlăduţ et al., 2012).
MATERIALS AND METHODS
Taking into account the power and working capacity of the grain harvesters currently found on the market,
produced by the world's leading producers: JOHN DEERE, CNH Group (CASE & NEW HOLLAND), AGCO
Group (Laverda, Massey Ferguson, Fendt, Gleaner, Challenger), CLAAS, SAME DEUTZ-FAHR group (DeutzFahr and DON ROQUE), SAMPO, the combines can be classified into 4 major categories:
A) grain combine harvesters of small capacities:
> 125 HP;
B) grain combine harvesters of medium capacities:
126-225 HP;
C) grain combine harvesters of large capacities:
226-350 HP;
D) grain combine harvesters of very large capacities:
> 350 HP.
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Choosing of an optimal combine, depending on the surface structure must take into account:
• the available agricultural area (which will be cultivated with grains);
• combine capacity (which is chosen depending on the surface);
• combine characteristics: power, working width, treshing width / diameter, shaking surface, cleaning
surface, hopper volume, mass, price, fuel consumption, degree of automation, etc.
Having these data and characteristics, using the utility matrix, one can identify the combine, with the best
quality / efficiency ratio from the set of models currently existing on the market.
RESULTS
The optimization of the specific works of grain harvesting only can be achieved by establishing and
choosing the correct type of combine to work with, depending on the surface structure currently existing in
Romania and taking into account the latest statistical data (National Institute of Statistics, 2010), existing in
Romania. The current structure of agricultural areas, arable, is distributed as follows:
- a number of 30.030 agricultural holdings have areas of less than 0.1 ha;
- a number of 266.117 agricultural holdings have areas of 0.1÷0.3 ha;
- a number of 241.623 agricultural holdings have areas of 0.3÷0.5 ha;
- a number of 560.228 agricultural holdings have areas of 0.5÷1 ha;
- a number of 746.430 agricultural holdings have areas of 1÷2 ha;
- a number of 929.273 agricultural holdings have areas of 2÷5 ha;
- a number of 290.949 agricultural holdings have areas of 5÷10 ha;
- a number of 67.299 agricultural holdings have areas of 10÷20 ha;
- a number of 9.167 agricultural holdings have areas of 20÷30 ha;
- a number of 6.187 agricultural holdings have areas of 30÷50 ha;
- a number of 4.295 agricultural holdings have areas of 50÷100 ha;
- a number of 7.292 agricultural holdings have areas of more than 100 ha.
However, it should be borne in mind that of the total of these areas, the share of arable land cultivated
with grains is between 60÷65 %. The results of a management process depend to a large extent on the way in
which the objectives established by the development strategy of the farm or association are implemented and
applied, this being developed in such a way as to take precedence over the economic criterion. keep costs to a
minimum and profit to the maximum. To ensure that the strategy gives maximum results, the following steps are
needed:
 establishing the "T" set of the technologies being compared;
 establishing the set of dividing criteria "C" on the basis of which the T* technology (combine) is
determined, which ensures maximum efficiency;
 structuring the dividing criteria into two subsets;
 elaboration of the Un,m matrix of utilities;
 hierarchy of dividing criteria;
 utilities matrix uij;
 calculation of the total utility in operation U(i)exp of each technology Tj;
 drawing up the ranking of possible technologies to be applied according to the values of U(i)exp;
 making the optimal decision.
The management process represents the set of conscious actions undertaken by the human factor so
that the results of the managed system permanently coincide with the objectives programmed at different stages
"and the activities carried out have a high profitability in concrete production and market conditions. The
managerial process takes place after the following steps:
 scheduling activities (strategic and tactical objectives) in accordance with market requirements on
different horizons;
• execution, respectively transposition of programs into practical activities;
• coordination of activities and prompt intervention in the structure of the program when external
conditions change.
In establishing the strategy to be adopted, the economic criterion prevails, the manager being
directly interested in knowing and adopting the practical directions of action that ensure the reduction
of unit costs in order to obtain a maximum net profit. In this sense, the farmer aims to use rationally the
production capital at its disposal (equipment, employees, funds, etc.), in the conditions in which the
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knowledge of the structure of the production expenses and the dynamics of the costs, by obtaining
maximum productions respectively of a gross profit as high as possible. The choice of a combine type
that gives the best economic results is made following the same conditions and operating regime, using
the total utilities in operation (Chirilă et al, 2011; Vlăduţ et al., 2012).
A) Establishing the "T" set of the technologies being compared:
T = {Tj / j∈(1, 2, 3, 4, 5, 6, 7)}

(1)

