
PRINT ISSN: 1454-7414 

ELECTRONIC ISSN: 2069-7627 
 

 

UNIVERSITATEA PENTRU ŞTIINŢELE VIEȚII  

 “ION IONESCU DE LA BRAD” DIN IAŞI 
 

 

 

 

 

 

 

 

 

LUCRĂRI ŞTIINŢIFICE 
 

 

 

 

 

SERIA AGRONOMIE 
 

 

VOL. 65, NR. 1 
 

 

 

 

 

 

 

 

 

 

 

 

EDITURA “ION IONESCU DE LA BRAD” IAŞI 

 
2022 



Universitatea pentru Ştiinţele Vieții din Iaşi 

2 



Lucrări Ştiinţifice – vol. 65(1)/2022, seria Agronomie 

3 

COORDONATORII REVISTEI ,,LUCRĂRI ŞTIINŢIFICE’’ 

Redactor responsabil: Prof. dr. Gerard JITĂREANU – USV Iaşi 

Redactor adjunct: Prof. dr. Liviu MIRON – USV Iaşi 

Membri: 
• Conf. dr. Denis ȚOPA – USV Iaşi
• Prof. dr. Liviu IRIMIA– USV Iaşi
• Prof. dr. Mircea POP – USV Iaşi
• Prof. dr. Mihai MAREȘ – USV Iaşi

COLEGIUL DE REDACŢIE AL SERIEI ,,AGRONOMIE’’ 
Redactor şef: Conf. dr. Denis ȚOPA – USV Iaşi 
Redactor adjunct: Conf. dr. Florin LIPŞA – USV Iaşi 

Redactori: 
• Prof. dr. Wolfgang FRIEDT – Justus-Liebig-Universitat Giessen, Germany
• Prof. dr. Bernd HONERMEIER – Justus-Liebig-Universitat Giessen, Germany
• Prof. dr. Vasile VÎNTU – USV Iaşi, România
• Prof. dr. Christos TSADILAS – Institute of Soil Mapping and Classification Larissa, Greece
• Prof. dr. Mike RUSSELL - College of Agriculture, Purdue University, Indiana, USA
• Prof. dr. Ioan ŢENU – USV Iaşi, România
• Prof. dr. Ioan ROTAR – USAMV Cluj Napoca, România
• Prof. dr. Roxana VIDICAN – USAMV Cluj Napoca, România
• Prof. dr. Florin IMBREA - USV Timişoara, România
• Prof. dr. Karoly BODNAR – Universitatea din Szeged, Ungaria
• Prof. dr. Vito Nicola SAVINO – Universitatea de Studii din Bari, Italia
• Conf. dr. Ion BĂCEAN – Universitatea Agrară de Stat din Chișinău, Republica Moldova
• Prof. dr. Jan MOUDRY Jr. – University of South Bohemia in České Budějovice, Faculty of Agriculture, Czech Republic
• Prof. dr. Petr KONVALINA - University of South Bohemia in České Budějovice, Faculty of Agriculture, Czech Republic
• Prof. dr. Carmen del CAMPILLO GARCIA – University of Cordoba, Campus of Rabanales, Spania
• Dr. Virginijus FEIZA – Lithuanian Institute of Agriculture, Lithuania

REFERENŢI ŞTIINŢIFICI: 
• Prof. dr. Mihail AXINTE – USV Iaşi
• Prof. dr. Daniel BUCUR – USV Iaşi
• Prof. dr. Viorica IACOB – USV Iaşi
• Prof. dr. Gerard JITĂREANU – USV Iaşi
• Prof. dr. Teodor ROBU – USV Iaşi
• Prof. dr. Carmenica Doina JITĂREANU – USV Iaşi
• Prof. dr. Eugen ULEA – USV Iaşi
• Prof. dr. Vasile VÎNTU – USV Iaşi
• Prof. dr. Costel SAMUIL – USV Iaşi
• Prof. dr. Costică AILINCĂI – USV Iaşi
• Prof. dr. Stejărel BREZULEANU – USV Iaşi
• Prof. dr. Culiţă SÎRBU – USV Iaşi
• Prof. dr. Mihai STANCIU – USV Iaşi
• Prof. dr. Elena LEONTE – USV Iaşi
• Prof. dr. Gavril ŞTEFAN – USV Iaşi
• Prof. dr. Carmen COSTULEANU – USV Iaşi
• Prof. dr. Teodor RUSU - USAMV Cluj Napoca, Romania
• Prof. dr. Ioan PĂCURAR - USAMV Cluj Napoca, Romania
• Prof. dr. Simion ALDA - USV Timișoara, Romania
• Prof. dr. Dan MANEA - USV Timișoara, Romania
• Prof. dr. Costica CIONTU - USAMV București, Romania
• Prof. dr. Gheorghe Valentin ROMAN - USAMV București, Romania
• Prof. dr. Viorel IOAN - USAMV București, Romania
• Prof. dr. Boris BOINCEAN - "Alecu RUSSO" University of Bălţi, Republic of Moldova
• Conf. dr. Prof. Mihail RURAC - State Agrarian University of Moldova, Republic of Moldova
• Conf. dr. Marcela ȘTEFAN – ASE București
• Conf. dr. Denis Constantin ȚOPA– USV Iaşi
• Conf. dr. Florin-Daniel LIPŞA – USV Iaşi
• Conf. dr. Petru Marian CÂRLESCU – USV Iaşi
• Conf. dr. Feodor FILIPOV – USV Iaşi
• Conf. dr. Silvica PĂDUREANU – USV Iaşi

ISSN 1454-7414 
© Editura ,,Ion Ionescu de la Brad’’ Iaşi 
Lucrări Ştiinţifice - vol. 65(1) 2022, seria Agronomie 



Universitatea pentru Ştiinţele Vieții din Iaşi 

4 

COORDINATORS OF JOURNAL “LUCRĂRI ŞTIINŢIFICE’ 

Manager Editor:  PhD, Prof. Gerard JITĂREANU – ULS Iaşi 

Assistant Editor: PhD, Prof. Liviu MIRON – ULS Iaşi 

Members: 
• PhD, Assoc. Prof. Denis ȚOPA – ULS Iași
• PhD, Prof. Liviu IRIMIA – ULS Iași
• PhD, Prof. Mircea POP – ULS Iași
• PhD, Prof. Mihai MAREȘ – ULS Iași

EDITORIAL BOARD OF “AGRONOMIE’’  
Editor-in-chief: PhD, Assoc. Prof. Prof. Denis ȚOPA – ULS Iași 
Assistant Editor: PhD, Assoc. Prof. Florin LIPŞA – ULS Iași 

Editors: 
• PhD, Prof. Wolfgang FRIEDT – Justus-Liebig-Universitat Giessen, Germany
• PhD, Prof. Prof. dr. Bernd HONERMEIER – Justus-Liebig-Universitat Giessen, Germany
• PhD, Prof. Vasile VÎNTU – ULS Iași, Romania
• PhD, Prof. Christos TSADILAS –Institute of Soil Mapping and Classification Larissa, Greece
• PhD, Prof. Mike RUSSELL - College of Agriculture, Purdue University, Indiana, USA
• PhD, Prof. Ioan ŢENU – ULS Iași, România
• PhD, Prof Ioan ROTAR – UASVM Cluj Napoca, Romania
• PhD, Prof Roxana VIDICAN – UASVM Cluj Napoca, Romania
• PhD, Prof Florin IMBREA – ULS Timişoara, Romania
• PhD, Prof. Karoly BODNAR – Universitatea din Szeged, Ungaria
• PhD, Prof. Vito Nicola SAVINO – Universitatea de Studii din Bari, Italia
• PhD, Assoc. Prof. Ion BĂCEAN – State Agricultural University from Chișinău, Republic of Moldova
• PhD, Prof. Jan MOUDRY Jr. – University of South Bohemia in České Budějovice, Czech Republic
• PhD, Prof. Petr KONVALINA – University of South Bohemia in České Budějovice, Czech Republic
• PhD, Prof. Carmen del CAMPILLO GARCIA – University of Cordoba, Campus of Rabanales, Spania
• PhD, Prof. Virginijus FEIZA – Lithuanian Institute of Agriculture, Lithuania

SCIENTIFIC REVIEWERS: 
• PhD, Prof. Mihail AXINTE – ULS Iași
• PhD, Prof. Daniel BUCUR – ULS Iași
• PhD, Prof. Viorica IACOB – ULS Iași
• PhD, Prof. Gerard JITĂREANU – ULS Iași
• PhD, Prof. Teodor ROBU – ULS Iași
• PhD, Prof. Carmenica Doina JITĂREANU – ULS Iași
• PhD, Prof. Eugen ULEA – ULS Iași
• PhD, Prof. Vasile VÎNTU – ULS Iași
• PhD, Prof. Costel SAMUIL – ULS Iași
• PhD, Prof. Costică AILINCĂI – ULS Iași
• PhD, Prof. Stejărel BREZULEANU – ULS Iași
• PhD, Prof. Culiţă SÎRBU – ULS Iași
• PhD, Prof. Mihai STANCIU – ULS Iași
• PhD, Prof. Elena LEONTE – ULS Iași
• PhD, Prof. Gavril ŞTEFAN – ULS Iași
• PhD, Prof. Carmen COSTULEANU – ULS Iaşi
• PhD, Prof. Teodor RUSU - UASVM Cluj Napoca, Romania
• PhD, Prof. Ioan PĂCURAR - UASVM Cluj Napoca, Romania
• PhD, Prof. Simion ALDA - ULS Timișoara, Romania
• PhD, Prof. Dan MANEA - ULS Timișoara, Romania
• PhD, Prof. Costica CIONTU - UASVM București, Romania
• PhD, Prof. Gheorghe Valentin ROMAN - UASVM București, Romania
• PhD, Prof. Viorel IOAN - UASVM București, Romania
• PhD, Prof. Boris BOINCEAN - "Alecu RUSSO" University of Bălţi, Republic of Moldova
• PhD, Assoc. Prof. Mihail RURAC - State Agrarian University of Moldova, Republic of Moldova
• PhD, Assoc. Prof. Marcela ȘTEFAN – ASE București
• PhD, Assoc. Prof. Denis Constantin ȚOPA – ULS Iași
• PhD, Assoc. Prof. Florin-Daniel LIPŞA – ULS Iași
• PhD, Assoc. Petru Marian CÂRLESCU – ULS Iaşi
• PhD, Assoc. Prof. Feodor FILIPOV – ULS Iași
• PhD, Assoc. Prof. Silvica PĂDUREANU – ULS Iași

ISSN 1454-7414 
© Editura ,,Ion Ionescu de la Brad’’ Iaşi 
Lucrări Ştiinţifice - vol. 65(1) 2022, seria Agronomie 



Lucrări Ştiinţifice – vol. 65(1)/2022, seria Agronomie 
 

 5 

 

 

CONTENTS 

 

 

 

 

Emil GEORGESCU, Lidia CANĂ, Maria TOADER, Luxița RÂȘNOVEANU 

THE PERSPECTIVES TO USE AN ORGANIC EXTRACT FROM THE FABACEAE FAMILY 

TO CONTROL THE MAIZE LEAF WEEVIL (TANYMECUS DILATICOLLIS GYLL) AT THE 

MAIZE CROP IN ROMANIA ................................................................................................................ 9 

 

Constantin Liviu BUTNARU, Ioan ŢENU 

THE EVALUATION OF THE INDUCED SOIL COMPACTION AND THE USE OF 

DIFFERENT AGRICULTURAL EQUIPMENT ON SOME SOIL STRUCTURAL INDICATORS 

AND ON THE SUNFLOWER CROP YIELD ...................................................................................... 15 

 

Domnica Daniela PLĂCINTĂ, Danela MURARIU 

RESEARCHES REGARDING THE USING THE VARIETAL DIVERSITY OF BARLEY IN THE 

INTERCROPPING SYSTEM WITH WHITE LUPINE (LUPINUS ALBUS L.) AND OAT (AVENA 

SPP.) .......................................................................................................................................................... 23 

 

Cristian TOTOLEA, Claudia BAHRIM, Daniel BUCUR 

REHABILITATION AND MODERNIZATION OF SOIL EROSION CONTROL WORKS IN 

IZVORU BERHECIULUI CATCHEMENT ......................................................................................... 29 

 

Petru Marian CÂRLESCU, Marius BĂETU, Radu ROȘCA, Ioan ȚENU 

RESEARCH ON THE OPERATION OF AN INNOVATIVE EQUIPMENT HYBRID  

DRYING  ................................................................................................................................................... 35 

 

Marius Mihai CIOBANU, Diana Remina MANOLIU, Mihai Cătălin CIOBOTARU, Alina Narcisa 

RESEARCH ON CHANGES IN PORK QUALITY PARAMETERS FOLLOWING DIFFERENT 

AGING PROCESSES ................................................................................................................................... 39 

 

Otilia Cristina MURARIU, Carmen Daniela Petcu, Oana Mărgărita GHIMPEȚEANU, Adnana 

SANDU 

THE INFLUENCE OF GROWTH AGENTS ON THE QUALITY OF BAKERY PRODUCTS .... 45 

 

Carmen CREȚU, Roxana RAȚU, Raluca Oana RUSU  

RESEARCH REGARDING THE QUALITATIVE ASSESSMENT OF THE CONTAMINATION 

WITH ANTIBIOTIC RESIDUES FROM THE MILK SOLD IN THE AGRO-FOOD MARKETS 

AND IN THE COMMERCIAL NETWORK IN IAȘI ......................................................................... 51 

 

Roxana Ncoleta RAȚU, Ionuț Dumitru Veleșcu, Alina Narcisa POSTOLACHE, Sandu TALPĂ, Vlad 

Nicolae ARSENOAIA, Marius Giorgi USTUROI 

INCORPORATION OF SPIRULINA POWDER INTO PROCESSED MILK TO OBTAIN 

SEMIHARD CHEESE WITH THE AIM OF INCREASED NUTRITIONAL VALUE AND 

SENSORY CHARACTERISTICS ......................................................................................................... 55 

 



Universitatea pentru Ştiinţele Vieții din Iaşi 
 

 6 

Florin-Daniel LIPȘA, Larisa Ana Maria COZMA, Mihaela-Andreea FLOREA, Andrei Mihai 

GAFENCU, Eugen ULEA 

ENOLOGICAL POTENTIAL OF NATIVE YEASTS ISOLATED FROM GRAPES IN IASI 

WINE DISTRICT, ROMANIA ............................................................................................................... 61 

 

Marius Mihai CIOBANU, Diana Remina MANOLIU, Mihai Cătălin CIOBOTARU, Ioana 

GUCIANU, Bianca ANCHIDIN, Paul Corneliu BOIȘTEANU 

EFFECT OF AGING TIME, METHOD AND TEMPERATURE ON BEEF QUALITY 

INDICATORS .......................................................................................................................................... 65 

 

Andreea-Mihaela FLOREA, Andrei-Mihai GAFENCU, Florin-Daniel LIPȘA, Eugen ULEA 

NEW HOST FOR SCLEROTINIA SCLEROTIORUM IN THE NE REGION OF ROMANIA ....... 69 

 

Eugen VELICHI 

THE INFLUENCE OF TREATMENTS WITH VARIOUS PHYTOSANITARY PRODUCTS 

(FUNGICIDES) ON THE ATTACK OF SOME PHYTOPATHOGENIC FUNGI ON WHEAT 

HARVEST – GLOSA VARIETY - IN 2021 PEDOCLIMATIC CONDITIONS OF THE EASTERN 

BARAGAN ................................................................................................................................................ 73 

 

Roxana-Georgiana AMARGHIOALEI, Mihai TĂLMACIU, Paula-Lucelia PINTILIE, Elena 

TROTUȘ 

RESULTS ON THE SPECIES DIABROTICA VIRGIFERA VIRGIFERA LE CONTE IN THE 

CONDITIONS OF CENTRAL MOLDOVA ......................................................................................... 79 

 

Mariana ROZSNYAI, Georgiana PLOPEANU, Mihai MARINESCU  

POTENTIAL OF CYCLODEXTRINS TO INCREASE THE PETROLEUM HYDROCARBONS 

BIODEGRADATION .............................................................................................................................. 83 

  

Mihaela ŞERBAN, Gheorghe MĂTURARU, Cătălin LAZĂR 

NEW RESEARCH ON THE STUDY OF SELECTIVITY AND EFFICACY OF TREATMENTS 

ON WEED CONTROL FOR THE MAIZE CROP .............................................................................. 89 

 

Liliana PIRCALABU, Marian ION, Georgeta TUDOR, Irina BALANESCU 

THE IMPACT OF CLIMATE CHANGES ON GRAPEVINE ........................................................... 95 

 

Victor PETCU, Mihaela POPA, Laurențiu CIORNEI, Ioana Claudia TODIRICĂ, Gabriel POPESCU, 

Simona-Petruța SIMION, Maria SCHITEA  

FORAGE MIXTURES WITH ALFALFA CULTIVARS, PERENNIAL GRASSES AND 

ANETHUM GRAVEOLENS .................................................................................................................... 99 

 

Adrian-Ilie NAZARE, Mihai STAVARACHE, Costel SAMUIL, Vasile VÎNTU 

POSSIBILITIES TO IMPROVE THE PERMANENT GRASSLANDS OF DICHANTHIUM 

ISCHAEMUM (L.) ROBERTY FROM THE MOLDAVIAN FOREST STEPPE ............................ 105 

 

Dănuț Petru SIMIONIUC, Iulian GABUR, Tiberiu SÂRB1, Ioan PUIU, Violeta SIMIONIUC 

THE EFFECT OF ABIOTIC STRESS ON WHITE LUPIN (LUPINUS ALBUS L.) CV. “MIHAI” 

PLANTS IN DIFFERENT DENSITY CONDITIONS ........................................................................ 111 

 

 

 



Lucrări Ştiinţifice – vol. 65(1)/2022, seria Agronomie 
 

 7 

Violeta SIMIONIUC, Iulian GABUR, Tiberiu SÎRBU, Ioan PUIU, Dănuț Petru SIMIONIUC 

THE INFLUENCE OF POSTEMERGENCE HERBICIDE ON THE MAIN YIELD 

COMPONENTS IN WHITE LUPIN (LUPINUS ALBUS L.) – cv. “RUXANDRA” ...................... 117 

 

Victor ȚÎȚEI 

THE EVALUATION OF THE QUALITY OF THE ENERGY PHYTOMASS FROM 

INDUSTRIAL HEMP CANNABIS SATIVA GROWN IN MOLDOVA ........................................ 123 

 

Georgiana PLOPEANU, Nicoleta VRINCEANU, Dumitru Marian MOTELICA, Mariana 

ROZSNYAI, Vera CARABULEA, Bogdan OPREA, Mihaela COSTEA 

ACCUMULATION OF SOME HEAVY METALS IN CARROT ROOTS SAMPLED FROM 

HOUSEHOLDS IN COPSA MICA ..................................................................................................... 129 

 

Mihail LUCA, Alexandru-Lucian LUCA, Andrei-Ștefan STICEA 

RESEARCH OF WATER LOSSES IN THE PIPE NETWORK OF THE SPRINKLER 

IRRIGATION PLOT ............................................................................................................................ 135 

 

Oprea RADU, Cristian HUŢANU 

DEVELOPMENT OF LANDS ON THE SLOPE THROUGH TERRACING FOR RECREATION 

AREAS ................................................................................................................................................... 141 

 

Ștefănica OSTACI, Mihaela COVAȘĂ, Cristina SLABU, Alina Elena MARTA, Carmen Doina 

JITĂREANU 

THE INFLUENCE OF SALT STRESS ON STOMATAL CONDUCTANCE OF BITTER 

CUCUMBER (MOMORDICA CHARANTIA L.) ................................................................................ 145 

 

Simona ACATRINEI (DUMITRIU) , Stejărel BREZULEANU 

ASPECTS REGARDING THE ASSURANCE OF SEED QUALITY INDICATORS IN 

AGRICULTURAL RESEARCH UNITS ............................................................................................ 149 

 

Dan BODESCU , Alexandru-Dragoş ROBU, Dan DONOSĂ, Alina SÎRGHEA, Ciprian CHIRUŢĂ, 

Roxana Nicoleta RAŢU, Răzvan Nicolae MĂLĂNCUŞ, Diana-Gabriela STAMATI, Marinela 

TĂTĂRĂȘANU 

INSERTION OF LIFE SCIENCES GRADUATES IN THE LABOUR MARKET ....................... 155 

 

Mădălina Maria BREZULEANU 

ECONOMIC FREEDOM - MODERN SOCIETY GROWTH VECTOR ...................................... 161 

 

Flavian CLIPA , Gabriela IGNAT, Carmen Luiza COSTULEAU 

INSTITUTIONAL PERSPECTIVES OF EXTERNAL PUBLIC AUDIT ...................................... 169 

 

Oana COCA , Diana CREANGĂ, Cătălina Ionela POPOVICI, Ștefan VIZITEU 

TECHNICAL AND ECONOMIC EFFICIENCY OF THE DRIP IRRIGATION SYSTEM  

AT S.C. TRITICUM S.R.L. .................................................................................................................. 173 

 

Mirela DRĂGAN, Silvana Mihaela DĂNĂILĂ-GUIDEA, Adrian Gheorghe BĂȘA, Ștefana 

JURCOANE, Constantin DOBRESCU 

PRACTICE OF GREEN COVER CROPS, WITH BENEFITS FOR INCREEASE OF SOIL 

PROPERTIES AND THE VALUE OF BEE PRODUCTION .......................................................... 181 

 



Universitatea pentru Ştiinţele Vieții din Iaşi 
 

 8 

Adriana Iulia GRAFU , Nicoleta MĂRIN, Mihaela LUNGU 

SOIL PHOSPHORUS AND POTASSIUM SOLUBILIZATION IN AN EXPERIMENT WITH 

FIELD CROPS IN THE GREAT BRĂILA ISLAND ........................................................................ 187 

 

Andy-Felix JITĂREANU, Diana-Elena CREANGĂ , Oana COCA, Dragoș-Alexandru ROBU 

ROMANIAN MEAT MARKET: SOCIAL MEDIA MARKETING EFFORTS AND  

RESULTS ............................................................................................................................................... 191 

 

Mioara MIHĂILĂ, Andy-Felix JITĂREANU, Maria ROBU, Bianca Antonela UNGUREANU, Elena 

LEONTE 

ECO-ANXIETY AND CONSUMER BEHAVIOR: MUTUAL INFLUENCES ............................. 197 

 

Raluca Ștefania PELIN 

A LEXICAL APPROACH TO THE OCCUPATIONAL ENGLISH TEST FOR VETERINARY 

SCIENCE AS A MEANS OF ENHANCING ACCURACY AND FLUENCY IN ENGLISH ....... 201 

 

Radu-Adrian MORARU , Cristina SIMEANU, Dan ȘUMOVSCHI 

THE ENVIRONMENTAL IMPACTS OF RURAL TOURISM ...................................................... 205 

 

Alexandru-Dragoș ROBU , Mioara MIHĂILĂ, Stejărel BREZULEANU, Andy-Felix JITĂREANU, 

Dan BODESCU, George UNGUREANU 

THE INFLUENCE OF E.A.F.R.D. ON THE ACCESS INFRASTRUCTURE OF A TOWN IN  

THE NORTH-EAST REGION AND ON THE ECONOMIC SECTOR IN ITS VICINITY ........ 211 

 

Dan Constantin ŞUMOVSCHI 

THE CORONAVIRUS PANDEMIC AS AN OPPORTUNITY FOR THE RURAL TOURISM 

SECTOR. IDEAS AND REFLECTIONS FROM THE PANDEMIC TO THE TOURISM OF 

TOMORROW ....................................................................................................................................... 215 

 

Dănuț UNGUREANU , Veronica ȚARAN BACIU, Mirela CANDREA 

TERRITORIAL ORGANISATION OF THE MOUNTAIN AREA IN ROMANIA. REGIONAL 

MOUNTAIN DEVELOPMENT CENTRES VS. MASSIVE COMMITTEES ............................... 219 

 

Petru Marian CÂRLESCU, Marius BĂETU, Virginia CIOBANU , Radu ROȘCA, Ioan ȚENU 

RESEARCH ON THE PHYSICAL CHANGES OF CEREAL SEEDS DRIED IN THE 

INNOVATIVE EQUIPMENT HYBRID DRYING ........................................................................... 225 

 

Petre VOICU, Irina CALCIU, Olga VIZITIU 

CONTRIBUTIONS REGARDING KNOWLEDGE OF SOIL AERATION PROCESSES TO 

PLANT GROWTH AND DEVELOPMENT ...................................................................................... 229 

 

 



Lucrări Ştiinţifice – vol. 65(1)/2022, seria Agronomie 

 

9 

 

 

THE PERSPECTIVES TO USE AN ORGANIC EXTRACT FROM THE 

FABACEAE FAMILY TO CONTROL THE MAIZE LEAF WEEVIL 

(TANYMECUS DILATICOLLIS GYLL) AT THE MAIZE CROP IN ROMANIA 

 
Emil GEORGESCU1, Lidia CANĂ1, Maria TOADER2, Luxița RÂȘNOVEANU3,4 

 
e-mail: emilgeorgescu2013@gmail.com 

 
 

Abstract 

 

In this paper, we present results of two years study, in the field conditions, at NARDI Fundulea, located in the south-

east of Romania, concerning the effectiveness of the biological control of the maize leaf weevils (Tanymecus dilaticollis 

Gyll) at maize crops, with organic insecticide on a base of plant extracts from the Fabaceae family (0.3 %) applied 

both, like seed coating and foliar spray. It has assessed weevils attack intensity at maize plants on a scale from 1 (plants 

not attacked) to 9 (plants complete destroyed), saved plants percent at 30 days from maize emergence and plants height 

at 50 days from plants emergence. At maize untreated plants, the weevils attack intensity was 3.16 in 2020 and 5.71 in 

2021, while at variants treated with organic insecticide on a base of plant extracts from the Fabaceae family the weevils 

attack intensity ranged from 3.08 to 3.14 in 2020 and from 5.65 to 5.68 in 2021. The lowest value of the weevils attack 

intensity was registered in the case of the variant with seeds treated with imidacloprid active ingredient (I=2.56 in 2020; 

I=4.46 in 2021). The highest values of saved plants percent were registered in the case of the variant with seeds treated 

with imidacloprid (94.04 % in 2020, respectively 86.80 % in 2021). In this two-year study, in field conditions, in the 

southeast of Romania, it hasn’t registered significant statistical differences concerning weevils attack registered at 

untreated maize plants and maize variants treated with organic insecticide on a base of plant extracts from the Fabaceae 

family (0.3 %). Both years haven’t registered significant statistical differences concerning plant heights at 50 days from 

the maize emergence. 

  

Key words: maize, weevils, organic insecticide, attack 

 

                                                 
1National Agricultural Research Development Institute (NARDI), Fundulea, Romania  
2University of Agronomic Sciences and Veterinary Medicine from Bucharest, Romania 
3Bucharest University Economic Studies, Faculty of Agri-food & Environmental Economics, Bucharest, Romania 
4Agricultural Research Development Station Braila, Romania 

According to MADR data (2021), maize is 

one of the most cultivated crops in Romania. In the 

last years, the area sowed with this crop ranged 

between 2.40 and 2.68 million hectares, 

representing the highest area in the European 

Union (Eurostat database, 2019). Insects attack is 

one of the limitative factors for the maize yield in 

Romania (Bărbulescu A. et al, 1997; 2001a; Popov 

C., Bărbulescu A., 2007; Trotuș E. et al, 2013; 

Trașcă F. et al, 2019). Trotuș E. et al (2011) 

mentioned that, in some years, only because of the 

pests attack, maize yield losses can arrive at 23 %. 

Maize leaf weevil (Tanymecus dilaticollis Gyll) is 

the main pest of maize crop, mainly in south and 

south-east of Romania (Paulian F., 1972; Voinescu 

I., 1985; Voinescu I., Bărbulescu A., 1998; Popov 

C. et al, 2002, 2003, 2007a; Georgescu E. et al, 

2014, 2018). The weevils attack occurred when 

maize plants are in early vegetation stages, from 

emergence until four leaves stage; in case of high 

pest pressure, economically damages can be 

significant (Roșca I., Istrate R., 2009). The same 

authors mentioned that the weevils attack could 

occur when maize plants are in the five or six 

leaves stage (BBCH 15-BBCH 16), but in this 

case, the adult insects feeding only with leaves 

margins and economically damages are not 

significant. Recent data from the Romanian 

literature evidence that maize leaf weevil is present 

and produces significant damages in areas 

considered, until now, less favorable for this 

species (Antonie I. et al, 2012: Badiu A.F. et al, 

2019). Possible explication for this fact is climate 

change and global warming (Olesen J.E., 2011; 

Daniel P.B. et al, 2013; Deutch C.A. et al, 2018; 

Miedaner T., Juroszek, P., 2021). According to 

Čamprag D. (2007) many pests can be favored by 

climate changes such as increasing the temperature 

in northern latitudes. Other studies reveal that as o 

consequence of global warming will increase the 

prevalence of insect pests in many agro-ecosystem, 

including maize crop too (Diffenbaugh N.S. et al, 

2008; Hakala K. et al, 2011; Maxem A., 2013). 

Drought and high temperatures are favorable 
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conditions for maize leaf weevils to attack (Popov 

C. et al, 2006). The insects are very active at 

temperatures higher than +18 °C, at the soil 

surface; usually, this period coincides when maize 

plants are in the early vegetation stages (BBCH 10-

BBCH 14 )(Roșca I., Istrate R., 2009). Paulian F. 

(1972) reported that in case of higher weevil’s 

density (25 and 30 insects/m2) maize yield losses 

can reach at 34 %. However, between 1980 and 

2000 it has reported higher weevil’s densities in 

the favorable area of this species, ranged between 

15 and 80 insects/m2 (Bărbulescu A. et al, 2001a; 

Popov C., Bărbulescu A., 2007). In some extreme 

cases it has reported a pest density of 160 

weevils/m2 in the Dobrogea area (Voinescu I., 

1987 cited by Roșca I., Istrate R., 2009). Reports 

after the year 2000 reveal that in the favorable 

areas of maize leaf weevils, from south and south-

east of Romania, every year are attacked one 

million hectares cultivated with maize (Popov C. et 

al, 2002, 2004, 2007a). Recent studies make in 

evidence maize density losses, as a result of the 

weevils attack, ranged from 25 to 50 % (Badiu A. 

et al, 2019). Seed treatment with systemic 

insecticide with a high solubility degree and rapid 

translocation of the active ingredient to the young 

plants was the most effective method to protect 

maize plants in early vegetation stages against 

maize leaf weevil attack (Bărbulescu A. et al, 

2001b; Vasilescu S. et al, 2005; Čamprag D., 

2007; Popov C. et al, 2007b; Popov C., Bărbulescu 

A., 2007; Trotuș E. et al, 2011, 2019; Georgescu 

E. et al, 2014, 2018). As a result of the European 

Commission Regulations 218/783, 218/784, and 

218/785, the use of imidacloprid, clothianidin, and 

thiamethoxam active ingredients for all field crops, 

both like seed treatment and foliar application, will 

be banned in UE, from 2019 (Official Journal of 

the European Union, 2018a,b,c). After these 

relegations no insecticides remain available for 

maize seed treatment against maize leaf weevils 

attack, in Romania. Lack of effective control 

methods of this pest at maize crop can have 

negative effect for the farmer’s profitability in our 

country in conditions of global warming that can 

favor harmful insect’s species for field crops. In 

past years it has done researches for finding 

possible alternatives at maize seed treatment with 

systemic insecticides for controlling the maize leaf 

weevil attack. It has studied both foliar and seed 

treatment with chemical insecticides and plant 

extracts, however the effectiveness of these 

treatments in controlling of maize leaf weevil was 

lower compared with seed treatment with banned 

systemic insecticides (Georgescu E. et al, 2014; 

2018, 2021; Toader M. et al, 2020). In Romania it 

has done researches concerning botanical extracts 

from the Fabaceae family for controlling the pests 

attack in the orchards, but the effectiveness of 

these products for controlling of the Eurytoma 

schreineri and aphids at plum trees was low 

(Moldovan C. et al, 2020a,b). The present study 

aims to determine if botanical extract from the 

Fabaceae family, used in biological control of the 

pests of vegetable crops or orchards, can be an 

effective solution for maize crop protection against 

weevils attack.  

 

MATERIAL AND METHOD 
 

The field trial was carried out at Agricultural 
Engineering Laboratory from National Agricultural 
Research and Development Institute (NARDI) 
Fundulea, Călărași County, Romania (latitude: 44.46; 
longitude: 26.32; alt.: 68.00 m, between 2020 and 
2021.  

This research tested an organic insecticide on 
a base of botanical extracts from the Fabaceae family 
(0.3%) (commercial name Deffort) and applied both 
seed treatment (BBCH 00) and foliar treatment (when 
maize plants were in BBCH 11-12 stages). These two 
variants of applications were compared with 
imidacloprid (600 g/l) active ingredient, applied like 
seed treatment (commercial product dose 8 l/to). For 
seeds treatment, the dose of the Fabaceae extract 
organic insecticide was 2.0 l/to. and dose for foliar 
application was 2.5 l/ha. 

Experimental plots were arranged according to 
the randomized blocks scheme. The plot length was 
10 m, the plot with 4.2 m, and the result plot area was 
42 m2. In 2020 plants were sowed on 14 April while in 
2021 plants were sowed on 6 May. For this study, it 
has used the F423 maize hybrid (FAO group 401-
500). 

Weevils attack intensity is evaluated when 
the maize plants is in four leaves stage (BBCH 14), 
according to a scale from 1 to 9, elaborated by 
Paulian F. (1972) and improved by Bărbulescu A. 
(2001b), as follows: note 1-plant not attacked; note 2-
plant with 2-3 simple bites on the leaf edge; note 3-
plants with bites or clips on all leaves edge; note 4-
plants with leaves chafed in proportion of 25 %; note 
5-plants with leaves chafed in proportion of 50 %; 
note 6-plants with leaves chafed in proportion of 75 
%; note 7-plants with leaves chafed almost at the 
level of the stem; note 8-plants with leaves 
completely chafed and beginning of the stem 
destroyed; note 9-plants destroyed, with stem chafed 
close to soil level. At each plot it has evaluated 20 
maize plants, from four central rows (5 plant/row). 
Before assessment plants were marked with sticks, in 
stair system.  

After 30 days from the plants emergence it has 
evaluated saved plant percent by counting all the 
emerged plants from a plot and comparing them with 
the sowing seeds number/plot. 

Plants height at 50 days from maize 
emergence was assessed at same plants that, 
previously it has made observations concerning 
attack intensity.    
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Meteorological data was provided by Meteo station 

of the NARDI Fundulea. It has monitoring air 
temperature and rainfalls during spring period 

(March-May). Data from the field assessments was 
statistical analyzed using Student-Newman test.

Table 1 
Average air temperatures registered at NARDI Fundulea, during spring, in 2020 and 2021  

Year  Average air temperature  
(°C) 

Deviation from the average  
(°C) 

March  April May 
March April May Current 

year 
Multiyear 
average 

Current 
year 

Multiyear 
average 

Current 
year 

Multiyear 
average 

2020 8.3 4.9 12.3 11.3 17.0 17.0 +3.4 +1.0 0 

2021 5.1 4.9 9.7 11.3 17.2 17.0 +0.2 -1.6 +0.2 

 
Table 2 

Rainfall amounts registered at NARDI Fundulea, during spring, in 2020 and 2021 

Year  Rainfall amounts  
(°C) 

Deviation from the average  
(mm) 

March  April May 
March April May Current 

year 
Multiyear 
average 

Current 
year 

Multiyear 
average 

Current 
year 

Multiyear 
average 

2020 29.8 37.4 14.0 45.1 58.0 62.5 -7.7 -31.1 -4.5 

2021 59.0 37.4 31.0 45.1 57.6 62.5 +21.6 -14.1 -4.9 

 
Table 3  

Results of the field trial in the spring of the year 2020 

Nr. 
crt. 

Variant  

(active ingredients) 

2020 

Phytotoxicity 
(%) 

Attack 
incidence  

(%) 

Attack 
intensity  

(1-9) 

Saved 
plants 

(%) 

Plants height 
(cm) 

1 Check   
(untreated) 

0 a 100 a 3.16 a 91.67 a 153.06 a 

2 Imidacloprid (600 g/l) 

seed treatment 
0 a 100 a 2.56 a 94.03 a 156.88 a 

3 Deffort (Facaceae 
extract)-seed treatment 

0 a 100 a 3.14 a 91.94 a 154.14 a 

4 Deffort (Facaceae 
extract)-foliar spray 

0 a 100 a 3.08 a 91.31 a 153.50 a 

  LSD P=0.05 0 0 0.515 5.437 12.539 

 Standard deviation (SD) 0 0 0.322 3.399 7.840 

 Variation coefficient (C.V.)   0 0 10.770 3.690 5.080 

Replicate F 0 0 0.187 1.608 0.965 

Replicate Prob(F) 1.0000 1.0000 0.9026 0.2551 0.4504 

Treatment F 0 0 3.158 0.517 0.191 

Treatment Prob(F) 1.0000 1.0000 0.0787 0.6811 0.9001 

Means followed by same letter do not significantly differ (P=.05, Student-Newman-Keuls test) 
 

Table 4 
Results of the field trial in the spring of the year 2021  

Nr. 
crt. 

Variant  

(active ingredients) 

2021 

Phytotoxicity 
(%) 

Attack 
incidence  

(%) 

Attack 
intensity  

(1-9) 

Saved 
plants 

(%) 

Plants height 
(cm) 

1 Check   
(untreated) 

0 a 100 a 5.71 a 72.64 b 200.19 a 

2 Imidacloprid (600 g/l) 

seed treatment 
0 a 100 a 4.46 b 86.80 a 209.94 a 

3 Deffort (Facaceae 

extract)-seed treatment 
0 a 100 a 5.68 a 72.78 b 200.41 a 

4 Deffort (Facaceae 
extract)-foliar spray 

0 a 100 a 5.65 a 73.33 b 202.75 a 

  LSD P=0.05 0 0 0.724 9.576 28.454 

 Standard deviation (SD) 0 0 0.453 5.987 17.790 

 Variation coefficient (C.V.)   0 0 8.420 7.84 8.750 

Replicate F 0 0 1.010 1.449 0.526 

Replicate Prob(F) 1.0000 1.0000 0.4323 0.2924 0.6753 

Treatment F 0 0 7.234 5.388 0.263 

Treatment Prob(F) 1.0000 1.0000 0.0090 0.0213 0.8505 

Means followed by same letter do not significantly differ (P=.05, Student-Newman-Keuls test) 
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RESULTS AND DISCUSSIONS 
 

Data from tables 1 and 2 show that weather 

conditions registered in the spring at NARDI 

Fundulea were atypical. In 2020, the average air 

temperature recorded in March and April was 

higher than the multi-year average, while in May, 

the average air temperature was typical for this 

period. In 2021, the average air temperature 

recorded in all spring months was higher than 

multi-year averages. Concerning rainfalls amount 

registered during the spring period, at NARDI 

Fundulea, analyzing the data from tables 1 and 2 it 

has ascertained that with exception of March 2021, 

in all spring months it has registered lower rainfalls 

amount compared with multiyear averages. 

However, in May 2020 and May 2021, it has 

registered a slight negative deviation of the 

rainfalls amount from the average.    
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Figure 1. Daily temperatures and rainfalls recorded 

between maize plants emergence (BBCH 10) and four 
leaves stage (BBCH 14) at NARDI Fundulea in the 

spring of the year 2020  

 

Temperatures and rainfalls occurred when 

maize plants are in early vegetation stages (BBCH 

10-BBCH 14) influenced weevil’s activity on the 

ground and attack intensity at maize plants (Popov 

C. et al, 2006; Roșca I., Istrate R., 2009).  

Analyzing the daily temperatures and rainfalls 

recorded between maize plants emergence 

(BBCH 10) and four leaves stages (BBCH 14) 

in spring of 2020 at the experimental field 

from NARDI Fundulea it can observe the high 

difference between the daily minimum and 

maximum temperature in the first three days 

after the emergence of the maize plants. This 

difference was higher than 21 °C on 29April 

(Figure 1). As a result, a favorable period 

during the day for weevils activity on the 

ground was concise. From 30 April until 6 

May, it has registered 40.4 mm of rains and 

the temperatures decreasing. Because of 

unfavorable weather conditions for weevil’s 

activity, registered between maize plants 

emergence (BBCH 10) until four leaves stages 

(BBCH 14), the attack of the maize leaf weevil 

at maize plants was low.  
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Figure 2. Daily temperatures and rainfalls recorded 

between maize plants emergence (BBCH 10) and four 
leaves stage (BBCH 14) at NARDI Fundulea in the 

spring of the year 2021   

 

In the spring of 2021, in the experimental 

field from NARDI Fundulea in all 8 days from 

maize emergence until four leaves stage, the 

maximum air temperature was higher than 20 °C 

while the minimum air temperature was higher 

than 10 °C. However, rainfalls registered two 

days before maize plants arrive in four leaves 

stage have consequences in lower weevil’s 

activity on the ground (Figure 2). Analyzing 

the daily distribution of the temperatures and 

rainfalls registered in the most sensitive period 

of the maize plants to weevils attack, it can 

conclude that in spring of 2021, it was the 

most favorable conditions for maize leaf 

weevil attack at the experimental field from 

NARDI Fundulea.  

Data from table 3 reveal that the attack 

intensity of the weevils at maize plant 

untreated plants was low (I=3.16). At variants 

treated with a botanical extract from the 

Fabaceae family, the attack intensity ranged from 

3.08 to 3.14. Lower attack intensity from this trial 

has registered variant with treated seeds with 

imidacloprid active ingredient. However, the low 

weevils attack intensity in spring of 2020 hasn’t 

reported significant statistical differences between 

experimental variants (p<0.05). The weevil's attack 

intensity at maize plants was higher in the spring 

of 2021. At the control (untreated) variant, on a 

scale from 1 to 9, the weevils attack intensity was 

5.71. The majority of the plants from untreated 

variant have leaves chaffed in the proportion of 50-
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75 %, and some of the plants have all leaves 

destroyed as a result of the weevils feeding 

process. It has registered only slight differences 

between untreated variants and variants treated 

with a botanical extract from the Fabaceae family, 

both like seed and foliar treatment. The lowest 

weevils attack intensity value in the spring of 2021 

was registered in maize plants with treated seeds 

with imidacloprid active ingredients (table 4). 

According to Student-Newman-Keuls (SNK) test, 

in the spring of 2021, the highest statistical 

difference, compared with control untreated 

(variant) it has registered in the case of standard 

variant, with treated seeds with imidacloprid active 

ingredient (p<0.05). As a result of the lower attack 

intensity registered in spring of 2020, saved plants 

percent was higher than 91 % in all variants from 

this trial. Even if the highest value of the saved 

plant's percent has registered in the case of variant 

treated with imidacloprid active ingredient (94.03 

%), it hasn't registered significant statistical 

differences between variants (p<0.05). In spring of 

2021, it hasn’t registered a significant statistical 

difference between saved plants percent at control 

variant and saved plants percent at variants treated 

with a botanical extract from the Fabaceae family, 

both like seed and foliar treatment. The statistical 

differences between saved plants percent registered 

in case of variant treated with imidacloprid active 

ingredient and the rest of the variants from this 

trial were significant in the spring of 2021 

(p<0.05). At 50 days from the maize emergence, 

plants' height ranged from 153.06 to 156.88 cm in 

2020 and from 200.19 to 209.94 cm in 2021. In 

both years, higher values of the plant's height at 50 

days from the maize emergence have registered in 

the case of standard variant, with maize with 

treated seeds with imidacloprid active ingredient. 

However, the differences compared with the other 

variants from this trial were slight and weren’t 

statistically assigned (p<0.05). In this study, the 

organic insecticide on a base of plant extracts from 

the Fabaceae family didn’t control the maize leaf 

weevil attack at maize crops, when plants are in the 

early vegetation stages (BBCH 10-BBCH 14).   

 

CONCLUSIONS 

 

During this trial, at NARDI Fundulea 

experimental field, weather conditions registered 

from maize plants emergence until four leaves 

stage were unfavorable for maize leaf weevils (T. 

dilaticollis) in spring of 2020 and favorable in 

spring 2021.   

The maize leaf weevil (T. dilaticollis) attack 

at maize plants was lower in the spring of 2020 and 

moderate in the spring of 2021.  

In this trial, in the low or moderate pest 

pressure conditions, the weevils attack intensity 

registered at the maize experimental variants 

treated with organic insecticide on a base of plant 

extracts from the Fabaceae family (0.3 %) was 

almost similar with weevils attack intensity 

registered at untreated maize plants. 

In both years of this field study, the lowest 

weevils attack intensity has registered in the case 

of the variant with maize seeds treated with 

imidacloprid active ingredient.    
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Abstract 

 

Soil compaction, induced by the agricultural machinery traffic, has a significant impact on some physical and 

mechanical properties of the soil and, consequently, on sunflower yields. Since Romania remains the largest producer of 

sunflower in the European Union, special attention needs to be taken. In 2021, Romania ranked first in the EU both in 

terms of production and cultivated area, according to data from the statistical office of the European Union, 

EUROSTAT. In this research, experimental investigations were performed in order to quantify the induced soil 

compaction perform by simulation of the agricultural traffic through successive „wheel by wheel” crossings on 

sunflower crop and different systems of machinery used in soil tillage. To this end there where been carried out several 

experimental plots, with different degrees of compaction corroborated with different systems of machinery used in soil 

tillage, and the evolution of the following parameters where determined: soil penetration resistance, soil bulk density, 

the water stable aggregates of the structural elements and the mean weight diameter of these elements. As per findings 

in this research, the soil compaction performed by a tractor Valtra T-190 before plowing, through one passing and 

respectively two passes through successive „wheel by wheel” crossings, in order to obtain different graduations of soil 

compaction and with different systems of agricultural machinery used in soil tillage, had a negative impact on all 

indices followed in the experimental researches and, therefore, on sunflower seed yields. 

 

Key words: sunflower, soil compaction, systems of agricultural machinery, soil properties 

 

 

                                                 
1 Iasi University of Life Sciences, Romania 

In Europe, sunflower is mostly cultivated 

in Southern and Eastern regions. Sunflower crop is 

covering more than 4.5 Million ha in EU: 

Romania, Spain, France, Bulgaria and Hungary 

being the main contributors, approximatively 90 % 

of the UE area (Pacureanu-Joita et al, 2021).  

Soil compaction caused by the traffic of 

agricultural machines is a well-known problem 

nowadays. When approaching the correct system 

of machinery used in sunflower soil tillage, many 

tasks of agriculture are solved. First of all, its 

physical condition is maintained or improved, its 

water and air properties are improved: soil 

becomes more loose, lumpy, and structural (Yu N 

Pleskachev et al, 2021). The excessive compaction 

of cultivated soils has a negative effect on crops 

and soil properties. Ass showed by A. Elaoud et al, 

(2011) soil compaction can be mitigated by a 

reduction in the number of passes, integration of 

organic matter and optimizing the choice of wheel, 

tire and inflation of the tires. To avoid soil 

compaction problems, agricultural producers use 

different tillage systems such as conventional and 

conservation tillage systems. No-tillage and 

minimum tillage systems fall under conservation 

tillage systems due to reduced reliance on farm 

machinery for soil tiling purposes. On the other 

hand, conventional tillage systems rely heavily on 

farm machinery for seedbed preparations. A 

conventional tillage system would require more 

than 20% of the total traffic experienced before 

seeding operations, as this tillage system often 

consists of both primary and secondary tillage 

activities. (Alaoui et al, 2006). Disc and spring-tine 

tillage systems are generally associated with 

secondary tillage practices. These systems are 

generally used due to their quick work rates and 

low draft. There are some demerits associated with 

both disc and spring-tine tillage systems, such as 

the ineffective burial of crop residue or weeds and 

soil smearing. However, tillage involving one pass 

of such implements (disc or spring-tine harrows) 

can be classified as a reduced tillage system and, in 

turn, is beneficial for soil conservation. In addition, 

the low draft associated with these implements 

allow agricultural producers to use smaller tractors 

for tillage operations. Wheeling or traffic from 

seeding operations after tillage can affect the soil 
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properties. For example, the increased intensity of 

tractor movements (traffic) on a field can decrease 

soil porosity which can lead to improper aeration 

and drainage, increased soil strength, and 

impedance of root growth. All these may have 

adverse effects on plant growth and crop yield. 

Understanding the influence of traffic or wheeling 

events under different tillage systems are very 

important in reducing severe soil compaction. The 

soil compaction effects on the soil structure, and 

the results showed that traffic caused severe soil 

compaction from the soil surface to the 0.10 m 

depth resulting in the collapse of the soil structure. 

This stopped or reduced water flow movement 

from the topsoil layer to the subsoil layer. 

Villanueva et al, 2015, observed a 23% decrease in 

the soil moisture content in the conventional tillage 

system when compared to the zero tillage and 

minimum tillage systems. The conventional tillage 

systems experienced more tractor passes than the 

other tillage systems investigated. 

 
MATERIAL AND METHOD 

 
The experiment was conducted at the 

Didactic Station of the „Ion Ionescu de la Brad” 
University of Agricultural Sciences and Veterinary 
Medicine of Iasi, Ezăreni Farm, during farming 
years 2009-2010. The experimental site is located 
in the North-East part of Romania (47°07` N 
latitude, 27°30` E longitude) on a cambic 
chernozem (SRTS-2003, or haplic chernozems 
after WRB-SR, 1998), with a clay-loamy texture, 
6.8 pH units, 3.7 % humus content and a medium 
level of fertilization. The soil has high clay content 
(38-43%) and is difficult to till when soil moisture is 
close to 12%. The experimental site has an annual 
average temperature of 9.6°C and precipitation of 
517.8 mm. The experimental design was with two 
factors of influence, in three replications, having as 
influence factors the degree of soil compaction and 
the different systems of machinery used in soil 
tillage. There were established nine experimental 
plots, with three system of agricultural machines 
and three different degrees of soil compaction 
(table 1). 

 
Table 1 

The two factors of influence for the experimental 
plots 

The system of agricultural 
machines  

The compaction 
degree 

T 190+Opal 140; U650+GD-3.2 uncompacted 

T 190+Opal 140; T 190+BS400A compacted once 

T 190+Opal 140; T 190+FRB-3 Compacted twice 

 
The soil compaction was realized through 

successive „wheel by wheel” crossings, using the 
tractor with 190 horse power, with a weight of 
approximatively 6000 kg, before plowing, by one or 
two passages in order to achieve different degrees 

of compaction. The degrees of compactions were: 
uncompacted, compacted once and compacted 
twice. 

 The three systems of machinery used in 
soil tillage consisted in: 

1) In autumn, Tractor Valtra T 190 + Opal 140 

(reversible plough), followed in spring with 

tractor U-650 + GD 3.2 (disc harrow) and then 

the aggregate composed with the tractor 

U650 + SPC8 (sunflower drill machine). 

During the growing season, the weed control 

was performed twice with the aggregate 

tractor U-650+CPU-8 (weed control machine). 

2) In autumn, Tractor Valtra T 190 + Opal 140 

(reversible plough), followed in spring with 

tractor T-190 + BS400A (kompaktor - 

cultivator) and then the aggregate composed 

with the tractor U650 + SPC8 (sunflower drill 

machine). During the growing season, the 

weed control was performed twice with the 

aggregate tractor U-650+CPU-8 (weed control 

machine). 

3) In autumn, Tractor Valtra T 190 + Opal 140 

(reversible plough), followed in spring with 

tractor T-190 + FRB-3 (rotary harrow) and 

then the aggregate composed with the tractor 

U650 + SPC8 (sunflower drill machine). 

During the growing season, the weed control 

was performed twice with the aggregate 

tractor U-650+CPU-8 (weed control machine). 

Each of the nine plots from above were 
repeated for three years, during 2008-2011, in the 
same conditions, as shown in figure.1. 

 

 
Figure 1 - The placement scheme at sunflower crop 

experiment plots 

 
Experimental plots covered surface of 150 

m2 each, being cultivated with sunflower, hybrid 
Pioneer PR64A83 (FAO 300, or CRM 91 after the 
Pioneer classification), drilled each year in the 
beginning of May 10, using a SPC-8 drill. The 
distance between rows was of 0.7 m and the 
harvesting density was of 55000 plants/ha 
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In this experimental research the influence 
of soil compaction degree and the different 
systems of machinery used in soil tillage on some 
soil physical and mechanical properties was 
studied. In order to determine soil bulk density, 
mean weight diameter of structural elements of soil 
and the hydro stability of these elements, soil 
samples were taken from each plot in ten days 
after the sunflower seeding. 