B) Establishing the set of dividing criteria "C" on the basis of which the T* technology (combine) is
determined, which ensures maximum efficiency
C = {Ci / i ∈(1, 2, ..., 11)}
(2)
It was taken into account that the number of criteria should be as small as possible but with high
informational energy and to fully define the usefulness of the studied types, eliminating the criteria that have the
same value in all types. The dividing criteria, established on the basis of the main characteristics of a combine,
which influence both the price and its working capacity and efficiency are:
• supply flow corresponding to a total loss of max. 2.5% [kg/s]:
- C1;
• working width [m]:
- C2;
• threshing width [m]:
- C3;
2
• shaker surface [m ]:
- C4;
• cleaning surface [m2]:
- C5;
• hopper volume [l]:
- C6;
• cabin air conditioning:
- C7;
• cost [$ / Euro]:
- C8;
• engine power [HP]:
- C9;
• mass without header [kg]:
- C10;
• fuel consumption [l/t]:
- C11.
Given that most of the time, manufacturers do not provide in the technical books or on site, data on fuel
flow and fuel consumption, these established criteria can be eliminated for the establishment of the utility matrix
and the work of the optimal decision.
C) Structuring the dividing criteria
It is made in two subsets:
•
CM – criteria of maximum, whose value is desired to be as high as possible (production, profit, etc.);
•
Cm – criteria of minimum, whose value is desired to be kept to a minimum (energy consumption, time,
expenses, etc.).
where:
CM – criteria of maximum are: C1; C2; C3; C4; C5; C6; C7;
Cm – criteria of minimum: C8, C9, C10, C11.



D) Elaboration of the Un,m matrix of utilities:
for i = {1, ..., 7}:

1,

 v − min v
ij
ij

j
,
u ij = 
v ij − min v ij
 max
j
j


0,




for combine j with v ij max imum;

(3)

for min v ij < v ij < max v ij ;
j

j

for combine j with v ij min imum.

for i = {8, ..., 11}:

1,

 min v ij − v ij

j
u ij = 
,
max
 j v ij − min v ij
j


0
,


E) Hierarchy of dividing criteria
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for combine j with v ij max imum;
for min v ij < v ij < max v ij ;
j

j

for combine j with v ij min imum.

(4)
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This ranking has a subjective character, because the choice is made according to the preference of the
decision maker, according to their importance in operation, namely:

very important (>>);

important (>)

of small importance (=),
giving grades aik ∈ {0, 1, 2, 4}, thus:
if C1 >> Ck
⇒
a1k = 4; ak1 = 0.
if C1 > Ck
⇒
a1k = 2; ak1 = 0.
if C1 ≅ Ck
⇒
a1k = 1; ak1 = 1.
The results are written in a matrix An,n with rows 1 and columns k, of the coefficients of importance alk thus
determined.
F) matrix of utilities Uij

γ ij

∑a
=
∑∑ a
1k

k

; 0 < γi < 1

and

1

∑ γ i = 1.

(5)

i

1k

k

G) Calculation of the total utility in operation U(i)exp of each technology (combine) Tj;
n

∑u

(i )
U exp
=

ij

i =1

⋅γi

(6)

H) Drawing up the ranking of possible technologies to be applied according to the values of U(i)exp
[max Uexp, ..., U(i)exp, ..., min Uexp]
Depending on the score, a ranking results.
I) The optimal decision will be:

D opt ⇒ max
i

∑γ
i

i

⋅ uij = max U i

(7)

(8)

i

CASE STUDY - CHOOSING AN OPTIMAL COMBINE OF MEDIUM CAPACITY (Chirilă et al, 2011; Vlăduţ et
al, 2012),
The choice of an optimal combine, of medium capacity, used for areas between 5÷20 ha, which would
give the best economic results, following the same conditions and operating regime, was made using the total
utilities in operation.

establishing of the "T" set of the combines being compared:
(9)
T = {Tj / j∈(1, 2, 3, 4, 5, 6, 7)}
In order to establish the optimal combine in this case study, a number of 7 combines were chosen,
all belonging to the class of medium capacity combines:
C 140 combine
- T1;
Laverda 3790 combine
- T2;
Clas Dominator 98 Maxi combine
- T3;
John Deere 1174 SII combine
- T4;
Massey Fergtison MF 30 combine
- T5;
Deutz-Fahr M 4060 combine
- T6;
New Holland TC 56 combine
- T7.

establishing the set of dividing criteria "C" on the basis of which the T* technology (combine) is
determined, which ensures maximum efficiency:
(10)
C = {Ci / i ∈(1, 2, ..., 11)}
Taking into account that the number of criteria should be as small as possible but with high informational
energy and that should fully define the usefulness of the studied variants, the separation criteria taken into
account are:
 supply flow corresponding to a total loss of max. 2.5 % [kg/s]: - C1;
970

INTERNATIONAL SYMPOSIUM



working width [m]:
- C2;
threshing width [m]:
- C3;
 shaker surface [m2]:
- C4;
 cleaning surface [m2]:
- C5;
 hopper volume [l]:
- C6;
 cabin air conditioning:
- C7;
 cost [$]:
- C8;
 engine power [HP]:
- C9;
 mass (without header) [kg]:
- C10;
 fuel consumption [l/t]:
- C11.

structuring the dividing criteria into two subsets:
CM - criteria of maximum, whose value is desired to be as high as possible (production, profit, etc.);
Cm - criteria of minimum, whose value is desired to be kept to a minimum (energy consumption, time,
expenses, etc.).
where:
CM - the criteria of maximum are: C1; C2; C3; C4; C5; C6; C7;
Cm - the criteria of minimum are: C8, C9, C10, C11.


Table 4
Values of the characteristics
Laverda

Class D 98

John Deere

Masey Ferguson

Deutz-Fahr

TC 56

Q

C140
7.3

8.8

8.8

6,0

7.5

7.0

7.5

L
l
Ss
Sc
Vb
Cabclim
Cost
P
M
Cc

5.4
1.35
6,0
4.62
6.000
Nu
60.000
150
8.200
2.6

5.4
1.35
6,09
4.56
6.000
Da
180.000
175
8.100
1.65

5.1
1.32
5.8
4.25
6.200
Da
200.000
160
9.050
1.5

4,85
1,30
4,85
4,45
4.800
Da
163.000
150
8.050
1.4

4.95
1.40
5.4
3.7
5.200
Da
185.000
150
9.100
1.6

5.1
1.27
7.3
6.35
4.800
Da
121.000
170
8.400
1.7

5.2
1.30
5.18
4.13
4.830
Da
125.000
155
8.520
1.42



elaboration of the matrix of utilities Un,m:
for i = {1, ..., 7}:
1,


 v ij − min v ij
j

 max v − min v ,
u ij = 
ij
ij
j
j


0,

.

for combine j with v ij max imum;

(11)

for min v ij < v ij < max v ij ;
j

j

for combine j with v ij min imum

for i = {8, ..., 11}:

1,

 min v ij − v ij

j
u ij = 
,
max
v ij − min v ij

j
j


0,


for combine j with v ij max imum;

(12)

for min v ij < v ij < max v ij ;
j

j

for combine j with v ij min imum.

Table 5
Matrix of utilities
C1
C2
C3
C4
C5

T1
0.46
1
0.62
0.47
0.35

T2
1
1
0.62
0.51
0.32

T3
1
0.45
0.38
0.39
0.21

T4
0
0
0.23
0
0.28
971

T5
0.54
0.18
1
0.22
0

T6
0.36
0.45
0
1
1

T7
0.54
0.63
0.23
0.13
0.16
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C6
C7
C8
C9
C10
C11

0.86
0
1
1
0.86
0

0.86
1
0.14
0
0.95
0.79

1
1
0
0.6
0.05
0.92

1
0.26
1
1
1
1

0.29
1
0.11
1
0
0.83

0
1
0.56
0.2
0.67
0.75

0.02
1
0.54
0.8
0.55
0.98



ranking the dividing criteria
It is performed according to their importance in operation, namely: very important (>>), important (>) and
of lesser importance (=), giving notes alk ∈ {0, 1, 2, 4} as follows:
if C1 >> Ck ⇒
a1k = 4; ak1 = 0.
if C1 > Ck ⇒
a1k = 2; ak1 = 0.
if C1 ≅ Ck ⇒
a1k = 1; ak1 = 1.
The results are written in a matrix An,n with rows 1 and columns k, of the coefficients of importance alk thus
determined. In order of importance, the criteria are:
(13)
C1 ≅ C8 > C6 ≅ C7 ≅ C9 ≅ C10 ≅ C11 > C2 ≅ C3 ≅ C4 ≅ C5

utilities matrix Uij
∑k a1k ;
0 < γi < 1
and
(14)
∑ γ = 1.
γ ij =

i

∑∑ a

i

1k

1

k

aik = 126
where:
a1k = 27; a2k = 3; a3k = 3; a4k = 3; a5k = 3; a6k = 12; a7k = 12; a8k = 27; a9k = 12; a10k = 12; a11k = 12.
3
27
3
= 0.02381;
γ1 =
= 0.21428; γ 2 =
= 0.02381; γ 3 =
126
126
126
3
12
3
(15)
γ4 =
= 0.02381; γ 5 =
= 0.09523;
= 0.02381; γ 6 =
126
126
126
12
12
27
γ7 =
= 0.09523; γ 8 =
= 0.09523;
= 0.21428; γ 9 =
126
126
126
12
12
γ10 =
= 0.09523; γ11 =
= 0.09523;
126
126
Table 6
Matrix of coefficients of importance and weights of the separation criteria
C1



C1
C2

0

C3
C4
C5
C6
C7
C8
C9
C10
C11

0
0
0
0
0
1
0
0
0

C2
4
1
1
1
2
2
4
2
2
2

C3
4
1
1
1
2
2
4
2
2
2

C4
4
1

C5
4
1

C6
2
0

C7
2
0

C8
1
0

C9
2
0

C10
2
0

C11
2
0

aik
27
3

1

1
1

0
0
0

0
0
0
1

0
0
0
0
0

0
0
0
1
1
2

0
0
0
1
1
2
1

0
0
0
1
1
2
1
1

3
3
3
12
12
27
12
12
12
126

1
2
2
4
2
2
2

2
2
4
2
2
2

1
2
1
1
1

2
1
1
1

0
0
0

1
1

1

γi
0.21428
0.02381
0.02381
0.02381
0.02381
0.09523
0.09523
0.21428
0.09523
0.09523
0.09523

the total utility in operation, U(i)exp, of each Tj combine is calculated:
(i )
U exp
=

n

∑u
i =1

ij

⋅γi

(16)

U1 = 0.6299708; U2 = 0.6454408; U3 = 0.587347; U4 = 0.5306737; U5 = 0.4697336; U6 = 0.5049747; U7 = 0.5778244.


the ranking of the possible technologies to be applied according to the U(I)exp values is drawn up:
[max Uexp, ..., U(i)exp, ..., min Uexp]
(17)
Depending on the score, it results the following ranking:
U2 = 0.6454408;
U1 = 0.6299708;
U3 = 0.587347;
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U7 = 0.5778244;
U4 = 0.530673;
U6 = 0.5049747;
U5 = 0.4697336.