Soil penetration resistance was measured in 
ten days after sowing, by using a digital 
penetrologger (Eijkelkamp equipment, The 
Nederland’s). The measurements were realized at 
a soil depth of 40 cm by using the Eijkelkamp 
penetrologger which had a 30° cone angle and a 1 
cm2 base area and by making ten repetitions for 
each experimental plot. 

After seeding, in order to determine the soil 
bulk density there were taken soil samples from 
each experimental plot using a steel cylinder of 
100 cm3 volume (5 cm in diameter, and 5.1 cm in 
height) (Blake G.R., Hartge K.H. 1986), which were 
carried out at four depths (0-10 cm, 10-20cm, 20-
30 cm and 30-40 cm). 

The analysis of hydro aggregate stability of 
soil structural elements and the analysis of soil 
structural elements distribution was measured by 
using the dried and wet sieving, after Tiulin-Erikson 
procedure. The soil sample were taken on three 
depths: 0-10 cm, 10-20 cm and 20-30 cm and each 
sample was air-dried. The soil samples were 
sieved by using a sieve shaker machine named 
„Granular composition test set” (Eijkelkamp, 
Nederland’s), provided with a set of overlapping 
sites (sites with holes: 10, 5, 3, 2, 1, 0.5 and 0.25 
mm), in order to achieve the dry sieving. The 
eighth sieve, mounted below the sieve with 0.25 
mm holes, is blind (without holes). After finishing 
the dry sieving, the soil fractions for each sieve 
were weighed and the percentage of soil structural 
elements for each fraction was calculated: soil 
structural elements larger then 10, between 10 to 
5, 5 to 3, 3 to 2, 2 to 1, 1 to 0.5, 0.5 to 0.25 mm 
and smaller than 0.25 mm. According to Tiulin-
Erikson procedure, in order to determine the hydro 
stability of soil structural elements, twenty grams of 
average soil sample of dry soil structural elements 
were placed on a set of six overlapping sieves, 
having holes of 0.25, 0.5, 1, 2, 3, 5 mm diameter. 
The fractions of soil structural elements retained by 
each sieve were gently back-washed off the sieve. 
The soil samples were rinsed, the water was 
removed, and then, the soil structural elements 
were put in numbered aluminum vials and they 
were weighed. Forwards, the vials were placed in a 
forced-air oven at ~105°C and then, after 8 hours, 
they were weighed. Certain indicators, as mean 
weigh diameter of soil structural elements, were 
determined by calculation (Canarache A., 1990). 

The sunflower seed yield was determined 
from 5 m2 of each experimental plot by taking ten 
repetitions for each experimental plot. 

Statistical processing of data was done by 
means of the analysis of variance and it was 
interpreted according to the values in table 2. 

Table 2 
The statistical significance of the differences 

Specification 
Differences 

signification 
positive negative 

d ≤ LSD 5% - - insignificant 

LSD 5% < d < 
LSD 1% 

X O significant 

LSD 1% < d < 
LSD 0,1% 

XX OO 
distinctly 

significant 

LSD 0,1% ≤ d XXX OOO Very significant 

 
in which d represents the differences between the 
experimental plots and the control plot. 

 The least significant differences (LSD) 
highlights the significance of production differences 
and is determined by the formula: 

𝐷𝐿=𝑡∙𝑠𝑑 (1) 
in which t represents the normal deviation, whose 
values are obtained from statistical tables 
according to the degrees of freedom of the error 

and 𝑠𝑑 represents the error of production 
differences. 

 

RESULTS AND DISCUSSIONS 

 

In the following paragraphs, it is presented 

the influence of soil compaction degree and the 

system of machines used on some soil physical and 

mechanical properties and sunflower seed yields.  

The soil penetration resistance values are 

presented in table 3. It is noted that, once with the 

increasing of the soil compaction degree, the 

values of soil penetration resistance increase, the 

highest value of 0.470 MPa is recorded at V3, 

which is the experimental plot with the highest 

degree of compaction. In regarding the variation in 

depth of the soil resistance to penetration, we find 

that in the upper soil layers of 0-20 cm, the soil 

penetration resistance is having lower values due 

to the action of active working bodies of Opal 

140/5 plow and due to the BS 400 A Kompaktor - 

cultivator. In the soil layers, in the range of 20-30 

cm, due to compaction produced by the 

agricultural machinery wheals, we can observe a 

systematic increase of the amount of soil resistance 

to penetration, as the depth increases. 

The soil bulk density, as well as the soil 

resistance to penetration, is having the same 

variation, depending on degree of the soil 

compaction. As seen in table 4, the experimental 

plot which has the highest value of the soil bulk 

density is V3. This value is of 1,557 g/cm3. It is 

also found that the soil bulk density increases 

continuously with the depth’s increase. 

Regarding the hydro stability of the soil 

structural elements we can observe that, overall, 

from the values of the I1 quality parameter of soil 
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structure presented in table 5, the hydro stability of 

the structural elements of the soil are decreasing 

once the degree of the soil compaction is 

increasing. 

In table 6 it can be observed that the mean 

weight diameter of the structural elements of the 

soil decreases once the degree of soil compaction 

increases. The lowest value of the mean weight 

diameter of the soil structural elements is recorded 

at V9, the experimental plot with the value of 2.931 

mm. 

The statistical analysis of the data obtained 

during the experiments on sunflower seed yields, 

as per seeing in table 7, in which the influence of 

the two factors was studied (the compaction degree 

and the different systems of machinery used in soil 

tillage) is: the experimental plot V4 has a very 

significant positive difference compared with V1-

control; the experimental plot V7 has an insignificant 

difference compared with V1-control and the 

experimental plots V2, V3, V5, V6, V8 and V9 have 

a very significant negative difference  compared 

with  V1-control. The highest sunflower seed yields, 

3485 Kg/ha, regarding the uncompacted 

experimental plots, was achieved at V4, the 

experimental plot in which the seed bed 

preparation was performed with the tractor Valtra 

T-190 + cultivator B400A Kompaktor, and the 

lowest was V1-control – in which the seed bed 

preparation was performed with the tractor U-650 

+ GD-3.2 (disc harrow). The compaction 

phenomena, induced through successive „wheel by 

wheel” crossings, using the tractor with 190 horse 

power once, respectively twice, before plowing, in 

order to achieve different degree of soil 

compaction – compacted once and compacted 

twice, had a negative influence on sunflower seed 

yields. Furthermore, concerning the 

interdependence between soil compaction and soil 

structure indices corroborated with sunflower crop 

mean yield, it can be said that the systems of 

machinery used in conservative soil tillage are 

highly recommended to be used in the detriment of 

the conventional soil tillage equipment. The 

experimental results indicate that the V4 is the most 

suitable to be used regarding the soil conservation 

and the sunflower seed yields. Based on the 

experimental results, it is not indicated to perform 

soil tillage with the system of machines used in V1-

control, in which the seed bed preparation was 

performed by passing through three times with the 

tractor U-650 + GD-3.2 (disc harrow). The higher 

number of crossings, compared with V4 and V7, it 

has as result soil degradation, it increased soil 

resistance to penetration, an increase in values of 

the soil bulk density, reflecting in lower values of 

the mean sunflower seed yields, compared with the 

results of the experimental plots in which the seed 

bed preparation was performed through a single 

pass.  

Evaluating the results through the 3 

experimental years, it results that, after an amount 

of time, due to improper use of the agricultural 

equipment, soil degradation occurs, the soil is 

compacting and a fragmentation of the structural 

elements of the soil occurs. 
 

Table 3 
Values of the soil resistance to penetration (Mpa) at the sunflower crop and the statistical signification for the 

three years (2008-2011)  

Experimental plots 
(degree of compaction / system of the 

machines used) 

Agricultural 
year 

 

Depth (cm) 
Average 

Average 
0-30 cm 

Statistical 
signification 

0-10 10-20 20-30 

V1-control 

(uncompacted/ Opal 140; GD-3.2; SPC-
8) 
 

2008-2009 3.044 3.978 4.044 3.688 

0.330 control 2009-2010 0.167 0.307 0.411 0.446 

2010-2011 0.171 0.361 0.386 0.423 

V2 

(compacted once / Opal 140; GD-3.2; 
SPC-8) 

 

2008-2009 0.233 0.335 0.450 0.557 

0.421 XXX 2009-2010 0.254 0.392 0.530 0.565 

2010-2011 0.266 0.426 0.493 0.557 

V3 

(compacted twice / Opal 140; GD-3.2; 
SPC-8) 

 

2008-2009 0.295 0.448 0.502 0.573 

0.470 XXX 2009-2010 0.309 0.455 0.561 0.589 

2010-2011 0.320 0.481 0.532 0.584 

V4 

(uncompacted / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 0.128 0.197 0.325 0.476 

0.296 OOO 2009-2010 0.137 0.294 0.361 0.395 

2010-2011 0.146 0.331 0.363 0.410 

V5 

(compacted once / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 0.191 0.326 0.429 0.543 

0.385 XXX 2009-2010 0.210 0.364 0.438 0.542 

2010-2011 0.197 0.398 0.441 0.549 



Lucrări Ştiinţifice – vol. 65(1)/2022, seria Agronomie 

 

19 

V6 

(compacted twice / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 0.277 0.404 0.498 0.564 

0.454 XXX 2009-2010 0.296 0.424 0.547 0.582 

2010-2011 0.307 0.451 0.529 0.577 

V7 

(uncompacted / Opal 140 FRB-3; SPC-
8) 
 

2008-2009 0.114 0.174 0.253 0.445 

0.251 OOO 2009-2010 0.128 0.232 0.321 0.331 

2010-2011 0.133 0.235 0.320 0.335 

V8 

(compacted once / Opal 140 FRB-3; 
SPC-8) 

 

2008-2009 0.163 0.284 0.397 0.539 

0.356 XXX 2009-2010 0.180 0.350 0.421 0.477 

2010-2011 0.188 0.391 0.415 0.469 

V9 

(compacted twice / Opal 140 FRB-3; 
SPC-8) 

 

2008-2009 0.251 0.358 0.468 0.558 

0.431 XXX 2009-2010 0.262 0.405 0.532 0.570 

2010-2011 0.281 0.429 0.497 0.565 

LSD 5%=0.012 MPa                      LSD 1%=0.016 MPa                 LSD 0.1%=0.022 MPA 

 
Table 4 

Values of the soil bulk density at sunflower crop and the statistical signification for the three years (2008-2011) 

Experimental plots 
(degree of compaction / system of the 

machines used) 

Agricultural 
year 

Depth (cm) 

Average 
Average 
0-30 cm 

Statistical 
signification 

0-10 
10-
20 

20-
30 

V1-control 

(uncompacted/ Opal 140; GD-3.2; SPC-
8) 
 

2008-2009 1.196 1.326 1.436 1.608 

1.398 control 2009-2010 1.208 1.252 1.491 1.619 

2010-2011 1.212 1.348 1.461 1.629 

V2 

(compacted once / Opal 140; GD-3.2; 
SPC-8) 

 

2008-2009 1.262 1.333 1.498 1.627 

1.469 XXX 2009-2010 1.287 1.404 1.537 1.674 

2010-2011 1.292 1.496 1.544 1.682 

V3 

(compacted twice / Opal 140; GD-3.2; 
SPC-8) 

 

2008-2009 1.379 1.445 1.602 1.714 

1.557 XXX 2009-2010 1.413 1.524 1.584 1.739 

2010-2011 1.436 1.542 1.571 1.741 

V4 

(uncompacted / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 1.155 1.295 1.434 1.603 

1.385 - 2009-2010 1.202 1.304 1.448 1.585 

2010-2011 1.209 1.338 1.451 1.606 

V5 

(compacted once / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 1.243 1.315 1.495 1.614 

1.451 XXX 2009-2010 1.254 1.395 1.525 1.645 

2010-2011 1.271 1.488 1.525 1.655 

V6 

(compacted twice / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 1.359 1.401 1.597 1.668 

1.532 XXX 2009-2010 1.377 1.522 1.565 1.733 

2010-2011 1.394 1.525 1.557 1.689 

V7 

(uncompacted / Opal 140 FRB-3; SPC-
8) 
 

2008-2009 1.086 1.269 1.412 1.475 

1.319 OOO 2009-2010 1.114 1.239 1.419 1.481 

2010-2011 1.121 1.296 1.426 1.499 

V8 

(compacted once / Opal 140 FRB-3; 
SPC-8) 

 

2008-2009 1.233 1.309 1.474 1.608 

1.438 XX 2009-2010 1.236 1.373 1.513 1.627 

2010-2011 1.251 1.472 1.531 1.635 

V9 

(compacted twice / Opal 140 FRB-3; 
SPC-8) 

 

2008-2009 1.316 1.395 1.595 1.631 

1.514 XXX 2009-2010 1.365 1.514 1.554 1.678 

2010-2011 1.379 1.522 1.552 1.682 

LSD 5%=0.021 g/cm3                  LSD 1%=0.029 g/cm3                LSD 0.1%=0.040 g/cm3        
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Table 5 
Values of the I1 quality parameter of soil structure at sunflower crop and statistical signification for the three 

years (2008-2011) 

Experimental plots 
(degree of compaction / system of the 

machines used) 

Agricultural 
year 

 

Depth (cm) 

Average 
Average 
0-30 cm 

Statistical 
signification 

0-10 
10-
20 

20-
30 

V1-control 

(uncompacted/ Opal 140; GD-3.2; SPC-
8) 
 

2008-2009 2.008 4.094 4.625 3.575 

3.539 control 2009-2010 1.990 4.062 4.651 3.567 

2010-2011 1.947 4.028 4.442 3.472 

V2 

(compacted once / Opal 140; GD-3.2; 
SPC-8) 

 

2008-2009 1.304 3.347 4.016 2.889 

2.873 OOO 2009-2010 1.295 3.295 4.033 2.874 

2010-2011 1.278 3.344 3.946 2.856 

V3 

(compacted twice / Opal 140; GD-3.2; 
SPC-8) 

 

2008-2009 1.293 3.049 3.727 2.689 

2.646 OOO 2009-2010 1.273 3.005 3.591 2.623 

2010-2011 1.252 3.001 3.622 2.625 

V4 

(uncompacted / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 2.184 4.159 4.758 3.700 

3.660 X 2009-2010 2.092 4.088 4.778 3.652 

2010-2011 2.060 4.069 4.748 3.625 

V5 

(compacted once / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 1.335 3.069 4.215 2.873 

2.893 OOO 2009-2010 1.321 2.982 4.061 2.788 

2010-2011 1.310 3.456 4.047 2.937 

V6 

(compacted twice / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 1.368 3.115 3.628 2.703 

2.709 OOO 2009-2010 1.327 3.225 3.567 2.706 

2010-2011 1.297 3.230 3.623 2.716 

V7 

(uncompacted / Opal 140 FRB-3; SPC-
8) 
 

2008-2009 2.372 3.879 4.414 3.555 

3.502 - 2009-2010 2.315 3.803 4.390 3.502 

2010-2011 2.228 3.785 4.332 3.448 

V8 

(compacted once / Opal 140 FRB-3; 
SPC-8) 

 

2008-2009 1.326 3.306 3.746 2.792 

2.871 OOO 2009-2010 1.304 3.412 4.114 2.943 

2010-2011 1.301 3.615 4.054 2.990 

V9 

(compacted twice / Opal 140 FRB-3; 
SPC-8) 

 

2008-2009 1.147 2.952 3.811 2.636 

2.636 OOO 2009-2010 1.140 3.033 3.761 2.644 

2010-2011 1.133 3.012 3.736 2.627 

LSD 5%=0.097                             LSD 1%=0.133                       LSD 0.1%=0.184 

 
Table 6 

The values of the average yields obtained at sunflower crop and statistical signification for the three years 
(2008-2011) 

Experimental 
plots 

The system of the machines used 
and the degree of compaction 

Yields Difference 
with control 

(Kg/ha) 

Statistical 
signification Kg/ha % with control 

V1-cotrol 
T 190 + Opal 140; U-650 + GD-3.2; U-

650 + SPC-8; uncompacted 
3227 100 0 control 

V2 
T 190 + Opal 140; U-650 + GD-3.2; U-

650 + SPC-8; compacted once 
2628 81.44 -599 OOO 

V3 
T 190 + Opal 140; U-650 + GD-3.2; U-

650 + SPC-8; compacted twice 
2067 64.05 -1160 OOO 

V4 
T 190 + Opal 140; Valtra T-190 + BS 
400 A; U-650 + SPC-8; uncompacted 

3485 108.00 258 XXX 

V5 
T 190 + Opal 140; Valtra T-190 + BS 
400 A; U-650 + SPC-8; compacted 

once 
2912 90.24 -315 OOO 

V6 
T 190 + Opal 140; Valtra T-190 + BS 
400 A; U-650 + SPC-8; compacted 

twice 
2410 74.68 -817 OOO 

V7 
T 190 + Opal 140; Valtra T-190 + FRB-

3; U-650 + SPC-8; uncompacted 
3254 100.84 27 - 
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V8 
T 190 + Opal 140; Valtra T-190 + FRB-

3; U-650 + SPC-8; compacted once 
2735 84.75 -492 OOO 

V9 
T 190 + Opal 140; Valtra T-190 + FRB-

3; U-650 + SPC-8; compacted twice 
2356 73.01 -871 OOO 

LSD 5%=91.8 kg                        LSD 1%=126.4 kg                        LSD 0.1%=174 kg 

 

 

 

 
Table 7 

The values of the mean weight diameter at sunflower crop and statistical signification for the three years (2008-
2011) 

Experimental plots 
(degree of compaction / system of the 

machines used) 

Agricultural 
year 

 

Depth (cm) 

Average 
Average 
0-30 cm 

Statistical 
signification 

0-10 
10-
20 

20-
30 

V1-control 

(uncompacted / Opal 140; GD-3.2; SPC-
8) 
 

2008-2009 3.044 4.007 4.133 3.728 

3.732 control 2009-2010 3.023 3.983 4.152 3.719 

2010-2011 3.074 4.029 4.138 3.747 

V2 

(compacted once / Opal 140; GD-3.2; 
SPC-8) 

 

2008-2009 2.666 2.918 3.707 3.097 

3.100 OOO 2009-2010 2.685 2.922 3.695 3.101 

2010-2011 2.687 2.91 3.706 3.102 

V3 

(compacted twice / Opal 140; GD-3.2; 
SPC-8) 

 

2008-2009 2.551 2.872 3.491 2.971 

2.983 OOO 2009-2010 2.532 2.853 3.463 2.949 

2010-2011 2.537 3.049 3.503 3.029 

V4 

(uncompacted / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 2.848 3.959 4.148 3.651 

3.643 - 2009-2010 2.835 3.97 4.158 3.654 

2010-2011 2.817 3.909 4.143 3.623 

V5 

(compacted once / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 2.594 2.951 3.756 3.100 

3.101 OOO 2009-2010 2.594 2.933 3.759 3.095 

2010-2011 2.663 2.985 3.67 3.106 

V6 

(compacted twice / Opal 140; BS 400 A; 
SPC-8) 

 

2008-2009 2.547 2.778 3.523 2.949 

2.993 OOO 2009-2010 2.627 2.814 3.54 2.993 

2010-2011 2.602 2.993 3.51 3.035 

V7 

(uncompacted / Opal 140 FRB-3; SPC-
8) 
 

2008-2009 3.25 3.997 4.22 3.822 
3.810 

 
- 2009-2010 3.22 3.965 4.214 3.799 

2010-2011 3.215 3.983 4.228 3.808 

V8 

(compacted once / Opal 140 FRB-3; 
SPC-8) 

 

2008-2009 2.53 2.962 3.7 3.064 

3.064 OOO 2009-2010 2.522 2.933 3.752 3.069 

2010-2011 2.526 2.918 3.735 3.059 

V9 

(compacted twice / Opal 140 FRB-3; 
SPC-8) 

 

2008-2009 2.436 2.849 3.453 2.912 

2.931 OOO 2009-2010 2.42 2.898 3.46 2.926 

2010-2011 2.394 2.974 3.5 2.956 

LSD 5%=0.306 mm               LSD 1%=0.422 mm                 LSD 0.1%=0.581 mm 
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CONCLUSIONS 

 

In conventional tillage practices, the high 

number of passes on soil, especially in poor 

conditions in terms of soil tillage and traffic carried 

out on the soil surface, determine the long-term 

increased risk of soil compaction in the soil depth.  

The performance of the soil tillage at the 

same depth creates compact layers, by causing the 

stratification of the soil profile, with negative 

effects on root penetration into soil, air and water 

movement and the nutrients accessibility. 

The furrow return for some soil types, can 

bring to the surface some soil layers, with poor 

physical and chemical characteristics which have 

immediate negative consequences on germination, 

emergence, plant growth and development in the 

early stages of vegetation. 

In conventional tillage, the seedbed 

preparation period is long, due to the large number 

soil tillage required, and therefore, it leads to the 

sowing delaying. 

To eliminate the above disadvantages, it is 

required to implement the concept of conservative 

agriculture by establishing some technologies to 

preserve the soil characteristics and even to 

improve their hydric and wind erosion, production 

increases or production approximately equal to the 

one obtained in the conventional system, a 

significant reduction of fuel consumption, of 

working time and of the number of passes on the 

soil performed by agricultural aggregates. 

For the application of the different soil 

tillage systems it is necessary to know their 

advantages and disadvantages, the variation of 

certain economic and agrotechnical indicators, 

performance indicators on productivity, costs, 

profit, etc. 

In all experiments performed, the soil 

compaction made by a tractor Valtra T-190 before 

plowing, through one crossing and respectively 

two crossings “wheel by wheel”, in order to get 

different graduations of soil compaction, had a 

negative impact on all indices followed in the 

experimental researches and therefore, on the 

production capacity of the soil. 

Within the experimental research regarding 

the mechanization technologies of soil tillage the 

following aspects have resulted at sunflower crop: 

- by making part of the value class „soil with a 

very low resistance” the variants which have the 

smallest value of specific soil resistance to 

penetration, starting with the best, are: V7 – 0.251 

MPa, followed by V4 – 0.296 MPa and V1 – 0.330 

MPa; 

- the variants order which present the best soil 

condition from the point of view of the soil 

apparent volumic mass, starting with the best 

variant are: V7 – 1.319 g/cm3, followed by V4 – 

1.385 g/cm3 and V1 – 1.398 g/cm3; 

- the classification of the first three experimental 

variants from the point of view of the I1 index 

regarding the hydro stability of soil structural 

elements, of the experimental variants, starting 

with the best, are: V4 – 3.660, V1 – 3.539 and V7 – 

3.502; 

- the experimental variants which have the mean 

weight diameter values, closest to 3.5 mm (value 

considered as having the best structure), starting 

with the best, are: V4 – 3.643 mm, followed by V1 

– 3.732 mm and V7 – 3.810 mm. 

Regarding the experience with mechanized 

soil tillage technologies, at the sunflower crop, the 

best results were obtained with V4 (Valtra T 190 + 

Opal 140; Valtra T-190 + BS 400 A Combinator; 

U-650 + SPC-8). 

The inappropriate use of the machines leads, 

in some years, to a degradation of the soil, by 

compacting it, by fragmenting its structure 

elements, and producing a strong mineralization of 

the organic matter, the humus, etc. For these facts 

there should be used the mechanized technologies 

in soil preparation that ensure its highest possible 

conservation. 
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Abstract 

 

The aim of this study is to test the varietal mixtures of barley in intercropping system and to select genotypes adapted 

for the redesign of breeding programs in the management of modern agroecosystems. Descriptors such as yield / 

genotypes, seeds weight and foliar diseases were evaluated in 36 barley genotypes (10 advanced cultivars, 16 local 

populations, 10 inbred lines) by testing in mono-cropping and intercropping experiments in two years (2019, 2021), in 

the climatic conditions of northeastern Romania. Intercropping experiments (barley-oats, barley-white lupine) versus 

mono-cropping (barley, oats, white lupine) were performed in blocks with 36 genotypes sown in alternating rows 

(intercropping) and successive (mono-cropping) 2 m long and 12.5 cm between rows, for each variant. The results 

obtained of the barley evaluation in the two cropping systems by using the descriptors of productivity, disease and 

equivalent land ratio (LER) showed: high barley yield in mono-cropping and intercropping systems with white lupine, 

low incidence of powdery and life stripe in white lupine intercropping and spot blotch in oat intercropping, respectively 

positive interspecific interference regarding the resources in white lupine intercropping especially of local barley 

populations (LER -1.15). The selection of the varietal mixture (7-advanced cultivars, 13 local populations, 3 inbred 

lines) in the Ward dendogram can be used in intercropped crops and as genetic sources to obtain forms well adapted to 

the intercropping system. 

 

Key words: intercropping, mono-cropping, white lupine, barley, varietal diversity 

 

 

                                                 
1 Suceava Genebank, Romania  

Intercropping - agricultural practice of 

renewed interest in order to reduce the impact of 

modern agriculture faces a multitude of challenges 

in competition with monoculture, requiring 

complex research in space and time, customized 

equipment and adapted genotypes. 

Simultaneous cultivation of several crops, 

including a variety of genotypes of a single species 

(Smithson J.B., Lenné J.M., 1996; Chateil C. et al, 

2013), can lead to higher yields and increased yield 

stability, food security (Raseduzzaman M., Jensen 

E.S., 2017) of critical importance in low-input 

agricultural systems, often to small-scale. 

Intercropping demonstrates greater nutrient 

efficiency and increased biological control, leading 

to more sustainable agricultural systems (Boudreau 

M.A., 2013; Li L.et al, 2014). 

 Plant genetic diversity can reduce fungal 

disease levels (Mundt C.C. et al, 1994), increase 

yield level (Newton A.C. et al, 1997), or produce a 

higher yield stability over the seasons (Bowden R. 

et al, 2001). 

Cereals-legumes intercropping, plays an 

important role in the production of subsistence 

food in situations of limited water resources 

(Tsubo M. et al, 2005). Plant growth factors such 

as light, water and nutrients are more fully utilized 

and converted to crop biomass by intercropping. 

 The objective of the present research is to 

study the effect of different intercropping on barley 

yield, the incidence of foliar diseases and the 

selection of genotypes adapted to intercropping as 

a source of genetic material for the redesign of 

breeding programs. 

 

MATERIAL AND METHOD 

 
The intercropping experiments barley-oats, 

barley-white lupine versus oats monoculture 
respectively white lupine were performed in the 
experimental field of the Suceava Gene Bank in 
two years, 2019 and 2021 in the different climatic 
conditions. 

Table 1 shows close values of the average 
temperatures and a water deficit of the average 
precipitation in 2021 (186.3 mm) compared to 2019 
(400 mm). 

 
 

.
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Table 1 
Climatic conditions (temperatures and precipitations) during vegetation period of Vicia faba  (2019, 2021) 

 
 
The biological material was represented by 

36 barley genotypes from different biological 
categories (10 advanced cultivars, 16 local 
populations, 10 inbred lines) tested in two 
experimental varieties: monoculture and 

intercropping with oats in 2019 and monoculture 
and intercropping with white lupine in 2021 (Table 

2).

Table 2 
Biologic material tested (Hordeum vulgare) in the two intercropping types 

 

Experimental 
system 

Intercropping system 
2019 

Intercropping system 
2021 

Barley Oat Barley White lupine 

 Cultivars 10 7 10 12 

Local populations 16 26 16 13 

Inbreed lines 10 3 10 11 

The intercropping experiments (2019, 2021) 
were sown in 36 plots of 2 m length, with the 

distance between rows of 12.5 cm (figure 1).

 

 
Figure 1 The experimental design for  intercropping 

system 

Blocks of barley and oats were sown 
separately in 2019 and lupine in 2021 in 
monoculture in rows of 2 m and 12.5 cm between 
rows of the same genotype categories. 

In the crop technology, no chemical 
treatments for foliar diseases were applied in the 
two types of experiments (intercropping and 
monoculture). In monoculture, for destroying of the 
weeds manual weeding was done. 

In order to evaluate the barley behavior, in 
the monoculture and intercropping systems, the 
morphological descriptors and the equivalent field 
ratio (LER) were used. 

The following morphological descriptors 
were made: yield / genotype, one thousand seeds 
weight, attack degree of the foliar diseases: 
Erysiphe graminis sp.hordei, Helminthosporium 
sativum (%), Helminthosporium gramineea (%). 

The equivalent land ratio (LER) was 
calculated using the formula LER = ∑ (Ypi / Ymi), 
where Yp is the yield of each variety in 

intercropping system and Ym is the yield of each 
variety in monoculture. 

A partial LER ratio was calculated for each 
variety (i). The partial LERs were added together to 
obtain a total LER for the intercropped varieties. 
This total LER is an equal measure of the yield 
level, obtained by cultivating two or more crops, 
varieties in intercropping, in comparison with 
cultivating the same crops or varieties as a 
separate crop, in monoculture (Mazaheri D. et al, 
2006).  

The average values for the mentioned 
descriptors were calculated and the barley 
genotypes studied by the Hierarchical Cluster 
Analysis (IBM SPSS Statistics 26) were classified 
in the dendogram. 

 

RESULTS AND DISCUSSIONS 

 

Yield level analysis of barley grown in 

mono-cropping and intercropping systems, with 

oats and lupine showed a considerable variation in 

the two years of testing. High average values of 

barley yield level were found in mono-cropping 

system in comparison with intercropping system, 

at advanced cultivars (515.6), local populations 

(453.4), inbred lines (425.3) (table 3, figure 2).  

Concerning the intercropping system, a 

higher barley yield level was observed in 

association with white lupine compared to the 

barley-oats association, such yields of: 354.2 gr 

(advanced cultivars), 367.5 gr (local populations), 

and 269.5 gr (inbred lines) (table 3, figure 2). 
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Regarding seeds weight, the highest values were 

observed in barley-oat intercropping system at 

advanced cultivars (44.0 gr), local populations 

(42.53 gr), and inbred lines (43.32 gr.) (table 3, 

figure 3). The hydric stress in April of 2021 (23.6 

mm) during the emergence period and in June 

(35.2 mm) during the flowering-heading 

phenophase determined in the case of barley 

genotypes from intercropping with white lupine a 

variable number of seedlings with a large number 

of inflorescences and kernels with a lower degree 

of grain roundedness compared to 2019 barley-oat 

intercropping and mono-cropping systems.  

Regarding the barley attack degree to 

Erysiphe graminis sp.hordei, a lower level of 

infection is observed in mono-cropping versus 

intercropping system with oats and lupine (figure 

4). In the intercropping system, there was a 

reduction in the incidence of the disease in 

intercropping system with white lupine at local 

populations (10.38%) and inbred lines (16.8%) 

compared to barley-oat intercropping system (table 

3, figure 4). Helminthosporium sativum showed a 

low intensity of infection in the intercropping 

system of barley with oats (0.40% - advanced 

cultivars; 4.19% - local populations; 2.10% - 

inbred lines) (table 3, figure 5). Helminthosporium 

graminearum was manifested in white barley-

lupine intercropping system with low level of 

infection (0.50% - advanced cultivars; 0.63% - 

local populations; 0.10% - inbred lines) compared 

to mono-cropping and barley-oat intercropping 

systems (table 3, figure 6). 

The partial and total land equivalent ratio 

(LER), for the evaluation of barley in the two 

cropping systems, was determined. Thus, LER 

partially had lower values for barley (0.26 – 

advanced cultivars; 0.39 - local populations; 0.15 – 

inbred lines) compared to oats (0.59 – advanced 

cultivars; 0.76 - local populations; 0.66 – inbred 

lines) that show negative interspecific interferences 

(barley-oats) regarding barley capacity in 

intercropping system compared to mono-cropping 

system. LER-total on 1.15 for local populations 

shows the existence of advantage of oat 

populations in intercropping with barley compared 

to mono-cropping, for this value would need a row 

length of 15% longer to produce the same yields if 

they were grown in mono-cropping system (table 

4). In the barley-white lupine intercropping system 

(table 4), LER partially had higher values in barley 

(0.68 – advanced cultivars; 0.81 - local 

populations; 0.63 –inbred lines) compared to white 

lupine (0.31- advanced cultivars; 0.29-local 

populations; 0.35 inbred lines), the interspecific 

interferences (barley - white lupine) of the barley  

capacity, being positive in intercropping 

system. LER-total on 1.10 for local populations 

shows the existence of an advantage of barley 

populations in intercropping with white lupine 

compared to mono-cropping system, for this value 

the rows must be with 10% longer, in order to 

produce the same yields if it was cultivated as 

unique crop. 

Hordeum vulgare genotypes tested in 

intercropping experiments in two years (2019 and 

2021), were analyzed hierarchically by the Ward 

variance method based on the dissimilarity of the 

performance of agronomic productivity traits and 

the attack degree of some diseases, grouping in 

three clusters with different number of members 

(11 in cluster 1, 38 in cluster 2, 23 in cluster 3). 

Data on the variation amplitude (min-max) and 

average values of all clusters showed that the 

maximum values of the following descriptors: 

yield (g)/genotype (387.58), seeds weight 

(g)/genotype (41.73), the degree attack of plants 

with Erysiphe graminis sp.hordei (7.78), 

Helminthosporium sativum (3.61) and 

Helminthosporium gramineea (0.35) were 

observed at members of cluster III, followed by 

members of cluster II (table 5). 

The Ward Linkage dendrogram (figure 7) 

built on the Euclidean distance showed the 

maximum distance in cluster III represented by the 

following members: 7 advanced cultivars: SVGB - 

6614, SVGB-13451, SVGB-6624, SVGB-11055, 

SVGB-13402, SVGB-13419, SVGB-12715), 13 

local populations: SVGB-14214, SVGB-7864, 

SVGB-17813, SVGB-10251, SVGB-7263, SVGB-

19101, SVGB-16509, SVGB-17145, SVGB-

17143, SVGB-16617, SVGB-10253, SVGB- 8890, 

SVGB-19100),  3 inbreed lines: SVGB-13440, 

SVGB-2673, SVGB-2695. Therefore, these barley 

genotypes from cluster three were highlighted in 

the intercropping experiment of white lupine with 

barley by high heterogeneity of productivity 

descriptors, the degree of disease attack on plants 

can be used in the development of mixtures 

adapted for intercropping system. 
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Tabel 3 
The average values of morpho-physiological descriptors for barley in intercropping and mono-cropping 

systems 

Variety Advanced cultivars Local populations Inbreed lines 

 
Experimental 

design 

 
Barley- 
mono-

cropping 
system 

Barley-
intercropping 

system 

 
Barley- 
Mono-

cropping 
system 

Barley-
intercropping 

system 

 
Barley- 
mono-

cropping 
system 

Barley-
intercropping 

system 

Oat White 
Lupine 

Oat White 
Lupine 

Oat White 
Lupine 

Yield(g)/genotype 515.9 137.9 354.2 453.4 180.1 367.5 425.3 67.7 269.5 

Seeds weight (g) 
/ genotype 

40.20 44.00 41.29 41.44 42.53 41.81 42.80 43.32 41.06 

Erysiphe graminis 
sp.hordei (%) 

 
8.10 

 
10.10 

 
12.30 

 
8.06 

 
11.44 

 
10.38 

 
14.00 

 
20.80 

 
16.80 

Helminthosporium  
sativum (%) 

 
0.50 

 
0.40 

 
4.60 

 
4.38 

 
4.19 

 
5.25 

 
3.40 

 
2.10 

 
3.00 

Helminthosporium 
gramineea (%) 

 
2.70 

 
1.00 

 
0.50 

 
3.50 

 
3.19 

 
0.63 

 
0.60 

 
0.00 

 
0.10 
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Figure 2. The influence of intercropping system 

on barley yield 
Figure 3. The influence of intercropping system 

on barley seeds weight. 
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Figure 4. The influence of intercropping system on 
the attack degree of barley powdery mildew  

 

Figure 5. The influence of intercropping system on 
the attack degree of barley spot blotch 
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Figure 6. The influence of intercropping system on 
the attack degree of barley life stripe 
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Table 4  

Land equivalent ratio for barley intercropped with oat and white lupine 

 
Yield 

 
Yields in intercropping system 

(g/ 2 m) 

 
Yields in mono-cropping system 

(g/ 2 m) 

 
Partial LER 

Variety Advanced 
Cultivars 

Local 
Populat 

Inbreed 
lines 

Advanced 
Cultivars 

Local 
Population 

Inbreed 
lines 

Advanced 
Cultivars 

Local 
Popula 

Inbreed 
lines 

Barley 137.97 180.10 67.77 515.90 453.40 425.30 0.26 0.39 0.15 

Oat 126.61 124.80 136.81 211.81 164.30 206.85 0.59 0.76 0.66 

Total 
LER 

 0.85 1.15 0.81 

Barley 265.67 275.69 202.13 515.90 453.40 425.30 0.68 0.81 0.63 

White 
lupine 

126.40 122.60 124.60 401.66 414.13 351.42 0.31 0.29 0.35 

Total 
LER 

 0.99 1.10 0.98 

 
Table 5 

Range values of various traits in different clusters  
 

Clusters Cluster 1 Cluster 2 
 

Cluster 3 
 

Estimators Min-Max Average Min-Max Average Min-Max Average 

Yield ( g)/genotype 10.3- 53.2 24.18 55.4- 391 206.67 252.0- 596.1 387.58 

Seeds weight (g)/genotype 18.2- 51.6 43.05 27.2-51.4 42.44 35.1- 47.3 41.73 

Erysiphe graminis sp.hordei 
(%) 

0- 50 16.64 0- 40 15.45 0- 25 7.78 

Helminthosporium sativum (%) 0- 10 1.55 0- 40 4.05 0- 20 3.61 

Helminthosporium gramineea 
(%) 

0- 10 0.91 0 -50 1.63 0 -5 0.35 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Dendogram Ward based on Euclidean distance using the data from two experiments and five agro-
morphological traits 

 

 

CONCLUSIONS 

 
In white lupine mono -cropping system and 

intercropping with white lupine, the barley plants 

have developed better than in association with oat. 

In this sense, high average values of barley yield 

were highlighted due to the low competition of 

plants for soil water, nutrients, light in mono-

cropping system and fixation of symbiotic nitrogen 

when is associated with white lupine in 

intercropping system. 

 The hydric regime of the two years of 

testing (2019-wet, 2021-dry) influenced the 

emergence and grain roundedness of barley, higher 

values of seeds weight/genotype, obtaining in the 

year 2029, in the intercropping system barley-oats. 

The intercropping system reduced the 

incidence of barley leaf diseases, for powdery 
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mildew and life stripe in intercropping with white 

lupine and spot blotch in association with oat. 

The values of the partial ground equivalent 

ratio (LER) of the barley varieties tested in barley-

oat intercropping system, were lower compared to 

those of oats, showing an interspecific negative 

interference for barley in terms of its capacity to 

use the food, water and light. In the intercropping 

system barley-white lupine, interspecific positive 

interference showed the higher partial LER values 

compared to values of white lupine. A total LER of 

1.15 for local oat populations and 1.10 for local 

barley populations demonstrated the adaptability of 

these genotypes and better land use in 

intercropping system compared to mono-cropping 

system. 

The barley genotypes identified in cluster 3 

(7 advanced cultivars; 13 local populations; 3 

inbred lines) of the Ward dendogram can be used 

in the development of varietal mixtures, in 

breeding programs as gene sources for obtaining 

forms adapted to the intercropping system. 
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Abstract 

 

The research on the technical efficiency of the soil erosion control works applied on the lands in the areas affected by 

erosion serves to assess the quality of the design, execution and operation of the works, to improve their maintenance 

and to improve the solutions adopted for future development. The area and the intensity of the manifestation of the soil 

degradation processes encountered in the studied area determine damages by diminishing the agricultural surface and 

crop losses. The analysis carried out in the territory highlights the fact that on these lands it is necessary to intervene 

urgently in order to diminish within acceptable limits the manifestations of the degradation processes. In order to 

increase the effectiveness of the soil erosion control works, it is considered necessary to repair and modernize the 

existing works - received and taken over by the National Agency for Land Improvements Bacau - over time as well as 

their completion with new ones. The negative impact in case of non-performance of the proposed works consists in 

maintaining the current system of practicing an empirical agrotechnics on a random structure of agricultural crops with 

negative effects on the economy of the area, soil conservation, environmental protection and life quality. 

 

Key words: slope lands, torrential rains, soil erosion control, crop yields, environment quality 
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Erosion causes changes in soil properties, 

contributes to reduced agricultural production, 

causes difficulties in the exploitation of 

agricultural land, worsens the water supply of 

springs and rivers and endangers the accumulation 

routes and human settlements (Bucur D., 2016; 

Xiong M. et al, 2018). 

Reduced soil fertility by erosion results in 

low yields on eroded sloping land. It is known that 

the smallest crops are obtained in our country in 

counties that have large areas of sloping land 

(Ioniță I. et al, 2015). The results obtained in our 

country and abroad in connection with the 

productions obtained on the eroded lands lead to 

the formulation of the following. Yields crop 

decreases without exception in all crops as the 

horizon of humus accumulation has been eroded 

(Mahbubul A, 2018). Once complete erosion of the 

humus accumulation horizon, production depends 

on the thickness of the humus accumulation 

horizon formed on account of the lower horizons 

brought up to date by erosion, as well as on the 

properties of these horizons (Gao J. et al, 2017). 

When the erosion has reached the bedrock, the 

production is related to the properties of the rock 

(Pedro V.G. et al, 2019). 

What is characteristic of eroded soils, 

regardless of the agrotechnical methods used, is the 

uncertainty of production from one year to another, 

all depending on the distribution of rainfall (Chen 

Z. et al, 2019). This is especially true in the steppe 

and forest-steppe regions (Makaya N. et al, 2019) 

In these regions, tillage can help to accumulate 

water in the soil (Smetanová Anna et al, 2019). 

The main purpose of the work is to 

inventory and analyze the technical efficiency of 

soil erosion control works. Based on the 

assessment of the physical condition of the works, 

recommendations were made regarding the 

rehabilitation of the degraded ones. New works 

have been proposed to maintain soil losses through 

erosion at tolerable values. 

 

MATERIAL AND METHOD 

 
For the realization of the project were used 

topographic plans at a scale of 1: 5,000 and 
orthophoto plans made in 1970, 2005, 2009 and 
2012. 

The data necessary to assess the technical 
efficiency of the anti-erosion measures and works, 
the way of exploiting the agricultural lands both in 
terms of use and exploitation were taken from the 
discussions with the specialists from the 
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agricultural chambers and those from the Izvorul 
Berheciului hydro-improvement syste, but also with 
the farmers in the area. 

The processing of data entered on plans 
and orthophotos as well as those taken from the 
field were analyzed, studied and interpreted in the 
laboratory. 

Finally, it was prepared for the final material 
containing proposals for the rational use of land, 
including in terms of use categories, assortment of 
cultivated plants and measures and works to 
ensure the conservation of soil fertility and the 
environment as a whole. 

 

RESULTS AND DISCUSSIONS  

 

At present, given the importance of land 

improvement works in terms of quality of life, 

water, environment, the decisive role of these 

works in the social and economic development of 

society, it is necessary to carry out extensive 

investment works in the context of the emergence 

of new technologies, less energy consuming and 

environmentally friendly. 

The current context, generated by the 

COVID-19 pandemic crisis, has affected, like the 

other branches of our country's economy, the 

activity of land improvements. 

First of all, affecting the food security of the 

population through the limitations brought to the 

process of vegetal and animal production. 

The health crisis imposes strict rules on staff 

in charge of operating the systems, which prevents 

the operational and timely conduct of seasonal 

operations. 

At the same time, it involves the use of a 

certain staff structure that is affected as little as 

possible by the pandemic crisis, including a 

differentiated and sometimes reduced work 

schedule, including by age categories. 

The use of protective equipment limits the 

efficiency and efficiency of the working personnel 

causing discomfort in the production process. 

Communication is also less easy. 

The productions in the area are below the 

agricultural potential in areas that are pedologically 

favorable and that recommend agricultural crops in 

stable lands and with the pedological horizon A as 

consistent as possible and rich in organic matter. 

Currently, the lands affected by erosion 

present in different degrees of manifestation, deep 

erosion, landslides, excess moisture, as well as 

torrential processes reduce the possibility of 

practicing a superior agrotechnics, an optimal 

structure of agricultural land uses, fragmenting 

arable land on which practices mechanized 

agriculture as well as issues related to damage 

caused to some peasant households; soil losses 

above the permissible limit of 6 t / ha / year; 

existing degradation with an adverse impact on the 

ecology of the area and currently affected by 

degradation processes. 

The works for soil erosion control under the 

administration of ANIF - Bacau Territorial Land 

Improvement Branch, in the Berheci river basin, 

include a set of works carried out in two stages, the 

first during 1976-1979 and the second, with 

completion works during 1982-1984, with the 

main purpose of combating surface and deep 

erosion, regularizing runoff on slopes and restoring 

in the agricultural circuit of marshy lands in 

lowland areas. 

After about 43 years of operation, the 

existing landscaping works present a differentiated 

technical and functional state in terms of their 

structural integrity, stability and functional role in 

ensuring the maintenance of surface soil erosion 

within acceptable parameters, prevention of deep 

erosion, elimination excess surface moisture and 

avoidance of damage to other socio-economic 

objectives. 

At the same time, the marginal channels to 

the technological connecting roads, which were 

generally reinforced with concrete walls, suffered 

serious damage by destroying and dislocating the 

concrete wall from the site, with the reduction or 

even disappearance of the drainage section. 

All the evacuation channels are clogged, 

more strongly, with percentages between 60% and 

90% of the surface of the section, those of the earth 

biologically consolidated by grassing. 

At the same time, on appreciable lengths, the 

drainage sections of the escape channels are 

invaded by woody vegetation, generally naturally 

installed shrubs. 

- The collection - discharge channels are 

clogged in a proportion of 70 - 90% of the surface 

of the cross section, being practically permanently 

decommissioned. 

  - The catchments of the springs, present the 

catchment chambers as well as the degraded 

discharges, strong clogging of the adjacent 

chambers and drains, two of them being taken out 

of operation. 

Ground dams and forced slopes generally 

have an unsatisfactory state of their earthworks, 

especially on the downstream slopes where there 

are intense erosion phenomena with runoff, 

landslides, subsidence and subsidence due to 

runoff over the canopy and adjacent area and 

affecting their structural integrity. 

The overflows at the earth dams show 

damage, caused by their undersizing, which caused 

the earth to wash under the consolidations on the 
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slopes, leading to the suspension and cracking of 

the wall. 

Protective forest plantations, due to their 

calamity in dry years, especially in the first years 

until reaching the state of massif, but especially the 

negative intervention of the anthropogenic factor 

through grazing and illegal logging, show 

degradation and destruction on areas between 10% 

and 60 % of the total plantation area. 

 

1. The positive effect predicted by the 

realization of the investment works 

The influence of land improvement works 

on the entire biotope and adjacent ecosystems can 

be defined as particularly beneficial, especially in 

the current climate context, when major changes in 

fundamental components (thermal and rainfall) 

dictate a much broader approach to environmental 

degradation surrounding. 

The National Recovery and Resilience 

Program is the answer to these natural and 

anthropogenic challenges. In addition, the non-

adaptation to the new environmental conditions 

will generate other types of disadvantages that are 

difficult to predict at present. In the context in 

which the alternation of extreme meteorological 

phenomena (major hydrological events followed 

by long periods of hydrological and pedological 

drought) tends to become the main climatic feature 

on temperate continental areas to which agriculture 

must adapt and the support provided by land 

improvement arrangements. 

An additional cause that favored the 

degradation of agricultural lands in the area is the 

high intensity of rains in the conditions of 

intensified climatic aggression and higher 

frequency of recent hydrological events, the 

degradation processes encountered intensifying 

over time, having as an immediate consequence of 

the irreversible loss of agricultural land at the base 

of the slippery slopes or in the existing river 

network. 

The achievement of the investment objective 

is aimed at: 

- the increase of agricultural productions by 

introducing in the economic circuit some 

additional values resulting from the capitalization 

of the productions on the market, the stabilization 

of the prices and contributions to the establishment 

of the stock exchange of agricultural products; 

- the conservation of fertile soils and the 

increase of agricultural yields over a foreseeable 

time horizon of fifty years; 

- avoiding the clogging of the country's 

hydrographic network and the accumulation lakes 

with sediments produced on the slopes and in the 

torrential network; 

- protection of the country's critical 

infrastructures as defined by government 

emergency ordinance (GEO) 98/2010; 

- spontaneous merging of agricultural lands 

and the establishment of large, profitable farms by 

setting up organizations / federations; 

- stable jobs during the execution, in 

operation, the overall development of the areas 

bordering the canal; 

- avoiding soil degradation by practicing 

superior agrotechnics and adopting a correct crop 

structure; 

- socio-economic development of the area 

by increasing animal production, the emergence 

and development of small local food-specific 

industry. 

 

2. Modernization, completion, efficiency, 

extension works 

Considering the long operation interval as 

well as the current physical condition, it is 

considered absolutely necessary to intervene in the 

objectives listed in table 1. 

In order to increase the soil erosion control 

efficiency, the behavior of the existing works was 

analyzed, based on which the need for the 

following new works was established: 

- extension of protection plantations with 

anti-erosion role (willow, willow, mojdrean, 

acacia, sea buckthorn, rosehip, energy willow). 

- risberme, energy disipator in raw / broken 

stone; 

- Concrete dams and sills. 

The total estimated value of the investment, 

determined on the basis of the existing costs in 

similar works and the projected execution 

quantities, is eur 24652449 including VAT. 

 

3. Peculiarities of the proposed location for 

the achievement of the investment objective 

 

From an administrative point of view, the 

works to combat soil erosion existing in the 

Berheci river basin, with a total area of 28106 ha, 

are located in the eastern part of the county, on the 

territory of Filipeni, Izvorul Berheciului, Onceşti, 

Vultureni, Dealu Morii, Găiceana, Parincea, 

Glăvăneşti and Podu Turcului. 

The length orientation of the Berheci river 

basin is approximately north-south, with a 

considerable length of 54.0 km, compared to the 

average width of about 10.1 km. 

From upstream to downstream, within it 

are located the localities Izvoru Berheciului, 

Oncești, Filipeni, Vultureni, Dealu Morii, 

Găiceana, N-V, Parincea, S-E Glăvănești and Podu 

Turcului, the last three with small areas. 
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Table 1 
The physical and value centralizer of the proposed works 

 

Object name Quantity Unit price 
Value without VAT 

(euro) 

Modernisation works 

Concrete dam and sills 
Leading walls 
Energy dissipator 
Get rid of the rocks 

59 pieces 60000 3540000 

Cassette and tubular bridges 350 pieces 20000 7000000 

Exhaust channels made of stone masonry 
Hydrotechnical works on drainage channels 
- concrete falls 

115 km 16100 1851500 

Grassed channels 15.3 km 10900 166661 

Forced slopes - fast concrete channels 3.34 km 15100 50434 

Intercepting drainage for collecting seep areas 15 buc 1600 24000 

Plastic drains 13.5 km 10900 151946 

Drains inspection chamber 19 buc 500 9500 

Secondary operating roads 373 km 1900 708700 

Consolidation of operating roads 10 km 20000 200000 

Marginal channels to exploitation roads 8.68 km 8100 70308 

Marginal channel hydrotechnical works 
(calming chambers, falls, reinforcement sleepers, channel head spurs) 

50 pieces 10500 525000 

Systematization of runoff from slopes 
- grassed channels, sloping channels, falls on chanells 

45 pieces 8500 382500 

Proposed new works 

Anti-erosion protection plantations (willow, acacia) 500 ha 3800 1900000 

Earth dams 10 pieces 70000 700000 

Concrete dams 5 pieces 60000 300000 

Grassed channels 
Concrete falls on canals 

50 pieces 8500 425000 

Secondary operating roads (on the direction of the contour lines) 100 km 2500 250000 

Plastic drains 25 km 12900 272500 

Leveling, modeling, uniformity in continuous planes 150 ha 300 45000 

Cassette and tubular bridges 80 pieces 20000 1600000 

 

From a hydrographic point of view, it is 

located in the upper basin of the river Berheci, 

arrangement code 454: 

- to the North - BH Tutova 

- to the East - BH Zeletin 

- to the South - border with Vrancea 

county. 

- to the West - BH Polocin and Racatau. 

The connection with the county center is 

made by DN 11A Adjud - Podu Turcului in the 

southern part of the basin, or on the north side by 

DN 241 Bacau - Podu Turcului. 

There are no permanent sources of 

pollution in the studied area. 

The plateau area represented by the Bârlad 

Plateau, with the Tutovei Hills subunit.  

 

 

It is crossed from N to S by the Berheci 

brook with a length of about 66 km. 

The neighboring villages have a good 

technical and municipal network, being able to 

ensure the connection of the future construction 

site to the existing utilities. 

In the location area there are no municipal 

networks that would require relocation / protection, 

no servitude obligations and no constructive 

conditioning. 