[U2, U1, U3, U7, U4, U6, U5]

(18)

optimum decision (combine) will be:
D opt ⇒ max
i

∑γ

i

⋅ uij = max U i

i

(19)

i

Dopt = Laverda 3790 combine.
CONCLUSIONS
Based on the utility matrix, the farmers can identify an optimal solution of combine that they will purchase,
taking into account the area of land they have, the main characteristics of the combine, what parameters are of
interest to him (to maximize them) and those that they are of lower interest (which are minimized), these also
include the price of the combine, so that in operation they have minimum costs on the harvested area.
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Abstract
It is known that a better and less costlier solution for soil loosening is one of the most important topics for
reseachers and manufacturers, presenting a continous challenge. This is because agricultural machines for deep
soil loosening and seedbed preparation are the biggest consumers of energy in agriculture. Under the influence of
natural and artificial compaction the volume of the soil is starting to reduce. The nature of the effects of vibratory
working organs on agricultural soil, materialized in great deep soil loosening, indicates the possibility of using the
resonance phenomenon depending on the physico-mechanical properties and the angle of oscillation of the
working organs , resulting also in the possibility of reducing energy consumption. Vibrocultivators design, structure
and development, power requirements and effectiveness were reviewed with a view to identifying the most
efficient ones and/or propose parameters for better designs. Various works by researchers on types and models of
active organs have been considered with respect to draft and energy consumption, soil properties, reducing of
compaction and ease of operation.This paper aims to review the trend of the development of vibratory cultivators
which is essential equipment for removing hard pans from agricultural soils.
Rezumat
Este cunoscut faptul că găsirea unei soluții mai bune și mai puțin costisitoare pentru afânarea solului este unul
dintre cele mai importante subiecte pentru cercetători și producători, prezentând o provocare continuă. Acest lucru
se datorează faptului că mașinile agricole pentru afânarea adâncă a solului și pregătirea patului germinativ sunt
cei mai mari consumatori de energie în agricultură. Sub influența compactării naturale și artificiale, volumul solului
începe să se reducă. Natura efectelor organelor de lucru vibratoare asupra solului agricol, materializată în
afânarea mare a solului, indică posibilitatea utilizării fenomenului de rezonanță în funcție de proprietățile fizicomecanice și unghiul de oscilație al organelor de lucru, rezultând și posibilitatea de reducere a consumului de
energie. Proiectarea, structura și dezvoltarea vibro-cultivatoarelor, cerințele de putere și eficacitatea au fost
revizuite pentru a le identifica pe cele mai eficiente și / sau pentru a propune parametri pentru designuri mai bune.
Au fost luate în considerare diverse lucrări ale cercetătorilor cu privire la tipurile și modelele de organe active în
ceea ce privește forța de tracțiune necesară și consumul de energie, proprietățile solului, reducerea compactării și
ușurința în funcționare. Această lucrare își propune să revizuiască tendința de dezvoltare a cultivatoarelor
vibratoarei care reprezintă un echipament essential pentru îndepărtarea hardpanurilor din solurile agricole.
Keywords: Agricultural soil, Vibrations, Oscillation angle, Soil loosening.
INTRODUCTION
The vibrocultivators are designed to minimize the number of steps for the preparation of the seed bed of
each type of soil. Thanks to the excellent ability of the machine to follow the ground level, to the precision of
depth control and precise distribution of the weight, the vibrocultivator fails to produce a perfect seedbed burying
the fragments of earth smaller and bringing to the surface the clods more so large as to prevent the loss of
moisture, promote germination and avoid the risk of a compact surface.
Pillai and McGarry (1999) stated that compaction is viewed as the most serious environmental issue
generated by conventional agriculture; it is the most troublesome type of degradation to locate and rationalize,
principally as it may show no obvious signs on the topsoil surface.
The coefficient of external friction between soil and the active surface of the tool is reduced due to
vibration of the working tools for soil tillage leads, depending on soil humidity and frequency of oscillatory
motion. The application of vibration sometimes allows the increase of the working speed, especially as a result
of the reduced energy consumption required for the actual work. In the interaction between the soil and the
organ, soil reaction and deformation mechanisms depend on the different design and geometry of the active
tool, soil characteristics and soil-tool interrelations.
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Ahmad et al. (2007) revealed that soil compaction is the main form of land degradation, affecting more
than 11% land area. Chen and Weil (2011) added that soil compaction is a worldwide problem in modern
agriculture associated with overuse of heavy machineries and intensification of cropping systems.
MATERIALS AND METHODS
Agricultural vibro-cultivator is an equipment that performs a complex operation: it levels the soil with
vibratory organs; it slightly levels by means of rollers with rods; fundamentally, process the soil with active parts,
mounted on elastic supports particularly designed for obtaining vibrations reasonable for a specific working
speed; clods breaking and final levelling with the battery of rollers with rings
Draft reduction is one of the most significant performance indicators of vibratory cultivators.
Subsequently many researchers have considered different parameters to reduce draft force and total power
requirement (Yow and Smith, 1976; Sakai et al., 1988)
In contrast with the rigid tines, the vibratory working organs can decrease the draft force.The
explanation for this reduction in draft for a vibratory tine is because of lowering speed before maximum force is
applied and soil failure is produced (Berntsen et al., 2006).
Many numerical models and calculations are available for estimating soil-cutting force. The universal
earth equation of the two-dimensional analysis after (Hiettiaratchi et al., 1966) as reported (Mollazade et al.,
2010; Mandale and Thakur, 2010;) have been used in numerous studies to estimate draft force, F:
F = w(γZ2Nγ + czNc + cazNa +qzNq) sin (α + δ)
(1)
Where:
F - Draft force, [kN]
w - width of tool, [m]
z - the depth of tools, [m]
γ - the bulk weight, [kN/m3]
Nγ, Nc, Na, and Nq-dimensionless numbers
c - the cohesion [kPa],
ca - the soil-interface adhesion
q - the surcharge
α - tine rake angle
δ - angle of soil-interface friction
RESULTS
Draft force reduction is the main advantage of vibratory tillage (Sakai, 2009). (Sakai et al., 1993)
reported that to achieve effective tillage operations with a medium size tractor (30-45 kW), a four-shank
vibrating organ was developed. This was evaluated in terms of draft reduction, power requirements, and riding
comfort. More than 60% of draft reduction was obtained. For a certain vibrating condition, the power increment
was only 2% of non vibrating power requirement. Tractor seat vibrations were minimized to acceptable levels by
balancing oscillating soil cutting forces and moments.