 

4. Brief description of the proposed 

investment objective, from a technical and 

functional point of view 

The proposed works aim to reduce the 

effects of the phenomena of agricultural land 

degradation in the studied area and to give an 
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economic value to the lands that have become non-

agricultural through the action of these 

phenomena. 

The proposed layout includes: 

1. Works for the soil erosion control 

arrengement of the territory and the regularization 

of the runoffs on the slopes: 

- redevelopment of the network of anti-

erosion technological roads; 

- rearrangement of the evacuation 

channels, the marginal channels at the network of 

anti-erosion technological roads; 

- rearrangement of tubular and chiseled 

bridges; 

2 Works for the arrangement of the 

torrential network 

- redevelopment of earth dams; 

- rearrangement of forced slopes; 

- redevelopment of concrete dams and 

sills; 

- rehabilitation of drainage channels in the 

ravines. 

3. Soil erosion control with wood 

plantations. 

It is planned to rehabilitate the existing 

wood plantations made for the biological 

consolidation of excessively eroded lands, ravines, 

ravines, heavily disturbed areas, steep slopes, 

ruptures, collapses, active landslides, lands that 

could no longer receive an agricultural use and 

which in case of rains torrential or normal ones 

continue to erode. 

The proposed works must address the 

causes of land degradation processes, removing as 

far as possible the effects of these causes. 

The specific functional requirements are: 

- increasing the degree of mechanization of 

agricultural works on sloping lands, with their 

realization, only on the level curve; 

- achieving an economical and safe 

circulation of agricultural equipment in all areas of 

the perimeter; 

- regularization of runoff on slopes by 

reducing the intensity of surface runoff, significant 

reduction of surface soil erosion, respectively soil 

losses, bringing them within acceptable limits; 

- as a result, the important effect will be 

the gradual increase of agricultural production per 

unit area; 

- strong decrease of the intensity of 

manifestation of the negative phenomena of 

landslides and deep erosion, ensuring a forest use 

on important non-productive land surfaces; 

- improving ecological and environmental 

conditions. 

In the case of the proposed investment, it 

is necessary to develop a Technical Expertise that 

will be performed in accordance with the 

provisions of government decision H.G. no. 

907/2016, and which will be an integral part of the 

Documentation for the Approval of Intervention 

Works (DALI). Based on the expertise report, in 

which at least two solutions are presented, the 

necessary interventions will be recommended to 

ensure the requirements of the quality requirements 

(Law no. 10/1995). 

 

CONCLUSIONS 

 
The main goal of the land rehabilitation 

projects in the Berheci river basin was to combat 

soil erosion, regularize drainage on the slopes, and 

restore the agricultural circuit of the marshy 

regions from the lowland areas. 

After nearly 43 years of operation, existing 

amenajare works have taken on a technical and 

functional appearance that is distinguished by 

structural integrity, stability, and operational role 

in ensuring the maintenance of acceptable surface 

erozions, the prevention of deep erozions, the 

elimination of excessive surface moisture, and the 

avoidance of other social-economic objectives. 

In order to increase antierozional efficiency, 

a model of behavior in the exploitation of existing 

works was examined, on the basis of which the 

need for rehabilitating existing works as well as 

new works was determined. 

The proposed projects aim to mitigate the 

negative effects of agricultural land degradation in 

the study region as well as to provide economic 

value for land that cannot be farmed. 

It is planned to rehabilitate existing forest 

protection plantations that were created for the 

biological consolidation of excessively eroded 

lands, ravines, ravines, heavily disturbed areas, 

steep slopes, ruptures, collapses, active landslides, 

lands that could no longer be used for agriculture 

and that continue to erode in the event of torrential 

or normal rains. 

The entire estimated value of the investment, 

including VAT, is eur 24652449, based on existing 

expenses in similar works and predicted execution 

quantities. 
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Abstract 

 

The study of the operating parameters of an innovative equipment hybrid drying for cereal seeds is important for drying 

technology. An optimal operation of the hybrid dryer model requires the monitoring of essential technological 

parameters such as the velocity, temperature and humidity of the drying agent at the entrance to the dryer, as well as the 

temperature plus humidity of the drying agent at its exit. The energy consumption of the hybrid drying equipment is 

also monitored. Equipping the hybrid dryer with sensors to track these technological parameters is important, and 

knowing the accuracy of their measurement both in stationary and non-stationary regimes, leads to the evaluation of the 

degree of variability of the acquired numerical data. An important role in the evaluation of the technological parameters 

of the installation is also given by the mounting position of the sensors in the hybrid drying installation. The innovative 

equipment hybrid drying has both a convective pre-drying component and a final drying component through high 

frequency currents (microwaves). In the convective drying component, the cold air is heated in a heating battery with 

electrical resistances to a maximum of 44.9°C at an average dryer air inlet velocity of 16.54 m/s. In the final part of the 

drying plant, after passing through the microwave component, the maximum temperature reaches 39.3°C. The average 

energy consumed in idle operation of the hybrid dryer is 1.52 kWh. 

 

Key words: (hybrid drying, innovative equipment, cereal seed) 

 

 

                                                 
1 Iasi University of Life Sciences, Romania 

Cereal seeds are "of great economic 

importance worldwide not only as human food, but 

also as animal feed and as raw material for a large 

number of industrial products and biofuels" 

(García-Lara S. et al, 2019). To be stored safely, 

avoiding respiration processes, germination, mold 

damage or insect infestation, cereal seeds must be 

dried immediately after harvest (Chulze S.N., 

2010). Concerns towards the production of 

dehydrated products on an industrial scale have 

appeared since 1900, when the main objectives 

were the development of drying equipment that 

would accelerate the drying process and its 

independence from atmospheric conditions 

(Miraco Industry Research and Design Center). 

The first drying facilities built were those with 

natural convection, where the drying agent was a 

mixture of air with combustion gases or only 

heated air. Starting from this type of dryer, a new 

equipment was invented in which the drying 

chamber was equipped with a liquid fuel burner, 

fan and air regulating flaps, the model after which 

the vast majority of drying installations in that 

period (Baker C., 1997). All existing seed dryers 

generally have common subassemblies with 

precise and well-defined functions. Due to the 

diversity of cereal seeds, which behave differently 

depending on their structure and composition, 

some of them do not withstand aggressive drying 

conditions, characterized by high temperatures and 

low moisture content of the drying agent 

(Rudobashta C. P. et al, 1996). Taking into account 

all this, with the development of the technique, in 

the process of designing tower dryers for cereal 

seeds, the attention was directed towards obtaining 

a superior quality of the dried product. However, 

energy consumption and drying time were not 

greatly reduced with these equipments (Gageu L. 

et. al., 1999). The first industrial drying equipment 

for the food industry was a hybrid tunnel dryer 

with continuous operation, combining convective 

and high-frequency current (microwave) drying 

using microGas™ technology in an integrated 

drying system powered by natural gas 

(http://www.microwavedrying.net). The paper 

presents the operating parameters of an innovative 

hybrid drying equipment for cereal seeds. 

 

MATERIAL AND METHOD 
 
The innovative equipment for hybrid drying of 

cereal seeds was designed and realized within a 
research project (figure 1). The innovative equipment 
hybrid dryer was tested in the first stage without 
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product, monitoring the technological parameters 
(velocity, temperature, humidity, energy 
consumption). Tests prior to introduction of cereal 
seeds for drying offer the advantage of some 
equipment adjustments. 

 
Figure 1 Schematic of the innovative equipment 

hybrid dryer for drying agricultural seeds  
(1 wet seed hopper; 2 lock; 3,5 pipelines; 4 hybrid 
truncated cone dryer; 6 cyclone; 7 fan; 8,10 link 
pieces; 9 air heating battery; 11 warm air pipe; 12 
support brackets; 13 antennas) 

The location of the sensors and their position 
within the drying installation, for monitoring the 
technological parameters, is important in the control 
of the drying process (figure 2). 

 
Figure 2 The position of the parameters 
monitoring sensors at the hybrid drying 

equipment  
(1 temperature sensor and anemometer; 2, 3 
temperature sensors; 4 temperature display; 5 energy 
consumption display, 6, 7, 8 humidity sensors) 
 

The temperature in the hybrid drying 
equipment was continuously monitored with K-type 
thermocouples (0-1000⁰C, resolution 0.25⁰C), in three 
points respectively, the temperature of the heating 
agent at the entrance to the dryer, the temperature of 
the heating agent at the exit from the dryer, the 
temperature of the used drying agent at the exit of the 
cyclone. 

The air velocity at the dryer inlet was 
monitored with a Testo 405i anemometer (0 - 30 m/s, 
resolution 0.01 m/s, -20 and 60⁰C), over the entire 
section of the hot air inlet pipe. The velocity was 
determined at different air inlet flow rates, obtaining 
various pneumatic transport velocities of the cereal 
seeds. 

Air humidity and temperature was determined 
using Pro tag wireless sensors (0-95% RH, resolution 
0.12% RH, measurement error ±2% RH, -40 and 
85⁰C). The determination of humidity and temperature 
is carried out at the entrance of the air into the fan, 

after the heating battery for the thermal agent, at the 
exit of the spent agent from the cyclone. 

The energy consumption of the drying 
equipment was monitored with a three-phase digital 
meter type 6M 02-552/DIG (IP51, 100A, Pmin < 2W), 
at idle operation for the fan and the heating battery, 
and at load operation with subjected seeds the three 
antennas for the generation of high frequency 
currents are also added to the drying. 

K-type thermocouple temperature sensors 
were calibrated by three consecutive determinations 
at three different temperatures (10°C, 25°C and 
50°C) in the working range of the dryer, and the 
temperature values were compared with the 
temperature indicated by a thermometer precision 
calibrated and with a response time below 0.3 s. The 
humidity sensors have a calibration certificate in the 
range 0 - 95% RH with a deviation of ±2% RH and 
the indication not to exceed 95% to avoid the 
formation condensation on the sensor. 

 

RESULTS AND DISCUSSIONS  

 

The first test of the innovative hybrid dryer 

equipment was carried out to observe the separate 

operation of the fan, heating coil and antennas. By 

seedless testing of the hybrid drying equipment, 

the air flow of the fan is adjusted by changing the 

frequency with the frequency converter. Changing 

the frequency of the electric current and, 

respectively, the velocity of the fan, more air 

velocities are obtained at the entrance to the dryer, 

(figure 3). 

 
Figure 3 The variation of the velocity of air input  

 

The second series of tests of the equipment 

aimed at obtaining the temperature and humidity 

parameters in the equipment, at air velocity that 

would ensure the pneumatic transport of grain 

seeds. The results obtained at a frequency of the 

electric current of 30 Hz, an average velocity of air 

input in the dryer of 11.55 m/s, with an external air 

temperature of 4.2 ⁰C and humidity of 67.2%, 

(table 1). The heating time in this case was 15 min, 

and the energy consumed was 2.46 kWh. It is 

observed that with the increase in temperature, the 

humidity of the air decreases, being properly 

correlated with the thermodynamic diagrams of the 

air. For drying cereal seeds, it is necessary that the 

temperature during drying does not exceed 50⁰C in 
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order to preserve the quality of the seeds in the 

drying process. At the end of the test with the air 

inlet speed of 11.55 m/s, a difference of 4.5 ⁰C is 

observed between the inlet and outlet of the drying 

equipment, a phenomenon due to thermal losses in 

the installation. It is expected that at a lower 

outside air temperature, these losses will increase 

by 1-2⁰C, stabilizing due to the external thermal 

insulation existing on the heated areas of the 

equipment. Also, when introducing the seeds into 

the installation, depending on their nature, 

humidity and their initial temperature, the 

differences in air temperature between the inlet and 

outlet of the drying equipment is expected to 

increase. From the laboratory experiments, it is 

expected that the air temperature at the exit from 

the equipment will not fall below 40⁰C, due to the 

input of energy brought by the microwaves. 

 

Increasing the frequency of the electric 

current in the converter to 40 Hz, the average 

velocity of the air inlet in the dryer also increases 

to 16.54 m/s, when the outside air temperature is 

4.4 ⁰C and humidity 69.3% (table 2). The heating 

time in this case decreased to 8 min, and the 

energy consumed decreased to 1.52 kWh, 

compared to the previous test. It is also observed in 

this case that as the temperature increases, the air 

humidity decreases. At the end of the 8 minutes of 

testing the drying equipment, the air temperature at 

the inlet stabilizes at 44.9⁰C, and at the exit from 

the drying equipment does not exceed 39.3 ⁰C. 

By increasing the frequency to 50 Hz, the 

average velocity of the air entering the dryer 

reaches 18.07 m/s, at a humidity of 77.2% and an 

inlet air temperature of 5⁰C, and the energy 

consumed to 2.58 kWh, after 9 minutes of 

operation. At this velocity, the inlet temperature in 

the dryer stabilizes at 38.2 ⁰C, and at the outlet 

from the dryer it reaches 34.7 ⁰C. 

 
Table 1 

Technological parameters for seedless operation of the drying equipment at velocity of 11.55 m/s 

Inlet in the drying equipment Outlet from the drying equipment 

Air temperature ⁰C Air humidity %RH Air temperature ⁰C Air humidity %RH 

8.5 58.8 9.2 54.3 

15.4 41.9 14.3 39.2 

20.6 30.5 19.6 27.3 

24.9 23.0 23.5 20.5 

27.4 19.6 26.4 16.1 

31.8 14.2 30.1 13.4 

35.6 9.9 33.4 9.3 

39.4 7.9 38.3 7.7 

45.3 5.8 44.8 5.7 

50.4 4.5 45.9 4.1 

 
Table 2 

Technological parameters for seedless operation of the drying equipment at velocity of 16.54 m/s  

Inlet in the drying equipment Outlet from the drying equipment 

Air temperature ⁰C Air humidity %RH Air temperature ⁰C Air humidity %RH 

9.1 60 9.2 54 

18.5 32.9 11.3 45.7 

23.1 24.2 13.6 40.2 

27.9 17.3 17.4 31.3 

30.3 13.8 22.1 22.7 

34.8 9.7 23.5 21.2 

40.1 8.1 28.3 17.2 

44.9 5.7 39.3 6.8 



Universitatea pentru Ştiinţele Vieții din Iaşi 

 

38 

During the tests of the innovative equipment 

hybrid drying, of cereal seeds, it was found that 

when the external humidity of the external air 

entering the dryer increases, the electricity 

consumption also increases. Of course, this energy 

consumption in operation is determined by several 

factors, which determine a synergistic effect in the 

energy balance. 

By comparing the three test variants, it can 

be found that the optimal variant is at the velocity 

of air inlet in the dryer of 16.54 m/s, a velocity that 

offers the possibility of pneumatic transportation of 

cereal seeds in the installation without destroying 

them, with a minimum electricity consumption in 

seedless operation of the drying equipment of 1.52 

kWh. Also, at this velocity the temperature in the 

dryer is sufficient to maintain the seeds at a 

temperature not exceeding 50⁰C, taking into 

account that these seeds will receive an energy 

supply for final drying from the antennas that 

generate high frequency currents. 

 

CONCLUSIONS 

 

The testing of the innovative hybrid drying 

equipment of cereal seeds, is an important stage, 

because it precisely establishes the technological 

parameters to be adjusted in the cereal drying 

process, so that the energy consumption is as low 

as possible. 

Research carried out in seedless testing of 

the equipment for three different frequencies to 

provide average pneumatic seed transport 

velocities (11.55 m/s, 16.54 m/s, 18.07 m/s) led to 

an air velocity of 16.54 m/s, at which the energy 

consumption is minimal, of 1.52 kWh. 

As the average pneumatic transport velocity 

of the seeds increases, the final temperatures in the 

equipment stabilize faster, but at lower 

temperatures below 35⁰C, while there is also the 

risk of mechanically damaging the seeds during 

transport. 

According to the research, it turns out that at 

the average pneumatic transport velocity of 16.54 

m/s, after a period of 8 minutes the air temperature 

at the inlet stabilizes at 44.9⁰C and a humidity of 

5.7%, and at the outlet from the equipment drying 

temperature does not exceed 39.3⁰C with a 

humidity of 6.8%. 
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Abstract 

The present study aimed to investigate the effect of aging time and method on the quality characteristics of three 

categories of domestic pork muscle (pork loin, collar and leg). The meat samples were evaluated at three aging periods, 

1 day, 5 and 10 days, for pH, refrigeration losses and colour For the analysed samples were defined two methods of 

ageing: wet-ageing (WA) and dry-ageing (DA). Dry-aged samples showed significantly higher refrigeration losses 

compared to wet matured samples, losses which increased with the aging time, especially in the case of unpacked meat. 

The aging method induced significant differences (p < 0.05) in pH values, with vacuum-packed samples showing higher 

pH values compared to dry-matured samples. The highest pH values were noticed for the collar samples, with a 

maximum of 6.062±0.038 for the 10-day wet-aged batch. The wet-aged samples were brighter (L*) at all stages of 

maturation, but showed higher values for b* (yellowness) after 10 days of maturation. While the dry-aged samples were 

significantly redder (higher a*) after 10 days of aging. 

 

Key words: wet / dry-aging; colour, pork meat  
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Two important meat quality traits are visual 

acceptability, which determines the initial 

impression of quality, and sensory acceptability 

when the meat is consumed, possibly justifying the 

visual impact. Meat surface colour and juice losses 

are important indicators of visual appearance and 

meat acceptability. Water holding capacity is 

related to sensory juiciness as well as the 

occurrence of juice leakage in the storage container 

(Warner R., 2014). 

Meat colour is an important quality attribute 

for the consumer. Along with water holding 

capacity, the temperature and pH history of post-

mortem muscle is important for meat colour 

through their effect on the physical structure and 

light scattering. In addition, meat colour is 

influenced by the concentration and properties of 

myoglobin and, to a lesser extent, haemoglobin, 

pigments present in meat. The concentration of 

myoglobin in muscle (80-90% of all pigments) 

varies according to species, breed, sex, age, muscle 

type and level of training. In fresh meat, 

myoglobin can exist in three different forms: the 

reduced form of myoglobin (deoxymyoglobin) is 

purple and the oxygenated form (oxymyoglobin) is 

bright red, while the oxidised form 

(methemoglobin) is brown. The colour of fresh 

meat is affected by the relative abundance of these 

three forms (Olsson V., Pickova J., 2005). 

The colour of pork is commonly associated 

with glycolytic potential, which is a measure of 

muscle capacity for anaerobic metabolism. 

Research suggests that high glycolytic potential 

encourages acidity and paleness. Thus, most data 

indicate that reducing glycolytic potential and free 

glucose can improve pig muscle colour by altering 

postmortem lactate levels. Animal activity may 

play a role in meat colour by influencing muscle 

fibre type and metabolism. For example, increased 

physical activity may encourage pigmentation and 

darkening of muscles, while limited activity may 

decrease the amount of slow contractile fibres, 

reduce oxidative metabolism and increase lactate 

production (Mancini R., 2013).  

The quality of pork is very important not 

only for consumers but also for the industry. Four 

main meat quality classes have been described. 

The high incidence of exudative meat is an 

economic problem in the industry. Prediction of 

water holding capacity in meat is important as it is 

responsible for weight loss in raw, cooked and 

processed meat and can affect the palatability 

characteristics of meat. Two classes of exudative 

have been described: pale, soft and exudative 
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(PSE) meat and a normal-coloured but exudative 

meat called red, soft and exudative (RSE) meat. 

The low incidence of dark, firm and dry (DFD) 

pork also affects consumers and processors 

because of its susceptibility to contamination. In 

conclusion, the ideal quality grade of pork has 

been defined as pinkish-red, firm and non-

exudative (RFN) meat (Moya V.J. et al, 2001). 

The aging process is a natural process, 

characterised by two main parameters: intensity 

and speed, it aims to improve the sensory qualities 

appreciated by consumers (tenderness, juiciness 

and flavour) and to reduce the hardness of the meat 

to a minimum. The maturation of meat can be 

considered the main factor affecting tenderness, 

therefore many studies have focused on the 

ultrastructural changes that occur during 

maturation (Bowker B.C. et al, 2010; Boișteanu 

P.C. et al, 2015).  

Postmortem aging is a common industry 

practice to improve meat tenderness and 

palatability (Nair M.N. et al, 2019). Although the 

most well-known effects of meat aging are related 

to tenderisation, reduction of the hardness of 

muscle tissue and enrichment of the product's 

flavour, during the aging process a number of 

colour changes also occur in the meat. Meat colour 

is an extremely important factor influencing 

consumers' purchasing decisions as it is considered 

a visual measure of freshness and quality. In 

addition, meat discolouration limits shelf life after 

meat preparation for retail sale, and this is a 

significant economic problem for the meat 

industry. Discolouration occurs over time as 

oxymyoglobin is converted to metmyoglobin, with 

consumers rejecting brown meat that has high 

levels of metmyoglobin (Mancini R.A., Hunt M.C., 

2005; Hopkins D.L. et al, 2013). 

Two components are mainly discussed in the 

literature in regard to factors involved in meat 

colour: pigments and structural or achromatic 

elements. Pigments (myoglobin, the main pigment 

in meat) affect the hue and strength of colour by 

differential absorption of light of different 

wavelengths. Others such as cytochromes exist but 

have little effect on darker pigmented meat and are 

more involved in species containing lesser amounts 

of myoglobin. Structural elements are represented 

by physical effects such as diffraction and 

refraction, which contribute to the colour perceived 

by a consumer by reflecting the light from both the 

surface of the meat and below it. The importance 

of structural elements or achromatic factors is 

lesser than pigment biochemistry because their 

potential to change after rigor is limited (Hughes 

J.M. et al, 2019; Jacob R., 2020).  

However, the final perceived colour is 

affected by many factors, such as species, animal 

genetics and nutritional background, post-mortem 

muscle changes (especially pH dynamics and meat 

temperature drop), inter- and intramuscular effects, 

post-mortem storage temperatures and time, and a 

whole host of variables related to processing 

(including antimicrobial interventions), packaging, 

and product presentation.  

Meat aging is generally categorized into wet 

and dry aging. Dry aging means exposing 

unpacked carcasses or wholesale cuts to air at 

controlled temperature, relative humidity, and 

airflow. Due to the dried surface, dry aging 

contributes to shrinkage and large trim loss, but 

also presents hygienic risk through production and 

distribution. However, it has the advantage of 

generating unique and distinct flavours such as 

brown-roasted flavours. Wet aging involves 

vacuum packaging of meat, it prevents weight loss 

caused by evaporation of moisture, it improves 

product yield and prevents microorganism growth. 

However, wet-aged meat has a bloody and metallic 

flavour (Lee C.W. et al, 2016; Hwng S.I., Hong 

G.P., 2020).  

From these perspectives, the study aimed to 

evaluate the effect of aging time and method on 

pH, chilling losses and colour for three anatomical 

regions of the pork carcass: pork loin, collar and 

pork hind leg. 

 

MATERIAL AND METHOD 

 
The first stage of the research involved 

purchasing samples of pork loin, pork hind leg and 
pork collar from the food market of Iași, cutting 
them into pieces large enough to form batches, 
preparing them for refrigeration and storing them 
for maturation.  

The differentiation of the batches was done 
first by anatomical region (loin / collar / hind leg), 
by aging method used (dry - DA / wet - WA) and 
aging time (1 day / 5 days / 10 days). Therefore, 
the coding of the samples was carried out for the 
purpose of identification, as shown in Table 1. 

The operations carried out in order to form 
the batches, the actual aging and the proposed 
determinations were carried out in the Meat 
Processing Workshop, respectively in the Meat 
and Meat Products Technology Laboratory of the 
"Ion Ionescu de la Brad" University of Life 
Sciences. 
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Table 1 
Structure and coding of sample batches 

Anatomical region Aging time (days) Aging method Sample code 

Pork loin 
(L1) 

 

1 
DA L1US1 

WA L1UM1 

5 
DA L1US5 

WA L1UM5 

10 
DA L1US10 

WA L1UM10 

 
Pork collar 

(L2) 
 

1 
DA L2US1 

WA L2UM1 

5 
DA L2US5 

WA L2UM5 

10 
DA L2US10 

WA L2UM10 

 
Pork hind leg 

(L3) 
 

1 
DA L3US1 

WA L3UM1 

5 
DA L3US5 

WA L3UM5 

10 
DA L3US10 

WA L3UM10 

DA – dry aging; WA – wet aging 

 
Wet aging was performed according to 

Zhang R. et al (2022) by sealing the samples in 
bags to retain their moisture. The process can be 
defined as anaerobic ripening in vacuum barrier 
packaging under refrigerated storage conditions. 
Vacuum packaging is the most commonly used 
aging method by the meat industry mainly because 
once the air is removed, its oxidizing effect is also 
eliminated, which delays meat discoloration and 
lipid oxidation (Vitale M. et al, 2014). Dry aging 
was carried out by the classical aging process, i.e. 
by keeping a piece of meat in a controlled 
environment in the open air (Dashdorj D. et al, 
2016). 

For the determination of refrigeration losses 
for each maturation period, an initial weighing of all 
samples (Gi) was performed. Then, at the end of 
the maturation period, specific to each sample, a 
new weighing was performed, noting the final 
weight (Gf) (Ciobanu M.M., Boișteanu P.C., 2020). 
Refrigeration losses (Pg) were calculated using the 
formula Pg(%)=(Gf×100)/Gi, expressed as a 
percentage. 

The pH was determined using a HANNA HI 
99163 Meat pH meter by inserting the electrode 
into the meat after prior calibration in buffer 
solutions of known pH (acidic solution - pH = 4.01 
and neutral solution - pH = 7.01). After calibration 
and between readings, the probe of the meter was 
cleaned with distilled water so as not to influence 
the results obtained. 

Colour determination of pork samples was 
carried out with the Konica Minolta Chroma Meter 
CR-410 on meat samples with a thickness of 40 - 
70 mm, these being sections perpendicular to the 
longitudinal axis of the muscle fibre. The colour of 
the samples was read using illuminator C at an 
observation angle of 2°. Meat colour was 
expressed by tristimulus spectral coordinates L*, 
a*, b* in CIEL*a*b* colourimetric space, and the 
data were displayed and stored in 

SpectraMagicTM NX software. Prior to the start of 
the readings and between each sample, the device 
was calibrated on the white calibration plate. 

The data obtained on the effect of aging 
period and aging method on refrigeration losses, 
pH and meat colour were analysed using the two-
way ANOVA test, a function of the XLSTAT 
program in Microsoft Excel. Significant differences 
between samples were considered at p-values < 
0.05, and a comparison of means was performed 
using the Duncan test. 

 

RESULTS AND DISCUSSIONS  

 

The results on refrigeration losses and pH 

recorded after 1, 5 and 10 days of dry/wet aging 

for the three anatomical regions are shown in Table 

1. Refrigeration losses, monitored by weighing 

samples before and after the specific maturation 

period, showed significant differences (p < 0.05) 

due to the aging method and aging time. Moreover, 

a significant interaction (p < 0.05) was observed 

between time and ripening method, while 

anatomical region did not impart significant 

differences in refrigeration losses for the evaluated 

samples (p > 0.05).  

In the results on pH variation as a function 

of the three factors, there was a significant 

influence (p < 0.05) of the maturation method and 

the type of muscle. Thus, the pork collar samples 

showed higher pH values compared to the hind leg 

and loin batches, and dry maturation resulted in 

lower pH values compared to wet maturation. The 

pH of the samples showed a steady increase until 

day 10 of maturation, caused by the formation of 

alkaline reaction products resulting from protein 

breakdown in post-slaughter processes (Stanišic N. 

et al, 2012), but this was not significant (p > 0.05). 
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Table 2 
Effects of aging time, aging method and muscle type on refrigeration losses and pH of pork 

Muscle type Aging method Aging time (days) 
Parameters 

Refrigeration losses (%) pH 

Pork loin 

Dry aging 

1 1.46d 5.756±0.197e 

5 5.179bc 5.832±0.090de 

10 10.812a 5.886±0.143bcde 

Wet aging 

1 0.728d 5.83±0.101de 

5 1.564cd 5.838±0.072de 

10 2.533cd 5.908±0.099bcde 

Pork collar 

Dry aging 

1 0.492d 5.888±0.091bcde 

5 5.542bc 5.904±0.241bcde 

10 11.004a 5.986±0.063abcd 

Wet aging 

1 0.767d 6.004±0.194abc 

5 1.797cd 6.054±0.086ab 

10 2.364cd 6.062±0.038a 

Pork hind leg 

Dry aging 

1 0.707cd 5.844±0.092de 

5 6.497b 5.89±0.082bcde 

10 14.88a 5.914±0.097abcde 

Wet aging 

1 0.584d 5.806±0.119e 

5 3.317bcd 5.838±0.102de 

10 3.616bcd 5.886±0.063bcde 

p-value 

Muscle type 0.148 <0.0001 

Aging method 0.000 0.023 

Aging time (days) 0.000 0.151 

Aging time*Aging method interaction 0.001 0.904 

Muscle Type*Aging time*Aging method interaction 0.772 0.377 

a,b,c,d,e Superscripts on different means within column differ significantly, p ≤ 0.05 

 

The results of instrumental colour analysis 

after wet and dry aging for 1, 5 and 10 days are 

shown in Table 2. Both muscle type, maturation 

method and time*aging method interaction 

significantly (p < 0.05) influenced the CIE a* 

values. In the case of wet aging, a steady increase 

in a* value over time was observed, similar to the 

results reported by Jaspal M.H. et al 2021, for wet 

aging of buffalo meat. In contrast, dry maturation 

detected a decrease in a* values during the first 5 

days of maturation, followed by an increase until 

day 10 of maturation. 

Regarding the lightness of the samples, it 

was observed that both the factors studied and their 

interaction had significant influences (p < 0.05); 

samples subjected to dry maturation showed a 

progressive decrease until day 10 of maturation, 

while for wet maturation the L* values were 

relatively close for the three maturation periods. 

Wet aging resulted in higher L* values, with 

samples showing higher lightness. CIE b* values 

were significantly affected (p < 0.05) by 

anatomical region and maturation time, but also by 

the interaction of time*aging method. The lowest 

b* values were recorded for batch 2, represented 

by the pork collar, with the loin and hind leg 

samples showing close values. The two types of 

aging showed different behaviours in terms of b* 

values, thus during wet aging b* values showed a 

slight decrease (day 5) followed by an increase 

until day 10. In contrast to wet aging, dry aging 

showed an increase during the first 5 days, and by 

the end of the observation period b* values 

decreased. 
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Table 3 
Effects of aging time, aging method and muscle type on instrumental color (CIE L *, a *, b *) of pork 

Muscle type Aging method Aging time (days) 
Parameters 

 
L* a* b* 

Pork loin 

Dry aging 

1 57.592±0.690a 10.276±1.048ef 9.844±0.766d 

5 57.398±2.481b 7.604±1.163f 14.574±0.760a 

10 44.012±2.921c 15.944±3.750abc 14.17±1.468a 

Wet aging 

1 58.376±0.545a 10.532±1.001e 13.086±1.067abc 

5 59.428±0.924a 10.42±0.781e 12.924±0.546abc 

10 56.792±1.520a 11.932±1.786de 14.702±0.544a 

Pork collar 

Dry aging 

1 50.284±3.746b 16.716±2.307a 10.344±1.372cd 

5 40.354±5.572c 16.948±1.705a 10.478±2.101cd 

10 37.402±4.199d 16.132±3.636abc 7.106±3.002d 

Wet aging 

1 52.518±3.788b 15.044±2.467abcd 10.662±1.431cd 

5 49.522±5.201b 15.694±1.823abcd 11.208±1.071bcd 

10 51.478±2.591b 15.18±2.366ab 11.51±1.914bcd 

Pork hind leg 

Dry aging 

1 51.618±2.764b 14.636±2.305bcd 13.18±0.981abc 

5 44.238±3.237c 10.876±1.571de 13.766±1.199ab 

10 36.956±4.424d 15.812±4.061abc 11.894±2.372bcd 

Wet aging 

1 61.118±2.421a 11.572±1.361de 14.288±1.040a 

5 50.336±5.024b 13.646±1.579cd 13.368±2.468ab 

10 50.984±2.156b 14.988±3.552bcd 13.916±0.675ab 

p-value 

Muscle type <0.0001 <0.0001 <0.0001 

Aging method <0.0001 0.001 0.215 

Aging time (days) <0.0001 0.234 0.004 

Aging time*Aging method interaction <0.0001 0.029 0.012 

Muscle Type*Aging time*Aging method interaction 0.001 0.892 0.578 

a,b,c,d,e,f Superscripts on different means within column differ significantly, p ≤ 0.05; L * = Lightness, a * = redness, b 

* = yellowness 

 

 

CONCLUSIONS 

 

In this study, changes during time- and 

method-differentiated aging were analysed for pH, 

refrigeration losses and colour parameters. 

Moreover, the evaluations were performed on three 

different types of muscles, the three anatomical 

regions responding differently to the two aging 

factors.  

In general, it was observed that significant 

differences were found for refrigeration losses and 

colour parameters. pH varied mainly between 

muscle types, but also due to the maturation 

method, higher values were recorded for packaged 

samples, but remained within the freshness limits 

(5.8 - 6.2). Colour attributes L* and a* varied 

significantly mainly due to the aging method, with 

packaged samples showing higher lightness and 

redness. The values of CIE b* were significantly 

influenced by the aging time, in addition to the 

differences given by the type of muscle. Thus, the 

two types of aging had different behaviours over 

time, the dry aging caused an increase in the b* 

value, followed by a decrease, the opposite effect 

recorded for the wet aged samples. 
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Abstract 

 

Saccharomyces cerevisiae or bakery yeast is tha main leavening agent used in bakery products obtaining, being the 

responsible for the CO2 generation thus ensuring the distinctive aerated structure of the dough. However, the role of 

yeast in dough is not limited to the gas production. Yeast cells are also partly responsible for the flavor of bread and can 

influence the rheological characteristics of the dough. The aim of this study is to evaluate the influence of fresh or dry 

yeast and of the different type of flour used (000/ 650/ 650+1350 variants). The same manufacturing recipe was used 

for all experimental variants. The bakery products investigated were coded according to the type of yeast used adding a 

numerical code specific to the type of flour used as follows: 000, 650 or 1350. The experimental variants were obtained 

with 100% superior flour (type 000), 100% white flour (650 type) or 50% white flour (650 type) + 50% wholemeal-

flour (type 1350). The main objectives were the evaluation of the sensorial characteristics and the physical-chemical 

parameters of the bread samples obtained as well as the analysis of the quality of the yeast used. The results obtained 

showed that the experimental variant DYPk, even if it involved a longer fermentation period, gave the most appreciable 

quality results of the bakery products, namely: the shape of the products well contoured, not flattened and the 

appropriate volume. The pores were uniformly developed, the crumb was elastic, mellow, well bound to the shell. The 

experimental variant obtained with superior flour 000 for which the growth agent used was in dry form coded with 

DYPk showed the best quality characteristics with less changed even after 10 days of samples storage under refrigerated 

conditions. 

 

Key words: yeast, baking products, quality parameters 
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Yeast is used worldwide as a raising agent in 

bakery products. Yeasts used in baking belong to 

the species Saccharomyces cerevisiae and are 

obtained from a strain of this species, selected for 

special qualities related to the needs of the baking 

industry (Leonte M., 2003). 

The fermentative activity of baker's yeast is 

not only essential for the rising action of dough 

through the production of CO2, but also in the 

production of a wide range of aroma compounds 

found in bread (Birch A. et al, 2013). 

This yeast-mediated fermentation also 

produces secondary metabolites such as glycerol, 

organic acids, and flavor compounds. These 

fermentation metabolites play an important role in 

the dough properties and quality characteristics of 

the finished product. The yeast, through its activity 

in the dough mass, produces alcoholic 

fermentation, which results in CO2, which causes 

the dough to become mellow (Moldoveanu G. et 

al, 1973). During alcoholic fermentation, yeast 

converts sugars to CO2 and ethanol, with a 

preference for glucose consumption over fructose 

and maltose (Timmermans E., 2022). 

A range of baker's yeasts are now produced 

and used to make bakery products: fresh and dried 

yeast, the intermediate between the two, being 

liquid or 'cream' yeast. Regarding, the optimal 

conditions for yeast storage is keeping in 

refrigerating conditions like major raw material; 

the main purpose being to assure a longer period of 

preservation (Sandu A. et al, 2020; Ghimpețeanu 

O.M. et al, 2016 - 2018). 

Anatomically, the yeast cell consists of a 

thin outer shell (membrane), inside which the cell 

body is found (protoplasm). The optimal 

conditions for yeast growth are: temperature of 25-

28°C, weakly acidic environment (about 2.5 

degrees), watery, air free of carbon dioxide, an 

alcohol concentration of the environment of the 

maximum of 2%, and food (starch and sugar) 

(Akbar A., 2012; Moldoveanu G. et al, 1973).  

Baker's yeast fermentation is strongly 

directed towards maximum biomass production, 
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by-products such as ethanol are not beneficial 

(Akbar A., 2012). 

The nutritional benefits of eating yeast bread 
obtained in food safety conditions, are 

countless (Goncearov M. et al, 2004, Petcu 

C.D. et al, 2007, Petcu C.D. et al, 2019). 
In addition, the use of yeast helps to reduce 

the negative effects of phytic acid. Phytic acid 

prevents the absorption of certain important 

minerals from cereals, such as zinc and iron, and to 

a lesser extent calcium and magnesium. 

Cereals contain a high amount of phytic 

acid. It is removed (to a small extent) by boiling, 

germination, or fermentation with commercial 

yeast (ca. 50%) or endogenous yeast (ca. 70%) 

(Margarit R., 2020). The influence of yeast on 

dough ripening includes lowering the pH, changing 

the interfacial tension in dough phases due to 

ethanol production, and physically weakening the 

dough as CO2 expands. 

Thus, the aim of the current research is to 

evaluate the influence of raising agents on the 

quality of bakery products using two types of 

yeast: fresh and dried. At the same time, the 

influence of different flour sorts (000, 650 and 

1350) on the bakery quality products obtained was 

also investigated. 

 

MATERIAL AND METHOD 

 
The experimental products were made in the 

micro-production workshop, in the bakery section 
located in the Agricultural Products Processing 
Technology building. The growth agent used in the 
technology of obtaining bakery products was 
purchased from commercial network of Iasi, being 
represented by three different brands. 

The study material consisted mainly in 
obtaining bakery products with the same recipe, 
with the specification that the experimental variants 
were based on different sorts of flour (000, 650, 
1350). The bakery products taken in the study 
were coded according to the type of yeast used, as 
follows: FYGS, FYPk, DYPk, DYDQ; and also 
according to the type of flour used by adding a 
numerical code specific to the type of flour as 
follows: 000,650 and 1350. The products resulted 
are represented by 12 experimental variants as 
follows: FYGS 000; FYGS 650, 1350; FYGS 650; 
FYPK 000; FYPK 650, 1350; FYPK 650; DYPK 
000; DYPK 650, 1350; DYPK 650; DYDQ 000; 
DYDQ 650, 1350 and DYDQ 650. 

Three types of flour were used to make the 
dough: superior flour 000 type, white flour 650 
type, and black flour 1350 type with four types of 
dry and fresh commercial yeast. The dough was 
prepared from 100% wheat flour, 50% water, 5% 
yeast, 2% oil, 2% sugar, and 1.5% salt. 

A group of specialized tasters, professors 
from the "Ion Ionescu de la Brad University of Life 

Sciences" Iasi, was formed in order to re-evaluate 
the sensorial characteristics. In terms of sensory 
analysis, visual, taste, and structural parameters 
were followed. 

The dough was obtained by the direct method 
characterized by mixing and kneading the raw and 
auxiliary materials in a single step. The kneading 
process of the dough was carried out with the aid of 
the mixer until all the components were 
homogenized. In the dough processing phase, the 
following steps were carried out: dividing, pre-
shaping, pre-fermentation and shaping. Pre-
fermentation was carried out in order to optimize the 
porosity of the dough. Both dividing and shaping 
were carried out manually. Pre-fermentation and 
final fermentation are indispensable because they 
result in a well-risen and mellow dough. 

In order to achieve the qualitative 
parameters of the experimental variants obtained, 
the following physical-chemical analyses were 
determined: titratable acidity, pH, soluble dry 
matter, ash content, salt, porosity and color. 

The acidity of the bread gives indications of 
the quality of the flour used, the technological 
process, the degree of freshness, and storage 
conditions. Thus, 25 g of bread crumbs were 
weighed from the sample to be analyzed, placed in 
a 500 cm3 volumetric flask, and homogenized with 
250 ml of distilled water. The resulting solution has 
been homogenized and allowed to stand for 5 
minutes. From the decanted solution, 50 ml is 
taken into an Erlenmeyer glass. The aqueous 
extract of the test sample is titrated with 0,1 n 
sodium hydroxide solution, after the added 2-3 
drops of phenolphthalein 1%, until a pale pink color 
appeared and persisted for 30 seconds. 

The basic principle underlying the 
determination of the total dry matter is the loss in 
mass of the products under analysis by heating to 
130°C±2°C. Thus, 12-15 g were cut from the 
center and from two places near the edge of the 
bread crust and homogenized. Approximately 5 g 
of the sample was introduced in a pre-weighed 
drying vial with a lid and then it were placed into the 
Biobase® oven previously heated to 140-145°C. 
The temperature was adjusted to 130±2°C and the 
heating process was made for 60 min. The vial is 
then removed from the oven, covered with the lid, 
and placed in a desiccator for cooling for 30-60 min 
and then weighted. Two determinations from the 
same sample are carried out in parallel for 
analysis. For the determination of minerals, the dry 
sample were grounded and calcined at 750±25ºC 
for 60 minutes.  

Sodium chloride was determined by 
weighing 25 g of sample and grinding it with 100 
cm3 of distilled water. The mixture was placed in a 
200 mL volumetric flask, it was homogenized for 1 
minute, and allowed to stand for 1 hour, shaking 
every 10 minutes. The mixture in the flask was 
brought to the 200 cm3 with distilled water, 
followed by homogenization and standing for a 
further 10 minutes. From the prepared solution, 50 
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mL is with drawn into an Erlenmeyer flask to which 
0,5 mL K2CrO4 solution is added, and titrated with 
a solution of AgNO3 until the orange-yellow color 
appears. 

A quality bakery product must present 
uniform porosity, without large and irregular voids, 
and quality standards set the minimum porosity of 
the bread. The porosity structure is determined by 
looking at the size of the pores and the uniformity 
of their distribution over the cut surface. The 
porosity determination consisted in determining the 
total volume of air voids in a known volume of 
crumb, knowing its density and mass. 

The Chroma Meters CR-410T® was used to 
measure the colour of the samples.  

The L value represents the brightness 
component where the area value ranges from 0 to 
100 while the a and b values are chromatic 
components ranging from red to green and blue to 
yellow. In this colour space, the L* value 
represents brightness (0 is black and 100 is white), 
the a* value represents red-green coordinates (a+ 
positive value indicates redness and a- negative 
value indicates greenness) and the b* value 
represents yellow-blue coordinates (positive b+ 
value indicates yellow and negative b- value 
indicates blue). 

 

RESULTS AND DISCUSSIONS  

 

The results obtained reveal the importance 

of the use of the growth agent and the degree of 

extraction of the flour. As an overview, the results 

of the sensory evaluation (figure 1) from the 

perspective of visual indicators show that all 

samples obtained from superior 000 flour, 

regardless of the type of raising agent used, were 

rated with the highest mean values, with one 

exception represented by sample FYPK000 for the 

shape and shell integrity parameters. On the 

opposite side, intermediate bread made with 650 

and 1350 flour was rated with the lowest mean 

values for all parameters. 

Figure 2 shows that all the experimental 

samples exhibited a specific taste, with sweetness 

predominating in sample DYPK 000. 

Fresh PK yeast influenced the experimental 

variants to be brittle compared to the other samples. 

At the same time, it is shown that the type of flour 

influences this parameter, the samples obtained with 

1350, 650 flour sorts presents a higher level of 

crumbling respectively (figure 3). 

The fresh yeast coded "GS" leads the 

elasticity of the bread, which is noted in the 

experimental products based on flour 000 and 650. 

At the same time, the intermediate bread obtained 

from flour 650 and 1350 resulted in a bread with a 

high degree of hardness (figure 3). 

According to the results obtained (table 1), it 

can be seen that for the experimental samples made 

from 000 flour, the acidity did not exceed the 

threshold of 1.6, regardless of the type of growth 

agent used. Fresh yeast causes an increase in 

acidity highlighted in flour 650 for both 'GS' and 

'PK' coded yeast, in contrast to the samples using 

dry yeast (table 1). As regards pH, the research 

reveals a range of values between 5.3 for the 

DYDQ 650 sample and 6.54 for the DYPK 000 

experimental sample. 

Each of the process variables used in this 

study, represented by fermentation temperature, type 

of flour, and origin of the raising agent, had a 

significant effect on the figures describing the acidity 

of the bread. The type of flour (white and black 

wheat flour) had a significant effect on theacidity. 

One explanation for the higher acid content of white 

and black bread is the degree of extraction of the 

flour; compounds such as phytate, present in dark 

flour, allow lactic fermentation without suppression 

caused by low pH (Murariu O.C. et al, 2016; 2019; 

Petcu C. et al, 2019). 

The origin of the raising agent had low 

effect on the pH or titratable acidity value (table 

1). However, fresh yeast coded ”GS” produced 

higher concentrations of lactic acid and acetic acid 

for the bread made with 650 flour sort than did the 

other experimental yeasts under similar conditions. 

Regarding the sodium chloride content, the 

results obtained fall within the lower range of 0.2 

delimited by FYGS 650, 1350, and the upper range 

of 0,9 represented by FYGS 650. Sodium chloride 

in bread has multiple functions such as improving 

taste, stabilizing yeast fermentation, strengthening 

gluten, and causing a delay in proteolytic activity. 

At the same time, in high quantities and introduced 

into the technological process at the wrong time, salt 

inhibits yeast activity and dough expansion inhibits 

gluten hydration and causes the dough network to 

harden. It is recommended to add sodium chloride at 

the end of the kneading stage or add fat-coated salt; 

its action becomes available only in the last stages 

of dough preparation or in the first stages of baking 

(Mondal A. et al, 2008; Reißner, A. 2019). 

The results obtained for the ash content 

shows the highest value for samples obtained with 

1350,650 sorts flour for all the experimental 

variants (table 1). The lowest values were recorded 

for the samples obtained from white flour (000) 

delimited by DYDQ and FYGS. The mineral 

content of flours depends on many factors such as: 

the wheat variety, grain size, quality of wheat, and 

degree of extraction. At the same time, minerals 

are unevenly distributed in the different anatomical 

parts of the wheat. Thus, flour with a higher degree 

of extraction will have a higher content, due to the 

high content of substances in the pericarp. The 
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results of the total dry matter show that it varies between 54% and 68%. 

 
Figure 1 Visual analysis results 

 

 

Figure 2. Taste analysis results  

 

According to the results obtained (table 1), it 

can be seen that for the experimental samples 

obtained with 000 flour, the acidity did not exceed 

the value of 1.6, regardless of the type of growth 

agent used. 

Fresh yeast causes an increase in acidity 

highlighted in flour 650 for both 'GS' and 'PK' 

coded yeast, in contrast to the samples using dry 

yeast (table 1). As regards pH, the research reveals 

a range of values between 5.3 for the DYDQ 650 

sample and 6.54 for the DYPK 000 experimental 

sample. Each of the process variables used in this 

study, represented by fermentation temperature, 

type of flour and origin of the raising agent, had a 

significant effect on the figures describing the 

acidity of the bread. 

 

Figure 3. Structural analysis results 

 

The flour sorts had a significant effect on the 

parameters analyzed. One explanation for the 

higher acid content of intermediate bread is the 

degree of extraction of the flour; compounds such 

as phytate, present in dark flour, that allow lactic 

fermentation without suppression caused by low 

pH. 

The origin of the raising agent had little 

effect on the pH or titratable acidity value (table 

1). However, fresh yeast coded ”GS” produced 

higher concentrations of acids for the bread made 

with 650 flour sort than did the other experimental 

yeasts under similar conditions. As for the sodium 

chloride content, the results obtained fall within the 

lower range of 0.2 delimited by FYGS 650, 1350, 

and the upper range of 0.9 represented by FYGS 

650. Sodium chloride in bread has multiple 

functions such as improving taste, stabilizing yeast 
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fermentation, strengthening gluten, and causing a 

delay in proteolytic activity. At the same time, in 

high quantities and introduced into the 

technological process at the wrong time, salt 

inhibits yeast activity and dough expansion inhibits 

gluten hydration and causes the dough network to 

harden. It is recommended to add sodium chloride 

at the end of the kneading stage or add fat-coated 

salt; its action becomes available only in the last 

stages of dough preparation or in the first stages of 

baking (Mondal A. et al, 2008; Reißner, A. 2019). 

The results obtained for the ash content shows the 

highest value for bread obtained with flour sorts 

650, 1350 for all the experimental variants (table 

1). The lowest values were recorded for the 

samples obtained from white flour (000) delimited 

by DYDQ and FYGS. 

The mineral content of flour depends on 

many factors such as the wheat variety, grain size, 

quality of wheat, and degree of extraction. At the 

same time, minerals are unevenly distributed in the 

different anatomical parts of the wheat. Thus, flour 

with a higher degree of extraction will have a 

higher content, due to the high content of mineral 

substances in the pericarp. 

The results of the total water content show 

that it varies between 54 to 68%.

 
Table 1 

Physico-chemical parameters of bread 

 pH T.A. T.D.M,%  ASH,% NaCl, % 

FYGS 650 5.9 2.45 56 0.07 0.9 

FYGS 650 1350 5.95 2.05 62 0.13 0.2 

FYGS 000 5.97 1.64 66 0.04 0.7 

FYGS 650 5.95 2.05 54 0.06 0.4 

FYPK 650 1350 6.08 2.46 58 0.13 0.8 

FYPK 000 6.08 1.23 68 0.08 0.3 

DYPK 650 6.04 2.25 60 0.04 0.6 

DYPK 650 1350 5.92 2.36 58 0.15 0.5 

DYPK 000 6.54 1.02 66 0.07 0.6 

DYDQ 650 5.3 1.84 60 0.04 0.4 

DYDQ 650 1350 5.93 2.05 64 0.11 0.4 

DYDQ 000 6.02 1.43 56 0.04 0.4 

The results obtained from the colour 

determination (table 2) show varied values 

characteristic of the type of flour used. Thus, the 

brightness indicator shows maximum values 

represented by the DYPK 000 sample, with a value 

of 78,38. The lowest values are found for samples 

FYPk 650, 1350, with a value of 65,60. According 

to the literature phenolic substances contained in 

bran are responsible for the darker color of the 

bread. At the same time, it is specified that the core 

shade can be influenced by the baking process, as a 

result of caramelization of reducing sugars leading 

to the appearance of dark brown color (Van Hung 

P. et al, 2007).  

Table 2 
Porosity and colour determination 

 
Porosity,% 

Colour 

L*© a*© b*© 

FYGS 650 69 72,41 -3,06 23,12 

FYGS 650 1350 75 66,33 -0,58 21,65 

FYGS 000 75 75,22 -4,45 23,54 

FYGS 650 66 70,89 -2,63 23,71 

FYPK 650 1350 66 65,60 -0,39 21,19 

FYPK 000 76 78,14 -4,10 22,30 

DYPK 650 63 75,93 -3,31 21,98 

DYPK 650 1350 64 69,99 -0,75 20,56 

DYPK 000 72 78,83 -4,83 23,51 

DYDQ 650 75 73,99 -2,93 22,76 

DYDQ 650 1350 63 68,28 -1,28 22,34 

DYDQ 000 79 78,56 -5,13 24,17 

 

The results of porosity determination 

indicate numerical superiority for the experimental 

sample DYDQ (superior wheat flour) recording a 

value of 79%. 

The high percentage result is due to the 

growth agent used characterized by fresh yeast 

"GS". The experimental variants DYPK and 

DYDQ (white wheat flour 650, black wheat flour 

1350) are numerically inferior (63%).  

The differences noted in the samples 

analyzed are due to the type of flour used (000, 

650, 1350) (Murariu O., 2021). An insignificant 
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difference is noted in the use of dry yeast from the 

two traders. Similar data were also obtained by 

Munteanu G. (2019) who conducted a study on the 

dynamics of the bread fermentation process using 

different types of yeast. 

 

CONCLUSIONS 

 

The results obtained showed that the 

experimental variant DYPk000 obtained the best 

quality results of the bakery products, namely: 

well-contoured, non-flattened product shape and 

adequate volume. The pores were uniformly 

developed, and the core was elastic, soft and well-

bonded to the crust. 