Fig.1. Schematic of a single shank vibrating organ used for preliminary tests
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Figure 2 shows the effect of vibrating angle β on the draft ratio. Draft ratio (DR) was defined as the ratio
of vibrating draft to non-vibrating draft (Dy/Do). For all frequency ranges, a value of 30o for P was found to be
superior to smaller angles. Control of the operating depth was unstable with vibrating angles larger than 30°.

Fig.2. Draft ratio as a function of inverse velocity ratio for three
vibrating angle of 30°, 0°, and-15o

In one of the most recent studies, (Wang et al. 2018), designed a flexible tine using a hydraulic cylinder
as the vibrating mechanism as shown in Fig. 3. The flexible organ was connected with the fixed frame by a
hinge point; thus, it can move up and down under the combined action of soil resistance and the hydraulic
pressure of the hydraulic cylinder. A press roller was attached behind the tine travels on the ground exerting
appropiate pressure on disturbed topsoil for reducing the evaporation of water.

Fig.3. Flexible tine equipped with the electric-hydraulic control system

After their experiment, it is observed that the flexible tine equipped with the electric-hydraulic control
system achieves better tillage quality because of the less undesired tillage depth and reduced draft force. The
qualified indexes of tillage depth were respectively 97.5%, 98.2%, and 96.7% at the forward speeds of 1.4, 2.0,
2.6 km/h and mean tillage depths had values of 29.54, 29.53, 28.13 cm, closely to aimed depths. The flexible
tines with electric-hydraulic control system experienced an almost stable growth of draft force when it passed
throng the hard soil area and the reduced ratios of draft force were respective 18.17%, 18.35%, and 25.89% at
three different forward speeds.
Comparing the tillage depth obtained by two inclination sensors and by manual operation, results
testified the method for detecting tillage depth was accurate and the errors are respective 3.2% and 1.9% at set
values of 25 cm and 30 cm.
Ralf Kattenstroth et.al (Kattenstroth R. et al., 2010) have studied the possibilities to reduce friction in
agricultural machinery by applying ultrasonic vibration using the example of tilling.
The theoretical model proposed by the authors requires the simplification that soil particles move with a
constant velocity vb along a cultivator tine which is pulled through the soil (figure 4).
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Fig.4. Simplified model of forces and velocities at a soil
particle and cultivator tine with (left drawing) and without (right drawing) ultrasonic oscillation.

The necesary force to oscillate the cultivator tine is provided by an actuator. In this case electrical
energy is converted to mechanical oscillation energy with a piezoactuator. By stacking several ring-shaped
piezoceramics it is possible to realize the required force and stroke. The piezoactuator is mounted on top of the
cultivator tine as seen in figure 5. Thereby a low-loss induction of the oscillation into the cultivator tine is
possible. Suitable dimensioning of the booster’s profile allows enlarging the velocity amplitude of the ultrasonic
oscillation but also reduces the available forces. The ultrasonic actuator and booster are built in such a manner ,
that the cultivator tine’s natural oscillation has the required frequency of 20 kHz. Due to a few difficulties
investigating a loaded oscillator is only the free running oscillator analysed during the dimensioning procedure.
(Kattenstroth R. et al., 2010).

Fig.5. Sketch and photo of the cultivator tine with ultrasonic vibration

Results shown in figure 6 demonstrate that the drawbar forces with ultrasonic oscillation are significantly
lower than the forces without ultrasonic oscillation.