The experimental variant obtained with the 

superior 000 flour for which the growth agent used 

was in dry form coded with DYPk showed the best 

quality characteristics, with fewer changes even 

after 10 days of keeping the sample under 

refrigerated conditions.  
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Abstract 

 

The marketing of antibiotics directly to animal owners and the intensification in recent years of the use of these drugs 

without the recommendation of a veterinarian has led to the increasingly frequent presence of antibiotic residues in milk 

that is intended either for human consumption or for obtaining dairy products. The use by processors of milk with 

antibiotic residues is difficult to achieve. According to European Union food safety legislation, milk harvested from 

cows treated with antibiotics must be collected separately, and isolated. It cannot be given for processing or human 

consumption. Applying thermal treatment, especially pasteurization, to milk with antibiotic residues above the 

maximum allowed limit has insignificant effects, processors have been convinced of this over the years. The interest of 

the study for the detection of antibiotic residues in milk is very current, even if the waiting period after treating the cows 

with antibiotics is recommended, often this period is not respected, the consideration being the significant economic 

losses. The rapid strip test method was done with strip tests AuroFlow, which are designed for the simultaneous 

detection of beta-lactams and tetracyclines. The working samples were represented by processed milk sold in 

supermarkets and raw milk sold in agro-food markets in Iasi. The distribution of processed milk samples was 1 positive 

sample each in 2 of the supermarkets where the samples were collected, these being in the percentage of 4%. UHT-

treated milk in all 5 supermarkets did not show any positive tests. On the other hand, the sale of raw milk in the agri-

food markets showed a percentage of 20% positive samples, out of several 25 samples examined, the rate is much 

higher compared to processed milk. 

 

Keywords: raw milk, processed milk, antibiotic residues, qualitative assessment 
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A wide range of antibiotics is used in the 

treatment of infectious diseases in cows, including 

the treatment of mastitis. The marketing of 

antibiotics directly to animal owners and the 

intensification in recent years of the use of these 

drugs without the recommendation of a 

veterinarian has led to the increasingly frequent 

presence of antibiotic residues in milk that is 

intended either for human consumption or for 

obtaining dairy products. The use by processors of 

milk with antibiotic residues is challenging to 

achieve. 

Milk with antibiotic residues, even if it is 

harvested from a small number of cows, can have 

significant implications in obtaining dairy products 

based on fermentation processes, but also in the 

occurrence of allergies and antibiotic resistance in 

consumers (Saraz I., et al, 2017, Schlemper V., 

Sachet A.P., 2017). 

Abusively and excessively used antibiotics 

easily facilitate the contamination of animal 

products, especially milk, a product that is 

harvested daily from cows. When the maximum 

residue limit (MRL) is exceeded, in the case of 

antibiotics, it becomes a public health problem 

because of the reduced effectiveness of antibiotics 

in consumers (Sachi S., et al, 2019). 

According to European Union food safety 

legislation, milk collected from cows treated with 

antibiotics must be collected separately, isolated, 

and cannot be given for processing or human 

consumption (Reg. 853/2004/EC). The application 

of heat treatment, especially pasteurization, to milk 

with antibiotic residues above the maximum 

allowed limit has insignificant effects, processors 

have been convinced of this over the years 

(Schlemper V., Sachet A.P., 2017).  

The National Veterinary Sanitary and Food 

Safety Authority (ANSVSA) - through specialized 

directions, participate in the elaboration of the Plan 

National for the Control of Residues that 

transposes for the group of substances B1- 
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antibiotics, the substances, and matrices are 

selected so that the entire range of antibiotics is 

covered, as well as according to the best-selling 

veterinary medicinal products on the Romanian 

market, taking into account that the maximum 

limits of residues to comply with Regulation (EC) 

no. 37/2010 and EURL Guidance on minimum 

method performance requirements (MMPRS) or 

specific pharmacologically active substances in 

specific animal matrices - 2020, thus the control 

and monitoring of residues guarantees more safety 

for consumers. 

 

MATERIAL AND METHOD 

 
Investigations regarding the presence of 

antibiotic residues in milk were carried out between 
May 2021 and September 2022. The milk samples 
were collected from the commercial network, 
respectively from 5 supermarkets of different 
brands, in Iasi County. 5 samples of pasteurized 
milk and 5 samples of UHT milk were collected 
from each supermarket. The milk samples from the 
commercial network were of different brands and 
the pasteurized ones were kept at refrigeration 
temperature, at 40C. 

Samples of pasteurized milk and UHT milk 
had different percentages of fat, ranging from 3.8 
to 1.5. During the study, there were a total of 25 
samples of pasteurized milk, and 25 samples of 
UHT milk. 

The second category of samples was 
represented by raw milk sold in 3 agro-food 
markets in Iasi county and raw milk sold on the 
street. Raw milk samples were collected in a 
number of 25, for these milk samples we did not 
have information regarding the percentage of fat 
contained in each sample. 

The processing of milk samples for the 
detection of antibiotic residues was carried out in 
the "Milk and derived products technology" 
laboratory within the Faculty of Agriculture, 
Technology of Processing Agricultural Products 

Specialization, of Iasi University of Life Sciences 
which is equipped with equipment corresponding 
to the determinations made on milk and derived 
dairy products. 

The rapid strip test method was done with 
the AuroFlow BT Combo Strip Test strips, which 
are designed for the simultaneous detection of 
beta-lactams and tetracyclines. These rapid tests 
detect 15 beta-lactam antibiotics and 3 major 
tetracyclines in milk at or below EU maximum 
residue limits (MRLs). The test has increased 
sensitivity, and high reproducibility and the reading 
of the results is done in 7 minutes. 

The working protocol consisted in adding 
0.2 ml of milk, with the help of a single-dose 
pipette, into the reagent wells, homogenizing by 
repeated aspiration with the pipette 10 times so 
that the lyophilized reaction particles were 

completely dissolved in the milk. After 3 minutes of 
incubation at room temperature, I inserted the test 
strip into the well containing the sample to be 
examined. The waiting time for the reaction on the 
strip was 4 minutes, and immediately after that, I 
removed the sample pad from the strip. 

The interpretation of the results was done 
with the naked eye depending on the positive or 
negative control line: - if the test lines are more 
saturated (visible) than the control line, the sample 
is negative. 

 - if the test lines are less saturated or as 
saturated as the control, the sample is considered 
positive and has antibiotic concentrations equal to 
or higher than the maximum allowed. 

 - if the test lines are not visible, this 
indicates a much higher concentration of the 
indicated antibiotic groups in the sample. 

 
RESULTS AND DISCUSSIONS 

 

Milk is a product of animal origin whose 

food safety starts from the farm, which is the 

responsibility of all those involved to avoid 

unwanted effects on consumers (Bishop J.R., With 

C.H., 1984). Along the food chain, the procedures 

and control mechanisms applied to food should 

present minimal risk to the consumer, but this risk 

cannot be brought to zero for any food, regardless 

of how well some legal regulations are applied or 

what effective control systems exist for that food. 

As producers are not legally obliged to 

specify the antibiotic content of animal products on 

the label, they are difficult to avoid and detect by 

consumers. At the same time, widely used both in 

the treatment of some diseases and in the feeding 

of animals, antibiotics can lead to an increase in 

the number of bacteria resistant to treatment with 

these drugs in humans (Saraz I., et al, 2017). 

Mastitis represent welfare, but also an 

economic problem in dairy farms, with 

implications of reducing the quantity but also the 

quality of milk. Farmers when faced with such 

situations frequently use antibiotics from the beta-

lactam group (penicillin G, ampicillin, amoxicillin, 

oxacillin, various cephalosporins) and tetracyclines 

(oxytetracycline, doxycycline, and tetracycline) 

(Gajda A. et al, 2018). 

The European Union (EU) defines residues 

as "pharmacologically active substances (whether 

they are active principles, receptors or degradation 

products) and their metabolites that remain in food 

obtained from animals that have been administered 

the veterinary medicinal products in question. 

The interest in the screening study of 

antibiotic residues in milk is very current, even if a 

waiting period is recommended for dairy cows 

following treatment with these drugs, often this is 
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not respected due to the significant economic 

losses. 

Mohamed A.M. et al, 2020 conducted a 

study in Benadir finding that depending on the 

source of milk from 50 milk samples collected 

from different farms 15 were positive samples for 

antibiotic residues, which indicated a percentage of 

30%, and out of 50 samples collected from various 

markets, 9 were positive, representing a percentage 

of 18% of samples with antibiotic residues. This 

study showed that farmers do not take into account 

a strict record of the administration of antibiotics, 

especially in cows from which collect the milk, 

have no knowledge of antibiotic residues, and do 

not respect the waiting period before the milk is 

sold or processed. 

The study of the screening of antibiotic 

residues from the milk collected from some 

supermarkets located in Iasi county shows us a 

return of 1 positive sample in 2 of the 5 

supermarkets from which the samples were 

collected. Positive samples were found in 

pasteurized milk (table 1). 

characteristic. 
 

Table 1 
Distribution of positive samples from milk sold in supermarkets from Iași  

Milk 
samples 

S1 S2 S3 S4 S5 

Nr.s. P N Nr.s. P N Nr.s. P N Nr.s. P N Nr.s. P N 

Pasteurized 
milk 

5 1 4 5 0 5 5 0 5 5 1 4 5 0 5 

UHT milk 5 0 5 5 0 5 5 0 5 5 0 5 5 0 5 

Total 10 1 9 10 0 10 10 0 10 10 1 9 10 0 10 

S- supermarket, Nr.s.- sampels number, P.-positive, N.- negative 
 

UHT (ultra-high temperature) treated milk 

sold in all 5 supermarkets did not show any 

positive test, which could be an indication that 

these residues would be destroyed at sterilizing 

temperatures to a greater extent than 

pasteurization. 

Bondoc I., 2007, shows that in relation to 

the thermal treatment of milk with antibiotic 

residues, does not cause the destruction of 

antibiotics or produces insignificant reductions, 

instead, sterilization can destroy a proportion of 

20-60% of some antibiotics such as penicillin, 

streptomycin or aureomycin. 

The milk sold in the agri-food markets, but 

also the one exposed for street sale, does not 

benefit from rigorous and periodic control of these 

antibiotic residues, as shown by our study through 

which we identified a number of 5 positive 

samples out of a total of 25 collected samples 

(table 2). 
 

Table 2 
The distribution of positive samples from the milk sold in the agro-food markets in Iasi 

Milk 
samples 

M. agro-food 1 M. agro-food 2 M. agro-food 3 Sold on the street 

Nr. 
sampels 

P N 
Nr. 

sampels 
P N 

Nr. 
sampels 

P N 
Nr. 

sampels 
P N 

Raw milk 8 2 6 5 1 4 5 0 5 7 2 5 

M.agro-alim – the agri-food market, P.-positive, N.- negative 

 

Reporting as a percentage in supermarkets, 

the percentage of positive samples was 4% of the 

total of 50 samples collected and in the agro-food 

markets the percentage was much higher, being 

20% of positive samples, but this percentage was 

related to half of the samples compared to 

supermarkets, respectively 25 samples. 

The difference in percentages between 

thermally processed milk and raw milk sold in the 

markets is explained by the easy access of animal 

owners to veterinary drugs without medical 

prescription and the lack of adequate control in the 

markets of these residues. 

A study conducted by Kaya S.E., et al, in 

2010 on milk samples collected from different 

points of sale in Ankara, indicated a percentage of 

1.25%, being exceeded the maximum residual 

limits (MRL) for penicillin G, oxytetracycline, 

gentamicin, neomycin. 
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Table 3 
Distribution of positive samples according to the type of residues in the milk examined 

The type of residue Pasteurized milk–positive UHT milk-positive Raw milk-positive 

Beta-lactams 1 0 3 

Tetracyclines 1 0 2 

Total 2 0 5 

 

The presence of antibiotics in raw milk can 

also be caused by the intentional addition of 

antibiotics to the milk by the farmer or animal 

owners to fake a high total germ count (NTGMA) 

milk from unhygienic milking, which involves the 

use of milk that has poor hygienic quality (Saraz I. 

et al, 2017). 

The beta-lactam residues found in the 4 

milk samples indicate a general injection 

treatment, this group containing a greater variety of 

antibiotics, and the 3 positive samples for 

tetracycline residue indicate a local treatment at the 

level of the mammary gland with intramammary 

syringes, these frequently containing tetracycline 

(table 3). 

Tian L. et al, in 2016 demonstrate the 

resistance of drug residues to heat treatments used 

on milk and show that pasteurization of milk at 

720C is ineffective in removing these residues. 

 

CONCLUSIONS 
 

The findings of this study indicated that 

market and street vendors of raw milk do not have 

the necessary knowledge about the impact of 

antibiotic residues on human health. At the same 

time, we can raise an alarm that constant exposure 

for long periods can lead to the phenomenon of 

antibiotic resistance in consumers. Regional and 

regional farmers can be trained on how to use 

antibiotic-based medicines so that they can be 

aware that a single milk can with antibiotic 

residues can contaminate a tank. The reduction of 

antibiotic residues in milk could be achieved by 

effective monitoring of the presence of teats in 

cows, and by using biologically active natural 

products with antibacterial and anti-inflammatory 

properties, thus it is possible to intervene in the 

food safety chain and reduce the use of antibiotics. 
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Abstract 

Vital amino acids, essential fatty acids, carotenoids, and vitamins are all abundant in spirulina. The purpose of the study 

was to assess the effects of adding spirulina to processed cheese as a source of nutrients and color. To carry out this 

study, the milk was processed to obtain semi-paste cheese, making three batches as follows: the control batch (Lc) 

cheese without the addition of spirulina, the experimental batch 1 (Lexp-1) where the addition of 0.25% spirulina and 

experimental group 2 (Lexp-2) where 0.50% spirulina was added. For products enriched with Spirulina, we mention the 

fact that it was added to the milk after its pasteurization. Determinations were made on the finished product to establish 

the main physicochemical parameters after the cheese was kept for 30 days during maturation under specific conditions. 

The results obtained indicate increases in the protein level, therefore from 19.47% obtained in Lc to 19.87% in Lexp-1 

and 20.27% in Lexp-2. Differences can also be noted in terms of total mineral content (ash), the value obtained for 

Lexp-2 being 3.32% higher than that obtained for Lc. Therefore, the results of this study highlight the fact that we can 

increase the nutritional value of a product, managing to come to consumers with a less conventional product. 

 

Key words: cheese, quality, spirulina 
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Cheese is a product with very ancient 

origins, loved for its rich nutritional value, 

creaminess and specific aroma. It was discovered 

in ancient civilizations during the rise of 

agriculture and the domestication of sheep and 

goats for their milk. By chance, when the milk was 

left in the sun for a longer time, it "turned sour" 

and the protein components coagulated, becoming 

solid. When the liquid portion, or whey, was 

drained and removed, leaving only the solid curd, 

the farmers realized that this curd had a pleasant 

taste (Zheng X. et al, 2021). 

Since then, cheese production has been 

experimented in countries all over the world, the 

differences being given by the types of milk from 

which the cheese was made, the period of aging of 

the cheese or the way of processing; all of which 

lead to products with unique textures and flavors. 

India is known for Paneer, a soft variety with a 

mild taste, Greece discovered Feta), a salty, 

crumbly cheese made from sheep or goat's milk, 

and Sardinia developed the hard, pungent cheese 

called Pecorino Romano (Thom C., Fisk W.W., 

1918). 

Cheese is a matured or unripened product 

obtained by coagulation of milk proteins, the 

action of rennet or another coagulant. Dehydration, 

lactic acid bacteria (LAB) fermentation and the 

addition of salt during cheese making increase its 

shelf life (Agarwal S. et al, 2006). The cheese 

contains the main milk protein casein, milk fat, 

mineral calcium phosphate, about 36-43% water, 

lactic acid and 1.5% salt for a hard cheese. Curd 

cut size, curd heating conditions and pressing 

influence moisture content and texture (Whetstine 

C. et al, 2007). 

Cheese specialties are high-quality products 

that are consumed in limited quantities. These 

cheeses may have an exotic origin or a certain 

processing technique or design. Specialty cheeses 

are produced all over the world, with famous 

varieties coming from France, Italy, Mexico, the 

Middle East, Germany, Holland and Switzerland. 

Cheese specialties also have different 

consistency and color, which can vary from soft to 

hard, from white to yellow/orange. Also, raw milk 

can vary - some are made from cow's milk, others 

from sheep's or goat's milk. There are even 

specialty cheeses made from milk combinations 

(mixed milks) (Whitehead W.E. et al, 1993). 

Cheese can be classified into different 

groups depending on the type of milk, heat 
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treatment, type of coagulation, curd preparation 

method, water content in the finished product, fat 

content or method and degree of ripening (table 1 

and figure 1) all of which lead to obtaining 

countless varieties of cheese, types that consumers 

can enjoy. 

 
Table 1 

Major classes of cheeses 

(Codex Alimentarius. General Standard for Cheese, 1999) 

According to firmness According to milkfat content 

MFFB (%) Designation FDM (%) Designation 

<51 Extra hard ≥ 60 Hight fat 

49 - 56 Hard 45 - <60 Full fat 

54 - 69 Firm/Semi-hard 25 - <45 Medium fat 

>67 Soft 
10 - <25 Partially skimmed 

<10 Schimmed 
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Figure 1 Classification of cheese according to coagulation, crud preparation and ripening 

(after: Cheese-and-varieties-Part-2_-Cheese-styles-.pdf)
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Provolone 

Pizza-

cheese. 

pizza 

Acid 

coagulation 

Quark Cottage 

cheese 

Harzer 

Tyrolean grey 

cheese 

Microfiltration/U

ltrafiltration 

Separation of whey 

before coagulation 

Quark  

Fresh cheeses 

Soft cheeses 

Smear ripening  ( Gruyère, Limburg) 

Propionic acid fermentation (Emmentaler) 

Ripening in brine solution (Feta, Telemea) 
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The group of dairy products in the semi-

paste cheese category differs from the rest of the 

cheese assortments by the lower water content it 

has in its chemical composition. The low water 

content of the finished product is mainly due to 

the more intense processing of the coagulum and 

the application of the second heating stage, 

carried out at a moderate temperature range, 

followed by a pressing of the product. 

The assortment of Holland-type semi-paste 

cheese is obtained from the processing of cow's 

milk, in spherical or parallelepiped form. 

Because of its delicious flavor, palatable 

texture, and simplicity in preparation and 

consumption, processed cheese is very well-liked 

all over the world. Processed cheeses are made by 

chopping or shredding natural cheeses with 

varying levels of ripeness and combining them 

with emulsifying agents while heated, in a partial 

vacuum, or at room pressure, until a homogenous 

mass is created. Other components, such as 

powdered milk, stabilizers, preservatives, water, 

meat, fruit, and spices, among others, may be 

added in accordance with local law. Numerous 

research have looked at processed cheese that has 

been supplemented with Spirulina platensis as a 

nutrient source. There isn't much information 

available about using Spirulina maxima as an 

antioxidant and color source while making 

processed cheese. A multicellular, filamentous, 

photosynthetic cyanobacterium is spirulina 

(Arthrospira platensis). It is a good source of 

carbohydrates, pigments, iron, calcium, 

polyunsaturated fatty acids (PUFAs), essential 

amino acids, and vitamins E, C, and B12 (Markou 

G. et al, 2013; Golmakani M. et al, 2012). 

Spirulina possesses a variety of properties, 

including the ability to exert cytotoxic effects on 

human cancer cell lines (Flores Hernandez et al, 

2017), hepatoprotective activity (Kepekçi R.A. et 

al, 2013), antioxidant activity (Alavi N. and 

Golmakani M., 2017), and anti-inflammatory 

effects (Kepekçi R.A. et al, 2013). (Pak W. et al, 

2012) Additionally, Spirulina may play a part in 

the development of probiotic bacteria. In this 

study, S. maxima powder was added to processed 

cheese to boost its nutritional content and serve as 

a source of color and antioxidants. The goal was 

to ascertain how S. maxima powder affected 

processed cheese's quality traits after 30 days of 

storage at 12°C. 

 

MATERIAL AND METHOD 
 
Cheese making 
To achieve the proposed goal, a quantity of 

300 L of milk was processed as follows: 100 L of 
pasteurized milk to which 500 g of Spirulina in 

powder form was added, which represents a 
percentage of 0.5%, 100 L of milk with 250 g 
powder of Spirulina which represents a 
percentage of 0.25% and 100 L of which cheese 
was processed without addition (figure 2). 

 

 
Figure 2. Addition of spirulina in the volume of 

pasteurized and seeded milk 

 
The stages of the technological process 

were those specific to the assortment of semi-
paste cheese, with the mention that for products 
with spirulina, the homogenization in milk was 
carried out after the pasteurization stage. 
Therefore, the main steps are: for each batch of 
milk that was processed, the filtering operation 
was carried out, after which the milk was 
pasteurized in the valve at a temperature of 60°C 
with maintenance for 30 minutes. To coagulate 
the milk, it was cooled to a temperature of 32°C 
after which the yeast of selected lactic bacteria 
(Mesophilic aromatic culture, type LD) was added. 
The ripening of milk lasts until the acidity of the 
milk increases by 0.8 - 1°T. In the milk, warmed to 
32 - 35°C was added CHY-MAX M Liquid a 
standardized solution of pure chymosin, produced 
by the submerged fermentation of a vegetable 
substrate with the help of Aspergillus niger var. 
Awamori kept under controlled conditions (it is not 
found in the finished product), produced by CHR 
HANSEN. 

Coagulation was carried out for 35–40 min. 
The curd was then cut longitudinally and 
transversally using knives to the size of a grain of 
corn, followed by heating under continued 
agitation up to a temperature of 42°C. Then 
followed the drying of the grain, which was done 
at the temperature of the second heating for 10-15 
minutes. At the end of this process the curd was 
left for 10 min, then most of the whey was taken. 
The curd was then transferred to plastic 
rectangular moulds (figure 3) and pressed for 14 h 
using a pressure of 2–6 kg/ kg of cheese. During 
pressing the curd was turned over two or three 
times. The salting was done with a 12% brine by 
keeping the cheese for a period of 36-48 hours. 
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After removing from the brine pool, the pieces of 
cheese are left to swirl. During pressing the curd 
was turned over two or three times. Finally, the 
cheeses were ripened in rooms or cellars for 30 
days at an average temperature of 12–14°C and 
at a relative humidity of 80–90%. The weight of 
the cheeses at the end of ripening varied between 
1,5 and 1,8 kg, the yield being 9.8 L 

 

 
Figure 3 Filling the molds 

 

Cheese sampling 
For each batch of cheese, samples were 

made up of milk and seven rectangular cheeses 
taken from the ripening places. The samples were 
taken to the laboratory under refrigeration at 4°C.  

Chemical analysis 
The chemical parameters of milkwere 

determined using a laboratory ultrasonic analyzer 
EKOMILK-Bond Total equipment that uses the 
principle of ultrasound transmittance through a 
resonance chamber in which the sample to be 
analyzed is located to measure the impedance 
changes of the sensor - detector produced by the 
oscillations of the wavelength of the ultrasound 
beam under the influence of the change in the 
proportions of the chemical components in the 
sample under study . the titratable acidity was 
determined by AOAC standard (Association of 
Official Analytical Chemists, 1990a) and the pH 
was measured with a WTW InoLab pH-meter.  

The moisture (water) content of cheese is 
the loss in mass, expressed as a percentage by 
mass when the product is heated in an air oven at 
102±2°C to constant mass (IS:2785:1979; 
Reaffirmed 1995). Dray matter content resulted 
from the difference, according to the relation: Day 
matter (%) = 100% – watter (%). 

The fat content was determinated by Acid 
Digestion Method (AOAC, 2003) The fat content 
of the cheese in relation to the dry matter (FDM) 
was calculated according to the formula FDM (%) 
= (fat%/(100 - water))x100.  

The Kjeldahl Method was used to 
determine the protein content in cheese. Because 
of its great precision and consistency, as well as 
its ease of use, Kjeldahl is presently the most 
widely used method for assessing nitrogen and 
protein levels in meals and feeds. The 
contemporary Kjeldahl process entails catalytically 

aided mineralization of organic matter in a boiling 
combination of sulfuric acid and sulfate salt at a 
temperature of 400°C in the digesting block. The 
biologically bound nitrogen is transformed to 
ammonium sulfate during the process. The 
ammonia is quantitatively steam distilled and 
measured by titration after alkalinizing the 
digested solution (IDF 20-1, ISO 8968-1 Second 
Edition 2014-02-01 Milk and milk products - 
Determination of nitrogen content; AOAC 991.20 
Nitrogen (Total in Milk). 

Ash was determined according to AOAC 
gravimetric method 935.42 (AOAC, 2000a). In all 
samples, pH was measured with an HI 99161 pH 
meter (Hanna Instruments, Weilheim, Germany) 
by direct insertion of a pH probe (FC2002; Hanna 
Instruments) into the cheese 

The determination of sodium chloride was 
performed by the Mohr method, the principle of 
the method consisting of the precipitation of 
chlorides with silver nitrate solution in the 
presence of potassium chromate as an indicator 
(MANUAL OF METHODS OF ANALYSIS OF 
FOODS FOOD SAFETY –Milk and Mipk 
Products). 

Sensorial evaluation 
Five experts (aged 22 to 35) conducted a 

consumer acceptance test on the following dairy-
related characteristics: sour taste, microalgae 
odor and taste, sweetness, bitterness, dairy flavor, 
crumbly texture, smoothness, color, and general 
acceptability. The use of dairy and fermented milk 
products was known to the assessors. 

 

RESULTS AND DISCUSSIONS  
 

The processed milk comes from the 

university's farm, a fact for which there were no 

differences in terms of the analysis part. 

Therefore, the milk was processed in three 

different steps to make the products that were the 

basis of the present study. 

For these reasons, for the dry substance 

content, the average value was 12.66±0.04 for 

milk from Lc, 12.99±0.05 for that from Lexp-1 

and 12.84±0.05% for that of Lexp-2. The fat 

content varied between 4.02±0.02% in the Lexp-2 

group and 4.06±0.05%. The protein level data 

revealed mean values of 3.25±0.01% in the 

control group (Lc), 3.31±0.02% in the Lexp -1 

group, and 3.31±0.01% to batch Lexp-2. 

Regarding the pH value, the average values were 

between 6.58 in the Lc group and 6.62 in the 

Lexp-1 group. Determinations were also made to 

determine the acidity of the milk, where the 

average values were 16.40±0.24°T in the milk 

distributed in the Lc group, 16.20±0.20°T in the 

Lexp-1 group, and 16 .00±0.32°T to that of the 

Lexp-2 batch (table 2). 

Regarding the results obtained on the 
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finished products, we note that the addition of 

spirulina positively influenced the main chemical 

characteristics. Therefore, the dry matter content 

of group Lc was 56.67±0.20%, 56.70±0.20% in 

group Lexp-1, and 56.76±0.20% in group Lexp-2. 

Changes were also noted in terms of fat content, 

so in the Lc group the average value was 

27.90±0.11%, 28.10±0.11% in the Lexp-1 group, 

and 28.35 ±0.11% at batch Lexp-2 (table 3). 

Table 2 
Chemical composition of milk 

Specification 
Milk use for normal cheese 

(Lc) 
Milk use for cheese with SP 

0.25% (Lexp-1) 
Milk use for cheese with SP 

0.50% (Lexp-2) 

Moisture (%) 87.34±0.04 87.01±0.05 87.16±0.05 
Dray matter (%) 12.66±0.04 12.99±0.05 12.84±0.05 
Fat (%) 4.06±0.05 4.04±0.06 4.02±0.02 
Protein (%) 3.25±0.01 3.31±0.02 3.31±0.01 
pH 6.58±0.04 6.62±0.04 6.60±0.04 
Acidity (°T) 16.40±0.24 16.20±0.20 16.00±0.32 

 
Table 3 

Chemical composition of cheese 

Specification 
Normal cheese 

(Lc) 
Cheese with SP 0.25% 

(Lexp-1) 
Cheese with SP 0.50% 

(Lexp-2) 

Moisture 43.33±0.20 43.30±0.20 43.24±0.20 
Dray matter (TS)(%) 56.67±0.20 56.70±0.20 56.76±0.20 
Fat 27.90±0.11 28.10±0.11 28.35±0.11 
FDM (%) 49.24±0.15 49.56±0.15 49.95±0.15 
Protein (%TS) 19.47±0.14 19.87±0.14 20.27±0.14 
Ash (%TS) 4.94±0.18 5.01±0.18 5.11±0.18 
pH 5.19±0.02 5.17±0.01 5.13±0.01 
Salt content (%) 1.90±0.03 1.93±0.03 1.97±0.03 

 
Table 4 

Sensorial evaluation 

Specification 
The 

weighting 
factor 

Normal cheese 
(Lc) 

Cheese with SP 0.25% 
(Lexp-1) 

Cheese with SP 0.50% 
(Lexp-2) 

External appearance 0.4 
5 4 5 
2 1.6 2 

Color 0.2 
4 4 5 

0.8 0.8 1 

Section apparance 0.8 
5 5 5 
4 4 4 

Consistency 0.4 
5 5 5 
2 2 2 

Smell 0.8 
5 5 5 
4 4 4 

Taste 1.4 
5 5 5 
7 7 7 

TOTAL 19.8 19.4 20 

 
Regarding the protein level in the product 

that was the objective of this study, it can be seen 

that it increased simultaneously with the 

percentage of spirulina added. Therefore, in the 

product that does not contain spirulina, (Lc) the 

average value of the protein level was 

19.47±0.14% in the cheese distributed in the Lexp-

1 lot, where the addition of spirulina powder was 

0.25 % the protein content was 19.87±0.14% and 

in the Lexp-2 group where the milk had an 

addition of 0.50% spirulina powder the protein 

level rose to a level of 20.27±0.14%. Differences 

were also noted regarding the ash content, 

therefore, for this qualitative parameter the values 

were 4.94±0.18% in the Lc batch, 5.01±0.18% in 

the Lexp-1 batch and 5.11±0.18% in the Lexp-2 

group. Regarding the pH value after 30 days of 

ripening, values of 5.19±0.02 were recorded for the 

product distributed in the Lc batch, 5.17±0.01 for 

the Lexp-1 and 5.13±0.01 for the product from the 

Lexp-2 batch (table 3). 

For the salt content, the average values 

obtained were 1.90±0.03% in the control group 

(Lc), 1.93±0.03% in the Lexp-1 group and 

1.97±0.03 % to the Lexp-2 lot. 

Regarding the sensory evaluation that was 

carried out by the point method, the total score for 

each variety analyzed was 19.8 in the control 

group (Lc), 19.4 for Lexp-1 and 20 points in the 

Lexp-2 group (table 4). 
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CONCLUSIONS 

 

Proteins from microalgae biomass are 

thought to be a sustainable source that can supply 

the rising need for these biomolecules on a 

worldwide scale. One of the most nutrient-dense 

microalgae is spirulina, which can have up to 70% 

of its dry bulk made up of protein. As expected, the 

values of the quality chemical parameters were 

higher compared to those obtained in the control 

group (Lc). From a sensory point of view, the color 

in particular but also the taste can have a positive 

or negative impact on the consumers, although, as 

far as the taste is concerned, it is specific to 

matured cheese, the changes suffered by the 

addition of spirulina powder being slight. 
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Abstract 

 

Spontaneous alcoholic fermentation and the quality of a wines depends on the microbial communities present of the 

grapes and the external physical variables. Grapevine cultivar, viticultural practices, macro- and microclimatic 

conditions, and the vineyards geographic location all have an impact on the biological activities of fermenting 

microorganisms which prevail on the surface of grape berries. The taste and organoleptic features of wines are heavily 

influenced by the microbial communities present during grape must fermentation. The goal of this study was to isolate 

and select yeast strains with good enological traits for use as regional starter cultures and, as a result, to generate wines 

with specific sensory characteristics that can be connected to terroir of Iasi vineyards. After isolation and purification 

from different grape varieties, in order to determine their ecologically important properties, 9 indigenous yeasts strains 

were selected and have been tested in the laboratory for rate of fermentation, foam production, capacity to consume 

sugars from must and alcoholic capacity. After the testing procedures (micro-fermentations at 25°C), 4 yeasts strains 

(SCZ, SCH, CHC3 and GB3) were retained and could be used as future starters after further tests in large scale 

fermentations, in order to optimize the fermentation processes and to obtain quality wines from Iaşi viticultural area. 

 

Key words: yeast strains, yeast isolation, enological properties, vineyard Iasi 

 

 

                                                 
1 Iasi University of Life Sciences, Romania 

Romania is a significant European wine 

producer with a long history of oenology and 

viticulture. Knowledge of the indigenous yeast 

community present on grape berries, bunches and 

must is essential for understanding the winemaking 

process and yeasts role in forming the 

characteristics of a wine independently of other 

factors Among other technological aspects, the 

selection of a suitable yeast strain is required in 

order to obtain quality wines with a local flavor, 

allowing for the development of modern 

winemaking practices and the diversification of 

wine products (Lipsa F.D. et al, 2013). 

Prior strain selection, the enological 

properties of yeast must be established and for this 

purpose are many different selection criteria, 

which can be divided into positive properties (for 

example, ethanol tolerance, good performance in 

the transformation of sugars into ethanol, ability to 

grow in high sugar concentrations) and 

unfavorable properties (such as H2S production, 

foam production or volatile acidity) (Degré R., 

1993; Fernández-González M., Briones A.I., 

2013). Furthermore, some aspects that are 

commonly regarded as favorable properties, such 

as the killer phenotype and malic acid degradation, 

can be classified as neutral properties (Esteve-

Zarzoso B. et al, 2000). Although commercial 

yeasts used as starter cultures are available for 

fermentation, using pure yeast cultures from the 

region where they will be used for wine 

production, also known as local yeast selection, 

may be more effective. Local yeasts are thought to 

be more competitive because they are better 

adapted to the environmental conditions (Regodon 

J.A. et al, 1997), and thus will be able to dominate 

the fermentation (Rodriguez M.E. et al, 2010). 

The use of commercial yeasts as starter 

cultures allows a more rapid and complete 

fermentation of grape must, as well as a higher 

level of reproducibility in the atmosphere of 

specific wines (Suarez-Lepe J.A., Morata A., 

2012), but the obtained commercial wine yeasts 

lack some desirable characteristics provided by 

natural or spontaneous fermentation (Pretorius I.S., 

2000). Additionally, the wine industry's continued 

use of a small number of strains as commercial 

starter cultures is eroding microbial diversity 

(Aponte M, Blaiotta G., 2016).  

The sensory and organoleptic characteristics 

of wines are heavily influenced by the microbial 

communities present during grape must 
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fermentation. The inoculated yeast starters coexist 

during fermentation with surviving indigenous 

non-Saccharomyces and Saccharomyces yeast, 

fungi, and bacteria species, shaping the final 

sensory and organoleptic profile of the produced 

beverages, even in regular sulfur dioxide treated 

must (i.e., used to limit and/or kill the endogenous 

microbiota and as a protective antioxidant agent). 

The entire indigenous microbial community 

present in the must conducts the alcoholic 

fermentation in the case of spontaneous 

fermentation, a challenging and risky winemaking 

process with potentially unpredictable outputs. The 

study of indigenous microbial communities in 

grapes is a major research area in oenology due to 

its scientific and industrial importance (Eder 

M.L.R., Rosa A.L., 2019). 

The aim of this study was to identify yeast 

strains from the indigenous yeast community 

present on grape berry surfaces, bunches and must. 

After isolation and selection these yeast could be 

used to obtain wines that reflect the personality and 

potential of the grape variety that are specific to 

both vineyards. 

 

MATERIAL AND METHOD 

 
Grape samples were collected from the 

viticultural center in Copou, part of the vine-
growing district in Romania's eastern region, 
during harvest in September 2020. Aligoté, 
Chardonnay, and Golia were the grape varieties 
used to isolate yeast. Around 1–2 kg of grapes per 
variety were collected at random and aseptically in 
plastic autoclavable bags. Only healthy and 
undamaged grapes were harvested from the 
selected viticultural center and immediately 
transported to the microbiological laboratory in Iasi 
in cold boxes. Within 24 hours of the vineyard's 
harvest, samples were analyzed. 

Reproducible methods were used to isolate 
and purify yeast strains from a variety of habitats, 
including the plant (berries and grape bunches), 
raw compounds (grape must), and intermediate 
products (must at various stages of alcoholic 
fermentation triggered by spontaneous yeast 
microflora). 

100 berries were taken from these samples 
and placed in an Erlenmeyer flask containing 
sterile physiological saline solution. The grape 
bunches obtained after the berries were removed 
were treated exactly the same. The water resulted 
from the berry and bunch washing process were 
thus developed as two sources of yeast strain 
isolation. 

Aliquots (0.1 ml each) of several dilutions 
(from 10–1 to 10–6) were spread in triplicates on 
different nutritive media in order to isolate all yeast: 
glucose peptone agar (GPCA), yeast malt agar 
(YMA), and malt extract agar (MEA). After the 

incubation at 28°C for 3–5 days the colonies were 
counted out and differentiated on the basis of their 
morphology (size, shape, colors). Yeast isolates 
were then stored at -20°C for further analysis. 

The grape must used in the fermentation 
tests had a sugar content of 240 g l-1 and was 
sterilized at 100°C for 10 min. Alcoholic capacity 
was evaluated in duplicate experiments carried out 
in 500 mL Erlenmeyer flasks containing 300 mL of 
grape must at 20°C by inoculation with 48-h pre-
cultures (grown in liquid must medium at 20°C) to 
obtain an initial inoculation level of 106 cells mL−1. 
In order to appreciate the foam capacity, glass 
recipients with a volume of 1000 mL were used, 
monitoring the foaming degree and the time 
intervals (hours/days) of the fermenting phases for 
9 yeast strains. Each strain was evaluated in three 
parallel fermentations. 

 

RESULTS AND DISCUSSIONS  

 

To conduct this research, yeasts were 

isolated from a variety of habitats, including 

berries, the bunch, and the musts of the grape 

varieties Aligoté, Chardonnay, and Golia grown in 

the Copou viticultural center (N-E Romania). From 

all of the grape samples, fifty-four yeast colonies 

were isolated and purified. Following the yeast 

isolation process, the colonies were examined 

visually and morphologically, and then the yeasts 

were examined microscopically. The yeasts were 

then subjected to microscopic measurements in 

order to determine the size of the yeasts in the 

selected strains by averaging the measurements.  

Table 1 contains information on the 

characterization of yeast strains isolated from the 

indigenous flora of the Iasi vineyard, more 

specifically the strains' coded names, as well as 

aspects of the colour and shape of the colonies on 

nutritive media. 

500 mL graduated cylinders were used to 

determine the degree of foaming of yeast strains, 

into which 300 mL of sterile grape must was 

introduced. A quantity of active inoculum was 

added to the sterile must distributed in graduated 

cylinders. The yeast cell density per ml for 

inoculation was the same (1x106 CFU/ml) The 

cylinders were kept in an incubator at 25°C after 

inoculation. For 72 hours, the fermentation process 

was monitored every 24 hours. Each strain was 

given a score based on the amount of foam it 

produced (in cm3). Four strains (GC3, AC3, 

CHC3, and SCH) produced no foam. All the 

information about Foam capacity and appearance 

of produced foam are presented in table 2 

according to the recorded volume density to show 

the volume differences between strains with 

foaming capacity. Because no large amounts of 

foam were recorded, no foam spilled from the 
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graduated cylinders. The ability of yeast to foam 

during the fermentation process is not a desirable 

characteristic. 

Table 1 
Morphological characteristics of the isolated yeasts 

Yeast strain code 
Grape variety 

(source of isolation) 
Yeast colony color Macroscopic characteristics (colony) 

GB3 
Golia 

(grape berries) 
white 

circular form, flat profile, smooth and 
shiny surface, creamy texture 

GC3 
Golia  

(grape bunches) 
white 

circular form, flat profile, smooth 
surface, opaque, creamy texture 

G4 
Golia  

(grape must) 
white 

circular form, convex profile, smooth and 
shiny surface, creamy texture 

AB3 
Aligoté  

(grape berries) 
creamy-white 

circular form, flat profile, smooth and 
shiny surface, mucilaginous texture 

AC3 
Aligoté 

(grape bunches) 
red 

circular form, flat profile, smooth and 
shiny surface, mucilaginous texture 

A2 
Aligoté 

(grape must) 
creamy-white 

circular form, convex profile, smooth 
surface, opaque, creamy texture 

SCZ 
Aligoté  

(grape must) 
creamy-white 

circular form, flat profile, smooth and 
shiny surface, creamy texture 

CHC3 
Chardonnay 

(grape bunches) 
orange 

circular form, flat profile, smooth 
surface, opaque, creamy texture 

SCH 
Chardonnay  
(grape must) 

gray-white 
circular form, convex profile, smooth and 

shiny surface, creamy texture 

 

Foam formation by yeast is a method of 

detecting poor and improper hygiene in the 

winemaking process, and the foam formed 

provides an ideal condition for the development of 

acetic bacteria. 

Table 2 
Foam capacity and appearance of produced foam 

Yeast strain 
code 

Foam volume (cm³/L) 
Appearance of produced foam 

24h 48h 72h 80h 

GB3 - 2 5 8 Low-volume foam 

GC3 - 1 1 1.5 No foam produced 

G4 - 1 2.5 4.5 Low-volume foam 

AB3 - - 3 6 Compact foam, adhering to the walls 

AC3 - - - 2 No foam produced 

A2 - 1 4 7 Compact foam, adhering to the walls 

SCZ - - 28.5 10 
Spongy foam, decrease in volume after 

tumultuous stage  

CHC3 - 1 1 1 No foam produced 

SCH - - - 1 No foam produced 

 

Grape must that had previously been 

sterilised was used to determine the alcohol 

capacity. It was then divided into graduated 

cylinders, inoculated, and the alcoholic 

concentration (% vol. alcohol) was determined 

using densimetric methods after the fermentation 

stage was completed. The obtained wines were 

characterized by different alcohol content, 

amounting from 4.48 to 12.31% vol. The lowest 

amount of ethanol was observed in sets fermented 

with AC3 yeast strain code (Rhodorula rubra) 

(Table 3). Perhaps it was a result of too high sugars 

concentration in the fermentation medium. 

Table 3 
Alcohol capacity of the isolated yeasts 

Yeast strain code Alcohol content (% vol.)  

GB3 11.00 

GC3 10.06 

G4 9.54 

AB3 5.58 

AC3 4.48 

A2 7.23 

SCZ 11.04 

CHC3 11.30 

SCH 12.31 
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These compounds are necessary for the 

proper functioning of microorganisms and the 

production of ethanol; however, their excess 

adversely effects on the cells (Cioch-Skoneczny et 

al, 2020). 

This study confirms that yeasts with superior 

oenological characteristics can be isolated from 

vineyards and, after further studies, can eventually 

be used in winemaking to produce wines with 

distinct flavours. 

 

CONCLUSIONS 

 

Grape berries, bunches and must provide an 

ideal environment for a variety of yeast species. 

Understanding the impact of these microorganisms 

on wine quality begins with understanding the 

kinetics of their growth and metabolism.  

From Copou viticultural centre in autumn 

2020 were isolated in pure cultures through 

inoculums dissemination and loop exhaustion 

techniques on solid nutrient media nine yeast 

strains.  

After the testing procedures, five yeasts 

strains were retained for future research to 

optimize the fermentation processes and to obtain 

quality white wines.  

From the point of view of foaming capacity 

three yeast strains are averagely foaming, two are 

minimum foaming (3 – 5 cm3/L foam) and four are 

non-foaming. 

From the point of view of alcoholic capacity 

four yeast strains produced an alcoholic 

concentration over 10.5% vol. alcohol. 

After the testing procedures 4 yeasts strains 

(SCZ, SCH, CHC3 and GB3) were retained and 

could be used as future starters after further tests in 

large scale fermentations, in order to optimize the 

fermentation processes and to obtain quality wines 

from Copou viticultural area. 
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Abstract 

 

The meat business must produce consistently high-quality meat in order to satisfy consumers and improve consumption 

frequency. Due mostly to its somewhat larger connective tissue composition, beef's sensory palatability features (e.g., 

increased muscle tissue hardness) have certain unfavorable traits (e.g., greater hardness). To reach the maximum degree 

of quality and consumer satisfaction, the meat business, and specifically the beef sector, has developed many 

procedures, including aging processes. The primary goal of this research was to examine the effects of varying the age 

procedure (wet vs dry), the duration of aging (1, 10, or 15 days), the aging temperature (2, 4°C), on cuts of beef. Beef 

carcasses or primal cuts are hung and matured for a certain period of time in a room controlled between 0 and 4 degrees 

Celsius and 75 and 80% relative humidity for dry aging. For wet aging, beef is vacuum-sealed in special bags designed 

to preserve its internal humidity. The pH of beef samples increased significantly (p < 0.001) during the period of 

storage, with wet aging causing more significant results than dry aging. Dry aging and a higher temperature (4 °C) both 

contributed to a significant increase in refrigeration losses over time (p < 0.01). Regarding the color parameters, L*, a*, 

and b* values decreased over time in dry-aged beef (p < 0.001), whereas in wet-aged beef, the lightness increased in the 

first 10 days and a* values diminished. The three variation factors had a substantial effect (p < 0.001) on the 

approximate composition (method, time, and temperature). In the case of dry aging, the water content decreased at a 

more pronounced rate over time, whereas the fat content increased with the loss of water content. 

 

Key words: wet-aging, dry-aging, beef, storage conditions, color, pH. 

 

 

                                                 
1 Iasi University of Life Sciences, Romania 

The demand for high-quality meat, 

especially red meat, is increasing, due to the 

growing importance of quality nutrition, which is 

the most important factor in consumers' meat 

choices. Meat quality can be defined as a set of 

properties that together identify what is valued in 

meat when it is purchased by consumers, when it is 

consumed, or when it is selected for use as a raw 

material for meat products. (Purslow P.P., 2017). 

Flavor, juiciness, and tenderness are the three main 

attributes that influence the sensory palatability of 

meat (Bhat Z.F. et al, 2018). In addition to the 

palatability attributes that influence the purchase 

decision, the first sensory attribute that stands out 

and determines the consumer's first reaction, or the 

consumer's interest, is the color of the meat. Color 

significantly influences meat purchasing decisions, 

as consumers use discoloration as an indicator of 

spoilage and precarious safety (Mancini R., 2013).  

Aging technologies have been used to 

improve meat quality for a very long time (Kim H. 

et al, 2017). It is well established that storing 

carcasses for several days or weeks after slaughter 

improves the meat's texture and flavor. Also 

referred as "aging" or "conditioning," the 

procedure includes storing carcasses, half-

carcasses, or meat cuts under regulated refrigerated 

settings for a specific amount of time to prevent 

the formation of contaminating microorganisms 

(Bhat Z.F. et al, 2018). Meat aging begins 

immediately after the completion of muscle 

rigidity, approximately 24-48 hours after slaughter 

(the time interval differs depending on the species), 

and is characterized by parameters of speed and 

intensity (Banu C. et al, 2003; Boișteanu P.C. et al, 

2015). 

In addition to improving tenderness, 

chewiness, and juiciness, maturing beef gives it a 

specific salty, roasted, or buttery flavor compared 

to unmatured beef. Aging can also lead to some 

undesirable changes. Drip loss increases with 

longer aging periods and higher temperatures, but 

cooking losses tend to decrease with increasing 

aging time (Bekhit A. et al, 2014)  

Aging, an approach used to improve the 

tenderness, flavor, and juiciness (water-holding 

capacity) of raw beef, has recently been applied to 

low-marbling products (Lee H.J. et al, 2017). The 
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meat aging process is divided into two types: wet 

and dry aging (Kim et al, 2019). Wet aging 

(anaerobic aging) involves vacuum-packing beef to 

retain moisture, followed by refrigeration 

temperature storage (below 5 °C) during the aging 

period, whereas traditional dry aging (TD) 

involves exposing beef to a controlled temperature, 

relative humidity (RH), and airflow (Smith R. et 

al, 2008; Lee H.J. et al, 2017; Zhang R. et al, 

2022). In general, wet aging results in a more sour 

and stronger blood/serum flavor to the meat 

compared to dry aging (Kim H. et al, 2019). 

Considering the customer desire for aged 

meat and the significance of the first visual 

appearance dictated by the color of a cut of meat, 

the goal is to accomplish the desirable benefits of 

aging (tenderness, juiciness, and flavor) with 

minimum changes in color and low weight loss. 

The purpose of the study was to determine the 

influence of aging technique (wet and dry), aging 

period (1, 10, and 15 days), and aging temperature 

on the qualitative attributes of beef rib samples by 

monitoring changes in color, pH, chilling losses, 

and proximate composition. 

 

MATERIAL AND METHOD 

 
The samples taken in the study were pieces 

of beef tripe purchased at the food market. The 
samples were divided into uniform batches and 
then prepared for aging. For the wet samples, the 
pieces were vacuum-packed in special vacuum 
bags, and for the dry samples, they were tied with 
string, spread out evenly on the racks, and put in a 
controlled open-air environment. Samples were 
coded for easy identification, as shown in table 1. 

Table 1 
Structure and coding of sample batches 

Aging time (days) Aging method Aging temperature (°C) Sample code 

1 

Dry 
2 L1US2 

4 L1US4 

Wet 
2 L1UM2 

4 L1UM4 

10 

Dry 
2 L2US2 

4 L2US4 

Wet 
2 L2UM2 

4 L2UM4 

15 

Dry 
2 L3US2 

4 L3US4 

Wet 
2 L3UM2 

4 L3UM4 

 

Post-aging losses were calculated as 

refrigeration losses, which represent the amount of 

moisture lost by exudation or drip during the 

refrigeration period due to changes in muscle fibre 

volume. Losses were calculated by the percentage 

ratio of the initial weight to the weight of the 

sample after aging. 

The pH value was determined using a 

HANNA HI 99163 Meat pH meter by direct 

insertion into the meat sample. The instrument was 

previously calibrated in buffer solutions of known 

pH (acidic solution: pH = 4.01; neutral solution: 

pH = 7.01). After calibration and between 

readings, the electrode of the instrument was 

cleaned with distilled water in order not to 

influence the results obtained. 

The color determination of the beef samples 

was carried out on the surface with a Konica 

Minolta Chroma Meter CR-410 

spectrophotometer, using an illuminant D50, a 

standard 2° observers, and the CIE L*, a*, and b* 

color scales. The instrument was calibrated on the 

surface of a white calibration plate.  

The determination of the proximate chemical 

composition was carried out using the Food Check, 

an automatic analyzer that determines the water 

composition, protein, collagen, and lipids using an 

infrared spectrophotometer. The Food Check 

analyzer works with a spectral range of 730–1100 

nm. Determination involves processing the sample 

by grinding it, placing it on a glass plate and placing 

it in a holder in the drawer of the instrument. The 

results will be displayed on the screen at the end of 

the analysis cycle, with a measurement time of 

approximately 50-60 seconds.  

The results of the determinations were 

analyzed using the two-way ANOVA test, a 

function of the XLSTAT program in Microsoft 

Excel. Significant differences between samples 

were considered at p-values < 0.05, and a 

comparison of means was performed using the 

Tukey test. 
 

RESULTS AND DISCUSSIONS  

 

The pH range of the samples was 5.38 to 

5.79 (table 2). Temperature and the aging period 

had independent effects on the pH (p < 0.0001). 10 

and 15-day-old samples kept at 4 °C had a lower 

pH than those stored at 2 °C. Also, the pH value of 
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samples aged by traditional dry aging was 

substantially different from those aged in vacuum 

(p < 0.05); the pH of samples aged by traditional 

dry aging for 15 days was greater than that of those 

aged by wet aging. 

The weight losses of fresh beef (table 2) 

were influenced by the aging technique and 

duration (p < 0.001). After 10 and 15 days, the 

aging loss of traditionally aged meat was greater 

than that of vacuum-aged beef. In addition, 

although temperature had no significant effect on 

aging losses, samples aged at 4°C exhibited greater 

losses than those aged at 2°C.  
 

Table 2 
pH and ageing loss in beef longissimus thoracis (LT) after ageing by traditional dry ageing or wet 

(vacuum) ageing for 1, 10 or 15 days, at 2°C and 4°C 

Trait 
Aging 
time 

Aging method p-value 

Wet Dry 
Time 

Temperatu
re 

Method 
2 4 2 4 

pH 

1 5.43±0.053 5.41±0.073 5.43±0.077 5.38±0.052 

<0.0001*** <0.0001*** 0.018* 10 5.75±0.212 5.45±0.040 5.59±0.081 5.51±0.077 

15 5.79±0.076 5.45±0.080 5.6±0.067 5.42±0.023 

Ageing 
loss 
(%) 

1 0.002 0.085 0.012 0.018 

0.005** 0.539 ns 0.003** 10 0.25 1.3 7.4 6.04 

15 0.46 1.96 14.85 15.06 

Significance codes: *** p < 0.001; ** p < 0.01; * p < 0.05; ns p > 0.05. 