Fig.6. Results of drawbar force with and without ultrasonic vibration from pilot tests
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After building up the ultrasonic cultivator tine and the mobile test rig it was possible to run first
experiments under practical conditions. In figure 6 the results of a practical experiment with a working speed of
100 mm/s and a working depth of 50 mm are presented. They indicate that the drawbar forces with ultrasonic
oscillation are lower than the forces without ultrasonic oscillation. These results have to be confirmed in further
test series. Furthermore it must be pointed out that during the described experiment the energy consumption of
the piezoactuator was significant higher than the reduction of drawbar work

Fig.7. Results of drawbar force with and without ultrasonic vibration
from first test with the ultrasonic cultivator tine

CONCLUSIONS
Soil compaction and its ungoing issues are unavoidable as long as the mission for more food
production keep on expanding. . Man shall continue to carry out design and development of various kinds of
cultivators to meet modern challenges.
In consideration of the described theoretical foundation and the presented test results it is possible to
reduce required drawbar forces at a cultivator tine by applying ultrasonic vibration and by vibrations created with
a hydraulic cylinder.
Comparing the tillage depth obtained by two inclination sensors and by manual operation, results
testified the method for detecting tillage depth was accurate and the errors are insignifiant
The comparison of these performances indicated that the solution with the hydraulic cylinder for creating
vibrations seemed considerably more efficient than the others. Therefore, this results could be used as a solid
foundation for future research.
ACKNOWLEDGEMENT
This work has been funded by the European Social Fund from the Sectoral Operational Programme
Human Capital 2014-2020, through the Financial Agreement with the title "Scholarships for entrepreneurial
education among doctoral students and postdoctoral researchers (Be Antreprenor!)", Contract no.
51680/09.07.2019 - SMIS code: 124539.
REFERENCES
[1] Ahmad, N., F. Hassan and G. Qadir (2007).Effect of surface soil compaction and improvement measures on
soil properties. Int. Journal of Agric. Biology, vol. 9, pp:509-13;
[2] Berntsen,R. Berre, B. Torp, T. Aasen, H (2006).Tine forces established by a two-levelmodel and the draught
requirement of rigid and flexible tines,Soil & tillage research, Vol. 90, Issues 1–2 , ISSN 0167-1987 pp.230-241
[3] Chen, G. and Weil, R. R. (2011). Root growth and yield of maize as affected by soil compaction and cover
crops. Soil and Tillage Research 117, pp: 17-27;

978

INTERNATIONAL SYMPOSIUM

[4] Kattenstroth, R.; Harms, H.-H.; Wurpts, W.; Twiefel, J. (2009): Reducing friction by ultrasound treatment
exemplified by tillage. VDI-MEG Tagung Landtechnik, 06.-07.11.2009, Hannover. In: VDI-Berichte 2060,
VDIVerlag, Düsseldorf, S. pp:259-264;
[5] Mandale, S. and Thakur, T. C. (2010).Design and Development of Subsoiler-cum-Differential Rate Fertilizer
Applicator, Agricultural Engineering International: the CIGR Ejournal.Manuscript No. 1394, Vol.XII;
[6] Mollazade, K., Jafari, A. and Ebrahimi, E., (2010), Application of Dynamical Analysis to Choose Best
Subsoiler‟s Shape Using ANSYS, New York Science Journal, 3(3). ISSN: 1554-0200, Pp. 93-100;
[7] Pillai, U. P. and D. McGarry, (1999).Structure repair of a compacted vertisol with wet-dry cycles and
crops.Soil Science Society.American Journal, vol. 63, pp:201-210;
[8] Sakai, K. H., Terao, Nambu, S. (1988).The dynamic behaviour of a tractor-vibrating subsoiler system and the
effect of the virtual hitch point. Journal of Terramechanics vol 25(4), pp.241-247;
[9] Sakai, K. (2009). Part II. Vibratory tillage implements, of Chapter 4: Power Tillage Equipment. In Advances in
Soil Dynamics Volume 3. S. K. Upadhyaya, W. J. Chancellor, J. V. Perumpral, D. Wulfsohn, and T. R. Way,
eds., 378-398. St. Joseph, Mich., American Society of Agricultural and Biological Engineers (ASABE);
[10]
Smith, L. A. and Williford, J. R. (1988).Power Requirements of Conventional, Triplex,and Parabolic
Subsoilers. Transactions of ASAE vol. 31(6), 1685-1688;
[11]
Wang Y., Jing H., Zhang D., Cui T., Zhong X., Yang Li, (2018), Development and performance
evaluation of an electric-hydraulic control system for subsoiler with flexible tines, Computers and Electronics in
Agriculture, vol. 151, ISSN 0168-1699, pp.249–257, Beijing, China.

979

INTERNATIONAL SYMPOSIUM

INSTRUCTIONS FOR AUTHORS
ARTICLE TYPES
Three types of manuscripts may be submitted:

1. Regular articles: These should describe new and carefully confirmed findings, and experimental procedures
2.

3.

should be given in sufficient detail for others to verify the work. The length of a full paper should be the minimum
required to describe and interpret the work clearly (max.10 pages, even number);
Short Communications: A Short Communication is suitable for recording the results of complete small
investigations or giving details of new models or hypotheses, innovative methods, techniques or apparatus. The
style of main sections has not necessarily to be in accordance with that of full-length papers (max. 6 pages, even
number);
Reviews: Submissions of reviews and perspectives covering topics of current interest are welcome and
encouraged (max.10 pages, even number).

Manuscripts should be written in English (American or British usage is accepted, but not a mixture of these) and
submitted electronically at the following e-mail addresses: inmatehjournal@gmail.com
Please be sure to include your full affiliation and e-mail address (see Sample manuscript)
The authors are responsible for the accuracy of the whole paper and references.
There are allowed 2 papers by each first author.
The text layout should be in single-column format. To avoid unnecessary errors it is strongly advised to use the “spellcheck” and “grammar check” functions of your word processor.

REVIEW PROCESS
All manuscripts are reviewed by 2 members of the Scientifically Review Office. Decisions will be made as rapidly as
possible and the journal strives to return reviewers’ comments to authors in approx.3 weeks.
The editorial board will re-review manuscripts that are accepted pending revision.
NOTE:
Submission of a manuscript implies: that the work described has not been published before (excepting as an abstract or
as part of a published lecture or thesis) that it is not under consideration for publication elsewhere.
1. REGULAR ARTICLES
• Manuscripts should be concise, in 1.15 line spacing, and should have 2 cm all over margins. The font should be
Arial 10 pt. Ensure that each new paragraph is clearly indicated, using TAB at 1 cm.
• Title will be Arial 12 pt. and explicit figures will be Arial 9 pt.
• Text will be written in English.
• Chapters’ titles are written by Arial 10 pt, Bold, Uppercase (e.g INTRODUCTION, MATERIAL AND METHODS),
between chapters is left a space for 10 pt. At the beginning of each paragraph, leave a tab of 1 cm.
• The paper body will be written in Arial 10 pt., Justify alignment.
TITLE Arial 12 pt., Uppercase, Bold, Center (in English language) and Bold Italic (in native language).
Should be a brief phrase describing the contents of the paper. Avoid long titles; a running title of no more than 100
characters is encouraged (without spaces).
AUTHORS ARIAL 9, Bold, Centre alignment
Under the paper's title, after a space (enter) 9 pt., write authors' names and affiliations (Arial 8 pt.-Regular)
When the paper has more than one author, their name will be followed by a mark (Arabic numeral) as superscript if
their affiliation is different.
Corresponding author’s name (next row), (Arial 8 pt.). Should be added also: phone, fax and e-mail information, for the
paper corresponding author (font: 8 pt., Italic).
KEYWORDS (In English) about 4 to 7 words that will provide indexing references should be listed (title: Arial 10pt,
bold italic, text Arial 10 pt., italic).
A list of non-standard Abbreviations should be added. In general, non-standard abbreviations should be used only
when the full term is very long and used often. Each abbreviation should be spelled out and introduced in parentheses
the first time it is used in the text. Standard abbreviations (such as ATP and DNA) need not to be defined.
ABSTRACT (in English and Native language, Arial 10 pt.), the title bold; the text of abstract: italic) should be
informative and completely self-explanatory, briefly present the topic, state the scope of the experiments, indicate
significant data, and point out major findings and conclusions. The Abstract should be max.250 words. Complete
sentences, active verbs, and the third person should be used, and the abstract should be written in the past tense.
Standard nomenclature should be used and abbreviations should be avoided. No literature should be cited.
INTRODUCTION (Arial 10 pt.) should provide a clear statement of the problem, the relevant literature on the subject,
and the proposed approach or solution. It should be understandable to colleagues from a broad range of scientific
980