 
 

Time and method of aging exhibited a 

statistically significant (p < 0.001) influence on 

each of the color parameters (L*, a*, and b*, table 

3). The L*, a*, and b* values of dry-aged samples 

decreased as aging time increased. In contrast, the 

wet-aged samples exhibited a reduction in color 

characteristics during the first ten days, followed 

by an increase until the fifteenth day. L* and b* 

color values were not significantly affected by 

aging temperature (p > 0.05); however, a* values 

were significantly affected by temperature (p < 

0.001). 

 
Table 3 

Color of beef longissimus thoracis after ageing by traditional dry ageing or wet (vacuum) ageing for 1, 
10 or 15 days, at 2°C and 4°C 

Trait 
Aging 
time 

Aging method p-value 

Wet Dry Time 
Temperat

ure 
Method 

2 4 2 4 
   

L* 

1 36.06±1.28 39.08±3.42 36.06±1.08 35.99±1.11 

0.001** 0.237 ns 
<0.0001

*** 
10 41.24±7.36 40.06±5.39 32.29±2.01 33.75±1.04 

15 34.57±2.71 38.99±2.96 30.28±2.89 28.99±2.52 

a* 

1 20.45±1.31 20.29±2.46 19.62±3.13 19.9±0.64 
<0.0001

*** 
<0.0001*** 

<0.0001

*** 
10 16.95±2.75 18.73±1.32 8.26±0.86 18.64±2.63 

15 18.48±1.56 19.48±1.71 7.83±0.95 11.62±1.69 

b* 

1 10.43±1.21 11.55±1.54 10.3±2.11 9.88±0.46 

0.001** 0.419 ns 
<0.0001

*** 
10 11.46±2.94 11.13±2.17 7.59±1.42 8.15±4.27 

15 8.48±1.74 11.11±0.92 6.6±2.21 5.69±0.73 

L * = Lightness, a * = redness, b * = yellowness; Significance codes: *** p < 0.001; ** p < 0.01; * p < 0.05; ns p > 0.05. 
 

 

As demonstrated in table 4, the chemical 

composition of beef samples changed according to 

aging method, duration, and temperature. 

Independent effects of time, temperature, and 

method of aging were seen on the proximate 

composition (p > 0.0001). Dry aging significantly 

decreased the moisture content of all beef samples 

compared to wet-aged cuts, which is consistent 

with the findings of Kim M. et al (2019), who 

reported no differences in the water content of wet 

and non-aged beef cuts. Dry-aged samples had the 

greatest fat content, whereas wet-aged samples had 

the lowest. After wet and dry aging, a negative 

association was found between beef's fat and 

moisture content. The wet-aged beef had a lower 

protein content than the dry-aged beef, and there 

were significant differences between all groups (p 

> 0.001). The collagen content was inversely 

proportional to the protein amount, with wet-aged 

beef containing less collagen. 
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Table 4 
Proximate composition of beef longissimus thoracis after ageing by traditional dry ageing or wet (vacuum) 

ageing for 1, 10 or 15 days, at 2°C and 4°C 

Trait 
Aging 
time 

Ageing method p-value 

Wet Dry 
Time 

Temperatur
e 

Method 
2 4 2 4 

Water 
(%) 

1 74.9±0.17 74.7±0.26 73.9±0.53 72.7±0.57 
<0.0001**

* 
0.0001*** 

<0.0001
*** 

10 72.6±0.72 74.0±0.46 70.7±0.42 73.5±0.61 

15 72.6±0.12 74.3±0.25 69.0±0.32 70.8±0.87 

Fat (%) 

1 3.17±0.21 3.43±0.32 4.37±0.64 5.80±0.62 
<0.0001**

* 
<0.0001 

<0.0001
*** 

10 6.60±0.10 4.30±0.52 9.37±0.40 4.87±0.72 

15 5.97±0.12 3.90±0.36 8.30±0.46 8.20±1.14 

Protein 
(%) 

1 21.60±0.00 21.50±0.10 21.30±0.10 20.97±0.15 
<0.0001**

* 
0.0001*** 

<0.0001
*** 

10 20.93±0.32 21.37±0.12 19.93±0.06 21.23±0.21 

15 20.93±0.06 21.43±0.06 20.33±0.12 20.43±0.32 

Collage
n (%) 

1 19.90±0.10 19.80±0.20 19.50±0.26 19.23±0.12 

0.0001*** 0.002** 
<0.0001

*** 
10 19.27±0.46 19.67±0.12 18.17±0.15 19.57±0.25 

15 19.33±0.15 19.77±0.06 18.67±0.06 18.67±0.29 

Significance codes: *** p < 0.001; ** p < 0.01; * p < 0.05; ns p > 0.05. 
 
 

CONCLUSIONS 

 

All three variation variables utilized in our 

investigation (method, time, and temperature) had 

an effect on the aged beef quality parameters. The 

aging method (wet or dry) had a significant effect 

on chilling losses, as the dehydration of the 

samples was much more pronounced in the case of 

dry aging. The temperature had a significant effect 

only in the case of wet aging, where an increase in 

temperature from 2 to 4 °C nearly quadrupled 

chilling losses. In terms of the lightness of the 

samples, the beef samples that matured for 1 and 

10 days had greater values. In addition, wet aging 

led to greater lightness, which may be explained by 

the fact that the surface of the vacuum-packed 

samples was less oxidized. The levels of lipids, 

proteins, and collagen, on the other hand, were not 

significantly affected by ageing parameters 

(temperature, time, and technique), and the 

differences were due to the raw material properties 

of the meat. 
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Abstract 

 

Sclerotinia sclerotiorum (Lib.) de Bary (1884) is a fungal plant pathogen with worldwide distribution and causes 

diseses as white mold, Sclerotinia stalk rot, Sclerotinia head rot, watery pod rot or cottony soft rot.  Sclerotinia 

sclerotiorum is capabile of infecting many plant species from different botanical families and can cause damage to a 

large variety of crops as sunflower, soybean, dry bean, canola, some vegetables or in ornamental plants. In Romania, 

there are very few informations about Sclerotinia sclerotiorum in ornamental plants. In the spring of 2021, we found 

symptoms of white mold on Forsythia spp. plants from arboretum park of Iasi University of Life Sciences (IULS), 

located in Iasi city, Romania. The symptoms appeared in water soaked lesions form on flower petals and leaves, 

infections that has progressed into branch tissue resulting wilt of individual branches. Sclerotinia sclerotiorum 

isolations were made from leaf and branch tissue fragment from Forsythia spp.  

 

Key words: Sclerotinia sclerotiorum, new host, ornamental plants, Forsythia spp. 

  

 

                                                 
1 Iasi University of Life Sciences, Romania 

Sclerotinia sclerotiorum (Lib.) de Bary 

(1884) is a fungal plant pathogen with worldwide 

distribution and causes diseses as white mold, 

Sclerotinia stalk rot, Sclerotinia head rot, watery 

pod rot or cottony soft rot.  Sclerotinia 

sclerotiorum is capabile of infecting many plant 

species from different botanical families and can 

cause damage to a large variety of crops as 

sunflower, soybean, dry bean, canola, some 

vegetables or in ornamental plants. Although 

Sclerotinia sclerotiorum infects a large number of 

herbaceous and woody ornamentals only some 

information is available about white mold in 

ornamental plants. A lot of ornamentals plants 

appear on scientific journals of plant protection 

from various locations but do not include a 

description of symptoms or severity of the 

infection (Boland G.J., Hall R., 1994; Farr D.F., 

Rossman A.Y., 2017). 

The Forsythia genus is a group of plants in 

the olive family (Oleaceae) with 11 or so species 

that are primarily native to eastern Asia, with one 

species from Europe. In Romania Forsythia spp. is 

a perennial plant appreciated and well known as an 

ornamental plant named golden rain, but this plant 

is also used for a wide range of Chinese medicines 

and health diets (Kim, H. J. et al, 2009). 

The majority of reports of white mold 

produced by Sclerotinia sclerotiorum on 

ornamentals come from commercial production of 

plants in greenhouses or nurseries (Daughtrey M. 

L. et al, 1995). Therefore, less are known about the 

epidemiology of white mold in ornamental plants 

grown in landscapes (Grabowski M.A., 2017). In 

flowering woody ornamentals, descriptions of 

disease indicate that ascospores initiate infection. 

In Forsythia spp., plants water soaked lesions form 

on flower petals in cool wet weather; conditions 

that are favorable for carpogenic germination. 

Afterwards Forsythia spp. infections progress into 

branch tissue resulting in girdling cankers and wilt 

of individual branches (Jones R.K., Benson D.M., 

2001). 

Also, in Romania Sclerotinia sclerotiorum is 

known for the significant damage to plants in field 

crops, forced crops in greenhouses, as well in 

warehouses and silos (Sesan T.E., Crisan A., 

1998). The number of the Sclerotinia sclerotiorum 

plant host at national level it is certainly higher 

(Bontea V., 1985) but the reports on the presence 

of the fungus Sclerotinia sclerotiorum on 

ornamental plants in Romania are extremely 

scarce, practically it is not cited in some published 

scientific works.  

 

MATERIAL AND METHOD 

 
Sclerotinia sclerotiorum presence was 

observed on May 27th 2021 to Forsythia spp. 
plants from arboretum park of Iasi University of Life 
Sciences (IULS), located in Iasi city, Romania 

(Coordonate:www.google.com/maps 47°11'30.7"N 
27°33'25.2"E).  
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Infected tissues of Forsythia host plant were 
collected and brought to the research laboratory of 
the Phytopathology discipline, within the “Ion 
Ionescu de la Brad” Iasi University of Life Sciences 
(IULS). Micromycete identification was done based 
on visual symptoms, fungal morphology, 
microscopic preparations and specialized guide 
book. Also, we followed a standard procedure 
(Wang A.R. et al, 2008) for fungal isolation in order 
to confirm as soon the presence of Sclerotinia 
sclerotiorum in Forsythia plants through a 
polymerase chain reaction (PCR) test. Therefor the 
infected tissues of Forsythia spp. were cut into 
small pieces, and then rinsed 3~4 times with 
diluted water after treated with 70% (v/v) ethanol 
for 2~3 s. The treated tissues were transferred to 

potato dextrose agar (PDA) medium and cultured 
at 25 °C. 

 

RESULTS AND DISCUSSIONS  

 

Environmental conditions of the spring of 

2021 were extremely favorable to carpogenic 

germination of Sclerotinia sclerotioum (Lib.) de 

Bary that occured on Forsythia spp. plants from 

arboretum park of Iasi University of Life Sciences 

(IULS), located in Iasi city (figure 1,2,3). 

As well as the growth stage of the plants, 

temperature and humidity have an important role 

in the onset of infections through ascospores.

 

 
Figure 1 Average of Air temperature (°C) and Dew Point (°C) registred in 2021 for Iasi, Romania 

(www.fieldclimate.com) 
 

 
Figure 2 Average of precipitation (mm) registred in 2021 for Iasi, Romania (www.fieldclimate.com) 

 

 
Figure 3 Average of relative humidity (%) registred in 2021 for Iasi, Romania (www.fieldclimate.com) 

http://www.fieldclimate.com/
http://www.fieldclimate.com/
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Optimal temperatures of 17-20°C and high 

atmospheric humidity are mentioned in specialized 

literature (Sesan T.E., Crisan A., 1998) for 

ascospore infections. Such conditions of lower 

temperatures and high humidity were also recorded 

in the spring of 2021, when in May-June the 

average of recorded temperature was between 

15.19 °C and 19.79 °C. 

In flowering woody ornamentals, 

descriptions of disease indicate that ascospores 

initiate infection (Grabowski M.A., 2017). The 

floral elements, especially the stamens and the 

pistil, are the most sensitive to infections by 

ascospores. Thus, considering cool and wet 

weather registered in 2021 for Iasi, Romania 

favored ascospores of the fungus to initiate 

infection in Forsythia spp. plants, on which water-

soaked lesions were observed on the flower petals. 

The lesions progressed into branch tissue 

resulting the wilting of individual branches (figure 

4). 

 
Figure 4 Wilted branches of Forsythia spp. attacked 

by Sclerotinia sclerotioum 

 

Necrotic tissues from the affected branches 

were examined and we observed that were covered 

with patches of fluffy white mycelia, and sclerotia 

(figure 5). 

 

 
Figure 5 Necrotic tissues of Forsythia spp. with 

patches of white mycelia and sclerotia. 

After what treated tissues were transferred to 

potato dextrose agar (PDA) medium and cultured 

at 25°C the fungus was isolated from infected 

tissues of Forsythia spp. and cultured forwards on 

PDA medium. The fungus started to produce 

white masses when growing to the edge of the 

Petri dish. As time proceeded, the size of 

mycelium masses became bigger, their colors 

became darker and finally, many sclerotia formed 

(figure 6). 

 

 
Figure 6 Sclerotia starting to develop on PDA 

medium plate. 
 

 Both preserved infected tissues and isolated 

Sclerotinia sclerotiorum fungus in pure culture 

from plants of Forsythia spp. are therefore 

prepared for PCR testing. 

 

CONCLUSIONS 

 

Through this paper work it is the first report 

of Sclerotinia sclerotiorum (Lib.) de Bary (1884) 

on the ornamental plants of Forsythia spp. in 

Romania that appear in a scientific work indexed 

in the international database. 

In order to confirm the presence of 

Sclerotinia sclerotiorum in Forsythia plants, we 

further intend to amplifie its ribosomal DNA 

(rDNA) by polymerase chain reaction (PCR), and 

compared the sequence with the known rDNA 

sequences in GenBank. 

Infected tissues of Forsytia spp. plant with 

Sclerotinia sclerotiorum (Lib.) de Bary (1884) 

were included in Herbarium Mycologicum 

Moldavicum” C. Sandu Ville”, from the Faculty of 

agriculture of the “Ion Ionescu de la Brad” Iasi 

University of Life Sciences (IULS). 
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Abstract 

 

This study aims at monitoring the dynamics of the occurrence and evolution of the attack of some pathogens to Glosa 

Romanian wheat variety, among which we mention: Puccinia recondita f. sp. tritici (sin. Puccinia triticina) which 

produces wheat’s brown rust and Septoria sp. which produces wheat’s brown leaf spotting (septoriosis). Also, the 

influence of applying these fungicides on the harvest, as compared to the untreated control variant, has been monitored. 

One experiment with 7 variants (6 variants with phytosanitary treatment, plus one control variant not treated) was taken 

into consideration for this study, for which the following phytosanitary products were used, as follows: NATIVO PRO 

325 SL (prothioconazole 175 g/l + trifloxystrobin 150 g/l), EVALIA (azoxystrobin 250 g/l), EVOLUS (prochloraz 320 

g/l, + tebuconazole 160 g/l, + proquinazid 40 g/l). The treatment variants were the following: V1 – NATIVO PRO 325 

SL 0.70 L/HA, 1 treatment applied at straw’s extension (22nd April 2021) + 1 treatment applied at the beginning of 

kernel’s filling (7th June 2021), V2 – EVALIA 1.00 L/HA, 1 treatment applied at straw’s extension (22nd April 2021) +1 

treatment applied at the beginning of kernel’s filling (7th June 2021), V3 – EVOLUS 0.75 L/HA 1 treatment applied at 

straw’s extension (22nd April 2021), 1 treatment applied at the beginning of kernel’s filling (7th June 2021), V4 – 

NATIVO PRO 325 SL 0.70 L/HA, 1 treatment applied at earing – blooming (23rd May 2021), V5 - EVALIA 1.00 

L./HA 1 treatment applied at earing – blooming (23rd May 2021), V6 - EVOLUS 0.75 L/HA 1 treatment applied at 

earing – blooming (23rd May 2021), V7 – untreated control variant. The experiment was placed in Latin square; the 7 

variants being placed in 7 repetitions. The year 2021 was rainy in May and June. This has led to obtaining very good 

wheat yields, but also to the appearance of pathogens’ attacks (e.g. Septoria sp) which prefer such weather conditions. 

Among the pathogens monitored, the highest attacks had been produced by fungi of the Septoria sp. genus which 

produce, in wheat, diseases known as septoriosis. Puccinia recondita f.sp. tritici producing brown rust in wheat, has 

generated less attacks. The fungi attack of the Blumeria (Erysiphe) genus producing mildew was sporadic. For this 

study, the first two leaves located under the ear has been analyzed. These observations has led to the conclusion that all 

of the 6 treatment variants showed degrees of attack (D.A%) of Septoria sp. fungi, but the attack was lower than in the 

untreated control variant. The yields of the variants were as follows: V1: 7.259 to/ha, V2: 7.327 to/ha, V3: 7.344 to/ha, 

V4: 7.310 to/ha, V5: 7.225 to/ha, V6: 7.174 to/ha and V7: 6.919 to/ha. 

 

Key words: Puccinia spp., Septoria spp., latin square 

 

                                                 
“Dunărea de Jos” University of Galati, Romania 

The wheat, Triticum aestivum, is attacked 

by many pathogenic agents, such as: mildew - 

Blumeria graminis f.sp. tritici, brown rust - 

Puccinia recondita f. sp. tritici, brown leaf 

spotting - Septoria tritici, Septoria nodorum, 

stem’s fusariosis and ear’s burn Giberella zeae, 

Giberella avenacea (Iacob Viorica, Hatman, M., 

Ulea, E., Puiu, I. 1998). The first half of the year 

2021 was very favorable to wheat, in what 

concerns the climatic conditions. Rainfalls in 

sufficient quantities had been registered in this 

period and the average temperatures had been 

situated at values almost near to the normal of the 

period for this date. In March, the average 

temperature registered was 6⁰C and the rainfalls 

amounted in total to 32.5 l/m², as compared to the 

previous year when they were of only 1.4l/m2. In 

April, the average temperature was 10.9⁰C and the 

rainfalls amounted in total to 44.5 l/m². In May, 

the average temperature registered was 17ºC and 

the rainfalls amounted in total to 32.5 l/m. In 

June, the average registered temperature was 

20.2⁰C and the rainfalls totaled up to 88 l/m2. In 

these conditions, Puccinia recondita f. sp. tritici 

fungus, producing wheat’s brown rust (E. Velichi 

2012) made known its presence in 2021, in a 

smaller extent as compared to previous years. 

Instead, the favorable weather conditions – 

relatively low average temperatures, accompanied 

by rainfalls, have determined the occurrence of 

mailto:eugen_velichi@yahoo.com
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phytopathogenic fungi of Septoria sp. (figure 1) 

producing, in wheat, diseases known as 

septoriosis. Even if favorable conditions occurred, 

no attacks from fungi of Giberella sp. genus 

producing diseases known as fusariosis, have been 

observed. 
Table 1 

The results of the experiment (the first treatment applied at straw’s extension, the second at kernel’s filling) with 

fungicide products (6 variants of treatment + 1 untreated control variant) in what concerns the attack (D.A.%) 

of Septoria sp. fungus (“flag” leaf and the next leaf). The observations had been made on 4th June 2021 

 “Flag” leaf Second leaf 

Variant D.A.% 

Difference as 
compared to 
the control 

variant 

Significance D.A.% 

Difference 
as 

compared to 
the control 

variant 

Significanc
e 

V1--NATIVO PRO 325 SL 0.70 L/HA 

1 treatment applied at straw’s 
extension (22nd April 2021) + 1 
treatment applied at the beginning of 
kernel’s filling (07.06 2021) 

10.23 44.54 ** 61.94 31.63 ** 

V2- EVALIA 1.00 L./HA 1 treatment 

applied at straw’s extension (22nd 
April 2021) + 1 treatment applied at 
the beginning of kernel’s filling 
(07.06 2021) 

21.24 33.53 ** 82.54 11.03 
Not 

significant 

V3- EVOLUS 0.75 L/HA treatment 

applied at straw’s extension (22nd 
April 2021) + 1 treatment applied at 
the beginning of kernel’s filling 
(07.06 2021) 

20.48 34.29 ** 77.40 16.17 
Not 

significant 

V4- NATIVO PRO 325 SL 0.70 L/HA 

1 treatment applied at earing – 
blooming (23rd May 2021) 

20.74 34.03 ** 83.21 10.36 
Not 

significant 

V5- EVALIA 1.00 L./HA 1 treatment 

applied at earing – blooming (23rd 
May 2021) 

20.21 34.56 ** 86.42 7.15 
Not 

significant 

V6- EVOLUS 0.75 L/HA 1 treatment 

applied at earing – blooming (23rd 
May 2021) 

19.35 35.42 ** 88.21 5.36 
Not 

significant 

V7- Untreated control variant 54.77 - - 93.57 - - 

LD D.A. % for “flag” leaf                                                                                LD D.A. % for the second leaf 
LD 5%= 17.43%                                                                                                                                LD 5%=17.19% 
LD 1%= 23.36%                                                                                                                                LD 1%=23.04% 

Table 2 
The results of the experiment (the first treatment applied at straw’s extension, the second at kernel’ filling) with 

fungicide products (6 variants of treatment + 1 untreated control variant) in what concerns the yield (t/ha) 
obtained at the treated variants, as compared to the untreated control variant 

LD 5% = 0.242 to/ha, LD 1% = 0.327 to/ha 

Variant Yield (t/ha) 

Difference as compared 

to the control variant 

(t/ha) 

Significance 

V1--NATIVO PRO 325 SL 0.70 L/HA 1   treatment 

applied at straw’s extension (22nd April 2021) + 1 
treatment applied at the beginning of kernel’s filling 
(07.06 2021) 

7.259 0.340 ** 

V2- EVALIA 1.00 L/HA 1  treatment applied at straw’s 

extension (22nd April 2021) + 1 treatment applied at the 
beginning of kernel’s filling (07.06 2021) 

7.327 0.408 ** 

V3- EVOLUS 0.75 L/HA 1  treatment applied at straw’s 

extension (22nd April 2021) + 1 treatment applied at the 
beginning of kernel’s filling (07.06 2021) 

7.344 0.425 ** 

V4- NATIVO PRO 325 SL 0.70 L/HA 1  treatment 

applied at earing – blooming (23rd May 2021) 
7.310 0.391 ** 

V5- EVALIA 1.00 L/HA 1 treatment applied at earing – 

blooming (23rd May 2021) 
7.225 0.306 * 

V6- EVOLUS 0.75 L/HA 1  treatment applied at earing 

– blooming (23rd May 2021) 
7.174 0.255 * 

V7- Untreated control variant 6.919 - - 
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Figure 1 Septoria sp (pycnidia) 

 

 
Figure 2 - Aspects from the experimental field (original) 

 
MATERIAL AND METHOD 

 
1 experiment with 7 study variants each had 

been conceived for performing the observations. This 
experiment comprised 6 phytosanitary treatment 
variants (fungicide products containing various active 
substances) and one untreated control variant. The 
variants of the experiment were the following: 

- V1 NATIVO PRO 325 SL 0.70 L/HA 1 treatment 
applied at straw’s extension (22nd April 2021) + 1 
treatment applied at the beginning of kernel’s filling 
(07.06 2021); 

- V2 EVALIA 1.00 L/HA 1 treatment applied at 
straw’s extension (22nd April 2021) + 1 treatment 
applied at the beginning of kernel’s filling (07.06 
2021); 

- V3 EVOLUS 0.75 L/HA 1 treatment applied at 
straw’s extension (22nd April 2021) + 1 treatment 
applied at the beginning of kernel’s filling (07.06 
2021); 

- V4 NATIVO PRO 325 SL 0.70 L/HA  1 treatment 
applied at earing – blooming (23rd May 2021); 

- V5 EVALIA 1.00 L/HA 1 treatment applied at 
earing – blooming (23rd May 2021); 

- V6 EVOLUS 0.75 L/HA 1 treatment applied at 
earing – blooming (23rd May 2021); 

- V7- Untreated control variant 
The experiment was placed in Latin square; 

the 7 variants were placed in 7 repetitions. Each 
experimental plot had an area of 15 m2 (5 x 3m). The 
total number of experimental plots was 49. The 
surface of an experimental variant was of 15 m2 x 7 
repetitions = 105 m2. The total area of the experiment 
was of 105 m2 x 7 = 735 m2. The treatments had 
been performed manually, with a “Vermorel” type of 
equipment. “Trend” adjuvant product, in concentration 
of 0.03%, was added to the spraying solution. Weeds 
were fought against with the help of Mustang 
herbicide (6.25 g/l florasulam + 300 g/l acid 2,4-D 
EHE) in a dosage of 0.5 l/ha separately applied with 
Vermorel. An insecticide (Faster 10 CE – 0.15 l/ha) 
product was also added to the herbicide solution for 
fighting against cereals’ bugs - Eurygaster sp. The 
purpose of the experiment had been the efficiency of 
the mentioned phytosanitary products, as reported to 
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their price. Also, the efficiency and profitability in 
applying only one phytosanitary treatment with a 
product with fungicide effect or two phytosanitary 
treatments with one product with fungicide effect 
during wheat’s vegetation period was observed. It 
was taken into consideration the fact that the spring 
and first summer month of 2021 were rainy. 

The assessment of the attack’s frequency (F 
%), of attack’s intensity (I%) and respectively of the 
degree of attack (D.A.%) was done separately, on 
each and every experimental plot, being analyzed 10 
plants / experimental plot. The degree of affectation 
(attack intensity, I%) of the last two leaves was 
assessed, especially of the “flag” leaf which has the 
greatest contribution to the ear’s production at strawy 
cereals. The phytosanitary analyses on the plants’ 
samples had been done with the help of the stereo-
microscope and of the optic microscope at the 
laboratory of Braila’s Phytosanitary Office – National 
Phytosanitary Authority, institution subordinated to 
the Ministry of Agriculture and Rural Development. 
These analyses have revealed the presence of 
Septoria sp. fungus which produces wheat’s brown 
leaf spotting (septoriosis) in the analyzed samples 
(fig,1). Other pathogenic agents specific to wheat 
were signaled in a smaller percentage.  

For assessing the production of each variant 
under study, samples of kernels from each 
experimental plot, 5 samples each / plot, had been 
analyzed by spot check. Each sample contained 10 
plants, so 50 plants had been taken from each 
experimental plot, for which the yield was weighted 
manually. The delimitation of each sample was done 
with a metric frame with an area of 0.25 m2 
(0.5/0.5m). The average of the samples from the 
experimental plots was used for calculating the yield 
of each experimental parcel. The statistic 
interpretation was executed with the help of limit 
differences (LD %) (Săulescu N). 

The used variety, Glosa, is a Romanian variety 
created by the Fundulea National Agricultural 
Research & Development Institute. Glosa variety is 
an early variety. It has good resistance to falling, 
resistance to wintering, drought and heat and it has a 
good resistance at sprouting into ear. It has average 
resistance to brown rust and is resistant to mildew 
and to the actual strains of yellow rust (Fundulea 
Seeds Company 2021). 

The assessment of pest attack can be done 
with the help of the following values (Methods of 
Prognosis and Warning 1980): 

- Frequency of attack (F %); 
- Intensity of attack (I %); 
- Degree of attack (D.A %). 

-The frequency of attack represents the 
relative value of the number of plants or organs of the 
plant under attack (n) reported to the number of 
observed plants or organs (N). The value of the 
frequency is established by direct observation on a 
number of plants or organs, according to the case 
and to the conditions, existing different methods of 
sample taking and for performing the observations. In 
the case of our observations, for the foliar diseases, 
the number of attacked plant organs out of the total of 
observed plant organs (leaves) was taken into 
consideration, being thus established the attack’s 

frequency expressed in percentages %. In the case of 
blight, it is used the number of wheat’s attacked ears, 
as reported to the total number of observed ears. The 
frequency is calculated with the formula F%= 
nx100/N. 

- The intensity of the attack represents the 
degree or percentage whereby a plant or a plant’s 
organ is attacked and how much from the surface of 
the plant or of the organ analyzed (leaf, fruit) is 
covered by the disease under study. 

- The assessment of the surface under attack 
is done with the naked eye or with the magnifying 
glass, assessing the percentage occupied by spots or 
burns caused by the pathogenic agent. The 
affectation percentages can be noted or grades can 
be given for each plant or organ attacked by the 
disease and/or by the pest. The usage of grades can 
make easier data summarization in a great extent. It 
can be used a scale with 6 degrees of intensity, as 
follows:  

- Grade 0      no attack 
- Grade 1      attack between 1 and 3% 
- Grade 2      attack between 3 and 10% 
- Grade 3      attack between 11 and 25% 
- Grade 4      attack between 26 and 50% 
- Grade 5      attack between 51 and 75% 
- Grade 6      attack between 76 and 100% 

After data’s summarization, the attack’s 
intensity is determined by the formula: 

   Σ (i xf) 
  I% = ---------------- 
                               n 
Where: 
I% – attack’s intensity (in %); 
i – intensity according to the grade given to 

the organ or plant under attack; 
f – number of cases (plants, organs) 

attacked; 
n – number of plants attacked.  
Grades from 1 to 6, separately, to the “flag” 

leaf and to the next leaf situated beneath it, had been 
awarded in our experiment. 

- The degree of attack is the expression of 
the extension of the severity of the attack onto the 
crop or onto the total number of plants on which we 
perform the observations. The following relation gives 
the value expression of D.A.:        

                                   F x I 
  D.A (%). = ------------- 
                                     100 

 In most cases, there is a negative correlation 
between the degree of attack of a pathogenic agent 
or pest and the quantitative and/or qualitative level of 
production. 

 

RESULTS AND DISCUSSIONS 

 

The 2020–2021 agricultural year was a year 

favorable to the attack of the complex of wheat 

specific pathogens as compared to previous years. 

Relatively high quantities of rainfalls had been 

registered in the spring of 2021, and the average 

temperatures were moderate. For example, in 

March, the rainfalls totaled to 32.5 l/m². In April, 
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the average recorded temperature was 10.9⁰C, and 

rainfalls totaled 44.5 l/m². In May, the average 

recorded temperature was 17⁰C and rainfalls 

totaled 32.5 l/m2. June was very rainy (88 l/m2). In 

the autumn of 2021, sufficient rainfalls have fallen, 

which have led to an optimum emergence of 

plants. Accordingly, the plants have emerged on 

time, their density at harvesting being of 

approximatively 595 ears/m2.  

In what concerns the dynamics of the 

occurrence of pathogens to wheat, we mention that 

the pathogenic agent which occurred in the 

experiment in the year 2021 was Septoria sp. 

fungus producing the wheat’s brown leaf spotting. 

Attacks of Blumeria graminis f.sp. tritici 

producing the disease known as mildew occurred 

sporadically. It is interesting that in 2021, even if 

favorable weather conditions had occurred, no 

attacks of Giberella sp. producing diseases known 

under the name of fusarioses (Fusarium sp.) had 

been observed. 

When analyzing the data from Table 1, we 

observe that the degree of attack of the pathogens 

under monitoring, on each variant of treatment, is 

the following: 

-V1 NATIVO PRO 325 SL 0.70 L/HA 1 treatment 

applied at straw’s extension (22nd April 2021)+1 

treatment applied at the beginning of kernel’s 

filling (07.06 2021), has determined a degree of 

attack (D.A.%) of Septoria sp. fungus of 10.23 % 

at the “flag” leaf and 61.94 % at the second leaf, so 

smaller by 44.54% and respectively by 31.63% as 

compared to the untreated control variant (V7).  

-V2 EVALIA 1.00 L./HA 1 treatment applied at 

straw’s extension (22nd April 2021)+1 treatment 

applied at the beginning of kernel’s filling (07.06 

2021), has determined a degree of attack (D.A.%) 

of Septoria sp. fungus of 21.24% at the “flag” leaf 

and 82.54% at the second leaf, so smaller by 

33.53% and respectively by 11.03% as compared 

to the untreated control variant (V7). 

-V3 EVOLUS 0.75 L/HA treatment applied at 

straw’s extension (22nd April 2021)+1 treatment 

applied at the beginning of kernel’s filling 

(07.06.2021), has determined a degree of attack 

(D.A.%) of Septoria sp. fungus of 20.48% at the 

“flag” leaf and 77.40% at the second leaf, so 

smaller by 34.29% and respectively by 16.17% as 

compared to the untreated control variant (V7). 

-V4 NATIVO PRO 325 SL 0.70 L/HA 1 treatment 

applied at earing – blooming (23rd May 2021) has 

determined a degree of attack (D.A.%) of Septoria 

sp. fungus of 20.74% at the “flag” leaf and 83.21% 

at the second leaf, so smaller by 34.03% and 

respectively by 10.36% as compared to the 

untreated control variant (V7). 

-V5 EVALIA 1.00 L/HA treatment applied at 

earing – blooming (23rd May 2021) has determined 

a degree of attack (D.A.%) of Septoria sp. fungus 

of 20.21% at the “flag” leaf and 86.42% at the 

second leaf, so smaller by 34.56% and respectively 

by 7.15% as compared to the untreated control 

variant (V7). 

-V6 EVOLUS 0.75 L/HA treatment applied at 

earing – blooming (23rd May 2021) has determined 

a degree of attack (D.A.%) of Septoria sp. fungus 

of 19.35% at the “flag” leaf and 88.21%  at the 

second leaf, so smaller by 35.42% and respectively 

by 5,36% as compared to the untreated control 

variant (V7). 

-V7 control variant presented a degree of attack of 

Septoria sp. fungus of 54.77% at the “flag” leaf 

and 93,57% at the second leaf. 

All differences in what concerns the degree 

of attack (D.A. %) are statistically assured, 

according to Table 1. 

Out of the analysis of Table 2, the production 

differences as compared to untreated control 

variant V7 can be also observed, as follows: 

-V1 NATIVO PRO 325 SL 0.70 L/HA 1 treatment 

applied at straw’s extension (22nd April 2021) + 1 

treatment applied at the beginning of kernel’s 

filling (07.06.2021), has achieved a yield of 7.259 

to/ha so by 0.340 to/ha higher than that of the 

control variant. 

-V2 EVALIA 1.00 L./HA 1 treatment applied at 

straw’s extension (22nd April 2021)+1 treatment 

applied at the beginning of kernel’s filling 

(07.06.2021), has achieved a yield of 7.327 to/ha, 

so by 0.408 to/ha higher than that of the control 

variant. 

-V3 EVOLUS 0.75 L/HA 1 treatment applied at 

straw’s extension (22nd April 2021)+1 treatment 

applied at the beginning of kernel’s filling (07.06 

2021), has achieved a yield of 7.344 to/ha, so by 

0.425 to/ha higher than that of the control variant. 

-V4 NATIVO PRO 325 SL 0.70 L/HA 1 treatment 

applied at earing – blooming (23rd May 2021) has 

achieved a yield of 7.310 to/ha, so by 0.391 to/ha 

higher than that of the control variant. 

-V5 EVALIA 1.00 L./HA 1 treatment applied at 

earing – blooming (23rd May 2021) has achieved a 

yield of 7.225 to/ha, so by 0.306to/ha higher than 

that of the control variant. 

-V6 EVOLUS 0.75 L/HA 1 treatment applied at 

earing – blooming (23rd May 2021) has achieved a 

yield of 7.174 to/ha, so by 0.255 to/ha higher than 

that of the control variant. 

-V7 untreated control variant achieved a yield of 

6.919 to/ha 

The yield increase of the treated variants, 

compared to the untreated control variant (V7), 

presents statistical assurance. 
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CONCLUSIONS 

 

The observation performed in the summer of 

2021 on the experiment with wheat - Glosa 

Romanian variety, have led to the following 

conclusions and recommendations: 

1-The attacks of the pathogenic agents were higher 

than in the previous years. Among them, we 

mention Septoria sp. pathogen which produces 

diseases known as septorioses to wheat. 

2-For a reliable protection of the wheat crop, in 

case of using Romanian Glosa variety, we 

recommend, even in the years with rainy springs, 

the performance of one single treatment with 

fungicide products, such as the ones used in the 

present experiment. It seems that the performance 

of only one treatment in the earing – blooming 

phase is very efficient from economic point of 

view. 

3-The prices of the products (2022) with fungicide 

effect used in 2021 are the following: NATIVO - 

PRO 35 SL 185 lei/l (37.4 €), 0.7 l/ha were 

applied, i.e. 129.5 lei/ha (26.2 €/ha), EVALIA – 

267 lei/l (54 €), 1 l/ha were applied, i.e. 267 lei /ha 

(54 €/ha), EVOLUS- 200 lei/l (40.4 €/ha), 0.75 l/ha 

were applied, i.e. 150 lei/ha (30.3 €/ha). 

The yield increase, expressed value wise 

(lei) as compared to the untreated control variant 

(V7), was the following: 

- For V1, it was 0.340 to/ha, in amount of 578 

lei/ha (116.8 €); 

- For V2, it was 0.408 to/ha, in amount of lei/ha 

693.6 lei/ha (140.2 €); 

- For V3, it was 0.425 to/ha, in amount of 722.5 

lei/ha (146.1 €); 

- For V4, it was 0.391 to/ha, in amount of 664.7 

lei/ha (134.4 €); 

- For V5, it was 0.306 to/ha, in amount of 520 

lei/ha (105.14 €); 

- For V6, it was 0.255 to/ha, in amount of 433.5 

lei/ha (87.7 €). 

From the economic profitability analysis, it 

seems that, in the climatic conditions of 2021, the 

V4 NATIVO PRO 35 SL variant proved to be the 

most profitable – a single treatment with 0.7 l / ha 

applied in the wheat’s earing – blooming phase. A 

yield increase of 134.4 €/ha was obtained at 26.2 

€/ha invested. 

The approximate average price of wheat was 

1700 lei/to (343 €/to) in Romania as of 9th August, 

2022, according to the Agri Portal website 

The leu/€exchange rate, for the first 6 

months of 2022, was 4.9455 lei/1€, according to 

the National Bank of Romania’s website. 
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Abstract 

 

The species Diabrotica virgifera virgifera Le Conte (western corn rootworm) is part of the order Coleoptera, family 

Chrysomelidae and is an invasive alien species native to Central or South America. In Europe, it was reported in 1992, 

and in Romania in 1995. The attack produced by the species Diabrotica virgifera virgifera significantly reduces maize 

production, the pest being a carrier of various pathogens that cause crop plant diseases (Bacal et al, 2020). In the present 

paper, are presented partial results regarding the appearance, evolution and flight of adults of the species Diabrotica 

virgifera virgifera, respectively, the attack that the insect produces in the maize crops in the Central area of Moldova. In 

the year 2021, the flight of this species began in the first decade of July and continued until the third decade of 

September. The maximum flight peak was achieved in the third decade of July, being 180 specimens/trap. In the year 

2022, the flight of the species started in the first decade of July and continued until the end of September. The 

maximum flight peak was recorded in the first decade of August, when a number of 182 specimens/trap were collected. 

In the year 2022, a maize silk attack frequency of between 85% and 100% was recorded. From the results obtained in 

2022, the treatment carried out on the vegetation with insecticides reduced the number of adults per plant from 1.6 
specimens to 0.1 specimens. 

 

Key words: Diabrotica, maize, flight, attack, treatment 
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The species Diabrotica virgifera virgifera 

Le Conte is part of the order Coleoptera, family 

Chrysomelidae, is an invasive alien species, 

originating in Central or South America, first 

reported in 1968 in Colorado, a habitat where the 

species fed mainly on host plants from the Poaceae 

family, which presents a great spread and diversity 

in the area (Manole T., 2017).  

In Europe, it was reported in 1992, in 

Yugoslavia, in a maize field near the international 

airport in Belgrade. The area of the pest expanded 

by about 20-25 km/year, being reported in 1995 in 

Hungary and Croatia, near the border with 

Yugoslavia, and in 1996 in Bosnia-Herzegovina 

and Romania (Arad county). The species has 

expanded continuously, being reported in northern 

Bosnia, in the eastern part of Montenegro, in 1998 

near Venice, and in 2000 it was identified in 

western Bulgaria, Slovakia and Albania. Adults 

were also reported in Switzerland and in 2002 in 

France near Paris (Tălmaciu M., 2017).  

In 1996, the species was reported in Nădlac, 

on the border with Hungary, and the monitoring 

process continued. In 1997, weak attacks were 

reported in Arad and Caraș-Severin counties, and 

from 1998 it spread throughout the south-west area 

of Romania.  

According to the information published by 

the Bucharest Central Phytosanitary Quarantine 

Laboratory, in 2003 the species was present in the 

counties: Arad, Caraș Severin, Mehedinți, Bihor, 

Timiș, Satu Mare, Sălaj, Hunedoara, Cluj, Alba, 

Sibiu, Gorj, Dolj, Vâlcea, Olt, Bistriţa Năsăud, 

Mureș, Harghita, Maramureș, Argeș, Brașov, 

Prahova and Teleorman (Manole T., 2017). 

At ARDS Secuieni, between 1997 and 2009, 

pheromonal traps were installed and the 

appearance of the pest in maize crops was 

monitored, but it was not reported in the eastern 

part of the country during this period. The adult fly 

was identified in the maize crops in the Central 

area of Moldova starting from 2015, and it 

intensified from one year to the next (Trotuș et al, 

2020). 

The attack produced by the species 

Diabrotica virgifera virgifera significantly reduces 

maize production, the pest being also a carrier of 

various pathogens that cause crop plant diseases 

(Bacal S. et al, 2020). 
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Due to the attack produced by the larvae on 

the roots, the stability of the plants is reduced, so in 

case of stronger rains or winds, the plants fall. 

Attacked plants can be recognized by the inclined 

stem in the shape of a swan's neck, wither and dry 

prematurely. Production can be reduced by 10 – 

13%, sometimes even up to 50% (Horgoș H., 

Grozea I., 2020). 

Adults feed on the leaves of corn plants, and 

during the flowering period, the attack extends to 

silk and pollen. Towards the end, the adults feed 

on the grains at the top of the cobs which are in the 

milk stage. 

In the present paper, are presented results 

regarding the appearance, evolution and flight of 

adults of the species Diabrotica virgifera virgifera 

and the attack produced by the insect on maize 

crops in the Central area of Moldova. 

 

MATERIAL AND METHOD 

 
Starting from 2021, at ARDS Secuieni, more 

extensive research was initiated on the species 
Diabrotica virgifera virgifera Le Conte regarding the 
appearance, evolution and attack of the species in 
maize crops. 

Observations and determinations were 
made in maize crops where were followed the 
appearance, evolution and end of the flight of the 
species Diabrotica virgifera virgifera Le Conte. 
Flight monitoring was carried out with the help of 
yellow glue traps and pheromonal ones.  

In 2021, the traps were installed in the field 
in the first decade of June, and in 2022, they were 
installed in the third decade of June. The readings 
were carried out every decade, and based on them 
the flight curve of the species was made. 

Also, the attack produced by the larvae and 
adults was followed, as well as the influence of 
some chemical treatments on the vegetation in 
reducing the population of adults. 

In the spring of 2022, a maize experiment 
was placed in the experimental field of the Plant 
Protection laboratory, according to the randomized 
block method, in three repetitions, where was 
observed the influence of the chemical treatment 

on the vegetation on the reduction in the number of 
adults of Diabrotica virgifera virgifera. 

The plant that preceded maize was wheat. 
Soil work, fertilization, seed bed preparation and 
crop maintenance were done according to the 
maize cultivation technology for the specific 
conditions of the Moldavian Plateau. 

Sowing was done on 16.04.2022, and the 
emergence of plants was recorded on 06.05.2022. 
The hybrid used was Turda Star. 

In the variants where treatment was applied 
to reduce the attack of Ostrinia nubilalis larvae, 
was also monitored their influence on Diabrotica 
virgifera virgifera adults. 

The treatment was carried out in the first 
decade of July, when the maize was in the 
flowering and silking phenophase, and Diabrotica 
adults were present in the crop. 

Five products with insecticidal action were 
tested, namely: Apis - 0.15 l/ha, Coragen - 0.15 
l/ha, Decis - 0.075 l/ha, Inazuma - 0.2 kg/ha and 
Fastac - 0, 6 l/ha. 

Meteorological data were recorded from the 
VANTAGE PRO 2 weather station located in the 
experimental field, the station being automated 
with data recording and computer storage. 

Climatic conditions during the maize growing 
season showed that the spring of 2021 was quite 
cool. The summer months were normal (June, 
August) and hot (July) in terms of average monthly 
temperatures. The monthly deviations in terms of 

temperatures were between -2.0℃ (April) and 
1.8℃ (July) (figure 1). 

In terms of precipitation, the monthly 
deviations from the multiannual monthly sum were 
between -36.5 mm (September) and 16.6 mm 

(August) (figure 2).  

The maize growing season in 2022 was 
characterized as hot and dry. 

Regarding temperatures from April to 
September, the deviations from the multiannual 

average were between 0℃ (April) and 3.2℃ 

(August) (figure 1).  

The precipitation recorded in the same time 
interval had deviations from the multiannual 
average between -8.5 mm (April) and -47.1 (July) 

(figure 2). 

 
Figure 1 Temperatures recorded during the maize vegetation period, 2021 – 2022 



Lucrări Ştiinţifice – vol. 65(1)/2022, seria Agronomie 

81 

 
Figure 2 Precipitation recorded during the maize vegetation period, 2021 – 2022 

 

RESULTS AND DISCUSSIONS  

 

During the two years, the monitoring of the 

flight of Diabrotica virgifera virgifera adults was 

carried out with the help of pheromonal and yellow 

glue traps.  

In the year 2021, the first adults were 

recorded in the first decade of July, when were 

captured 2 adults/trap and the maize was in the 

flowering and silking phenophase. The flight 

continued without interruption until the end of 

September, when the maturity of the plants was 

also achieved.  

The maximum flight peak was recorded in 

the third decade of July and was 180 specimens, 

after which the number of collected adults began to 

decrease gradually, up to 47 specimens/trap in the 

third decade of September (Amarghioalei și colab., 

2022) (figure 3). 

 
Figure 3 The flight of the species Diabrotica virgifera virgifera in 2021, monitored with the help of traps 

 

From the readings carried out at the glue 

traps in 2022, it was found that the flight of adults 

started in the first decade of July when the maize 

was in the phenophase of flowering and silking, 

with 42 specimens collected/trap, and continued 

until the end of September. 

The maximum flight peak was recorded in 

the first decade of August, when a total of 182 

specimens/trap was captured, then the flight started 

to decrease (figure 4). 

 
 

Figure 4 The flight of the species Diabrotica virgifera virgifera in 2022, monitored with the help of traps 
 

The plant preceding the maize crop being 

wheat, the reserve of Diabrotica larvae in the soil 

was reduced, thus the attack produced on the roots 

was also reduced, the swan neck symptom being 

very little visible in the crop. 

The attack produced by adults of the species 

Diabrotica virgifera virgifera on maize silk was 

high in 2022, being recorded an attack frequencies 

between 85% and 100% (figure 5). 
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Before the treatment on the vegetation, the 

number of adults per plant was between 1.2 and 

1.6 specimens/plant.  

In the determinations made three days after 

the application of the treatment on the vegetation, 

it was found that the number of adults was lower, 

except for the variant where the Apis insecticide 

was applied in a dose of 0.15 l/ha. 

The best results were obtained in the variant where 

the Fastac insecticide was applied in a dose of 0.6 

l/ha, the number of adults being reduced to 0.1 

(figure 6). 

 
Figure 5 Frequency of attack produced by adults of the species Diabrotica virgifera virgifera in the year 2022 

 

 
Figure 6 Number of adults per plant before and after chemical treatments on vegetation, 2022 

 

CONCLUSIONS 

 

The species Diabrotica virgifera virgifera 

Le Conte is considered to be a dangerous pest for 

the maize crop in the Central area of Moldova. 

In the year 2021, the flight of the species 

Diabrotica virgifera virgifera began in the first 

decade of July and continued until the end of 

September. The maximum flight peak was 

recorded in the third decade of July, being 180 

specimens/trap. 

In the year 2022, the flight of the insect 

began in the first decade of July and continued 

without interruption until the end of September. 

The maximum flight peak was recorded in the first 

decade of August, when a number of 182 

specimens/trap were collected. In 2022, the attack 

produced by the larvae was less, instead adults 

were present in the culture in high numbers, the 

attack frequency being up to 100%. The number of 

adults per plant was between 1.2 and 1.6. 

Chemical treatment on the vegetation with 

the insecticides Apis (0.15 l/ha), Coragen (0.15 

l/ha), Decis (0.075 l/ha), Inazuma (0.2 kg/ha) and 

Fastac (0.6 l /ha), reduced the number of adults per 

plant from 1.6 to 0.1. 
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Abstract 

 

Pollution phenomena cause important changes in the phytosphere and zoosphere, as well as in microorganisms, leading 

to the disappearance of a large number of species, causing a decrease in soil fertility, its most important property, which 

allows the support of plant and animal life. In this paper will be presented a review concerning the potential of 

cyclodextrins to increase the petroleum hydrocarbons biodegradation. Cyclodextrins are natural compounds, non-toxic 

for microorganisms existing in the soil with great use in medical applications. Their involvement in microbial 

degradation, such as the purification of pesticide or phenol waste water, was also investigated. Cyclodextrins absorb 

very little or not at all on solid soil particles. In unsaturated soils, they increase the desorption of contaminants from the 

solid particles. The low bioavailability of polluting hydrocarbons is a limiting factor of biodegradation by existing 

microorganisms in the soil. Cyclodextrins have the role of promoting the desorption of non-polar compounds from the 

surface of solid particles and their mobilization in the aqueous phase where hydrocarbon-degrading microorganisms 

carry out their activity. Cyclodextrins have the role of activating a series of bacteria, such as: Bacillus macerans, B. 

subtilis, B. coagulans, Flavobacterium spp., but also soil fungi such as Trichoderma spp. 

 

Key words: biodegradation, cyclodextrins, petroleum hydrocarbons 

 

 

                                                 
1 National Research Institute for Soil Science, Agrochemistry and Environment Protection, Bucharest, Romania 

Introduction. With the establishment of the 

first human collectivities, with the start of socio-

economic development, with the exacerbation of 

the industrial and post-industrial revolution, etc., 

man was not satisfied with nature as such, with the 

intelligence and creative spirit that define him, but 

began to adapt it and transforms according to his 

needs.  

Unfortunately, harmful side effects of 

human activity have also appeared, becoming 

increasingly frequent and aggressive, some with 

completely unpredictable and even irreversible 

impacts on the quality of the environment, plant 

and animal life, and human existence itself.  

All of this led to the emergence, 

development and worsening at a particularly 

accelerated rate of a completely new, very complex 

and increasingly large and dangerous phenomenon 

that encompassed, on a global scale, all countries 

and continents, identified under the name of 

pollution of the environment (Reid B.J. et al, 1998; 

Fenyvesi E. et al, 2002, 2005; Bardi L. et al, 2007; 

Hajdu C. et al, 2011). 

By pollution is meant any unwanted change 

in the physical, chemical and biological 

characteristics of water, air and soil that can 

adversely affect the health, survival or activities of 

humans or other living organisms, a term for which 

a clearer understanding is necessary to take into 

account, at the same time, by the term 

contamination, which refers to the presence, 

regardless of quantity, of dangerous and unwanted 

elements or substances in water, air or soil, due to 

human activities that are categorically not harmful 

(Leitgib L. et al, 2008; Riding M.J. et al, 2013). 

The immediate and very obvious harmful 

effects of soil pollution with crude oil, sometimes 

very serious, quickly alerted public opinion, 

requiring the decontamination of soils polluted 

with oil products, especially in areas with large oil 

exploitations.  

In the meantime, this concern has expanded 

over an increasingly wider area, becoming an 

increasingly diversified sphere of activity, with the 

use of more and more categories of methods and 

procedures for depollution, known more and more 

frequently also under the name of 

decontamination, of polluted soils with oil, both in 

the fields of scientific research and in the field of 

practical applications to prevent and combat soil 

pollution with oil and/or oil products. Depending 

on the type of pollution, the source and the 

intensity of the pollution, the ecological restoration 
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measures of the polluted soils are established 

(Trellu C. et al, 2016). 

Physical, chemical and biological methods 

can be used for the decontamination of soils 

polluted with petroleum hydrocarbons. The 

physico-chemical processes that take place 

between the pollutant particles and the soil 

particles are important and essential in soil 

remediation (Molnár M. et al, 2005).  

The main physical-chemical processes that 

occur in the case of oil-polluted soils are the 

biodegradation or microbial degradation of 

hydrocarbons, the evaporation of hydrocarbons, 

the sorption or retention of soil, the solubility of 

hydrocarbons and the volatilization of 

hydrocarbons.  

Of all these, research has proven that 

bioremediation, especially in the case of oil 

pollution, is a superior, efficient and much cheaper 

method compared to physical or chemical 

methods. Indeed, in recent years, the 

bioremediation of soils polluted with petroleum 

hydrocarbons represents a real challenge for 

modern scientific research (Rahman K.S. et al, 

2003, Molnár M. et al, 2007).  