INTERNATIONAL SYMPOSIUM

subjects. We should refer to the current stage of researches performed in the field of the paper to be published, by
quoting up-to-date specialty studies, preferably published after 2006, excepting certain referential specialty
books/studies, especially papers issued in magazines/journals/conferences/ISI quoted symposia or in other
international data bases, which are well known and available.
MATERIALS AND METHODS (Arial 10 pt.) should be complete enough to allow experiments to be reproduced.
However, only truly new procedures should be described in detail; previously published procedures should be cited,
and important modifications of published procedures should be mentioned briefly. Methods in general use need not be
described in detail.
RESULTS (Arial 10 pt.) should be clarity presented. The results should be written in the past tense when describing
findings in the authors' experiments. Results should be explained, but largely, without referring to the literature.
Discussion, speculation and detailed interpretation of data should not be included in the Results, but should be put into
the Conclusions section.
CONCLUSIONS (Arial 10 pt.) The main conclusions drawn from results should be presented in a short Conclusions
section. Do not include citations in this section.
Formulae, symbols and abbreviations: Formulae will be typeset in Italics (preferable with the Equation Editor of
Microsoft Office 2003) and should be written or marked as such in the manuscript, unless they require a different
styling. They should be referred to in the text as Equation (4) or e.g. (4). The formulae should be numbered on the right
side, between brackets (Arial 10 pt.):
P = F ⋅v
(1)
Terms of the equation and the unit measure should be explained, e.g.
P is the power, [W];
F – force, [N];
v – speed, [m/s]
SI units must be used throughout.
Tables should be self-explanatory without reference to the text. The details of the methods used in the experiments
should preferably be described in the legend instead of in the text. The same data should not be presented both in table
and graph form or repeated in the text.
Table’s title will be typed Arial 9 pt, Bold, Centered
In the table, each row will be written Arial 9 pt, single-spaced throughout, including headings and footnotes.
The table should be numbered on the right side, between brackets (Arial 10 pt):
Figure (Arial 9 pt., Bold, Center) should be typed in numerical order (Arabic numerals). Graphics should be high
resolution (e.g.JPEG). Figure number is followed by what represent the figure or graph e.g.:
Fig.1 – Test stand
Legend: Arial 8 pt, Italic, Center, e.g.
1 - plansifter compartments; 2- break rolls; 3 – semolina machines; 4 – reduction rolls; 5 – flour
ACKNOWLEDGMENTS (Arial 10 pt.) of people, grants, funds etc should be brief (if necessarily).
REFERENCES (Arial 10 pt.)
(In alphabetical order, in English and in the original publication language).
Minimum 10 references, last 10 years, minimum 3 references from the last 2 years
It can be used “References” tool from the Word Editor.
References should be cited in the text in brackets as in the following examples:
(Babiciu P., Scripnic V., 2000)
All references must be provided in English with a specification of original language in round brackets.
Authors are fully responsible for the accuracy of the references.
References should be alphabetically, with complete details, as follows:
Examples:
Books: Names and initials of authors, year (between brackets), title of the book (Italic), volume number, publisher,
place, pages number or chapter, ISSN/ISBN:
[1] Vlăduț V., (2009), Study of threshing process in axial flow apparatus (Studiul procesului de treier la aparatele cu flux
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[2] Leonov I.P., (1973), Basic machine theory for tobacco stringing. Post-harvest care of tobacco and rustic tobacco
(Основы теории машин для закрепления табака на шнуры. Послеуборочная обработка табака и махорки),
Collection of scientific articles (сборник научно-исследовательских работ), pp.37-45;
Conference or Symposium: Names and initials of authors, year (between brackets), full title of the paper (Regular),
full name of the conference/symposium (Italic), volume number, publisher, place, ISSN, page numbers
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specification (PhD Thesis, MSc Thesis), institution, place;
[1] Popa L., (2004), Research on the influence of structural and functional parameters of the braking system on the
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sistemelor de frânare asupra performanțelor de frânare ale remorcilor agricole), PhD dissertation, Transylvania
University of Braşov, Braşov / Romania.
Patents: Names and initials of authors, year (between brackets), patent title (Italic), patent number, country:
[1] Grant P., (1989), Device for Elementary Analyses. Patent, No.123456, USA.
Legal regulations and laws, organizations: Abbreviated name, year (between brackets), full name of the referred
text, document title/type (Italic), author, place:
[1] *** EC Directive, (2000), Directive 2000/76/EC of the European Parliament and of the Council of 4 December 2000,
on the incineration of waste, Annex V, Official Journal of the European Communities, L332/91, 28.12.2000,
Brussels.
Web references: The full URL should be given in text as a citation, if no other data are known. If the authors, year, and
title of the documents are known and the reference is taken from a website, the URL address has to be mentioned after
these data:
The title of the book, journal and conference must be written in Italic, the title of the article, chapter of the book, must be
written Regular.
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Do not cite
references in the abstract and conclusions. Unpublished results, personal communications as well as URL addresses
are not recommended in the references list.
Making personal quotations (one, at most) should not be allowed, unless the paper proposed to be published is a
sequel of the cited paper. Articles in preparation or articles submitted for publication, unpublished, personal
communications etc. should not be included in the references list.
Citations style
Text: All citations in the text may be made directly (or parenthetically) and should refer to:
- single author: the author's name (without initials, unless there is ambiguity) and the year of publication:
“as previously demonstrated (Brown, 2010)”.
- two authors: both authors' names and the year of publication: (Adam and Brown, 2008; Smith and Hansel, 2006;
Stern and Lars, 2009)
- three or more authors: first author's name followed by "et al." and the year of publication: “As has recently been
shown (Werner et al., 2005; Kramer et al., 2000) have recently shown ...."
Citations of groups of references should be listed first alphabetically, then chronologically.
Units, Abbreviations, Acronyms

Units should be metric, generally SI, and expressed in standard abbreviated form.

Acronyms may be acceptable, but must be defined at first usage.
2. SHORT COMMUNICATIONS

Short Communications are limited to a maximum of two figures and one table. They should present a
complete study that is more limited in scope than is found in full-length papers. The items of manuscript
preparation listed above apply to Short Communications with the following differences: (1) Abstracts are
limited to 100 words; (2) instead of a separate Materials and Methods section, experimental procedures
may be incorporated into Figure Legends and Table footnotes; (3) Results and Conclusions should be
combined into a single section.
3. REVIEWS
Summaries, reviews and perspectives covering topics of current interest in the field, are encouraged and
accepted for publication. Reviews should be concise (max. 8 pages). All the other conditions are similar
with regular articles.
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