 
 

MATERIAL AND METHOD 

 
Cyclodextrins can be considered as a 

truncated cone in which the secondary hydroxyl 
groups are arranged on the large base, and the 
primary hydroxyl groups on the small base of the 
truncated cone.  

The dimensions of the three shapes 
presented above, respectively the diameters of the 

inner cavity, are: 5.7; 7.8 and 9.5 Å for -, - and -
cyclodextrin, respectively. With the increase in the 
diameter of the cyclodextrin cavity, it can host a 
larger number of water molecules, therefore in 
aqueous solution the bound water molecules will 
differ less and less energetically from those in the 
solvent mass (Szejtli J., 1982). 

α, β and γ-cyclodextrins are cyclic 
oligosaccharides formed by 6, 7 or 8 α-1,4-

glycosidic units (Szaniszlo N. et al, 2005). Because 

they have hydrophobic cavities and hydrophilic 
shells, they are soluble in water. In this way, the 
solubility of hydrocarbons increases. The 3 natural 
cyclodetrins α, β and γ are completely and easily 
biodegradabl. 

The effect of β-cyclodextrins on the solubility 
of hydrocarbons in the aqueous phase was 
investigated by Huipeng G. et al (2015). The 
relationship between the solubility of hydrocarbons 
and the concentration of β-cyclodextrins was 
determined, and the distribution coefficient of 
hydrocarbons between β-cyclodextrins and water 
(Kcw) was calculated. 

 

 

RESULTS AND DISCUSSIONS  

 

Pollution phenomena cause important 

changes in the phytosphere and zoosphere, as well 

as in microorganisms, leading to the disappearance 

of a large number of species, causing a decrease in 

soil fertility, its most important property, which 

allows the support of plant and animal life and, 

implicitly, of humans (Viglianti C. et al, 2006). 

Although it possesses the capacity of self-

regeneration, the specific formation conditions 

mean that, once destroyed, the soil cannot be 

restored as it was, because the conditions and the 

millennial history of its formation cannot be 

reproduced. At most one body with similar 

functions can be created. Until the last decades, the 

soil was regarded, mainly due to its fertility, i.e. 

the ability to sustain plant life, only as the main 

means of production in agriculture, lately it has 

been recognized that the existence and 

development of human society will also be 

conditioned in future of the abundance and quality 

of higher terrestrial plants, which must provide 

people with food and raw materials for clothing, 

shelter, medicine and other requirements. Among 

the potentially polluting elements of the soil, there 

are petroleum hydrocarbons, considered among the 

strongest soil pollutants (Molnár M. et al, 2005). 

Crude oil radically changes the properties of 

the soil, both physical and chemical as well as 

biological. This forms an impermeable film on the 

surface of the soil, which prevents the circulation 

of water in the soil and the exchange of gases 

between the soil and the atmosphere, producing 

asphyxiation of the roots and favoring the 

manifestation of reduction processes. As the soil 

becomes more anaerobic, the number and 

metabolic activity of bacteria decreases. Crude oil 

being rich in organic carbon (98% hydrocarbons), 

increases the C/N ratio in the soil, negatively 

influencing microbiological activity and plant 

nutrition with nitrogen. 

Considering that pollution with crude oil, 

products and petroleum residues affects the 

capacity of soils to support life, the improvement 

of the remediation methodology, adapted to the 

conditions in Romania, is imperative. 

Microbial degradation or biodegradation is 

the main process by which microorganisms 

degrade crude oil. The biodegradation of 

hydrocarbons can take place under aerobic 

conditions or, more difficult, under anaerobic 

conditions. In the presence of oxygen, most 

organic compounds are rapidly mineralized by 

microorganisms. During the biodegradation 

process, the carbon is completely oxidized to 
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carbon dioxide which provides energy, and a part 

is used in the formation of new microorganisms. 

Cycloalkanes represent a minor component in oil 

and are relatively resistant to the attack of 

microorganisms. Through the process of 

biodegradation, petroleum hydrocarbons can be 

partially or totally transformed by a series of 

microorganisms. Most of the time, polynuclear 

aromatic hydrocarbons are not totally degraded by 

processes mediated by microorganisms. 

Bioremediation can be: in-situ and ex-situ. 

Bioremediation is based on the ability of 

microorganisms to use petroleum hydrocarbons as 

a source of carbon and energy. It is considered to 

be the most effective because, in addition to the 

lower cost, it does not have irreversible effects on 

the pedogenetic characteristics of the affected soil 

(Voiculescu A.R. et al, 2003). 

Cyclodextrins are natural compounds, non-

toxic for microorganisms existing in the soil and 

released enzymes (Szejtli J., 1988, 1996; Reid B.J. 

et al, 2000), with great use in medical applications 

(Szejtli J., 1994). Their involvement in microbial 

degradation was also investigated, such as the 

purification of pesticide waste water (Olah J. et al, 

1988) or phenols (Banky B.K. et al, 1985). 

Cyclodextrins absorb very little or not at all 

on solid soil particles (Brusseau M.L. et al, 1994). 

In unsaturated soils, they increase the desorption of 

contaminants from solid particles (Olah J. et al, 

1988). The low bioavailability of polluting 

hydrocarbons is a limiting factor of biodegradation 

by existing microorganisms in the soil. 

Cyclodextrins have the role of promoting the 

desorption of non-polar compounds from the 

surface of solid particles and their mobilization in 

the aqueous phase where hydrocarbon-degrading 

microorganisms carry out their activity. 

Cyclodextrins have the role of activating a series of 

bacteria, such as: Bacillus macerans, B. subtilis, B. 

coagulans, Flavobacterium, but also soil fungi 

such as Trichoderma sp. (Steffan S. et al, 2001, 

2002; Boving T. et al, 2003). 

Randomly methylated β-cyclodextrin 

(RAMEB) is industrially produced and has a high 

solubilization capacity. According to the studies 

carried out by RAMEB, it is able to intensify the 

biodegradability of many organic compounds, such 

as polynuclear aromatic hydrocarbons (Fenyvesi E. 

et al, 1996; Fava F. et al, 1998). This compound 

can reduce the toxic effects of contaminants on 

bacterial microflora, plants and animals (Gruiz K. 

et al, 1996). 

Only a few authors have investigated the 

influence of cyclodextrins on biodegradation 

mechanisms and kinetics. Therefore, it is quite 

difficult to discuss the obtained results and 

highlight clear trends. The availability of 

petroleum hydrocarbons for microbial degradation 

can be greatly affected by their preferential 

interaction with non-aqueous phases and soil 

organic matter content. It has been shown that the 

biodegradation effect of the surfactant depends on 

both the solubilizing power of the cyclodextrins 

and the bioavailability of petroleum hydrocarbons 

to form an inclusion complex. Based on the Monod 

equation, was proposed to describe the substrate 

and biomass evolution during the biological 

treatment of petroleum hydrocarbons in the 

presence of cyclodextrins. 

Electrokinetic migration (EK) of β-

cyclodextrin (β-CD), which also applies to total 

petroleum hydrocarbons (THP), is a friendly, 

economically and environmentally beneficial 

remediation process for crude oil contaminated 

soils. Remediation studies of crude oil 

contaminated soils generally use certain 

hydrocarbons. This study investigates the removal 

of hydrocarbons from oil by electromigrating 

microbial cells in an electrokinetic field. Both 

hydrocarbon content and soil respiration decreased 

during the electrokinetic remediation process. 

Bacterial strains from the soil include Bacillus sp., 

Sporosarcina sp., Beta proteobacterium, 

Streptomyces sp., Pontibacter sp., Azorhizobium 

sp., Taxeobacter sp., and Williamsia sp. 

Electromigration of microbial cells reduced the 

biodiversity of the soil microbial community. At 

200 Vm-1 for 10 days, 36% of total petroleum 

hydrocarbons were removed with a small 

population of microbial cells, thus demonstrating 

that electrokinetic migration remediation is 

effective for crude oil contaminated soils (Chunli 

W. et al, 2011). 

Szaniszl et al (2005) determined using 

headspace gas chromatography (SHSGC) the 

association constants for the inclusion of different 

hydrocarbons (linear alkanes, cycloalkanes, 

aromatics) in various cyclodextrins (CD) in 

aqueous solution. Thus, the relationship between 

structure and stability was examined. 

Bacterial degradation of toluene, an organic 

solvent, and p-methyl benzoic acid, a water-soluble 

aromatic compound, is increased by the addition of 

β-cyclodextrin. The increase of biodegradation of 

phenanthrene, a polynuclear aromatic hydrocarbon, 

in the presence of hydroxypropyl-β-cyclodextrin 

(HPBCD) was also demonstrated. 

Bardi et al (2000) conducted a study in 

which they followed the degradation of 

hydrocarbons by the microbial population by using 

β-cyclodextrin to increase their bioavailability. 

Four representative petroleum hydrocarbons were 

studied: 2 aliphatic hydrocarbons, one with a 
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medium chain (C12-dodecane) and one with a long 

chain (C24-tetracosane) and 2 polynuclear 

aromatic hydrocarbons with 2 benzene rings 

(naphthalene) and with 3 benzene rings 

(anthracene). The largest decrease in hydrocarbons 

was recorded in the case of naphthalene. A study 

by Cuypers et al., 2002 demonstrated that 

hydroxypropyl-β-cyclodextrin solutions can 

accelerate the degradation of polynuclear aromatic 

hydrocarbons. 

The effect of hydroxypropyl-β-cyclodextrin 

(HPBCD) on the biodegradation of polynuclear 

aromatic hydrocarbons (ΣPAH) in complex 

matrices was carried out by Hickman et al., 2008. 

According to the results obtained, the method can 

also be applied at the soil level. 

The extraction capacity of hydroxypropyl-α-

cyclodextrin provides information about the 

bioaccessibility of aliphatic hydrocarbons in soil. 

A study by Stroud et al., 2009 investigated the 

potential of the extraction capacity of 

hydroxypropyl-α-cyclodextrin in the 

biodegradation of hexadecane from soil. The soil 

was artificially polluted with 10-100 mg kg-1 

hexadecane. Following the results obtained, 

hydroxypropyl-α-cyclodextrin can be used in the 

biodegradation of aliphatic hydrocarbons from 

polluted soils. 

In order to evaluate the effect over time of 

the availability of the polynuclear aromatic 

hydrocarbon pyrene, accumulation in the body of 

the earthworm (Eisenia fetida) and chemical 

extraction by unexploited techniques in the soil, a 

soil was artificially contaminated with various 

concentrations of pyrene and were measured at 

different time periods. The results showed that the 

amount of pyrene accumulated by earthworms did 

not change much over time at high concentrations, 

but changed significantly at lower concentrations. 

In addition, the chemical availability of pyrene 

decreased significantly over time. The relationship 

between soil bioaccumulation of hydroxypropyl-β-

cyclodextrin (HPCD) and organic solvent 

extraction was investigated to find a suitable and 

rapid method to increase the bioavailability of 

pyrene. The results showed that at different 

concentrations of pyrene, the average values 

absorbed by rams and extracted with HPCD were 

10–40% and 10–65%, respectively. The results 

obtained and their correlation for pyrene removal 

suggest that HPCD extraction was a better method 

to increase pyrene bioavailability in soil compared 

to organic solvent extraction (Khan M.I. et al, 

2011). 

The research carried out by Sivaraman C. et 

al (2010), focuses on studying the degradation of 

hydrocarbons by Pseudomonas species isolated 

from waters contaminated with petroleum 

hydrocarbons in the presence of cyclodextrins. 

Among the three cyclodextrins tested at different 

concentrations, the 2.5 mM concentration of b-

cyclodextrin showed the highest biodegradation 

when n-hexadecane was used as the test 

hydrocarbon. The percentage of residual 

hexadecane remaining in the medium in which 2.5 

mM β-cyclodextrin solution was added at 120 

hours was 15% compared to the biotic medium 

which was 43%. In the following experiment, the 

degradation of the mixture of hydrocarbons 

(tetradecane, hexadecane and octadecane) by Vidl 

(Pseudomonas-like species) at a concentration of 

2.5 mM β-cyclodextrin was studied. The residual 

percentage of tetradecane, hexadecane and 

octadecane at 120 hours was 32, 43 and 61% 

compared to the biotic environment where 

biodegradations of 50%, 58% and 67% were 

recorded, respectively. The studies showed that in 

the case of a mixture of hydrocarbons (tetradecane, 

hexadecane and octadecane) in the presence of β-

cyclodextrin, the highest hydrocarbon 

degradability was registered for tetradecane, then 

hexadecane, and octadecane, respectively. 

Ramadass K. et al (2015) conducted a study 

on soils contaminated with petroleum 

hydrocarbons collected from an arid region in 

Australia and a significant biodegradation of 

hydrocarbons in three of the five soils by 

optimizing the nutritional status and physical 

characteristics. The data obtained supported the 

reduction of THP concentration along with the 

increase of bacterial diversity in these soils. 

Analysis of microbial diversity in soils 

demonstrated the existence of hydrocarbon-

degrading bacterial communities in these soils. 

However, the bioremediation was not efficient in 

these soils, even after adding the surfactant 

(surfactant - Triton), due to the high concentrations 

of hydrocarbons (123,757 mg kg-1). Furthermore, it 

was necessary to apply the biopile technology to 

these soils. It was found that microbial diversity 

depends on the degree of pollution and the 

solubility (bioavailability) of petroleum 

hydrocarbons in soils, which can be accelerated by 

HPCD extraction. This study provides an overview 

of the major parameters to be considered when 

evaluating the applicability of remedial technology 

using biopiles.  

Hajdu C. et al (2011) conducted a study in 

which RAMEB (randomly methylated b-

cyclodextrin) was applied, which has a high 

solubilization capacity for many typical soil 

contaminants. RAMEB influenced the evolution 

and behavior of the contaminant in the soil and the 

soil solution, and the results depend on the 
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concentration of RAMEB in the bioassay, the 

contact time, the type of organism tested and the 

characteristics of the contaminant complex - 

RAMEB. 

 

CONCLUSIONS 

 

Bioremediation technologies can be in-situ 

and ex-situ. Bioremediation is based on the ability 

of microorganisms to use petroleum hydrocarbons 

as a source of carbon and energy. It is considered 

to be the most effective because, in addition to the 

lower cost, it does not have irreversible effects on 

the pedogenetic characteristics of the affected soil. 

Depending on the degree of pollution, the 

appropriate soil bioremediation technology is 

chosen: biostimulation; inoculation with selected 

microorganisms; bioventilation; stimulation with 

surfactants; phytoremediation; the use of 

agricultural land; natural attenuation; biobubble; 

co-metabolism, bioreactors; loosening the ground; 

biopiles; composting (static/mechanical agitation). 

The biodegradation of hydrocarbons can 

take place under aerobic conditions or, more 

difficult, under anaerobic conditions. In the 

presence of oxygen, most organic compounds are 

rapidly mineralized by microorganisms. During the 

biodegradation process, the carbon is completely 

oxidized to carbon dioxide which provides energy, 

and a part is used in the formation of new 

microorganisms. Through the process of 

biodegradation, oil hydrocarbons can be partially 

or totally transformed by a series of 

microorganisms. Most of the time, oil 

hydrocarbons are not completely degraded by 

processes mediated by microorganisms. 

Research results indicate that cyclodextrins 

significantly increase the biodegradation of 

hydrocarbons. There is a possibility that non-

inclusive interactions play a role in increasing 

bioavailability. Studies using mixtures of 

hydrocarbons in the presence of cyclodextrins 

indicate that the reduction of hydrocarbon 

concentration, both in the presence and absence of 

cyclodextrins, is influenced by chain length. 

Cyclodextrins are also non-toxic and easily 

degradable products in the soil, they do not pose 

any risks to life in the soil. 

The application of cyclodextrins has the role 

of improving the biological method of remediation 

of soils polluted with oil hydrocarbons by 

increasing the efficiency of the biodegradation 

process. They have the ability to favor the 

development of existing bacteria in the polluted 

soil and to increase the rate of biodegradability of 

petroleum hydrocarbons. 
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Abstract 

 
This paper present the results obtained at National Agricultural Research and Development Institute Fundulea, during 

2019-2020, according to the new herbicide treatments: Diniro (prosulfuron 40 g/kg + dicamba 400 g/kg + nicosulfuron 

100 g/kg) + Trend (adjuvant); Radial 40 (40 g/l nicosulfuron) + Dicopur Top (344 g/l acid 2,4 D from DMA salt and 

120 g/l dicamba); Principal plus (50 g/kg dicamba + 92 g/kg nicosulfuron + 23 g/kg rimsulfuron) +Trend (adjuvant); 

Radial 60 (60 g/l nicosulfuron) + Hudson (fluroxypyr 200 gr/l), postemergently applied - BBCH 14-16, maize 4-6 

leaves-, for the annual and perennial weeds controlling from the maize crop. The weather from the experimentation 

years is representative for the local trend for last decade. The differences (5.64 t/ha in average) between yields of 

control plots and the yields of treated plots were significant in all years, but the differences within the yields of treated 

plots were not significant. The herbicides must be correlated with the infestation degree of weed, the spectrum and 

dominance of weeds, the time of application, the technical potential for efficacy, the local climatic conditions. 

 
Key words: weeds, herbicides, time of application, dose, selectivity and efficacy. 

 

 

                                                      
1 National Agricultural Research and Development Institute (NARDI), Fundulea, Romania 

In general, the areas cultivated with corn 

show a strong degree of infestation (over 80%) 

with annual and perennial monocotyledonous and 

dicotyledonous weeds, extremely differentiated 

according to the zonal pedoclimatic conditions. 

The most representative weed species are: 

monocotyledons (Setaria sp., Echinochloa crus-

galli, Sorghum halepense (seed and rhizomes), 

Elymus repens, Eriochloa villosa) and 

dicotyledons: (Amaranthus retroflexus, 

Chenopodium album, Solanum nigrum, Sinapis 

arvensis, Raphanus raphanistrum, Stellaria media, 

Thlaspi arvensis, Hibiscus trionum, Datura 

stramonium, Abutilon theophrasti, Cirsium 

arvense, Convolvulus arvensis, Sonchus arvensis) 

(Popescu A. et al, 2009). 

In the field of weed control in field crops, 

the main objective is to permanently eliminate 

weed competition below the damage threshold 

throughout the growing season, in order to reduce 

water and nutrient consumption by them, so that 

plants continue to grow. culture to have a normal 

development, which will lead, in the end, to 

obtaining high yields, qualitative and at the level of 

the biological potential of the hybrids and 

cultivated varieties. (Popescu A., 2007) 

Weeds have the greatest negative impact, 

around 37%, compared to insects (18%), fungi and 

bacteria (16%) and viruses (2%) (Oerke E.C., 

2006).  

The magnitude of the loss is related to the 

composition of the weed flora, weed emergence 

timing in relationship to the crop, weed density, 

intensity, and crop development stage in relation to 

the period of competition (Singh et al, 2016). The 

competition with maize in the stage of 5 fully 

expanded leaves has the most negative interference 

to the crop, since it is in this phase that the 

components related to grain yield are established 

(Duarte N.F. et al, 2002). 

However, maize productivity is lower than 

that obtained in areas that adopt high technological 

levels or experimental areas, because it is affected 

by several factors. Weed competition is the 

primary factor limiting maize’s full productive 

potential, therefore, there is an increase interest in 
weeds negative impacts on yield. (Safdar M.E. et 

al, 2015) 

Herbicides will remain in future agriculture 

an efficient tool for control of weeds as part of an 

integrated weed control. The application of 

herbicides requires only a quarter of the fuel used 

than one passage over the same surface with a row 

crop cultivator (Gianessi L., 2013)  

The aim of the research was to identify 

technological solutions to control the annual and 

perennial weeds present in the corn crop by using 
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new herbicide treatments, aiming to broaden the 

control spectrum, synergism, persistence and 

without negative impact on the environment. The 

main objective of this paper focused on the study 

of selectivity and effectiveness of the application 

of herbicide treatments in the control of annual and 

perennial monocotyledonous and dicotyledonous 

weeds in maize. 
Table 1 

The herbicide treatments applied in the maize crop. Experimental variants 

No 
var 

Herbicides 
treatments 

Active ingredient 
Dose 
g,l /ha 

Time of 
application 

1 Untreated  - - - 

2 Diniro + Trend (Adj.) 
prosulfuron 40 g/kg + dicamba 400 g/kg + 

nicosulfuron 100 g/kg 
500 g + 
0.25 l 

Postemergence 
BBCH 14-16 

(maize 4-6 leaves) 
 

3 Radial 40 + Dicopur Top 
40 g/l nicosulfuron + 334 g acid 2.4 D from salt 

of DMA + 120 g/l dicamba 
1.0 l + 
1.0 l 

4 
Principal plus + Trend 

(Adj.) 
(50 g/kg dicamba + 92 g/kg nicosulfuron + 23 

g/kg rimsulfuron) 
440 g + 
0.25 l 

5 Radial 60 + Hudson 60 g/l nicosulfuron + fluroxypyr 200 gr/l 
0.7 l +  
1.0 l 

 
Table 2 

Monthly sum of precipitation (mm) 
 Jan Feb Mar Apr May Jun Jul Aug 

LTA (1968-2017) 32.2 31.9 37.0 46.4 60.9 76.5 74.3 53.5 

2019 53.8 21.4 22.4 51.4 124.2 74.6 87.4 12.6 

2020 2.0 16.6 29.8 14 58.0 68.4 34.2 5.4 

2021 77.0 16.2 59.0 31 57.6 135.0 21.2 24.4 

St. Dev. LTA 18.6 23.6 26.0 23.2 45.2 45.3 48.4 36.2 

 
Table 3 

Monthly average temperature (°C) 
 Jan Feb Mar Apr May Jun Jul Aug 

LTA (1968-2017) -2.2 -0.4 5.0 11.2 17.1 20.8 22.8 22.3 

2019 -1.2 3.8 9.3 11.2 17.2 23.6 23.0 24.7 

2020 0.9 5.2 8.3 12.3 17.0 21.7 25.1 25.5 

2021 1.6 3.2 5.1 9.7 17.2 21.1 25.3 24.2 

St. Dev. LTA 2.4 3.4 2.4 1.6 1.5 1.4 1.6 1.7 

 
 

MATERIAL AND METHOD 

 
The research was carried out in the period 

2019-2021, at the National Institute for Agricultural 
Research and Development - Fundulea, being 
studied the application of new herbicide treatments 
at the maize crop. The research was carried out in 
the experimental field, the experiment being 
located on a soil of cambic chernozem type (3.2% 
organic matter, 37% clay, 6.5 pH), using the Iezer 
corn hybrid created by the institute from Fundulea. 

The Iezer hybrid is part of the FAO 401-500 
group, with a vegetation period of 130-135 days. 
The plant is tall, vigorous, the average height is 
270 - 280 cm, the insertion height of the cob is 100 
- 110 cm. The stem has a medium thickness, 
elastic, with a very good resistance to breaking and 
falling. It is resistant to breaking and falling, 
resistant to drought and heat, resistant to common 
embers and fusariosis, resistant to Ostrinia 

nubilalis (Georgescu E. et al, 2013) and 
Helicoverpa zeae. 

The organization of the experiment was 
done according to the method of randomized 
blocks, with a plot area of 25 m2, in four 
replications, the amount of water used was 300 
l/hectare. In this experiment, we observed the 
degree of selectivity of maize plants and the 
degree of control of annual and perennial 
monocotyledonous and dicotyledonous weeds by 
applying herbicide treatments (table 1): Diniro 
(prosulfuron 40 g / kg + dicamba 400 g / kg + 
nicosulfuron 100 g / kg) + Trend (adjuvant); Radial 
40 (40 g / l nicosulfuron) + Dicopur Top (344 g / l 
2.4 D acid from DMA salt and 120 g / l dicamba); 
Principal plus (50 g / kg dicamba + 92 g / kg 
nicosulfuron + 23 g / kg rimsulfuron) + Trend 
(adjuvant); Radial 60 (60 g / l nicosulfuron) + 
Hudson (fluroxypyr 200 gr / l). 
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The herbicide treatments were applied in the 
post-emergence (growth and development stage of 
maize cultivation: BBCH 14-16, 4-6 leaves) and 
weed development stage (monocotyledons: BBCH 
11-14 and dicotyledons: BBCH 12-15). After the 
application of herbicide treatments, observations of 
selectivity (%) of maize plants were made at 
different intervals (7 - 14 - 21 days after the 
application of treatments) and the degree of control 
(%) of weeds at different intervals 14 - 21 days 
from the application of treatments). 

The mean air temperature for March-August 
was 1.6°C above the long-term average in 2019, 
with 1.8°C in 2020 and 0.6 in the last year of the 
experience. Only the two months were cooler than 
LTA (May 2020 with – 0.1°C and April 2021 with -
1.5 °C). August was hotter than usual +1.9 to +3.6 
C in all three years, but the largest difference was 
recorded in March 2019 (+ 4.3 C). The season 
2019 may be considered as slightly wetter than 
usual (+24 mm more than LTA) with some good 
rains in May, season 2020 was very dry (-139 mm 
bellow LTA) and 2021 was slightly drier than usual 
(- 20 mm less than LTA). 

Several R libraries like “tidyverse”, “ggpubr”, 
“emmeans” and “rstatix” were used for yield data 
visualization and group comparison (Kassambara 
A., 2019). 

 

RESULTS AND DISCUSSIONS  
 

The experience of maize realized in the 

experimental field showed an infestation degree of 

74% (with monocotyledonous and dicotyledonous 

weeds - ratio of 60/40), in the culture being present 

the monocotyledonous and dicotyledonous annual 

and perennial weeds extremely diversified, 

depending on: the pre-emergent plant, the local 

pedo-climatic conditions. The most representative 

weed species were monocotyledons: Setaria 

viridis, Echinochloa crus-galli, Sorghum halepense 

and annual dicotyledonous Chenopodium album, 

Xanthium strumarium, and perennial: Cirsium 

arvense (Figure 1). 
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Figure 1 The infestation degree (%) with annual and 

perennial weeds from the untreated maize plots   

In the experimental field, all the selectivity 

observations made for the cultivated hybrid- Iezer, not 

recorded phytotoxic phenomena (EWRS scale = 0). 

In the corn crop, the herbicide treatments 

applied post-emergence (BBCH 14-16, corn 4-6 

leaves) had a good control effect, highlighting their 

effectiveness through a single application. By 

applying the new treatments with herbicides, good 

results were obtained regarding the effect of 

combating annual and perennial weeds, depending 

on: the climatic conditions, the degree of 

infestation, the spectrum and the dominance of the 

species present in this crop. 

Figure 2 shows the average effectiveness 

results recorded after the post-emergence 

application of the treatment with Diniro (500 g/ha) 

+ Trend (0.25 l/ha - Adjuvant). The activity of the 

product is based on two different modes of action: 

prosulfuron and nicosulfuron are sulphonylurea 

herbicides whose activity is based on blocking cell 

division in the growth tips, while dicamba is a 

growth regulator. Due to the application of this 

herbicide, a high degree of control was obtained 

for the following species: Setaria viridis - 97%, 

Sorghum halepense - 98% and Echinochloa crus-

galli -95%. Regarding the annual dicot species 

Chenopodium album, control was very good, over 

99%. On the other hand, in the plots under this 

treatment the weed species Xanthium strumarium 

(annual dicotyledon) and Cirsium arvense 

(perennial dicotyledon), the average effectiveness 

was 95% and 96%, respectively. 
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Figure 2 The efficacy (%) of the herbicides Diniro 

(500 g/ha) + Trend (0.25 l/ha) on annual and 
perennial weeds control from the maize crop 

(Fundulea, 2019-2021) 

 
The next variant treated was with the 

combination of Radial 40 (1.0 l/ha) and Dicopur 

top herbicides (1.0 l/ha). Radial 40 is applied only 

post-emergence and is quickly absorbed especially 

by the leaves, but also by the roots of the weeds. 

The weeds stop growing, then after they turn red, 

etiolate and necroses appear. Dicopur top is a 

combination of two active substances, it is a 

selective and systemic herbicide that acts on weeds 

through absorption, both at the level of the leaves 

and at the root level. Following the application of 

this treatment, a good control effect of 93% was 

recorded for the weed species Setaria viridis and 

Echinochloa crus-galli. On the species Sorghum 

halepense it showed a very good control effect of 

97%. 
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In the plots where this treatment was 

applied, a good control effect of 96% was obtained 

for the annual dicotyledon - Chenopodium album. 

For the other species Xanthium strumarium - 

annual dicotyledon and Cirsium arvense - 

perennial dicotyledon, the control effect was 92% 

(Figure 3). 
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Figure 3 The efficacy (%) of the herbicides Radial 40 

(1.0 l/ha) + Dicopur Top (1.0 l/ha) on annual and 
perennial weeds control from the maize crop 

(Fundulea, 2019-2021) 

 
Figure 4 shows the average efficacy results 

(%) recorded after the post-emergence application 

of the treatment with Principal plus (440 g/ha) + 

Trend (0.25 l/ha). This herbicide is absorbed 

through the leaves and is quickly systemically 

distributed in all the organs of the plant and is 

specially designed to combat monocotyledonous 

and dicotyledonous weeds in corn culture. 

In the three years of research, the results 

obtained show a good control effect (95 - 97%) for 

annual monocotyledons: Setaria viridis (SETVI), 

Echinochloa crus-galli (ECHCG). The species 

Sorghum halepense (SORHA) has been completely 

combated. Following this treatment for the annual 

dicotyledonous species, a good degree of control 

was obtained, respectively Chenopodium album 

(CHEAL) - 99% and Xanthium strumarium 

(XANST) - 96%. In contrast, the perennial 

dicotyledonous species, Cirsium arvense (CIRAR) 

showed a good efficacy of 95%. 
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Figure 4 The efficacy (%) of the herbicides Principal 

plus (440 g/ha) + Trend (0.25 l/ha) on annual and 
perennial weeds control from the maize crop 

(Fundulea, 2019-2021) 

Figure 5 shows the average efficacy results 

recorded after postemergence (BBCH 14-16, stage 

of growth and development of maize 4-6 leaves) 

applications of the herbicide combination Radial 

60 (0.7 l/ha) + Hudson (1.0 l/ha). Hudson is 

absorbed in plants through the leaves and is 

quickly translocated throughout the plant. Sensitive 

weeds stop growing, discolor and die). 

The results obtained show a superior control 

effect (99 - 97%) for the monocotyledonous 

species Setaria viridis (SETVI), Echinochloa crus-

galli (ECHCG) and Sorghum halepense (SORHA) 

- 100%. 

Following this treatment for the annual 

dicotyledonous species: Xanthium strumarium 

(XANST) - 94% and Chenopodium album 

(CHEAL) - 99%, a higher degree of control was 

obtained. This herbicide combination had a 

moderate efficacy of 72% on Cirsium arvense 

(CIRAR). This perennial dicotyledonous weed 

shows a certain degree of resistance to this 

herbicide combination (Figure 5). 
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Figure 5 The efficacy (%) of the herbicides Radial 60 
(0.7 l/ha) + Hudson (1.0 l/ha) on annual and perennial 

weeds control from the maize crop  
(Fundulea, 2019-2021) 

 
The Shapiro-Wilk’s tests and the visual 

inspection of the quantile-quantile plots suggest 

that data for maize yields within each treatment 

may have a normal distribution (Figure 6). For 

Radial + Hudson applications (treatment 5) one 

point appear as outlier, but it is not an extreme 

point its distance from the first quartile (Q1) is 

smaller than 1.5 interquartile range (IQR). 

The p-value Levene’s test (p =0.647) 

indicated that there are no significant differences 

between the variances of yields obtained under 

different treatments. If the yields from all the 

treatments are examined across the three 

experimental years, the data points from the 

control treatments are placed clearly bellow the 

confidence interval (Figure 7).  
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Figure 6 The quartile -quartile (Q-Q) plot for maize 
yield under the five treatments for weed control 

 

 
Figure 7 The quartile - quartile (Q-Q) plot for maize 

yield in the three years of experimentation 

 
The Tuckey’s HSD test used for the 

examinations of the differences between treatments 

(pooling the values from all three years) suggested 

that there are significant differences between 

control and each treatment but no significant 

differences within the treatments based on the 

tested herbicides (Figure 8).  

 
Figure 8 The maize yields (t/ha) under the five 

experimental treatments (data pooled from the three 
experimental years). 

 
The averages yield (3 years) for Control was 

3.7 t/ha, meanwhile the plots treated with Radial + 

Dicopur Top, Radial + Hudson, Principal Plus + 

Trend and Diniro + Trend, achieved average yields 

of 7.4, 7.7, 8.5 and respective 8.6 t/ha. 

The chemical control of the weed species 

existing in the maize culture, on the type of cambic 

chernozem soil from Fundulea, represents an 

especially important and necessary technological 

measure. 

In our country, special attention is paid to the 

control of annual and perennial monocotyledonous 

and dicotyledonous weed species by using and 

applying new herbicide treatments due to the degree 

of weeding, dominant and diversified spectrum of 

annual and perennial weeds present in the corn crop. 

 
CONCLUSIONS 

 
The maize crop showed a high degree of 

weeding and diversified with characteristic 

monocotyledonous weed species: Setaria viridis, 

Echinochloa crus- galli, Sorghum halepense and 

annual and perennial dicotyledons: Chenopodium 

album, Xanthium strumarium, Cirsium arvense. 

Treatments with post-emergence herbicides 

applied (BBCH 14-16, stage of growth and 

development of corn 4-6 leaves) did not register 

phytotoxic phenomena for the cultivated corn 

hybrid - Iezer. 

In the 2019-2021 research years, the use and 

application of new treatments with post-emergent 

applied herbicides (BBCH 14-16, stage of growth 

and development of corn 4-6 leaves) had a good 

control effect, highlighting their effectiveness 

through a single application. 

The degree of control of herbicide 

treatments depends on the level of infestation, 

dominance, weed spectrum, applied dose and 

climatic conditions. 

The differences (5.64 t/ha in average) 

between yields of control plots and the yields of 

treated plots were significant in all years, but the 

differences within the yields of treated plots were 

not significant. 

The application of treatments with post-

emergent herbicides is an advantageous 

technological link because controls a wide and 

diversified spectrum of annual and perennial weeds 
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Abstract 

 

The viticultural climate of terroir influences the physiology of grapevine and the ripening of the grapes. The researches 

performed at the IC-DVV Valea Calugareasca have shown that over the past 32 years, the climate has changed in the 

meaning that heating resources increased and the rainfall resources decreased. It has registered, also, years with hot 

summers which significantly influenced the grapevine. The researches were carried out in the Valea Călugărească 

viticultural center within seven viticultural plantations with the varieties Olivia, Negru aromat, Mamaia, Feteasca 

neagra 4 Vl, Columna, Grasa de Cotnari 4 Pt. The changes in the viticultural climate determined a delayed development 

of the vegetative phenophases, especially of the rippening and the maturation of the grapes phenophases (by 

approximately 1-5 days), which especially influenced the quality of the grape production. The grape production 

obtained was in accordance with the productivity of the vine stumps, the highest productions being obtained in the case 

of the varieties Feteasca neagra 4 Vl (2.088 kg / but), Mamaia (2.244 kg / but) and only 1.558 kg / but at Columna 

variety. 

 

Key words: viticultural climate, climate change, quantitative and qualitative potential 

 

 

                                                 
1Research Institute for Viticulture and Enology Valea Calugareasca, Romania 

The average annual air temperature 

increased in the period 1989-2021 by 1.3°C, 

compared to the average 1936-1988 (10.8°C), a 

value that exceeds the average global warming of 

0.85°C in the last 100 years, according to the 

report AR 5 (IPCC 2013). Climatic conditions vary 

from year to year, variations that induce the 

"vintage effect" in yield, quality and typicality 

(Van Leeuwen et al, 2015). The accumulation of 

sugar increases with temperature (Coombe, 1987), 

but certain secondary metabolites are adversely 

affected by the high temperature (Kliewer and 

Torres, 1972). From the point of view of the 

pluviometric regime, there was a general tendency 

of decreasing the annual quantities of 

precipitations, as well as an inappropriate 

distribution, creating for the vine critical periods 

from a physiological point of view, which is 

reflected not only on the grape production. 

During hot summers, vine phenology has 

changed in that way in which the period between 

two phenophases was shortened greatly. The 

changes in the viticultural climate determined a 

delayed development of the vegetative 

phenophases, especially of the rippening and the 

maturation of the grapes phenophases (by 

approximately 1-5 days), which especially 

influenced the quality of the grape production. 

 

 

MATERIAL AND METHOD 

 
The study was realized in the years 2020-

2022, in DOC Dealu Mare-Valea Calugareasca 
viticultural area specialized in the cultivation of black 
grapes. The analysis was performed on Olivia, Negru 
aromat, Mamaia, Feteasca neagra 4 Vl, Columna, 
Grasa de Cotnari 4 Pt varieties.  

The viticultural climate parameters analyzed 
were: monthly climate parameters (air temperature, 
absolute minimum temperature, maximum 
temperature), bioclimatic indicators (global, active 
and useful balance, real heliothermic index, 
bioclimatic index), precipitation and insolation. The 
evaluation of the climate parameters was made by 
comparative analysis of annual and multiannual 
values, the evaluation scale having 3 levels: poor, 
good and very good, established on the basis of a 
score. Grape yield potential was quantitatively 
assessed as yield (kg) per vine and grape weight. 
Qualitatively, the grape harvest was assessed by the 
gluco-acidimetric index and the number of 
anthocyanins (mg/kg grapes) 

 

RESULTS AND DISCUSSIONS  

 

The meteorological data recorded in the 

period 1989-2021 indicate a thermal regime 

characterized by average annual temperatures 

oscillating between 10.2°C (1996) and 14.9°C 

(2020), a global heat balance that oscillated 

between 3186°C (1997) and 3926°C (2012), a sum 

of active temperatures between 3186°C (1997) and 
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3901°C (2007) and a sum of useful temperatures 

between 1381°C (1991) and 2107°C (2012). The 

minimum absolute air temperature oscillated 

between -10.8°C (2019) and -18.8°C (2006), with 

no large eye loss, which would obviously affect the 

grape production or the vegetative state of the vine 

(table 1). 

Table 1 
The main climatic elements of the Dealu Mare vineyards (1989 – 2021) 

Climatic elements analyzed Average Minimum Maximum 

Global thermal balance, (t°g) 3,551 3,186 3,926 

Active thermal balance , t°a) 3,508 3,186 3,901 

Useful thermal balance , (t°u) 1,742 1381 2,107 

Average temperature in July, °C 23.6 21.4 27.6 

Average temperature in August, °C 23.5 20.4 26.8 

Average temperature in September , °C 18.2 14.2 22.3 

Absolute minimum temperature in the air,°C -13.8 -18.8 -10.8 

Average annual temperature,°C 12.2 10.2 14.9 

Maximum temperature in the air,°C 24.7 22.4 26.9 

Sum of annual precipitation, mm 637.1 321 1079 

Sum of prercipitation during the growing season, mm 405.4 216 825 

Sum of insolation during the growing season, ore 1487 1243 1704 

Average maximum temperatures in August,°C 29.5 24.9 38.6 

Average temperature in the I and II decades of June 21.2 19 24.5 

Number of days with maximum temperature > 30°C 33.8 21 67 

Duration of the bioactive period, number of days 188 161 203 

Real heliothermic index (IHr) 2.4 1.79 2.86 

Hidrothermal coefficient (CH) 1.1 0.61 1.83 

Bioclimatic index (Ibcv) 8.2 3.4 13.5 

Oenoclimatic aptitude index (IAOe) 4,691 4,021 5,076 

Huglin heliothermic index (IH) 1,861 1,586 2,440 

Night cooling index (IF) 12.7 5.5 15.7 

 

The analysis of climate data for the entire 

period highlights the increase in the annual 

frequency of tropical days (daily maximum >30°C) 

and the decrease in the annual frequency of winter 

days (daily maximum <0°C), as well as the 

significant increase in the average summer 

minimum temperature and the maximum winter 

and summer temperature. 

Precipitation is the main source of water for 

the growth and development of the vine, and the 

most significant elements of this meteorological 

parameter are the quantitative variability, 

distribution and spatio-temporal distribution. The 

insufficiency of the precipitation, as well as their 

improper distribution, create critical periods for the 

vine from a physiological point of view, which is 

reflected not only on the production of grapes in 

that year, but also on future harvests. 

Precipitation data indicate average annual 

amounts of precipitation of 637 mm, with a 

minimum of 321 mm in the year 2000 and a 

maximum of 1079 mm in the year 2005. The 

precipitation during the growing season summed 

up on average 405 mm, oscillating between 216 

mm in 2000, a year characterized by an obvious 

deficit of precipitation (below the threshold of 250 

mm considered optimally ecological) and 825 mm 

in 2005. 

The bioclimatic index of the vine (Ibcv) 

presented an average value of 8.2, with limits of 

variation between 3.4 (2005), a value that indicates 

low heliothermic resources on the background of 

high-water resources and 13.5 (2000), a value that 

indicates high heliothermic resources against the 

background of deficient water resources. 

The real heliothermic index (Ihr) showed an 

average value of 2.60, with ranges ranging from 

2.37 (2004) to 2.86 (2003), values indicating high 

heliothermic resources, favorable for ripening of 

grapes.  The real heliothermic index (IHr) 

presented an average value of 2.40 with limits of 

variation between 1.79 (1999) and 2.86 (2003), 

falling within the limits specific to the vineyards in 

our country, respectively 1.35-2.70). The high 

values of this indicator express the favorability for 

the cultivation in the Valea Calugareasca wine-

growing area of the varieties for red wines. 

The night cooling index (IF) averaged 12.7 

with ranges ranging from 5.5 (2000) to 15.7 

(2011), falling into the cold-night climate classes 

(IF3:12-15) and very cold nights (IF4: <12). 

The Enoclimatic Aptitude Index (IAOe) 

showed an average value of 4691 with ranges 

ranging from 4021 (1997) to 5076 (2000). With the 

exception of 1997, in all the years studied there 

were registered favorable conditions for obtaining 

red wines. These climatic resources and 

ecoclimatic indicators underline the existence of 

very favorable conditions for the cultivation of 

grape varieties for high-quality red wines.  

During the analyzed period, in the Valea 

Calugareasca wine-growing area, the assessment of 



Lucrări Ştiinţifice – vol. 65(1)/2022, seria Agronomie 

 

97 

the climate parameters allowed the identification of 

the following types of climate: 

 -type 1 - weak: the years 1999, 2000, 2006, 

2010, 2011, 2017, 2018 and 2022  

- type 2 - good: the years 2001, 2003, 2004, 

2005, 2013, 2014 and 2020  

- type 3 - very good: the years 2002, 2007, 

2008, 2009, 2012, 2015, 2016, 2019 and 202.  

The frequency of the weak climate was 

33%,  of the good climate of 29% and of the very 

good climate of 38%. 

The changes in the wine-growing climate 

also influenced the development of the vegetative 

phenophases and the maturation of the grapes, 

which in most of the last 5 years (2017-2021) were 

carried out 7-14 days earlier, compared to the 

multiannual normal data.  

The quantitative potential of the varieties 

showed varietal specificity, Negru aromat reducing 

its production from poor to very good, on average 

by 0.16 kg/vine, Feteasca neagra 4 Vl. with 2.53 

kg/vine, Mamaia with 2.94 kg/vine and Olivia with 

1.72 kg/vine, and the varieties for quality white 

wines they reduced their production by 2.28 

kg/vine (Columna), respectively 4.03 kg/vine 

(Grasa de Cotnari 4 Pt., (Ttable 2). 

 

Table 2 
The grape production 

Quantitative potential/variety Negru aromat Fetească neagră 4 Vl. Mamaia Olivia Columna Grasa de 
Cotnari 4 Pt. 

Poor 2.940 4.620 5.181 3.267 3.835 5.913 

Good 2.386 3.321 3.960 2.640 2.688 3.512 

Very good 1.780 2.088 2.244 1.548 1.558 1.880 

 

The average weight of a grape was variable 

from the poor level to the very good level with 22 

(Negru aromat), 35 grams (Olivia), 55 grams 

(Mamaia and Columna), 62 grams (Grasa de 

Cotnari 4 Pt.) and 70 grams (Feteasca neagra 4 Vl) 

(table 3). 

The quality improved from the poor level to 

the very good level by increasing the sugar content 

with 3.96 % in Negru aromat, 2.2% in Fetească 

neagră 4 Vl., 7.5% in Mamaia, by 6.2% in Olivia, 

and 8.2% per Grasa de Cotnari 4 Pt (table 4). 

Table 3 
The average weight of a grape 

Quantitative potential/variety Negru aromat Fetească neagră 4 Vl. Mamaia Olivia Columna Grasa de 
Cotnari 4 Pt. 

Poor 111 186 157 121 137 156 

Good 105 123 147 108 112 118 

Very good 89 116 102 86 82 94 

 
Table 4 

The sugar content in grapes 

Quantitative potential/variety Negru aromat Fetească neagră 4 Vl. Mamaia Olivia Columna Grasa de 
Cotnari 4 Pt. 

Poor 218 221 196 213 185 213 

Good 224 224 199 218 194 220 

Very good 227 226 212 227 204 232 

 

Regarding the content of total polyphenols, 

it improved from poor to very good with 173 g 

EAG/l, 302 g EAG/l (Negru aromat), 323 g EAG/l 

(Mamaia) and 449 g EAG/l (Feteasca neagra 4 Vl.) 

(table 5). 

Table 5 
The content of total polyphenols of grapes 

Quantitative potential/variety Negru aromat Fetească neagră 4 Vl. Mamaia Olivia 

Poor 1320 1277 957 1027 

Good 1324 1360 1250 1130 

Very good 1622 1726 1280 1200 

 

In recent years the pedological and 

atmospheric hydric stress has negatively 

influenced all the physiological and biochemical 

processes in the plant, with major implications on 

the growth processes and productivity of the vines. 

The long period of drought associated with a high 

thermal regime and an air hygroscopicity of less 

than 40%, installed during the period of intense 

growth of shoots and grapes, led to a drastic 
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reduction of photosynthesis, an intensification of 

breathing and sweating. In these conditions, the  

 

CONCLUSIONS 

 

The grape production has been influenced 

by climate change. High temperatures and 

precipitation in lower quantities have affected 

grape production and vegetative growth is lower. 

The quantitative potential of the varieties 

showed varietal specificity, Negru aromat reducing 

its production from poor to very good, on average 

by 0.16 kg/vine, Feteasca neagra 4 Vl. with 2.53 

kg/vine, Mamaia with 2.94 kg/vine and Olivia with 

1.72 kg/vine, and the varieties for quality white 

wines they reduced their production by 2.28 

kg/vine (Columna), respectively 4.03 kg/vine 

(Grasa de Cotnari 4 Pt) growth of the shoots was 

much reduced (more than 50% in the case of 

sensitive varieties), there is a sharp debilitation of 

the vines and an early cessation of the berry 

growth (the weight of the berry, in most varieties is 

lower by 40-50%). The high temperatures, the 

hydric stress determined the forced entry into the 

scorched phenophase even in the late-ripening 

varieties. The phenomenon of dehydration 

(raisining) of berries began to be evident in all 

varieties. 
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Abstract 

 

Fodder crops consisting of several species are a way to obtain very good quality feed. They have been used more and 

more recently in Europe because, in addition to the superiority of feed production and quality, sowing mixtures of 

several species can lead to a significant reduction in the need for nitrogen fertilizer, an increase in performance and 

animal health. In Romania, there are few studies on the use of multi-species feed mixtures to reduce dependence on 

expensive inputs in order to increase the profitability and quality of feed, in organic agriculture production system. The 

objective was to compare forage yield, degree of coverage and weed infestation of alfalfa single crop and perennial 

grasses mixtures, which include 10 synthetic alfalfa cultivars and 5 varieties, grasses (a cultivar of Dactylis glomerata, 

Festuca arundinacea, Phleum pratense), mixed with herb Anethum graveolens. A field experiment was established in 

2022 in the experimental field of the Center for Organic Agriculture at NARDI Fundulea. The results showed that 

mixtures of alfalfa with dill and festuca had a higher yield than alfalfa in pure crop. Anethum graveolens seeded with 

forage mixtures proved the efficacy as a natural repellent of Hypera variabilis in the first year of crop. In general, 

alfalfa-grass mixtures had beside higher feed yields and lower weed and pests infestations than alfalfa monocultures or 

mixtures of two species.  

 

Key words: alfalfa, grasses, populations, feed mixtures, biomass 
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Recent studies have shown that including 

plants from contrasting functional groups can be 

beneficial in terms of forage production and the 

delivery of ecosystem services (Grace et al, 2016; 

Sollenberger et al, 2019; Cummins et al, 2021, 

cited by Jaramillo et al, 2021). Multi-species crops 

thus represent a way to obtain very good quality 

fodder. This has started to be used more and more 

lately in Europe because, along with the superiority 

regarding the production and quality of fodder, the 

sowing of mixtures of several species can lead to a 

significant reduction in the need for nitrogen 

fertilizer, increasing the performance and animal 

health. In this context, it is important that the 

different species are not in direct competition with 

each other and can benefit from growing in 

mixtures (Moga I. et al, 2007; Goh et al, 2005). 

 Plant breeders and farmers are using 

intercropping as an option to reduce their 

dependence on expensive inputs to increase 

profitability and especially in organic farming it 

increase the functional biodiversity of the 

cultivated crops (Ergon A. et al, 2022) Multi-

species mixtures produce a higher volume of 

quality forage in the summer than single-species 

and their inclusion in the grazing platform can 

result in a more consistent supply of grazed forage 

throughout the year. Some farmers even sow these 

mixes as a drought buffer 

(https://www.dlf.co.uk/about-dlf/news-and-press/ 

article/multi-species-sward).  

In Romania, the researches were focused 

especially on alfalfa and mixtures of alfalfa with 

perennial grasses, for which intensive technologies 

were developed, effective in favorable humidity 

conditions (Moga I. et al, 1996, 2007) and to 

reduce the effects of drought, studies were carried 

out on the introduction of sainfoin (Onobrychis 

sativa) and smooth brome (Bromus inermis) in 

feed mixtures (Drăgan L. et al, 2009). 

The purpose of the work is to present the 

behavior of multispecies mixtures implemented 

within the DIVERSILIANCE project (Core organic 

program) made in order to find solutions for 

farmers who are looking for advice on how to best 

implement and manage this type of crops. 

 

MATERIAL AND METHOD 

 

https://www.dlf.co.uk/about-dlf/news-and-press/
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Experiments were carried out with different 
perennial and annual fodder species in the 
experimental field of the Ecological Agriculture 
center from National Agricultural Research and 
Development Institute Fundulea situated in south 
east of Romania. 

The experimental variants consisted of 
forage mixture crops, including ten alfalfa synthetic 

cultivars and five registered cultivars, perennial 
grasses, a variety of Dactylis glomerata (Marius 
variety), Festuca arundinacea (Adela variety) and 
Phleum pratense (Tirom variety), mixed with 
Anethum graveolens. Experimental subvariants: in 
pure crop, 15 combinations of alfalfa and perennial 
grasses in two seeding ratios and various plant 
combinations (table 1). 

 
Table 1 

Experimental variant 

Alfalfa 

Alfalfa + Festuca 

Alfalfa + Phleum 

Alfalfa + Dactylis 

Alfalfa + Anethum 

Alfalfa + Anethum + Festuca 

Alfalfa + Anethum + Phleum 

Alfalfa + Anethum + Dactylis 

 

Based on the assessment, the most 
promising crop combinations that provide 
functional biodiversity will be selected for control 
strategies. 

In this work were analysed: 
1. biomass yield; 
2. weeds infestation under the conditions of 
practicing the ecological agriculture system; 
3. normalized Difference Vegetation Index (NDVI) 
was measured by a spectroradiometer (Green-
Seeker Hand Held Crop Sensor, Trimble unit), 
above the canopy. 

 

RESULTS AND DISCUSSIONS 

 

The evolution of climatic conditions in the 

2021-2022 agricultural year indicated significant 

differences in Fundulea compared to normal 

conditions, both concerning temperatures and level 

of rainfall. 

The analysis of these conditions in relation 

to the requirements for the climatic factors of crops 

sown in the fall highlighted, in general, the 

provision of the thermal factor within optimal 

limits during the autumn period (figure 1). 

It is observed that the temperatures were 

above the multiannual average, the months of 

November and December being much warmer (7.7, 

respectively, 2.6°C) compared to the multiannual 

average (5.4, respectively, 0°C). 

In January and February, temperatures were 

above the multiannual average (figure 1). 

From October 2021 to the end of June 2022, 

the amount of rainfall in Fundulea amounted to 

287.6 mm, compared to the multi-year average of 

415 mm, which highlights the dry nature of the 

analyzed period. From November to March there 

was a lack of rainfall and in April (which 

corresponds to the intense growth of spring plants) 

the precipitation was 47.6 mm, only 2.5 mm more 

than the annual average. It can also be observed 

that the following months also had rainfall below 

the multiannual average (figure 2). 

 

 
Figure 1 Average temperatures (°C) from October 2021 to June 2022 

compared to the multiannual average over the last 60 years

In the autumn period, the moisture reserves 

in the soil were insufficient for a uniform 

emergence and to support the water requirements 

of the cultivated plants, which influenced the 
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emergence, but also the vegetation of the autumn 

crops. 

Moreover, the soil work carried out was 

carried out in difficult conditions with higher fuel 

consumption (due to low soil moisture, hard 

boulders resulted that required repeated passes 

with the disc harrow for crushing). 

 

 
Figure 2 Rainfall (mm) from October 2021 to June 2022, compared to the multi-year average

 

The analysis of variance regarding fresh 

matter accumulation shows a very significant 

influence of the treatment, genotype and their 

interaction, (table 2). 
 

Table 2 
Analysis of variance for biomass accumulation 

Source of 
variation 

DF 
Fresh matter  

Sum of squares Mean square F value 

Treatment 7 362146.3 51735.19 982.2913*** 

Error A 14 737.3501 52.66787  

Genotype 14 78169.43 5583.53 998,42*** 

Interaction 98 235528.3 2403.35 429.7595*** 

Error B 196 1252.678 5.592314  

*** significant for P < 0.01% 

 

The growth of plants, as measured by fresh 

weight accumulation was lower in alfalfa pure crop 

than in forages mixture, except mixture by alfalfa 

(Medicago sativa) and timothy (Phleum pratense). 

What is explained by sensitivity to drought of 

timothy. Timothy (Phleum pratense L.) is the main 

forage grass species cultivated with alfalfa 

(Medicago sativa L.) in eastern Canada, yet its 

regrowth under dry and warm conditions (as it was 

in our experience) is poor (Pomerleau-Lacasse F. 

et al, 2019). The mixtures with three species, had 

higher total FM yields due to the contribution 

made by dill. The yields ranged from 429 g fresh 

matter/square meter up to 499 g fresh matter/sm 

for alfalfa-dill-timothy (figure 3).  

Data from the scientific literature show that 

increasing the number of species within a forage 

mixtures does not always result in a positive 

response in terms of biomass accumulation 

(Sanderson M.A. et al, 2004; Moloney T., 2018). 
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Figure 3. The biomass accumulation (average fresh matter) in alfalfa pure crop and different mixtures 

 

 There was a genetic variability for biomass 

accumulation of the alfalfa cultivars studied in 

different mixtures. Highest average yields were 

obtained in cultivars F 2315-14, F 2010-08, and 

Teodora. In the multispecies forage crop with three 

species, the yields were higher (up to 841 g) (in 

cultivar F 2315-14). In the pure crop, the yield did 

not exceed 171 g fresh matter (in cultivar F 2616-

12), (table 3). 

 
Table 3 

The biomass accumulation (fresh matter) for studied alfalfa genotypes in alfalfa pure crop and different mixtures 

Variants 
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Alfalfa + 
Phleum 

124 56 70 188 327 189 124 118 121 76 42 53 148 64 89 

Alfalfa 249 287 288 288 308 379 171 250 275 332 384 221 362 338 187 

Alfalfa+ 
Dactylis 

364 270 221 299 116 196 148 344 458 356 500 308 332 293 255 

Alfalfa+ 
Anethum 

278 456 275 247 360 254 299 277 372 243 368 298 353 352 390 

Alfalfa + 
Festuca 

634 278 607 329 302 518 202 196 395 668 490 381 618 400 416 

Alfalfa+ 
Anethum+ 
Dactylis 

537 624 466 653 537 841 459 282 693 370 362 373 374 352 518 

Alfalfa+ 
Anethum+ 
Festuca 

547 686 484 479 642 618 286 516 513 469 276 238 823 480 434 

Alfalfa+ 
Anethum+ 
Phleum 

409 410 360 391 391 482 269 283 438 361 348 281 423 330 350 

 

One of the main constraints of organic 

farming is weed infestation, production losses due 

to weeds being very high.  

There is evidence to suggest that increased 

forage plant diversity might suppress weed 

invasion in pasture ecosystems (Tracy B.F., 

Sanderson M.A., 2004).  

Our results showed the very significant 

influence of different mixtures of plant species on 

the degree of weeding in the experimental plots 

(table 4). 
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Table 4 
Analysis of variance for degree of weeding 

Source of 
variation 

DF 
Number of weeds 

Sum of squares Mean square F value 

Total 23 246738.5 -  

Replicates 2 156.25 -  

Variants 7 245884.5 35126.36 704.792*** 

Error B 14 697.75 49.83929  

*** significant for P < 0.01% 

 

The specific mechanisms for weed 

suppression in multispecies crop are difficult to 

define, since increased forage diversity is often 

positively correlated with high productivity (Tracy 

B.F., Sanderson M.A., 2004).  

The number of weeds and the normalized 

vegetation index correlated very significantly, 

(figure 4). 

 

 
Figure 4 Relationship between weed infestation and normalized index of vegetation 

for alfalfa pure crop and different mixtures 

 

However, it is suggested that increased soil 

cover improves resource use efficiency and 

reduces space for weeds to encroach and establish 

themselves in the culture.  

The alfalfa weevil (Hypera variabilis) is 

among the alfalfa pests, spread to almost all grown 

areas of alfalfa in Romania and cause significant 

crop losses if no control measures is made. In the 

variants of mixtures with dill there was no attack 

by Hypera variabilis (Alfalfa leaf weevil), (table 

5). 

Table 5 
Effect of experimental variant of attack by Hypera variabilis 

Experimental variants Hypera variabilis 

Alfalfa +++ 

Alfalfa + Festuca ++ 

Alfalfa+Phleum +++ 

Alfalfa +Dactylis ++ 

Alfalfa+Anethum 0 

Alfalfa+Anethum+Festuca 0 

Alfalfa+Anethum+ Phleum 0 

Alfalfa+Anethum + Dactylis 0 

+: increase, 0: little or no attack 

 

CONCLUSIONS 

 

The alfalfa-dill-festuca, alfalfa-dill-dactiliys, 

and alfalfa-dill-timothy mixtures generally 

performed as well as the alfalfa-timothy mixture, 

and they represent valuable alternatives for forage 

production. In these variants, no attack by Hypera 

variabilis was reported, which is all the more 

recommended for the organic farming system. 

 



Universitatea pentru Ştiinţele Vieții din Iaşi 

 

104 

ACKNOWLEDGEMENTS 

 
This research is funded by ERA-NET Cofund 

Program. European and International Collaboration 
Subprogramme 3.2 Horizon 2020, project: 
”Diversification of organic crop production for increasing 
resilience” – DIVERSILIANCE under the contract 
250/2021 with UEFISCDI, Romanian Ministry of 
Research. 

 
REFERENCES 

  
Drăgan L., Schitea M., Dihoru A., Epure Cîrstea V., 

2009 - Agrotehnica culturilor cercetări privind 
cultura în amestec a unor specii de plante 
furajere rezistente la secetă. An. INCDA 

Fundulea, 77:159-169. 
Ergon Å., Bakken A.K., 2022. Breeding for 

intercropping: the case of red clover persistence 
in grasslands. Euphytica 218, 98. 

Goh K.; Bruce,G., 2005 - Comparison of biomass 
production and biological nitrogen fixation of 
multi-species pastures (mixed herb leys) with 
perennial ryegrass-white clover pasture with and 
without irrigation in Canterbury, New Zealand. 
Agric. Ecosyst. Environ., 110:230–240. 

Pomerleau-Lacasse F., Seguin P., Tremblay G.F., 
Bélanger G., Lajeunesse J., Charbonneau E., 

2019 - Alternatives to timothy grown in mixture 

with alfalfa in Eastern Canada. Journal of Agron. 
J., 111:1-14, doi:10.2134/agronj2018.05.030. 

Moga I., Schitea M., Mateiaş M., 1996 - Plante furajere. 

Edit. Ceres, Bucureşti. 
Moga I., Drăgan L., Răducanu C., 2007 - Cercetări 

privind agrotehnica plantelor furajere la Fundulea 
şi în reţeaua experimentală. An. INCDA Fundulea, 
vol. LXXV, volum jubiliar: 317-341. 

Moloney T., 2018 - Multi-species swards for silage 
production. Ph.D. Dissertation, University College 
Dublin, Dublin, Ireland. 

Sanderson M.A., Skinner R.H., Barker D.J., Edwards 
G., Tracy B.F., Wedin, D.A., 2004 - Plant 
species diversity and management of temperate 
forage and grazing land ecosystems. Crop. Sci., 
44:1132-1144. 

Tracy B.F., Sanderson M.A., 2004 - Forage 
productivity, species evenness and weed 
invasion in pasture communities. Agric. Ecosyst. 
Environ., 102:175-183. 

Jaramillo D.M., Sheridan H., Soder K., Dubeux J.C.B., 
2021 - Enhancing the Sustainability of Temperate 
Pasture Systems through More Diverse Swards. 
Agronomy,11, 1912.  

*** https://www.dlf.co.uk/about-dlf/news-and-press/article/ 
multi-species-sward 

 
 

https://www.dlf.co.uk/about-dlf/news-and-press/article/


Lucrări Ştiinţifice – vol. 65(1)/2022, seria Agronomie 

 

105 

 

 

POSSIBILITIES TO IMPROVE THE PERMANENT GRASSLANDS OF 

Dichanthium ischaemum (L.) Roberty FROM THE MOLDAVIAN FOREST 

STEPPE  

 

Adrian-Ilie NAZARE1, Mihai STAVARACHE2 Costel SAMUIL1, Vasile VÎNTU1 

 
 email: adrian.nazare@uaiasi.ro  

 
 

Abstract 
 

The enhancement of permanent meadows involves conducting complex research, in order to know the limiting factors 

in the optimal development of vegetation, specific improvement measures to be taken to increase production capacity, 

feed quality and grazing capacity. The quantity and quality of the vegetation of the permanent meadows are largely 

conditioned by the characters of the seasonal conditions, to which are added the anthropogenic influences through the 

exploitation system. The objectives of this study were to highlight the influence of harvesting phenophase and 

fertilization with mineral or organic fertilizers on the productivity and quality of the forage, with important implications 

for obtaining high quality forage, depending on the type of fertilizer and the size of application doses. The experience 

field was organized on a permanent grassland of Dichanthium ischaemum (L.) Roberty, in Andrieşeni locality, Iaşi 

county, framed between the parallels 47°30'45.2”N and 27°15'42.0” E. The experimental factors were represented by 

the harvesting phenophase, with three graduations: a1-harvesting at plants height of 15-18 cm, a2-harvesting at the ear 

formation (control), a3-harvesting to full flowering and fertilization with seven graduations: b1- unfertilized (control), 

b2- N50P50 kg/ha-1 annually, b3- N75P75 kg/ha-1 annually, b4- N100P100 kg/ha-1 annually, b5-10 t/ha-1 sheep manure annually, 

b6-20 t/ha-1 annually and b7-30 t/ha-1 annually sheep manure applied at two years. From the results obtained on the 

Dichanthium ischaemum meadow, it was found that its productivity is very low, and the level of dry matter production 

can increase considerably depending on the harvesting phenophase and the fertilization used. The harvesting 

phenophase and the applied fertilization had a marked influence on the quality of the fodder obtained from this type 

derived from meadows, materialized by changes in the chemical composition with implications on the value of use 

 
 

Key words: permanent grasslands, harvesting phenophase, organic and mineral fertilization, forage quality, 

productivity 
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The very strong influences of the anthropic 

factor determined a great variability of the 

meadows, both from the point of view of the 

floristic composition of the vegetal cover, as well 

as of the production and quality of the forage. 

Dichanthium ischaemum meadows have a 

wide ecological range and form a type derived 

from meadows in steppe, forest-steppe and oak 

forest areas, where certain species, such as Festuca 

valesiaca, F. rupicola and Agrostis capillaris lose 

their dominance, being replaced by Dichanthium 

ischaemum, the main cause being excessive 

grazing (Vîntu V. et al, 2004; Samuil C. et al, 

2019). The application of fertilizers on meadows, 

regardless of their nature (mineral or organic), 

determines with the increase of production and the 

improvement of the main quality indices of the 

forage (Vîntu V. et al, 2008; Samuil C. et al, 2008; 

Yu Y.W. et al, 2011; Samuil C. et al, 2018). Many 

long-term studies report the positive effect of 

nitrogen fertilization on permanent grasslands, by 

increasing concentrations of crude protein and 

crude fat as a result of nitrogen-induced changes in 

floristic composition and which have significantly 

contributed to forage quality. (Vîntu V. et al, 2011; 

Delevatii L.M., 2019; Simić A. et al, 2020; 

Mrázková M. et al, 2020; Ding G. et al, 2021). 

The stage of development is an essential 

factor that determines changes in forage quality, 

being influenced by the management of forage 

crops (Adesogan A.T. et al, 2009; Baranova A. et 

al, 2019; Reine R. et al, 2020). 

The forage value of the species is strongly 

influenced by the stage of their growth when they 

are harvested or grazed (Ball D.M. et al, 2001; 

Bumb I. et al, 2016).  

The paper presents the experimental results, 

from 2020 obtained on a meadow of Dichanthium 

https://sciprofiles.com/profile/1207608


Universitatea pentru Ştiinţele Vieții din Iaşi 

 

106 

ischaemum (L.) Roberty, where the effect of the 

harvesting phenophase under the influence of 

organic and mineral fertilization on feed 

productivity and quality was followed.  

 

MATERIAL AND METHOD 
 

The experience was organized on a 
permanent grassland of Dichanthium ischaemum (L.) 
Roberty, situated in Moldavian forest steppe, on the 
territory of Andrieşeni locality, Iaşi county, between 
the geographical coordinates 47°02' N latitude and 
27°22' - eastern longitude, on a slightly inclined 
ground, with SE exposition. 

The experience is bifactorial, arranged in 
randomized plots in three replicates, with the 
objectives of determining the quantitative value of 
forage and highlighting the value of elements that 
express the nutritional value of forage (CP, ADF, 
NDF, RFQ) on developmental phenophases, under 
the influence of organic and minerals fertilization in 
different doses. 

The experimental factors were represented by 
the harvesting stage, with three graduations: a1-
harvested at plant height of 15-18 cm, a2-harvested at 
the ear formation (control) and a3-harvested to full 
flowering and fertilization with seven graduations: b1-
unfertilized (control), b2-N50P50 kg·ha-1 annually, b3-
N75P75 kg·ha-1 annually, b4-N100P100 kg·ha-1annually, 
b5-10 Mg ha-1 sheep manure applied annually, b6-20 
Mg·ha-1 sheep manure applied annually and b7-30 
Mg·ha-1 sheep manure applied at two years. 

Fertilization was done with two types of 
fertilizer: organic represented by well fermented 
sheep manure (older than two years) and mineral 
represented by complex fertilizer with nitrogen and 
phosphorus (N20P20). The manure and mineral 
fertilizers were manually applied very early in the 
spring, at the beginning of plant growth. 

Production was expressed in dry matter; 
nitrogen content was determined by Kjeldahl method, 
and NDF and ADF content were determined by Van 
Soest method. RFQ (Relative Forage Quality) was 
calculated using the Equation 1 (Ward R. and 
Ondarza M.B., 2008; Linn J.G. and Martin N.P., 
2012). 

The results were statisticaly analyzed by the 
analyses of variance and limit differences. We also 
determined the correlation equations and the 
significance of the square regression between the 
type of fertilization, harvest pheophase and the feed 
content in CP and dry matter. 

 

23.1
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NDF
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Equarion 1. Relative Forage Quality 
 

 

RESULTS AND DISCUSSIONS 

 

A large part of the permanent grasslands in 

the Moldavian forest-steppe are in different stages 

of degradation and with a low productive yield.  

The quantity and quality of the vegetation of 

the permanent meadows of Dichanthium 

ischaemum are largely conditioned by the 

characteristics of the seasonal conditions, to which 

are added the anthropogenic influences through the 

exploitation system. 

From the results obtained during the 

experimentation on the Dichanthium ischaemum 

meadow it was found that the productivity can be 

increased if the necessary measures for 

improvement are applied. The year 2020 can be 

considered a dry year for the studied meadow by 

Dichanthium ischaemum, the yields being small 

due to the uneven distribution of rainfall during the 

vegetation period, as well as the severe drought 

that occurred at the beginning of the vegetation 

period (April), but also in summer, in July and 

August, which had a negative influence on the 

production obtained, which in 2020 resulted only 

from the first cycle.  

In 2020, the harvesting of the meadow 

studied by Dichanthium ischaemum at the height 

of the plants of the dominant species of 15-18 cm 

led to obtaining high production increases of dry 

matter with statistical assurance in all fertilized 

variants, the production values being correlated 

with large amounts of precipitation from May and 

June which had a complex effect on vegetation. 

Mineral fertilization in different doses generated 

production increases between 0.67 t/ha DM and 

1.71 t/ha DM, depending on the doses used (N50P50 

and N100P100, which represent 64.3% and 163.9%. 

It is notable in this phenophase, the very 

significant statistically assured production 

increases brought by the organic fertilization with 

sheep manure in the researched doses, which are 

between 78.6% and 166.5% (table 1). 

In terms of production, in 2020, in the 

phenophase in which the harvest was carried out at 

the ear formation, all fertilized varieties regardless 

of their nature generated quantitative increases that 

ranged depending on the type of fertilizer and the 

amount applied. 

Therefore, the mineral fertilization 

depending on the applied doses determined the 

obtaining of very significant increases of 

production, between 0.88 t/ha DM and 1.94 t/ha 

DM, which represents 84.0% and 185.9%. Also, in 

this phenophase we find the increases brought by 

the organic fertilization depending on the applied 

doses and the time interval from the application, 

the production values being between 2.30 t/ha DM 

(10 t/ha sheep manure applied annually) and 3.14 

t/ha DM (30 t/ha sheep manure applied every 2 

years), with very significant differences compared 

to the control variant (table 1). 

Harvesting in the full flowering phenophase 

of the dominant species determined in 2020 the 
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achievement of higher dry matter production 

compared to the other two phenophases studied. 

The high values of the productions obtained 

in this phenophase can be explained by the high 

level of precipitations in May and June above the 

normal average that allowed the better assimilation 

of nitrogen from the applied fertilizers, generating 

a good growth and development of the plants (table 

1). Analyzing the yields obtained at the interaction 

between the full flowering phenophase and the 

fertilization applied in 2020 (table 1), it appears 

that the application of fertilizers in this phenophase 

regardless of their nature generated very significant 

statistically assured production increases compared 

to the unfertilized variant. Mineral fertilization 

regardless of the applied dose brought very 

significant increases in production in this 

phenophase between 1.15 t/ha DM (N50P50) and 

2.55 t/ha (N100P100), which represent a percentage 

of 110.2% and 244.5%. The same finding can be 

made in the case of fertilization with sheep manure 

in different doses, which led to obtaining 

considerable increases in production with 

statistical assurance, between 1.65 t/ha DM and 

2.52 t/ha DM, which represents 158.1% and 

241.3% (table 1). Between the applied dose of 

nitrogen (N kg/ha) and the production of DM 

obtained on the Dichanthium ischaemum meadow, 

positive correlations were obtained at all three 

studied harvesting phenophases, the values of the 

regression coefficient (R2) being distinctly 

significant (figure 1 a). Distinctly significant 

positive values of the regression coefficient were 

also obtained in the case of the correlation between 

the applied manure doses (t/ ha) and the production 

of DM at all three harvested phenophases studied 

(figure 1 b). 

Table 1 
The influence of harvesting phenophase and fertilization on dry matter production for the Dichanthium 

ischaemum (L.) Roberty grassland  

Variant  
DM 

production 
Mg·ha-1 

Difference 
Statistical 

significance      Mg·ha-1   % 

a1 - harvested 
at plant height 
of 15-18 cm 

b1-unfertilized 1.18 0.14 113.2   

b2- N50P50 1.71 0.67 164.3 ** 

b3- N75P75 2.29 1.25 219.7 *** 

b4- N100P100 2.75 1.71 263.9 *** 

b5-10 Mg·ha-1 sheep manure applied annually 1.86 0.82 178.6 *** 

b6-20 Mg·ha-1 sheep manure applied annually 2.38 1.33 228.0 *** 

b7-30 Mg·ha-1 sheep manure applied at 2 years 2.78 1.74 266.5 *** 

a2 - harvested 
at the ear 

formation (C) 

b1-unfertilized (C)  1.04  Control 100 Control 

b2- N50P50 1.92 0.88 184.0 *** 

b3- N75P75 2.52 1.48 242.1 *** 

b4- N100P100 2.98 1.94 285.9 *** 

b5-10 Mg·ha-1 sheep manure applied annually 2.30 1.25 220.2 *** 

b6-20 Mg·ha-1 sheep manure applied annually 2.80 1.76 269.1 *** 

b7-30 Mg·ha-1 sheep manure applied at 2 years 3.14 2.09 300.9 *** 

a3 - harvested 
to full flowering 

b1-unfertilized 1.48 0.44 141.7 * 

b2- N50P50 2.19 1.15 210.2 *** 

b3- N75P75 3.00 1.96 287.8 *** 

b4- N100P100 3.59 2.55 344.5 *** 

b5-10 Mg·ha-1 sheep manure applied annually 2.69 1.65 258.1 *** 

b6-20 Mg·ha-1 sheep manure applied annually 3.24 2.20 311.0 *** 

b7-30 Mg·ha-1 sheep manure applied at 2 years 3.56 2.52 341.3 *** 

  

   LSD 5% 0.43   

 LSD 1% 0.57   

 LSD 0.1% 0.75   
 

a  b  
Figure 1 Correlations between the amount of fertilizer applied and the dry matter production, for the Dichanthium 

ischaemum (L.) Roberty grassland in 2020 
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Analyzing the influence of the interaction of 

the studied factors on the crude protein content in 

the fodder obtained from the Dichanthium 

ischaemum meadow in 2020 (table 2), it is found 

that the values of the forage content in CP are 

different depending on the fertilization variants 

used, and at the same doses, depending on the 

harvesting phenophase. Harvesting at the height of 

the plants of the dominant species of 15-18 cm on 

the background of applied fertilizers determined an 

increase in the feed content in crude protein in 

2020 in most experimental variants, the highest 

crude protein content in this phenophase, of 10.77 

g·100 g-1 DM being recorded in the version 

fertilized with N100P100, with a very significant 

difference from the control variant (table 2). It is 

found that in this phenophase, the feed has a high 

content of crude protein, the values being 

correlated with the young stage of the plants, but 

especially with the assimilation of nitrogen from 

the fertilizer. The results obtained in the other two 

studied phenophases (harvested to ear formation 

and fully flowering) also show the decrease of the 

feed content in crude protein (CP) as a result of the 

advancement in vegetation of the plants in the 

vegetal cover, the values of the crude protein 

content being between 7.80 g·100 g-1 DM (control) 

and 10.63 g·100 g-1 DM (30 t/ha manure applied at 

intervals of 2 years) in the phenophase of ear 

formation of the dominant species and between 

7.14 g·100 g-1 DM (control) and 9.45 g·100 g-1 

DM (30 t/ha manure applied at intervals of 2 years) 

in the full flowering phenophase of the dominant 

species (table 2), the increases being more 

accentuated in the variants fertilized with mineral 

and organic fertilizers in high doses. Also, the high 

values of the forage content in crude protein in 

these phenophases are correlated with the 

modification of the floristic structure, by 

increasing the share of legumes in the vegetal 

cover. The influence of the interaction between 

harvesting and fertilization phenophase on the 

quality of forage obtained from the Dichanthium 

ischaemum (L.) Roberty meadow in 2020, 

highlights that the harvesting in different 

phenophases and the administration of mineral and 

organic fertilizers in the planned doses produced 

important changes in cell wall structure (ADF and 

NDF), as shown in table 2. It is found that the 

values of the forage content in NDF 

(hemicellulose, cellulose and lignin) vary 

depending on the harvesting phenophase and the 

nature of the fertilizer in the applied quantities, 

being between 58.99 g·100 g-1 DM and 72.29 

g·100 g-1 DM depending on the interaction of the 

two factors studied, the lowest values of forage 

content in NDF being recorded in the young 

phenophase in which the harvest was performed at 

the height of plants of the dominant species of 15-

18 cm with very significant negative differences 

(table 2). 

The results obtained in the other two studied 

phenophases (harvested at the ear formation and 

harvested in the full flowering phenophase) also 

highlight the decrease of NDF plant content in 

fertilized variants compared to the unfertilized 

variant, but also an increase of NDF values due to 

vegetation advancement of plants in the vegetal 

cover (table 2).  

Examination of the results on the content of 

forage in ADF (table 2) shows that the phenophase 

in which the harvest was carried out at a plant 

height of 15-18 cm on different fertilization plots 

resulted in a decrease in the values of this 

parameter in all fertilized variants compared to the 

control variant, the differences being statistically 

assured, according to table 2. Thus, the values in 

this phenophase ranged between 35.81 g·100 g-1 

DM su and 41.71 g·100 g-1 DM depending on the 

doses. With the advancement in vegetation, (the 

phenophases of ear formation and full flowering of 

the dominant species), there is a tendency to 

increase the values of ADF content due to the 

advanced stage of vegetation, by the accumulation 

of cell walls (lignin and cellulose), the values 

obtained varying according to the type of fertilizer 

and the amount applied, as shown in table 2.  

The relative qualitative value of the forage 

(RFQ) obtained from the Dichanthium ischaemum 

meadow was influenced by the applied 

fertilization, but especially by the harvesting 

phenophase, with statistically assured differences, 

especially in the phenophase in which the 

harvesting made at the height of the plants of the 

dominant species of 15-18 cm (table 2).  

Thus, the results obtained regarding the RFQ 

values of the forage, highlight a middle quality 

class (3) of it in the first studied phenophase, with 

a tendency to decrease the quality from quality 

class 3 (medium) to quality class 4 (weak), the 
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RFQ values being correlated with the high ones of 

the cell walls (ADF and NDF) as a result of the 

advanced stage of vegetation (table 2). Between 

the dose of nitrogen applied and the content of the 

forage in CP, positive correlations were obtained at 

all three harvested phenophases studied, the values 

of the regression coefficient being insignificant and 

distinctly significant (figure 2 a). Insignificant, 

significant and distinctly significant values of the 

regression coefficient were also obtained in the 

case of the correlation between the applied manure 

doses and the forage content in PB at all three 

studied harvesting phenophases, being highlighted 

an increase in PB content with increasing doses of 

manure applied (figure 2 b). 

 

Table 2 
The influence of harvesting phenophase and fertilization on forage quality obtained from the Dichanthium 

ischaemum (L.) Roberty grassland 

Variant  

Quality parameters 

PB 
(g·100g-1 DM) 

NDF 
    (g·100g-1 DM) 

ADF 
(g·100g-1 DM) 

RFQ 

a1 - harvested 
at plant height 
of 15-18 cm 

b1-unfertilized 10.06** 65.24*** 39.93*** 86.54oo 

b2- N50P50 10.26*** 59.27ooo 36.42ooo 101.67*** 

b3- N75P75 10.44*** 58.99ooo 35.81ooo 103.28*** 

b4- N100P100 10.77*** 59.37ooo 35.83ooo 102.59*** 

b5-10 Mg·ha-1 sheep manure 
applied annually 

10.46*** 67.84*** 41.71*** 80.36ooo 

b6-20 Mg·ha-1 sheep manure 
applied annually 

10.68*** 66.56*** 40.87*** 83.27ooo 

b7-30 Mg·ha-1 sheep manure 
applied at 2 years 

11.48*** 66.71*** 40.74*** 83.31ooo 

a2 - harvested 
at the ear 

formation (C) 

b1-unfertilized (C)  7.80c 62.68c 38.39c 92.74c 

b2- N50P50  8.21 63.21 38.54 91.70 

b3- N75P75  8.68 63.88* 38.56 90.71 

b4- N100P100  9.23* 61.68o 36.83*** 97.00 

b5-10 Mg·ha-1 sheep manure 
applied annually 

 9.07 71.30*** 42.58ooo 75.14ooo 

b6-20 Mg·ha-1 sheep manure 
applied annually 

10.63*** 70.22*** 42.33ooo 76.68ooo 

b7-30 Mg·ha-1 sheep manure 
applied at 2 years 

10.61*** 67.04*** 40.29ooo 83.63ooo 

a3 - harvested 
to full flowering 

b1-unfertilized 7.14 66.48*** 40.54ooo 83.91ooo 

b2- N50P50 8.11 65.09*** 39.37* 87.67o 

b3- N75P75 8.08 63.93* 39.02     89.86 

b4- N100P100 8.90 63.96* 38.83 90.13 

b5-10 Mg·ha-1 sheep manure 
applied annually 

8.01 72.29* 43.77*** 72.33ooo 

b6-20 Mg·ha-1 sheep manure 
applied annually 

8.56 69.54*** 42.13*** 77.75ooo 

b7-30 Mg·ha-1 sheep manure 
applied at 2 years 

9.45* 67.65*** 41.10*** 81.57ooo 

  

  LSD 5% 1.06 0.97 0.75 4.63 

LSD 1% 1.42 1.30 1.00 6.18 

LSD 0.1% 1.87 1.70 1.31 8.13 
 

  
a b 

Figure 2 Correlations between the amount of fertilizer applied and the crude protein content of the forage 

obtained from the Dichanthium ischaemum (L.) Roberty grassland  
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CONCLUSIONS 

  

From the results obtained during the 

experimentation on the Dichanthium ischaemum 

meadow it was found that their productivity is very 

low and can be substantially increased if the 

necessary measures for improvement and use are 

applied. 

The level of the obtained productions was 

differentiated, depending on the applied doses, by 

the harvesting phenophase of the dominant species, 

as well as due to the climatic conditions during the 

experimentation period. 

The harvesting phenophase and the applied 

fertilization had a marked influence on the quality 

of the forage obtained from the studied meadow, 

materialized by changes in the chemical 

composition with implications on the use value.  

During the studied period, a poor quality of 

the forage resulted, and through improvement a 

medium quality can be reached, especially in the 

phenophase in which the harvesting was carried 

out at the height of the plants of the dominant 

species of 15-18 cm.  

As the plants of the dominant species 

advance in the vegetation (the phenophase of ear 

formation and full flowering), there was a tendency 

to decrease the relative qualitative value of the 

forage obtained from the Dichanthium ischaemum 

meadow, due to the accumulation of cell walls 

(ADF and NDF) determined of the development 

stage.  
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Abstract 

Lupinus albus (white lupin) is a crop well adapted to marginal lands and has a large potential for enhanced bio economy 

use. In general, lupins have the ability to fix atmospheric nitrogen, mobilise soil phosphate and are suitable for low 

nutritional cultivation. Modern varieties should be selected for high yield of green silage or high yield of seeds which 

contain more than 20% oil, more than 40% protein and the remaining materials are carbohydrates, mainly 

oligosaccharides characterized as “prebiotics”. In this experiment, three new white lupin sorts were tested in 

experimental fields. Breeding activities we compensated by optimized cultivation technology for these cultivars. One of 

the biggest problem in the white lupin cultivation this year was caused by the extreme draught and high temperatures 

registered during the vegetation period. Results present the observations obtained in 2022 season at the Ezăreni Farm. 

Comparison of the selected cultivars was performed using two different density condition. Results indicated that white 

lupins could be an interesting alternative for farmers and can contribute to new optimised crop rotation systems.  

Key words: Lupinus albus, plants density, abiotic stress 
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Despite the fact that white lupine is a 

valuable leguminous species due to its high protein 

content, up to 44% (Lucas M.M. et al, 2015), that 

it enriches the soil with nitrogen and, last but not 

least, thanks to the simple cultivation technology, 

for farmers, it is still a little-known crop and used 

in farm farming. 

According to the world statistical data on the 

culture of lupine in the last five years (2016-2020) 

recorded in the FAO databases (fao.org/faostat), 

the average annual area cultivated with lupine in 

the world was 965086 ha (table 1), the share of 

higher going to Australia (58.2%) and Europe 

(38.6%). 

The world average production of lupine 

seeds, in the same interval (table 2), oscillated 

between 0.7 t/ha in Africa and 2.2 t/ha in Asia, the 

highest values being recorded by Australia and the 

Americas, in 2017. 

The assortment of varieties of the Lupinus 

albus species is quite narrow, in the European 

Union being registered in the Common Catalog of 

Varieties 30 cultivars ((https://ec.europa.eu) and in 

Romania only three varieties are registered in the 

Official Catalog (https://istis.ro). 

The production of the field depends, among 

other things, on ensuring an optimal thickness, in 

which there is no competition between the lupine 

plants or between them and weeds. Thus, the 

distance between the rows should be at least 25 cm 

(Rӧmer P., 2007), to be possible to fight the weeds 

mechanically, without the lupine plants being 

injured. The results of research on the production 

of white lupine seeds in different culture systems 

(Faligowska A. et al, 2017) show that the highest 

income and the lowest cost per ton of seeds are 

obtained in the low-input system, without a 

treatment with only mechanical weed control, 

completed with chemical protection measures 

against weeds, under the conditions of sowing at a 

distance of 18 cm between rows and a thickness of 

about 70 plants/sqm. 

Regarding the distance between the rows, 

the results from the specialized literature mention 

experiments with different sowing options, in 

narrow rows, of 18 cm, 20 or 25 cm, as well as in 

wider rows, at 45, 50, 60, 70 , 75 cm or even more 

(Smith L., 2005), without resulting in firm 

conclusions regarding the significant influence of 

sowing in narow or wider rows on seed production. 

The general conclusion of these researches leads to 

the idea that for an environment that was not 

limited by water, wider rows did not offer a 

production advantage (White P. et al, 2008, 

Pospišil A. et al, 2015). 

.
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Table 1 
Area harvested of lupins (thousands of ha) 

Region / Year 2016 2017 2018 2019 2020 Average Percentage 

World 978.56 927.31 981.97 1049.09 888.51 965.09 100.00 

Africa 94.36 94.89 94.81 94.65 94.79 94.70 9.81 

Americas 28.09 33.73 40.32 36.82 27.73 33.34 3.45 

Asia 0.05 0.05 0.04 0.05 0.05 0.05 0.005 

Europe 321.98 284.04 234.78 256.43 281.70 275.78 28.58 

Australia 534.08 514.60 612.01 661.14 484.24 561.22 58.15 

Table 2 
Seed yield of lupin (t/ha) 

Region / Year 2016 2017 2018 2019 2020 Region average 

World 1.31 1.74 1.21 1.26 1.18 1.3 

Africa 0.70 0.70 0.70 0.70 0.70 0.7 

Americas 1.53 1.80 1.58 1.73 1.71 1.7 

Asia 2.17 2.23 2.25 2.23 2.16 2.2 

Europe 1.63 1.61 1.45 1.53 1.63 1.6 

Australia 1.22 2.00 1.17 1.21 0.98 1.3 

MATERIAL AND METHOD 

The biological material used was 
represented by the white lupine variety "Mihai", a 
variety created within the USAMV Iasi, approved at 
ISTIS in 2015 and patented in 2017. In order to 
evaluate the behavior of the plants and the 
potential of the variety, from the point of view of the 
activity for the production of seeds from higher 
biological categories, two variants of sowing plots 
were applied, of 35 cm, respectively 70 cm 
between rows, in six repetitions, the total area 
allocated to each plot variant being 2.5 ha. The 
average distance between the grains per row was 
7 cm, thus resulting in average plots of 41 
plants/sqm for V1 and 20.2 plants/sqm for V2. 

The testing was carried out at the Ezareni 
farm within the Didactic Station of USV Iasi. The 
sowing was carried out mechanized, on April 7, 
2022, on a chernozem type land, with an autumn 
wheat crop as the preceding plant. In the pre-
emergence stage, the herbicide Challenge was 
applied, in a dose of 4 l/ha, and the maintenance 
of the culture during the vegetation period 
consisted of carrying out a mechanized weeding, 
to combat weeds.  

The samples intended for biometric 
determinations consisted in the sampling of plants 
from two linear meters in a row, from each plot-
repetition, at the maturity of the plants, in the 
second decade of September. In the laboratory, 
the plants were counted and biometric 
determinations were made on the following 
quantitative characters: plant height, insertion 
height of the first pods, height with pods, number 
of pods per plant, average length and width of 
pods, weight of pods, the number of seeds per 
plant and the weight of the seeds.  

Evaluation of the phenotypic variability, the 
average values of the quantitative characters and 
the related coefficients of variability were 
calculated, and to highlight the differences 
between the two variants of the rows distances, the 
analysis of variance was used and the 
interpretation of the meanings of the differences 
compared to the control (variant V1) by the "limit 
differences" method (Saulescu N.A., Saulescu 
N.N., 1967).  

RESULTS AND DISCUSSIONS 

The climatic conditions of the Moldova area 

and of the crop year 2022 follow the general trend 

of global climate changes, with a direct effect on 

plant development and productivity. The average 

monthly temperatures of 2022 were higher than the 

multiannual values (figure 1), with the exception of 

March and September. The months of June, July 

and August are highlighted, unfortunately, by 

exceeding the multi-year averages by 1.70C (July) 

and 2.20C (June and August). Although the months 

preceding the sowing date (April 7) were deficient 

in terms of soil water reserves (figure 2), the 

precipitation recorded in April was double the 

volumetric volume compared to the multi-year 

average, a fact that created good conditions for the 

rapid and uniform germination of plants. 

On the other hand, the months of June and 

July were extremely deficient in terms of the 

volume of precipitation, which totaled about 30% 

compared to the multi-year averages. 
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Figure 1 Air temperature at Ezareni-Iasi, 2022 

Figure 2 Rainfall at Ezareni-Iasi, 2022 

The beginning of flowering, from the first 

decade of June (figure 3), the mass flowering of 

plants in the second decade of June (figure 4), as 

well as fruiting at the level of main inflorescences, 

from the third decade of June (figure 5), 

overlapped with intervals with major precipitation 

deficits, associated with very high temperatures, 

which affected the normal rate of growth and 

development of white lupine plants (figure 6). 

The precipitation in August, in a volume 

similar to the multi-year monthly average and in 

association with the high temperatures, had the 

effect of stimulating the emergence and rapid 

development of weeds, which caused an additional 

stress on the lupine plants. 

Figure 3 The beginning of the flowering of the white 
lupine variety "Mihai" (01.06.2022) 

Figure 4 The full flowering stage of the white lupine 

variety "Mihai" (16.06.2022) 

Figure 5 The development of the main inflorescence 
in the white lupine variety "Mihai" (27.06.2022) 

Figure 6 Sampling of plants from the "Mihai" white 
lupine variety at maturity (26.09.2022) 
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Sowing at a wider rows of 0.70 m led to an 

increase in the average values for eight of the nine 

quantitative characters analyzed (figure 7). For half 

of these - the number of pods per plant, the weight 

of pods per plant, the number of seeds per plant 

and the weight of seeds per plant -, the resulting 

differences compared to the narrow rows of 0.35 m 

were very significant (table 3). Positive 

differences, statistically ensured, also resulted for 

the height with pods, the length of the pods and the 

height of the plants. Only the average width of the 

pods recorded a distinctly significant decrease in 

the variant in which it was sown at 0.7 m between 

rows. Since most of the characters with a direct 

impact in determining productivity registered 

significant increases following the doubling of the 

distance between the rows, it could be assumed 

that the average production per hectare should also 

increase in this variant. 

In reality, the double number of plants per 

surface unit compensates for the lower values of 

the production capacity components so that in the 

version with a distance of 0.70 m between the 

rows, the seed production of 1.33 t/ha was 

significantly lower than of the production of the 

variant sown at 0.35 m between rows, of 1.68 t/ha. 

The graphic representation of the size of the 

coefficients of variability (figure 8) highlights a 

high stability of the plant height, the insertion 

height of the first pods, the length and width of the 

pods. 

At the opposite pole are the quantitative 

characters that are strongly influenced by 

environmental conditions - the height with pods, 

the number and weight of pods per plant, the 

number and weight of seeds per plant. 

An interesting aspect is represented by the 

increase by about a third of the size of the 

coefficients of variability for the number and 

weight of pods per plant, respectively the number 

and weight of seeds per plant in the V2 variant 

(0.70 m between rows). 

Table 3 
The influence of the sowing density on the main yield component of white lupine „Mihai” cv. 

Characters and units 

Variant 
(distance 
between 
rows, m) 

Average ± sႿ 

Coefficient 
of 

variability 
(s%) 

Difererences 
from 

standard 
variant 

Meaning of 
the 

differences 

LD 5%, 
1%, 

0,1% 

Plants height (cm) 
0.35 62.81 ± 1.06 9.05 

4.64 * 
4.31 
6.76 

11.51 0.70 67.45 ± 1.38 10.89 

Insertion height of the first 
pods (cm) 

0.35 41.21 ± 1.00 12.89 

0.52 
2.46 
3.86 
6.56 0.70 41.73 ± 1.00 12.71 

Height with pods (cm) 
0.35 16.48 ± 1.30 41.92 

4.68 ** 
2.57 
4.03 
6.87 0.70 21.16 ± 1.68 42.22 

Number of pods/plant (no.) 
0.35 4.64 ± 0.34 39.78 

2.44 *** 
0.70 
1.10 
1.88 0.70 7.08 ± 0.78 57.79 

Pod length (cm) 
0.35 7.73 ± 0.16 11.19 

0.12 * 
0.11 
0.17 
0.28 0.70 7.85 ± 0.19 13.05 

Pod width (cm) 
0.35 1.23 ± 0.02 9.72 

-0.05 oo 
0.02 
0.04 
0.06 0.70 1.17 ± 0.02 7.40 

Pod weight/plant (g) 
0.35 5.62 ± 0.46 43.99 

3.30 *** 
0.42 
0.65 
1.11 0.70 8.92 ± 0.97 57.62 

Number of seeds/plant (no.) 
0.35 17.32 ± 1.34 41.69 

10.07 *** 
1.29 
2.02 
3.44 0.70 27.39 ± 2.97 57.07 

Seed weight/plant (g) 
0.35 4.07 ± 0.34 44.64 

2.48 *** 
0.30 
0.47 
0.79 0.70 6.55 ± 0.72 57.75 

Seed production (t/ha) 
0.35 1.68 

-0.35 o 
0.29 
0.45 
0.76 0,70 1,33 
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Figure 7 The influence of the sowing density on the average values of the quantitative characters in the white 
lupine variety "Mihai" 

Figure 8 The influence of sowing density on the average values of the coefficients of phenotypic variability in the 
white lupine variety "Mihai 
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CONCLUSIONS 

Although the distance of 70 cm between the 

rows determined, in general, the increase of the 

average values of the quantitative characters, the 

average production obtained was significantly 

lower than the one obtained at the distance 

between the rows of 35 cm. 

One cause of this effect was the extremely 

unfavorable conditions for the crop in 2022, the 

long lack of precipitation causing poor competition 

of white lupine plants against weeds. 

With the exception of the insertion height of 

the first pods and the width of the pods, for all the 

other quantitative characters analyzed, the increase 

in the distance between the rows was directly 

correlated with the increase in the values of the 

coefficients of phenotypic variability. 
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THE INFLUENCE OF POSTEMERGENCE HERBICIDE ON THE MAIN YIELD 
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Abstract 

White lupin (Lupinus albus L.) is an underutilized crop that started to become extremely interesting for bio and 

conventional farmers due the high protein content of the seeds and, mainly, due the nitrogen fixation capacity. 

Nowadays, challenging economic environment and changing climate conditions had led to a bust in fertilizers prices 

worldwide. Identification and utilization in crop rotation systems of crop with nitrogen fixation capacity is an optimal 

alternative. One of the biggest problem in the white lupin cultivation technology is caused by the special sensitivity of 

this species at postemergence herbicide. This sensibility makes weed control a very difficult task for farmers. In this 

paper we present results obtained in 2022 season at the Ezăreni Farm, Iasi, Romania. Principal yield components were 

studied and compared among postemergence herbicide variants. Comparative studies were done using the cultivar 

RUXANDRA, obtained and registered by us.  

Key words: Lupinus albus, postemergence herbicide, biotic and abiotic stress 

1 Iasi University of Life Sciences, Romania 

The white lupine variety "Ruxandra" is one 

of the three varieties of white lupine listed in the 

Official Catalog of cultivated plant varieties in 

Romania for the year 2022 (https://istis.ro), all 

three varieties being created in the Plant Breeding 

Department at the Iasi University of Life Sciences. 

Since the respective varieties are new 

creations of a species whose assortment is limited 

in Romania to three varieties, and in the European 

Union to 30 varieties (https://ec.europa.eu), for its 

expansion in culture it is necessary to adjust the 

optimal cultivation technology, in relation to the 

assortment of approved herbicides for the species 

of legumes for grains. 

Because the white lupine is a leguminous 

species where the plants, in the first phases of 

vegetation, can withstand, for short periods of 

time, negative temperatures of up to -40C (Rӧmer 

P., 2007) or even -60C (Simioniuc D.P. et.al, 

2021), sowing is done in early spring, in the 

months of March-April. The delay in sowing made 

the plants to face periods of drought in one of the 

most sensitive phenophases, namely stages 60 and 

70 of the BBCH scale (Hack H. et al, 1992, Rӧmer 

P., 2007), when flowering and fruit set take place. 

Since it is known that the white lupine 

achieves the complete coverage of the field late 

(Clark S., 2014, figures 1 and 2), the 

competitiveness against weeds is quite reduced 

until the flowering and branching stage (figure 3), 

it turns out that fighting them, on of mechanics and 

chemistry, is very important. 

In Romania, there are only three approved 

herbicides for leguminous crops, in which the 

lupine crop is also explicitly mentioned. 

The pre-emergent herbicides Challenge 600 

SC with aclonifen 600 g/l 

(https://www.cropscience.bayer.ro/ ) and Sharpen 

33 EC with pendimethalin 330 g/l 

(https://enochemie.ro/ ), which are effective 

against monocotyledonous weeds and some 

dicotyledonous weeds, can also be applied after 

sowing, but no later than the BBCH 08 scale 

(Challenge) or a maximum of three days after 

sowing (Sharpen), the recommended dose being 4 

l/ha. 

For post-emergence application, the only 

approved herbicide for the lupine culture is 

Fusilade Forte with 150 g/l fluazifop-P-butyl 

(https://nufarm.com/), against monocotyledonous 

weeds, in a dose of 0.8-1.6 l/ha, which can be 

administered until before the crop blooms ( scale 

BBCH 50). 

Other post-emergent herbicides, with 

selectivity for some leguminous crops, are the 

BASF products Basagran (480 g/l bentazon) and 

Corum (480 g/l bentazon +22.4 g/l imazamox) and 

Stratos Ultra (100 g/l cyloxidim) 

(https://www.agro.basf.ro/ ). 

https://www.cropscience.bayer.ro/
https://enochemie.ro/
https://nufarm.com/
https://www.agro.basf.ro/


Universitatea pentru Ştiinţele Vieții din Iaşi 

118 

MATERIAL AND METHOD 

In order to test the effect of post-emergence 
herbicide on the productivity components of white 
lupine, the variety "Ruxandra" was used as 
biological material. This variety was created at 
USAMV Iasi, registered in 2021 and patented in 
2022. 

Two variants were tested, namely V1, non-
herbicid post-emergence and variant V2, in which 
the post-emergence herbicide was carried out with 
Basagran, in a dose of 2l/ha, applied a week 
before the beginning of flowering. 

The experiment was established on 
09.05.2022 at the Ezareni farm within the Didactic 
Station of USV Iasi, on a chernozem type soil, after 
autumn wheat as the preceding plant. Sowing was 
done mechanized, at a distance between rows of 
70 cm and a distance between grains per row of 
about 5.5 cm. After sowing, a pre-emergent 
herbicide was applied - Challenge 600 SC (4 l/ha), 
and after the plants had fully emerged, a 
mechanical weeding was carried out (figure 1). 

Figure 1 First stages of white lupine growing after 
mechanical hoeing (01.06.2022) 

To perform the biometric determinations on 
the quantitative characters, the plants were 
harvested from two linear meters in a row, in six 
repetitions from randomly chosen points for each 
individual variant. 

For each sample, the plants were counted 
and biometric measurements were made on the 
following characters: plant height, insertion height 
of the first pods, height with pods, number of pods 
per plant, length and average width of pods, weight 
of pods, number of seeds per plant and the weight 
of seeds per plant. 

The evaluation of the phenotypic variability 
was carried out by determining the coefficient of 
variability, and the statistical processing through 
the analysis of the variant allowed highlighting the 
differences that appeared as a result of the post-
emergence herbicide. The determination of the 
significance of the differences compared to the 
control variant, not postemergent, was achieved by 

the "limit differences" method (Saulescu N.A., 
Saulescu N.N., 1967). 

RESULTS AND DISCUSSIONS 

The soil water reserve was well below the 

multi-year average in the months preceding 

sowing, but in May 2022 the total amount of 

precipitation was double (80.6 mm) compared to 

the multi-year monthly average (table 1), this 

aspect allowing a quick and uniform start of the 

white lupine culture. 

The application of pre-emergence herbicide 

and the performance of mechanical weeding 

contributed to the elimination of weed competition 

in the first phases of vegetation, for both tested 

variants (figures 2). Later, the application of post-

emergence herbicide led to the recording of some 

positive differences, statistically ensured, for the 

quantitative characters directly involved in 

determining plant yield (table 2), even if there was 

a new reinfestation with some weed species, as: 

Xanthium strumarium, Amaranthus retroflexus, 

Convolvulus arvensis, Chenopodium album, 

Setaria viridis, Sorghum halepense and 

Echinochloa crus-galli (figure 3). 

Although the rainfall deficit recorded in the 

months preceding sowing (January-March) was 

compensated by double the amount of precipitation 

falling in the month preceding the sowing date, in 

the period May-August the precipitation was 

around 40% of the multi-year average of the 

interval. Regarding average monthly temperatures, 

they exceeded the multiannual average of May by 

0.40C and in the June-August period, the average 

temperature increase exceeded the average by 

about 20C. 

As a result, the white lupine plants faced a 

major and prolonged stress throughout the 

vegetation period, which was reflected in the end 

by very low values of the plant height and the 

component elements of the yield capacity (figure 

4). 

The processing of the average values of the 

quantitative characters demonstrated an increase in 

them in the case of the post-emergence herbicide 

variant (figure 5).  

The number of seeds per pod registered the 

greatest differences, very significant, followed by 

the height of the plants and the weight of the pods 

per plant, where the differences recorded were 

distinctly significant. The number of pods per plant 

and the weight of the seeds per plant registered 

significant differences compared to standard 

variant. 
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Table 1 
Weather conditions at Ezareni Farm in 2022 

Temperature (0C) 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. 

Average 0.7 3.6 3.1 10.3 16.5 21.6 23.0 22.8 15.6 13.3 

Min. -10.5 -6.9 -9.6 -3.8 2.1 9.2 8.6 13.6 3.0 4.8 

Max. 13.1 16.7 23.1 26.3 31.9 37.0 35.8 34.8 28.3 27.2 

Multi-
annual 
average 

-3.6 -1.9 3.3 10.1 16.1 19.4 21.3 20.6 16.3 10.1 

Departure 
from 
normal 

4.3 5.5 -0.2 0.2 0.4 2.2 1.7 2.2 -0.7 3.2 

Rainfall (mm) 

Sum 14.4 16.4 16 80.6 24 24.6 20.4 53 78 5.4 

Multi-
annual 
average 

28.9 27.4 28.1 40.3 52.5 75.1 69.2 57.6 40.8 34.4 

Departure 
from 
normal 

-14.5 -11 -12.1 40.3 -28.5 -50.5 -48.8 -4.6 37.2 -29 

Relative humidity (%) 

Average 25.83 48.25 63.52 51.07 36.96 43.49 63.59 77.77 30.98 35.46 

Table 2 
The influence of the postemergence herbicide treatment on the main yield components of white lupine 

”Ruxandra” cv. 

Characters and 
units 

Variant (herbicide 
treatment) 

Average 
Coefficient of 

variability (s%) 

Differences 
of standard 

variant 

Meaning 
of the 

differences 

LD 5%, 
1%, 

0,1% 

Plants height (cm) 
V1 - Std, Untreated 60.47 ± 1.50 13.33 

4.51 ** 

2.81 
4.40 
7.49 V2, Treated 64.99 ± 1.40 12.88 

Insertion height of 
the first pods (cm) 

V1 - Std, Untreated 50.64  ± 1.24 13.17 
3.03 

3.92 
6.15 

10.48 V2, Treated 53.67  ± 1.03 11.55 

Height with pods 
(cm) 

V1 - Std, Untreated 8.97  ± 0.49 29.03 
1.01 

1.19 
1.87 
3.18 V2, Treated 9.98  ± 0.48 28.85 

Number of 
pods/plant (no.) 

V1 - Std, Untreated 3.01  ± 0.27 47.65 
0.32 * 

0.31 
0.49 
0.84 V2, Treated 3.33  ± 0.21 38.11 

Pod length (cm) 
V1 - Std, Untreated 6.11  ± 0.22 19.37 

0.41 

0.45 
0.70 
1.19 V2, Treated 6.53  ± 0.20 18.96 

Pod width (cm) 
V1 - Std, Untreated 1.13  ± 0.03 12.53 

0.04 

0.07 
0.11 
0.19 V2, Treated 1.17  ± 0.02 12.44 

Pod weight/plant (g) 
V1 - Std, Untreated 2.98  ± 0.36 64.41 

0.80 ** 

0.49 
0.77 
1.30 V2, Treated 3.78  ± 0.35 55.19 

Number of 
seeds/plant (no.) 

V1 - Std, Untreated 9.43  ± 1.06 60.66 
1.53 *** 

0.51 
0.79 
1.35 V2, Treated 10.96  ± 0.86 47.44 

Seed weight/plant 
(g) 

V1 - Std, Untreated 2.15  ± 0.26 64.89 
0.45 * 

0.31 
0.48 
0.82 V2, Treated 2.59  ± 0.24 55.62 

Seed production 
(t/ha) 

V1 - Std, Untreated 0.45 
0.23 *** 

0.07 
0.11 
0.19 V2, Treated 0,68 



Universitatea pentru Ştiinţele Vieții din Iaşi 

120 

Figure 2 The effect of herbicide treatment in pre-

flowering stage of white lupine (16.06.2022) 

Figure 3 End of flowering stage of white lupine 
(27.06.2022) 

Figure 4 Manual harvest of plants samples 
(26.09.2022) 

For the other four quantitative characters, 

namely the insertion height of the first pods, the 

height with pods, the length and width of the 

pods, the herbicide did not lead to statistically 

significant increases. 

Regarding the variability of the quantitative 

characters, it turned out that the post-emergence 

herbicide determined, for all the quantitative 

characters, the reduction of the values of the 

coefficients of variability (figure 6), even if, with 

both variants of herbicide, they keep the same 

class of variability. 

The biggest reductions (over 20%) of the 

values of these coefficients were recorded for the 

number of pods and the number of seeds per 

plant, and for the weight of the pods and the 

weight of seeds per plant, post-emergence 

herbicides determined the reduction of the values 

of the coefficients of variability by about 14 %. 

Since the conditions for the growth and 

development of the plants in 2022 were very 

unfavorable, the average productions of the two 

variants were extremely low, of only 0.35 t/ha in 

the variant without post-emergence herbicide, and 

0.68 t/ha in the variant with post-emergence weed 

control. 

The influence of post-emergence weeding 

on the white lupine variety "Ruxandra" is 

particularly important, the current experience 

showing a very significant increase in seed 

production, by about 50%, compared to the 

untreated post-emergence variant. 

The question remains whether the impact of 

post-emergence herbicides, on soils known to 

have a large reserve of weed seeds, remains as 

strong under favorable conditions for crop, 

especially in terms of sufficient water supply. 

CONCLUSIONS 

The year 2022 was a year with strong 

climatic stress on all crops, including white 

lupine. 

The flowering period of the white lupine 

plants of the “Ruxandra” variety overlapped with 

a period of time in which the accumulation of 

very high temperatures and the lack of 

precipitation determined a dramatic reduction in 

seed production. 

As a result, late sowing is not 

recommended, especially in the northern part of 

Romania, where drought is more and more 

present in recent years.  

The post-emergence herbicide, on the soils 

heavily infested with weed seeds, determined an 

increase in the uniformity of the quantitative 

characters, with direct favorable implications both 

on the actual mechanized harvesting process and 

on seed production. 

Since the range of herbicides that can be 

applied post-emergence to leguminous crops, in 

general, is quite limited, we consider that testing 

the reaction of white lupine plants to these 

herbicides is necessary. 
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Figure 5 The influence of post-emergence treatment with herbicides on the main quantitative characters of the 
”Ruxandra” white lupine variety 

Figure 6 The influence of post-emergence treatment with herbicides on the coefficients of phenotypic variability 
in the ”Ruxandra” white lupine variety 



Universitatea pentru Ştiinţele Vieții din Iaşi 

122 

ACKNOWLEGMENTS 

Thanks to Iasi University of Life Sciences (IULS), 
which allowed the use of the land and the system of 
agricultural machineries from the Didactic Station, 
Ezareni Farm, for conducting the experiment. 

REFERENCES 

Clark S., 2014 - Plant Guide for White Lupine (Lupinus 
albus L.). USDA-Natural Resources Conservation 
Service, Big Flats Plant Materials Center. 
Corning, New York, available on-line at: 
https://plantsorig.sc.egov.usda.gov › pg_lual22. 

Hack H., Bleiholder L., Buhr H. et al., 1992 -
Einheitliche Codierungder phänologischen 
Entwicklungsstadien mono- und 
dikotylerPflanzen. Erweiterte BBCH-Skala. 
Nachrichtenblatt des 
DeutschenPflanzenschutzdienstes 44, 265-270, 
available on-line at: 
https://www.openagrar.de/servlets/MCRFileNode
Servlet/openagrar_derivate_00035922/92-
055.pdf. 

https://www.agro.basf.ro/ro/ – Catalog BASF 2022 - 

https://www.agro.basf.ro/Documents/cataloage/c
atalog_complet_basf.pdf?1641800473380. 

https://www.cropscience.bayer.ro/ - Catalog de 
produse pentru protectia plantelor, 2021, 

https://www.cropscience.bayer.ro/Products/Erbici
de/Challenge-600-SC. 

https://enochemie.ro/ - https://enochemie.ro/wp-

content/uploads/2021/09/Certif.-SHARPEN-33-
EC.pdf. 

http://ec.europa.eu/ - EU Plant variety database 2022, 

https://ec.europa.eu/food/plant/plant_propagation
_material/plant_variety_catalogues_databases/se
arch/public/index.cfm. 

https://istis.ro/ - Catalogul oficial al soiurilor de plante 
de cultură din România pentru anul 2022, 
available on-line at: 
https://istis.ro/image/data/download/catalog-
oficial/CATALOG%202022%20-
%20Monitor%2021%20iulie.pdf.  

Rӧmer P., 2007 - LUPINEN- Verwertung und Anbau –

available on-line at: 
https://www.brandenburg.de/sixcms/media.php/4
055/lupine07.15564210.pdf.  

Saulescu N.A., Saulescu N.N., 1967 – Campul de 

experienta. Ed. A II-a, Ed. Agro-Silvica, 
Bucuresti. 

Simioniuc D.P., Simioniuc V., Topa D., van den Berg 
M., Prins U., Bebeli P.J., Gabur I., 2021 - 

Assessment of Andean lupin (Lupinus mutabilis) 
Genotypes for Improved Frost Tolerance. 
Agriculture. 11(2):155, available on-line at: 
https://doi.org/10.3390/agriculture11020155. 

https://www.openagrar.de/servlets/MCRFileNodeServlet/openagrar_derivate_00035922/92-055.pdf
https://www.openagrar.de/servlets/MCRFileNodeServlet/openagrar_derivate_00035922/92-055.pdf
https://www.openagrar.de/servlets/MCRFileNodeServlet/openagrar_derivate_00035922/92-055.pdf
https://www.agro.basf.ro/Documents/cataloage/catalog_complet_basf.pdf?1641800473380
https://www.agro.basf.ro/Documents/cataloage/catalog_complet_basf.pdf?1641800473380
https://www.cropscience.bayer.ro/Products/Erbicide/Challenge-600-SC
https://www.cropscience.bayer.ro/Products/Erbicide/Challenge-600-SC
https://enochemie.ro/
https://enochemie.ro/wp-content/uploads/2021/09/Certif.-SHARPEN-33-EC.pdf
https://enochemie.ro/wp-content/uploads/2021/09/Certif.-SHARPEN-33-EC.pdf
https://enochemie.ro/wp-content/uploads/2021/09/Certif.-SHARPEN-33-EC.pdf
http://ec.europa.eu/
https://ec.europa.eu/food/plant/plant_propagation_material/plant_variety_catalogues_databases/search/public/index.cfm
https://ec.europa.eu/food/plant/plant_propagation_material/plant_variety_catalogues_databases/search/public/index.cfm
https://ec.europa.eu/food/plant/plant_propagation_material/plant_variety_catalogues_databases/search/public/index.cfm
https://istis.ro/
https://istis.ro/image/data/download/catalog-oficial/CATALOG%202022%20-%20Monitor%2021%20iulie.pdf
https://istis.ro/image/data/download/catalog-oficial/CATALOG%202022%20-%20Monitor%2021%20iulie.pdf
https://istis.ro/image/data/download/catalog-oficial/CATALOG%202022%20-%20Monitor%2021%20iulie.pdf
https://www.brandenburg.de/sixcms/media.php/4055/lupine07.15564210.pdf
https://www.brandenburg.de/sixcms/media.php/4055/lupine07.15564210.pdf


Lucrări Ştiinţifice – vol. 65(1)/2022, seria Agronomie 

123 

THE EVALUATION OF THE QUALITY OF THE ENERGY PHYTOMASS FROM 

INDUSTRIAL HEMP CANNABIS SATIVA GROWN IN MOLDOVA 
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Abstract 

Plant biomass, phytomass, is an important source of renewable energy, and its importance has increased in regional and 

national energy strategies. The goal of this research was to evaluate the quality of energy phytomass from industrial 

hemp, Cannabis sativa, grown in the experimental plot of the National Botanical Garden (Institute), Chişinău, Republic 

of Moldova, as feedstock for the production of biogas and solid bio-fuel. The analysis of the biochemical composition 

indicated that the dry matter of the hemp plants harvested in the full flowering period contained 141 g/kg CP, 424 g/kg 

CF, 457g/kg ADF, 704 g/kg NDF, 82 g/kg ADL, 247g/kg HC, 375 g/kg Cel, 88 g/kg ash, 506.7 g/kg carbon and 22.5 

g/kg nitrogen, with biochemical methane potential 280 l/kg. The prepared hemp silage was characterized by specific 

smell, 14.0 g/kg DM lactic acid, 7.7 g/kg DM acetic acid, 146 g/kg CP, 443 g/kg CF, 468 g/kg ADF, 716 g/kg NDF, 79 

g/kg ADL, 248g/kg HC, 389 g/kg Cel, 134 g/kg ash, 481.0 g/kg carbon and 23.4 g/kg nitrogen with biochemical 

methane potential 286 l/kg. The hemp solid bio-fuel, pellets, was characterized by high net calorific values (17.9 

MJ/kg), specific density (1012 kg/m3), durability (94%) and optimal ash content. Industrial hemp, Cannabis sativa, may 

be use as multi-purpose feedstock for renewable energy production.  

Key words: biochemical composition, biochemical methane potential, Cannabis sativa, pellets, physical and 

mechanical properties 

1 “Alexandru Ciubotaru” National Botanical Garden (Institute), Chişinău, Republic of Moldova 

The consistent rise in global population 

and intensive development of the global economy 

contribute to the rapid growth of consumption of 

energy. The increasing global dependence on fossil 

fuels, combined with their increasing cost and 

gradual depletion, along with environmental 

pollution and environmental issues such as global 

warming and water deficit increase people’s 

interest in renewable, sustainable, eco-friendly 

resources and their applications.  

Biomass is the most important renewable 

energy source in the world, and its importance is 

increasing as the national energy policy and 

strategy focus more heavily on the use of 

renewable sources. Plant biomass – phytomass 

from energy crops, agricultural and forestry 

residues is a promising renewable resource to 

achieve a low carbon bio-economy with the 

production of biofuels and energy for heat and 

power, is clean and environmentally safe. Major 

technologies for the capitalization of biomass are: 

direct combustion of lignocellulosic biomass, 

mixed combustion of phytomass and coal, 

pyrolysis, gasification, densification by pelleting or 

briquetting, anaerobic digestion for biomethane 

production, cellulosic ethanol, biodiesel and 

methanol production. One of the most important 

tasks in the production of energy crops is the 

selection of suitable plant species that could thrive 

in specific soil and environmental conditions of the 

changing climate, can be used in many areas, and 

produce a large amount of biomass that is easily 

converted into energy. 

Hemp, Cannabis sativa L., family 

Cannabaceae, is one of the oldest crops in the 

world, dating back to 8,000 B.C. It is an annual 

short day, C3 plant, stems growing up to 4 m tall. 

Leaves are finely hairy, alternate, palmately 

divided into 3-11 lanceolate toothed leaflets. Male 

flowers are yellow-green, up to 5 mm in diameter, 

borne in small panicles; the female plants are 

darker green, with denser foliage and tightly 

bunched panicles, the flowers are closely 

surrounded by tubular bracteoles. The female 

axillary leafy clusters do not form any compact 

raceme. The fruiting body is greyish-brown in 

color and about 4 mm long. Cannabis sativa is 

usually dioecious plant, hermaphroditism occurs in 

some ecotypes and covarieties, and the breeding 

programs have resulted in creating some 

monoecious cultivars. Hemp has a deep, dense root 

system, which contributes to a good aeration of the 
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soil and has positive effects on soil structure. It is a 

relatively fast-growing plant and requires less 

water compared to plants such as corn and alfalfa. 

Furthermore hemp requires little to no use of 

fertilizers and pesticides making it a very 

sustainable crop. Hemp has historically been used 

in fiber, food and medicinal production, currently 

is a valuable crop for the bio-based economy: 

hemp seed oil has an excellent and unique fatty 

acid profile, being an interesting pharmaceutical 

and food supplement, but the extraction residue 

can be used as a high protein animal feed; the fiber 

is used in the textile industry, papermaking, for 

insulation material and biocomposites; the shives, 

the woody inner core of the stem, are used for 

animal bedding, construction and feedstock for 

renewable energy. The results of different studies 

on agro-biological peculiarities of hemp, breeding 

cultivars, crop protection, technological cultivation 

methods, harvesting and processing equipment, 

quality of seed, fiber and energy biomass are given 

in the specialized literature (Şandru I. et al, 1996; 

Tabără V., 2005, 2009; Carus M., 2017; Tabără V. 

and Panda A., 2018; Ţîţei V. et al, 2020; Popa L.D. 

et al, 2021) 

The goal of this research was to evaluate 

the quality of energy phytomass from industrial 

hemp, Cannabis sativa, and the prospects of its use 

as substrate for biomethane production and as 

feedstock for the production solid biofuel – pellets. 

 

MATERIALS AND METHODS 

 
The Romanian cultivar of industrial hemp, 

Cannabis sativa ”ARMANCA”, created at the 
Agricultural Research and Development Station 
Lovrin, which was cultivated in the experimental 
sector of the “Alexandru Ciubotaru” National 
Botanical Garden (Institute), Chişinău, latitude 
46°58′25.7″N and longitude 28°52′57.8″E, served 
as subject of the research, and triticale, 
Triticosecale and corn, Zea mays, were used as 
controls. Hemp seeds were sown in middle May, 
200 viable seeds per m2, in eroded chernozem 
soil. The hemp green mass samples were 
collected in full flowering stage, triticale – in early 
flowering stage, but corn – in kernel milk-wax 
stage. For ensiling, green mass was chopped into 
1.5-2.0 cm pieces by using a forage chopping unit, 
and then it was shredded and compressed in well-
sealed glass containers. For chemical analysis, 
plant samples were dried in a forced air oven at 
60°C, milled in a beater mill. The quality of the 
substrate biomass was evaluated by analyzing 
such indices as: crude protein (CP), crude fiber 
(CF), crude ash (CA, acid detergent fiber (ADF), 
neutral detergent fiber (NDF), acid detergent lignin 
(ADL), which have been determined by near 
infrared spectroscopy (NIRS) technique PERTEN 
DA 7200 of the Research and Development 

Institute for Grassland Braşov, Romania. The 
concentration of hemicellulose (HC) and cellulose 
(Cel) were calculated according to standard 
procedures. The carbon content of the substrates 
was determined according to Badger C.M. et al, 
1979, the methane potential – according to 
Dandikas V. et al, 2014.  Hemp dry stalks were 
collected in February, chopped and disintegrated 
by knife mill with a sieve with the mesh size of 1 
mm. The total carbon (C), hydrogen (H), nitrogen 
(N) and sulphur (S) amounts were determined by 
dry combustion in a Vario Macro CHNS analyzer. 
The pelleting was carried by the equipment 
developed at the Institute of Agricultural Technique 
"Mecagro", Chişinău. The physical and mechanical 
properties of dry biomass and pellets were 
determined according to the national standards 
(Marian G., 2016).  

 

RESULTS AND DISCUSSIONS 

 

In the recent decades, important research has 

been conducted on the technologies for converting 

raw materials into biogas. The use of phytomass 

substrates for biogas production has recently become 

of major interest in Europe. The biogas resulted from 

anaerobic digestion processes, consisting of methane, 

carbon dioxide and small quantities of other gases is 

used to produce heat and electricity. The digestate 

represents the anaerobically decomposed substrate, 

rich is macro and micro nutrients and therefore it can 

be used as fertilizer for plants. Phytomass substrates 

may be used in biogas generators as fresh mass and 

as ensiled mass. Analyzing the results of the 

assessment of bio-morphological peculiarities of the 

studied crops, it can be noted that the harvested 

hemp whole plants contained 27.9 % dry matter, 

triticale – 21.2 % dry matter and corn 32.6 % dry 

matter; their biochemical composition is presented 

in table 1. We would like to mention that hemp 

whole plant substrate was characterized by higher 

content of crude protein, minerals and cell wall 

fractions (NDF, ADF, ADL). Triticale green mass 

substrate contained higher amounts of 

hemicellulose, reduced amount of crude protein, 

minerals and much lower amount of acid detergent 

lignin than hemp substrate. The lowest levels of 

crude protein and cell wall fractions were found in 

corn green mass substrate. It is a commonly known 

fact that methanogenic bacteria need a suitable ratio 

of carbon to nitrogen for their metabolic processes, 

ratios higher than 30:1 were found to be unsuitable 

for optimal digestion, and ratios lower than 10:1 were 

found to be inhibitory, due to low pH, poor buffering 

capacity and high concentrations of ammonia in the 

substrate. The nitrogen content in the studied green 

mass substrates ranged from 13.44 to 22.56 g/kg, the 

estimated content of carbon – from 506.67 to 526.67 

g/kg, the C/N ratio varied from 22.5 to 37.5. The C/N 
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ratio in hemp green mass substrate was optimal. The 

biochemical methane potential of the studied 

substrates varied from 280 l/kg VS to 347 l/kg VS. 

The hemp green mass substrate contained high level 

of acid detergent lignin (82 g/kg), which influenced 

negatively the activity of bacteria and 

decomposition processes, thus, the biochemical 

methane potential was 280 l/kg VS.  
Table 1 

The biochemical composition and biomethane production potential of green mass substrates 

Indices Cannabis sativa Triticale Zea mays 

Crude protein, g/kg DM 141 99 84 

Crude fiber, g/kg DM 424 397 248 

Minerals, g/kg DM 88 74 52 

Acid detergent fiber, g/kg DM 457 416 271 

Neutral detergent fiber, g/kg DM 704 691 474 

Acid detergent lignin, g/kg DM 82 36 48 

Cellulose, g/kg DM 375 370 223 

Hemicellulose, g/kg DM 247 275 203 

Carbon, g/kg 506.67 514.44 526.67 

Nitrogen, g/kg 22.56 15.84 13.44 

Ratio carbon/nitrogen 22.5 32.5 39.1 

Biomethane potential, L/kg 280 347 321 

 

Table 2. 
The biochemical composition and biomethane production potential of ensiled mass substrates 

Indices Cannabis sativa Triticale Zea mays 

pH index 6.67 4.87 3.77 

Organic acids, g/kg DM 20.8 32.0 48.6 

Free acetic acid, g/kg DM 0 1.7 5.1 

Free butyric acid, g/kg DM 0 1.5 0 

Free lactic acid, g/kg  DM 0.4 3.8 17.0 

Fixed acetic acid, g/kg DM 6.7 4.4 5.2 

Fixed butyric acid, g/kg DM 0.1 3.4 0.2 

Fixed lactic acid, g/kg DM 13.6 17.0 21.1 

Acetic acid, % of  total  organic acids 32.21 19.06 21.19 

Butyric acid, % of  total  organic acids 0.48 15.31 0.41 

Lactic acid, % of  total  organic acids 67.31 65.63 78.40 

Crude protein, g/kg DM 146 113 80 

Crude fiber, g/kg DM 443 422 245 

Minerals, g/kg DM 134 108 59 

Acid detergent fiber, g/kg DM 468 437 258 

Neutral detergent fiber, g/kg DM 716 727 469 

Acid detergent lignin, g/kg DM 79 28 37 

Cellulose, g/kg DM 389 409 221 

Hemicellulose, g/kg DM 248 290 211 

Carbon, g/kg 481.00 495.56 522.78 

Nitrogen, g/kg 23.36 18.08 12.80 

Ratio carbon/nitrogen 20.6 27.4 40.8 

Biomethane potential, L/kg 286 363 338 

The results of the estimation of the quality of 

hemp green mass substrate and methane yield are 

given in the specialized literature. Pecenka et al, 

2007 remarked that the analyzed harvested raw 

material of hemp was characterized by 220-250 

g/kg DM with 38.4-45.5% CF and 1.8-6.5% total 

sugars. Heiermann M. et al, 2011 found that the 

fresh mass of triticale contained 337-352 g/kg DM, 

94.3-95.0% organic matter, 9.3-12.3% CP, 1.4-

1.9% EE, 24.0-29.0% CF, 11.5% sugar, C/H=24.4-

31.4, methane yields 388-435 l/kg, but hemp fresh 

mass – 310 g/kg DM, 92.2% organic matter, 13.1% 

CP, 1.2% EE, 40.9% CF, 10.2% sugar, C/H=28.0, 

methane yields 301 l/kg, respectively. Pakarinen 

A. et al, 2011 remarked that the methane yield 

from ground hemp stems was 219 L/kg VS, but – 

from leaves – was 256 L/kg VS. Iqbal M. et al, 

2018 reported that the Cannabis sps. dry matter 

was 409.4 g/kg DM with 82.45% organic matter, 

28.13% CP, 7.51% EE, 44.29%CF, 44.12% NDF, 

19.00% ADF, 0.46% calcium and 0.48% 

phosphorus. Adamovics A.M. et al, 2019 stated 

that methane yields from fine-chopped hemp were 

245-270 l/kg DOM and from leaves – 354-355 l/kg 

DOM. Gusovius H-J. et al, 2019 found that the 

hemp cultivars harvested in September - October 

contained 292.5-405.4g/kg DM, 1.16-3.89% 

sugars, 38.93-60.66% cellulose, 6.24-15.81% 
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hemicellulose 7.84-11.60% lignin. Matassa S. et 

al, 2020 reported that the biomethane potential 

was: 239 l/kg in substrate from half of the whole 

hemp plant, 242 l/kg hemp hurds, 275 l/kg stalks 

and the highest value – 422l/kg in raw fibers. 

The quality of ensiled mass depends on the 

plants species, the growing period at which these 

plants have been harvested, on the botanical structure 

of the herbage, on techniques and technology of 

preparation, on conditions of its storage and on many 

other factors. As a result of the performed analysis 

(table 2), it was determined that the pH index of the 

ensiled hemp was 6.67, but in the control variants, 

corn silage pH=3.77 and triticale silage pH= 4.87. 

The concentration of total organic acids in ensiled 

hemp is lower, predominantly in fixed form; in 

triticale silage a higher content of butyric acid was 

detected (15.31%). Analyzing the results regarding 

the biochemical composition of hemp ensiled mass 

(table 2), we would like to mention that the dry 

matter had higher concentration of crude protein, 

minerals and cell wall fractions, with a minor 

decrease in acid detergent lignin content as compared 

with the initial green mass. The triticale silage is 

characterized by very high content of hemicellulose, 

optimal level of crude protein and minerals, low level 

of acid detergent lignin as compared with corn silage. 

The nitrogen concentration in the tested ensiled 

substrates ranged from 12.80 g/kg to 23.36 g/kg, 

the estimated content of carbon – from 481.00 g/kg 

to 522.78 %, the C/N ratio varied from 20.6 to 

40.8. The higher value of biochemical methane 

potential was characteristic of the triticale silage 

substrate (363l/kg VS), but the ensiled hemp 

substrate contained high level of acid detergent lignin 

79g/kg, which influenced negatively the 

biochemical methane potential (286l/kg VS). 

Several studies have evaluated the methane 

potential of hemp ensiled mass. According to 

Heiermann M. et al, 2011, the hemp ensiled 

material contained 278g/kg DM, pH= 5.5, 91.9% 

organic matter, 8.5% CP, 51.0% CF, 2.4% sugar, 

C/H=35.2, methane yields 259 l/kg; triticale 

ensiled material contained: 273-412 g/kg DM, 

93.1-94.6% organic matter, pH=5.5, 8.8-11.4% 

CP, 25.6-31.7% CF, 10.5-22.0% sugar, C/H=26.3-

34.5, methane yield 467-504 l/kg, but corn silage: 

251-370 g/kg DM, pH= 3.7-3.8, 95.3-96.5% 

organic matter, 8.8-10.2% CP, 18.6-23.2% CF, 

2.0-5.3% sugar, C/H=28.8-33.2, methane yield 

468-581 l/kg, respectively. Pakarinen A. et al, 2011 

mentioned that the methane yields from ensiled hemp 

were 309-379 l /kg VS. Herrmann C. et al, 2016 

reported that the chemical composition of triticale 

silage was 273-412 g/kg DM, pH = 4.2-4.5, 8.8-

11.4% CP, 2.1-3.0% EE, 25.6-31.7% CF, 5.4-6.9% 

ash, C/H=26.3-31.7 and methane yields 467-504 

l/kgODM; hemp silage – 278 g/kg DM, pH = 5.5 

8.5% CP, 1.1% EE, 51.0% CF, 8.1% ash, 

C/H=35.2 and methane yields 259 l/kg ODM; 

maize silage – 251-370g/kg DM, pH=3.7-3.8, 8.2-

10.2% CP, 18.6-23.2% CF, 3.8-5.0% ash, 

C/H=28.8-33.2 and methane yields 468-581 

l/kgODM, respectively. Gusovius H-J. et al, 2019 

reported that the wet preserved hemp after 6 

months of anaerobic storage without additives 

contains 272.3 g/kg DM, with pH = 6.30, 17.4 g/kg 

acetic acid, 15.2 g/kg 3.89% sugar, 44.58% 

cellulose, 13.04% hemicellulose, 7.84% lignin.  

Because of the irregular shape and size and 

low bulk density, herbaceous phytomass is very 

difficult to handle, transport, store and utilize in its 

original form. The densification of biomass into 

durable compact fuel is an effective solution to 

these problems and it can increase the bulk density 

of collected mass from an initial bulk density of 

40-200 kg/m3 to a final compact density of 600-

1200 kg/m3. The knowledge of the engineering 

properties of biomass, such as bulk density, 

particle density, particle size, color, moisture 

content, ash content, heating value and flowability 

is important for the design and operation of 

processing facilities for handling, storage, 

transportation, and conversion to fuels, heat and 

power. Pelleting is a promising technology which 

converts the energy of biomass into a more useful 

form through densification in order to ease 

handling, storage and transport (Marian G, 2016). 

The elemental composition of dry biomass 

is a significant asset that defines the amount of 

energy and evaluates the clean and efficient use of 

biomass materials, provides significant parameters 

used in the design of almost all energy conversion 

systems and projects, for the assessment of the 

complete process of any thermochemical 

conversion techniques (Lawal A.I. et al, 2021). 
The elemental composition, some physical 

and mechanical properties of biomass and pellets 

from dry stalks of hemp and corn is presented in 

table 3. We found that hemp stalks are 

characterized by an optimal content of carbon 

(46.03%) and hydrogen (5.75%), and low content 

of nitrogen (0.62 %), sulphur (0.03%) and ash 

(2.23%), as compared with corn stalks. Hemp 

biomass had excellent gross calorific value (19.68 

MJ/kg), which is higher than that of corn biomass 

(18.34 MJ/kg), due to the total stem defoliation and 

higher concentrations of cellulose, hemicellulose 

and lignin. The specific density of the pellets made 

from milled chaffs of hemp stalks reached 1012 

kg/m3, so, they still had lower density than corn 

pellets, perhaps because of the anatomical structure 

of this plant. The net calorific value and durability 
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of hemp pellets was significantly higher than of 

corn pellets.  
 

Table 3.  
Elemental composition, some physical and 

mechanical properties of biomass and pellets 

Indices 
Cannabis 

sativa 
Zea  

mays 

Carbon, % 46.88 44.87 

Hydrogen, % 5.75 5.65 

Nitrogen, % 0.64 0.83 

Sulphur, % 0.03 0.24 

Ash, % 2.23 4.04 

Gross calorific value, MJ/kg 19.68 18.34 

Specific density of pellets, kg/m3 1012 1150 

Durability of  pellets, % 94 90 

Net calorific value of  pellets, 
MJ/kg 

17.91 16.67 

 

There are different results concerning the 

physical and mechanical properties of hemp 

biomass reported in research studies conducted by 

other authors. Alaru M. (2011) determined that the 

briquettes from dioecious hemp had better quality, 

because its male plants increased the mean content 

of lignin in the briquetting material, the dry mass 

contained: 5.3-6.3 % ash, 77.0-79.0 % volatiles, 

16.6-16.7 MJ/kg calorific value. Prade T., 2011 

stated that the calorific value of hemp biomass 

increased from 17.5 MJ/kg in July to 18.4 MJ/kg 

during the period August-December, to an average 

of 19.1 MJ/kg during the period January-April. 

Komlajeva L. et al, 2012 reported that the hemp 

stems are used as a fuel, and their average calorific 

value was 16.98 MJ/kg and ash content 4.3 %. 

Kaķītis et al, 2011, 2014, mentioned that hemp had 

gross calorific value of 18.29 MJ/kg and net 

calorific value of 15.54 MJ/kg, the ash content was 

2.97%, the density of briquettes reached 1135 

kg/m3, the splitting force for particles reached 115 

N/mm. Kolaříková M. et al, 2013 stated that, in 

Czech Republic, the calorific gross value of hemp 

was 18.6-19.3 MJ/kg and the net calorific value 

was 15.8-17.3 MJ/kg. According to Poisa L. et al, 

2016, in Latvia, for the hemp cultivar 

‘Bialobrzeskie’ the calorific value of stem biomass 

was 18.68 MJ/kg and of shives – 18.16 MJ/kg, the 

ash content was 2.16 % in shive biomass and 3.02 

% in stem biomass, the ash melting temperature for 

the hemp stems was 1393.17ºC and for shives – 

1368.85ºC. Jankauskiene Z. et al, 2017 stated that 

the fresh hemp biomass contained 336-373 g/kg 

DM, 44.13- 44.90% C, 0.85-1.20% N, 0.13-0.15% 

S, 6.54-13.50% ash, 17.50-18.10 MJ/kg calorific 

value. Streikus D. et al, 2017 noted that hemp 

pellet density reached 979.1-1286.2 kg/m3 DM, 

heat value 17.37-17.34 MJ/·kg, ash content varied 

3.30-3.89%, pressing force of pellet degradation 

854.19-1223.21 N. Voicea I. et al, 2017 stated that 

biomass residues resulted from the processing of 

hemp stems had 9.66-9.75% moisture, 3.00-4.53-

9.75% ash, 75.34-77.87% volatile matter and 

17.52-17.98 MJ/kg lower calorific value. Jasinskas 

A. et al, 2020 found that fibrous hemp contained 

3.58% ash, 17.37 MJ /kg net calorific value and 

pellet density reached 1171.7 kg/m3 DM. Dok M. et 

al, 2021 noted that the studied biomass from 

cannabis varieties had 4.256-4.589 kcal/kg 

calorific value, and obtained pellets had 3.76-

11.72% ash and 87.57-96.03% durability 

resistance. Frankowski J. & Sieracka D. 2021 

stated that the analyzed hemp biomass was 

characterized by 41.23% cellulose, 14.12% lignin, 

29.76% hemicellulose, 19.42% pentosans, 6.58% 

ash, 5.66% hydrogen, 0.52% nitrogen, 18.30 

MJ/kg high calorific value and 17.10 MJ/kg heat of 

combustion.  

 

CONCLUSIONS 

 

The investigated industrial hemp, Cannabis 

sativa, may be used as multi-purpose feedstock for 

renewable energy production; the fresh and ensiled 

mass can be used as co-substrate in biogas 

generators for the production of biomethane, and 

dry stalks – to obtain compact solid fuel – pellets. 
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Abstract 

 

Heavy metals can affect the vegetables and can accumulate in vegetables and thereby indirectly can affect human 

health. Due to various factors including the disposal of municipal and industrial wastes, application of fertilizers, 

atmospheric deposition and discharge of wastewater on land, has resulted in increase in the concentration of heavy 

metals in the soil. Soil normally contains a low concentration of heavy metals such as copper (Cu) and zinc (Zn), which 

are the essential micronutrients for the optimum growth of the plants. Heavy metals like cadmium (Cd) and lead (Pb) 

are usually not found in agricultural soil and are toxic to plants. The paper presents a case study achieved in Copsa 

Mica. As a result of a historical pollution (over 60 years) and a present pollution, the Copsa Mica area is an affected 

area by atmospheric pollution, characterized by inadequate ambient air quality, surface water pollution, soil pollution, 

qualitative degradation of vegetable products and possible risk to the health of animals and people in the area. There 

were sampled carrots roots from 51 households. Obtained data were used to estimate the bioaccumulation of some 

heavy metals (Cd, Cu, Pb and Zn) in carrot roots. The highest correlations between soil and plant total metal content 

were obtained for cadmium and lead. It is noted the increased tendency of accumulation of cadmium (r=0.761) in carrot 

roots compared to lead (r=0.660). In the case of copper and zinc, the correlation established between the two variables 

is not very strong, thus for zinc r=0.439, while for copper the value was obtained r=0.151. 

 

Key words: accumulation, heavy metals, carrot roots, Copsa Mica 
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Soil normally contains a low concentration 

of heavy metals such as copper (Cu) and zinc (Zn), 

which are the essential micronutrients for the 

optimum growth of the plants. Metals like 

cadmium (Cd) and lead (Pb) are usually not found 

in agricultural soil and are toxic to plants (Tucker 

R. et al, 2003; Alghobar M.A., Suresha S., 2017). 

Gan et al, 2017, achieved a case study that 

suggested one efficient strategy for clean 

agricultural production and food safety in high 

natural background area, to breed vegetable 

varieties with low heavy metal accumulation and 

to enlarge planting scale of these varieties. 

Sfinchez-Camazano M. et al, 1994, have 

determined the Pb and Cd contents of soils and 

vegetables from 16 urban gardens of Salamanca 

(Spain). Pb and Cd occur at pollution levels in the 

surveyed gardens. The total and soluble Pb levels 

were found to be related to the traffic density. The 

Cd levels appear to be more closely related to the 

distance from roadways, as well as to the age of 

the garden and the flow of visitors. 

Conventionally-, organically- and self-

grown carrots available across the Czech market 

were characterized based on their elemental, nitrate 

and dry matter content (218 samples, 20 

parameters) in order to assess the quality of the 

carrots and address the question whether organic 

also means better. The results were compared with 

information describing the elemental composition 

of carrots published previously, recommended 

daily intakes, and legislative limits for 

contaminants in food. Significant differences in the 

amounts of Na, K, S, Al, Mn, Ni, As and Cd were 

observed between conventional and organic 

carrots. Krejcová et al, 2016 concluded that carrots 

are an excellent source of potassium. 

Results obtained by Chaoua et al (2018) 

revealed high risks indexes, heavy metal 

contaminated food crops in studied area, and 

consequently, a great health risk to the local human 

and animal populations. Thus, preventive measures 

must be taken to reduce heavy metal pollution of 

irrigation water and soils to protect both, human 

and animal health in Marrakech and Morocco. 

Verma P. et al (2007) developed a model 

that can be used for predicting metal accumulation 

in different vegetables under dynamic field 

conditions using appropriate water extraction and 

metal uptake functions. The governing equations 
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developed in the mathematical model were solved 

using finite difference techniques to obtain the 

cadmium accumulation in radish, carrot, spinach 

and cabbage.  

Hou S. et al (2018) have achieved a pot 

experiment to investigate the effects of Cd and Cu 

mixtures to growth and nutrients (sugar, carotene 

or vitamin C) of carrot under greenhouse 

cultivation condition. The metals contents in plants 

increased obviously with Cd and Cu contamination 

in soil. The biomass production and nutrients 

declined with Cd and Cu contents increasing. Cd 

(20 mg kg−1) treatment caused maximum reduction 

of sugar content (45.29%) in carrot root. The 

results of multivariate regression analysis indicated 

that combination of Cd and Cu exerts negative 

effects to carrot, and both growth and nutrients 

were negatively correlated with metals 

concentrations. It is concluded that the Cd and Cu 

mixtures caused toxic damage to vegetable plants 

as Cd and Cu gradient concentrations increased. 

Qirui A. et al (2020), examined the effects 

of mixtures of cadmium and copper on 

physiological measures and expression of growth-

related genes in carrot under greenhouse 

cultivation. A cluster analysis showed that in the 

additions with mixtures of Cd and Cu, the plant 

phenotype was affected first, and then with 

increases in the added concentration, the 

expression of genes was also affected. In summary, 

in the additions with mixtures of Cd and Cu, plants 

were damaged as Cd and Cu concentrations 

increased. 

Beccaloni E. et al, achieved a study by 

collecting data on thirty-five different vegetables 

and fruits from a total of 255 samples. Sampling 

areas were represented by small and medium 

vegetable family gardens. Spices and herbs showed 

the highest concentrations; the highest median 

concentrations for other food have been found in 

leafy vegetables for Cd (0.147 mg/kg), in fruits for 

Pb (0.294 mg/kg), in pulses for Zn (13.03 mg/kg). 

Results obtained by Chaoua et al (2018) 

revealed high risks indexes, heavy metal 

contaminated food crops in studied area, and 

consequently, a great health risk to the local human 

and animal populations. Thus, preventive measures 

must be taken to reduce heavy metal pollution of 

irrigation water and soils to protect both, human 

and animal health in Marrakech and Morocco. 

Nabulo G. and Oryem-Origa H., concluded 

that the lowest Pb and Zn concentrations were 

found in the fruit compared to the leaves of the 

same crops. Leaves of roadside vegetables were 

therefore considered a potential source of heavy 

metal contamination to farmers and consumers in 

urban areas. It is recommended that leafy 

vegetables should be grown 30 m from roads in 

high-traffic, urban areas. 

 

MATERIAL AND METHOD 
 

The present study was carried out during 
2019- 2021 in one of the critical areas in terms of 
heavy metal contamination, Copșa Mică. The 
studied area includes seven localities: Avente 
Sever, Agârbiciu, Soala, Micăsasa, Târnava, 
Copșa Mica and Bazna. This area presents the 
highest risk of interception of heavy metals through 
locally produced local food, due to the large 
abundance of agrosystems in the structure of local 
socioecological systems (Vrînceanu N.O. et al, 
2022).  

During this study were collected 51 soil 
samples, 51 carrots (Daucus carota), samples from 
individual gardens located in contaminated area. 
Each soil sample was a mixture of 6 sub-samples 
that were collected from the surface soil (0-20 cm).  

The soil samples were air-dried at room 
temperature and then crushed and sieved through 
2 and 0.2 mm meshes, before storage and 
analysis.  

The heavy metals concentration of Pb, Cd, 
Zn and Cu was determined in the soil samples by 
atomic absorption spectrometry.  

The vegetable samples were digested with 
nitric acid in a microwave digestion system. The 
metal content was measured using atomic 
absorption spectrometry (Flame GBC 932AA or 
Graphite furnace GBC SavanatAAZ).  

Microsoft Excel 2002 was used for the 
statistical processing and graphical representation 
of data. 

 

RESULTS AND DISCUSSIONS  

 

Root vegetables are favorite vegetables of 

the locals and very often grown in individual 

households. Their cultivation in households in 

areas affected by contamination with heavy metals 

can represent a risk for the health of the consumer, 

therefore it is important to estimate metal contents 

using various stochastic models that take into 

account both the degree of soil contamination and 

the plant species. 

The studied area includes seven localities 

and 51 samples have been collected. From Avente 

Sever were collected 12 samples, from Agârbiciu 5 

samples, from Soala 3 samples, from Micăsasa 18 

samples, from Târnava 3 samples, from Copșa 

Mica 6 samples and from Bazna 4 samples. 

In table 1 are presented the values of 

statistical parameters that characterize the central 

tendency and the variability of the total cadmium, 

lead, zinc, copper contents in soil surface layer 0-

20 cm. 
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The average contents for Cd, Cu, Pb and Zn 

exceeds the alert thresholds for sensitive use of 

land according with Order 756/1997. In table 2 are 

presented the reference values of the total 

cadmium, lead, zinc, copper contents in soil for 

sensitive and less sensitive use of land.  

In case of Cadmium were registered values 

that exceed the intervention thresholds in all the 

samples collected from Copsa Mica, 9 samples 

from 18 collected from Micăsasa, 7 samples from 

12 collected from Avente Sever and 2 samples 

from 3 collected from Târnava. Also, were 

registered values that exceed the alert thresholds in 

5 samples from 12 collected from Avente Sever, in 

6 samples from 18 collected from Micăsasa and in 

one sample from 3 collected from Târnava. Normal 

values were registered in all samples collected 

from Agârbiciu, Bazna and Soala, also for 3 

samples from 18 collected from Micăsasa. 

Lead registered normal values in all the 

samples collected from Bazna and one sample 

from 3 collected from Soala. The alert threshold 

was exceeded in all the samples collected from 

Agârbiciu, in 6 samples from 18 collected from 

Micăsasa, in one sample from 12 collected from 

Avente Sever and in 2 samples from 3 collected 

from Soala. The intervention threshold was 

exceeded in all the samples collected from Copsa 

Mica and Târnava, in 11 samples from 12 collected 

from Avente Sever and 12 samples from 18 

collected from Micăsasa. 

Zinc values exceeded the intervention 

thresholds in all the samples collected from Copsa 

Mica, one sample from 18 collected from Micăsasa 

and 3 samples from 12 collected from Avente 

Sever. Also, were registered values that exceed the 

alert thresholds in all the samples collected from 

Târnava, 7 samples from 12 collected from Avente 

Sever and 11 samples from 18 collected from 

Micăsasa. Normal values were registered in all 

samples collected from Agârbiciu, Bazna and 

Soala, also for 6 samples from 18 collected from 

Micăsasa and 2 samples from 12 collected from 

Avente Sever. 

Copper have registered normal values 

excepting 3 samples from 12 collected from 

Avente Sever and one sample from 6 collected 

from Copsa Mica. 
 

Table 1 
Values of statistical parameters that characterize the central tendency and the variability 

 of the total cadmium, lead, zinc, copper contents in soil (layer 0-20 cm) 

Variable Minimum Maximum Median 
Geometric 

mean 
Arithmetic 

mean 
Standard 
deviation 

Coefficient 
of variation 

Cdsoil 0.10 27.11 4.81 3.11 5.97 5.69 95.3% 

Pbsoil 22 770 140 126.3 172.5 145.1 84.1% 

Znsoil 117 1472 358 369.9 453.6 307.8 67.9% 

Cusoil 27 163 62 62.7 66.7 24.4 36.6% 

 
Table 2 

The reference values of the total cadmium, lead, zinc, copper contents in soil for sensitive and less sensitive 
use of land according with Order 756/1997 

Element Normal values Alert thresholds Intervention thresholds 

Sensitive use 
of land  

Less sensitive use 
of land 

Sensitive use 
of land 

Less sensitive use 
of land 

Cdsoil 1 3 5 5 10 

Pbsoil 20 50 250 100 1000 

Znsoil 100 300 700 600 1500 

Cusoil 20 100 250 200 500 

 

In table 3 are presented the values of 

statistical parameters that characterize the central 

tendency and the variability of the cadmium, lead, 

zinc, copper contents in the carrot roots. 

The cadmium content values in carrot roots 

collected during this study ranged between 0.008 

mg kg−1 and 0.730 mg kg−1. The average contents 

for Cd exceed the alert thresholds contents in 

plant. According with EU Regulation 2021/1323, 

the maximum allowable value for cadmium for 

leafy vegetables is 0.10 mg kg−1, except aromatic 

herbs. For aromatic herbs the maximum allowable 
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limits are 0.20 mg kg−1 Cd reported to fresh 

material. The values obtained exceed the 

maximum allowable in all samples collected from 

Târnava, in 8 samples from 12 collected from 

Avente Sever, 5 samples from 6 collected from 

Copsa Mica, 10 samples from 18 collected from 

Micăsasa. 

The lead content values in carrot roots 

collected during this study ranged between 0.010 

mg kg−1 and 0.348 mg kg−1. The average contents 

for Pb do not exceed the alert thresholds contents 

in plant. According with CE Regulation 

1881/2006, the maximum allowable value for lead 

in vegetables, leaf vegetables is 0.10 mg kg−1 wet 

weight. In all the samples collected from Copsa 

Mica and Avente Sever, except one, in 6 samples 

collected from Micăsasa, in one sample from 5 

collected from Agârbiciu and in one sample from 

3 collected from Târnava the values obtained 

exceed the maximum allowable value for lead. 

The zinc content values in carrot roots 

collected during this study ranged between 1.1 mg 

kg−1 and 11.7 mg kg−1. The copper content values 

in carrot roots collected during this study ranged 

between 0.27 mg kg−1 and 1.19 mg kg−1. All the 

values registered for zinc and copper in carrot 

roots are normal values. 

Table 3 
Values of statistical parameters that characterize the central tendency and the variability 

 of the cadmium, lead, zinc, copper contents in the carrot roots 

Variable Minimum Maximum Median 
Geometric 

mean 
Arithmetic 

mean 
Standard 
deviation 

Coefficient 
of variation 

Cdcarrot 0.008 0.730 0.101 0.091 0.148 0.152 102.7% 

Pbcarrot 0.010 0.348 0.097 0.075 0.103 0.076 73.8% 

Zncarrot 1.1 11.7 3.20 3.37 3.68 1.71 46.5% 

Cucarrot 0.27 1.19 0.52 0.54 0.57 0.215 37.7% 

 

According to log-log diagram (figure 1), the 

carrots plant accumulated high amounts of 

cadmium. The values of cadmium contents in 

carrots were correlated with total cadmium content 

in soil by means of a power regression equation. 

For cadmium, the value of linear correlation 

coefficient (r = 0.761**), corresponding to linear 

form of the regression equation was highly 

significantly (p < 0.05) indicating a good 

correlation between the cadmium content in soil. 

 
Figure 1 Log-log diagrams for power regression curves that estimate the stochastic dependency between the 

total cadmium contents in soil (layer 0-20 cm) and the cadmium contents in the carrot root 
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Figure 2 Log-log diagrams for power regression curves that estimate the stochastic dependency between the 

total lead contents in soil (layer 0-20 cm) and the lead contents in the carrot root 
 

 
Figure 3 Log-log diagrams for power regression curves that estimate the stochastic dependency between the 

total zinc contents in soil (layer 0-20 cm) and the zinc contents in the carrot root 

 

 
Figure 4 Log-log diagrams for power regression curves that estimate the stochastic dependency between the 

total copper contents in soil (layer 0-20 cm) and the copper contents in the carrot root 
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The value of linear correlation coefficient (r 

= 0.660***), corresponding to linear form of the 

regression equation was highly significant 

indicating a very strong correlation between the 

lead content in carrot roots and the lead content in 

soil (figure 2). According to log-log diagram 

(figure 3), the the total zinc contents in soil (layer 

0-20 cm) and the zinc contents in the carrot root 

have a significant correlation with a coefficient by 

0.439. Figure 4 presents the correlation between 

the total copper contents in soil (layer 0-20 cm) 

and the copper contents in the carrot root. The 

value of linear correlation coefficient is r = 0.151ns) 

and has no significant correlation. 

 

CONCLUSIONS 

 

The highest soil contamination with 

cadmium, lead and zinc was found in Copsa Mica, 

Avente Sever and Micăsasa. The contamination of 

arable layer of soil is the reason for contamination 

of locally cultivated vegetables with cadmium and 

lead much more above the maximum permissible 

concentration. The highest correlations between 

soil and plant total metal content were obtained for 

cadmium and lead. It is noted the increased 

tendency of accumulation of cadmium (r=0.761) in 

carrot roots compared to lead (r=0.660). In the case 

of copper and zinc, the correlation established 

between the two variables is not very strong, thus 

for zinc r=0.439, while for copper the value was 

obtained r=0.151. The results can be used to 

estimate the health risk of consumption of 

vegetables cultivated.  
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Abstract 

 

The paper presents the results of research on water losses from the pipe network of irrigation plots still in the exploitation 

phase in Romania. These plotters have a long service life, considering their creation about 40-50 years ago. The advanced 

degree of wear and tear of network components, especially pipes and hydrants, led to the occurrence and maintenance of 

water losses. The assessment of water losses is done directly on site by measurements on the pipe network. The simulation 

of water losses is carried out by using appropriate calculation programs in this field (Epanet and its extensions, Hydra, 

AutoCad, ArcMap), with the use of databases created in Excel and Word. The simulation requires a complex data base 

collected from the field, from the design documentation and from the network operation process. The input data required in 

the analysis program are represented by sets of word, excel, .xlș and .dxf files and so on. The results obtained by 

simulation are exported in tables, graphs, curves of variation of hydraulic parameters and other. 
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In Romania, a small number of components 

of the irrigation systems made before 1989 are 

currently in operation. These systems show intense 

processes of degradation of the constructive 

structure and the installations that serve the 

exploitation process (Luca M. et al, 2016). The 

irrigation system is structured from irrigation sectors 

or plots. The predominant watering method used to 

irrigate agricultural crops is sprinkling. The 

watering equipment used before 1990 was also used 

after this year (self-moving watering pipes, with 

pivot, drum with hose), but in the last period of 

time, high-performance equipment was purchased. 

During the operating periods of the irrigation 

systems, water losses from the network of canals 

and pipes are permanently present. Water losses 

influence the hydraulic efficiency of the system 

components, but also the operating expenses in a 

negative way. Water losses have been present since 

the establishment of the irrigation system, and their 

value is variable over time. 

Current climate changes, with a high frequency 

of droughts, have led to a reduction in the sources and 

volumes of water available for irrigation (Chirica S. et 

al, 2019). The droughts recorded in the years 2007, 

2020 and 2022 in the eastern part of Romania had an 

extremely negative impact on the state of crops, a fact 

that demonstrated once again the need for irrigation 

systems in Romania. In this context, more importance 

should be given to water losses from irrigation systems 

(Chirica S. et al, 2018). 

Water losses are differentiated in size and in 

the structure of the irrigation system. On the 

components under state administration (water intake, 

basic pumping and repumping stations, discharge 

pipes and adduction and distribution channels, and so 

on) a large volume of water losses is recorded 

(Cismaru C., 2004; Luca M. et al, 2019; Nicolaescu 

I. et al, 2005; Sticea S.A. et al, 2020). Within the 

irrigation plots, which are privately owned or leased, 

water losses were relatively limited by the execution 

of rehabilitation and modernization works). 

The phenomenon of water losses from the 

pipes of the drinking water distribution networks is 

more studied on a national (Chirica S., 2019; 

Manescu A., 2010) and international level, a 

situation determined by the period of continuous 

operation of these networks (Boulos P.F., 

Aboujaoude A.S., 2011; van Zyl J.E., 2014; GIZ 

2011; Lambert A.O.,Thornton J., 2006). 

The purpose of the paper is to present some 

studies and researches on how to evaluate the 

water losses present in the pipe networks of the 

irrigation plots currently in operation in Romania. 

The paper mainly refers to the first scenarios 

needed in the simulation of water losses in old 

irrigation plots. 
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MATERIAL AND METHOD 

For the research of water losses, the PPS 11 
Lunca Banului irrigation plot located in the "Albița - 
Falciu Complex Irrigation and Drainage Development" in 
Vaslui County was selected (figure 1). The research 
area belongs to the arid climatic zone of Romania. 

The PPS 11 irrigation plot has an irrigated area of 
1,173 ha. The structural components of the irrigation plot 
are the following: the PPS 11 pressurization station, the 
pipe network (main, secondary, tertiary), irrigation 
hydrants, constructions on the pipe network (homes, 
massive anchors). 
 

 
 

Figure 1 Location of the study and research area - Plot 
PPS 11 Lunca Banului, Albita - Falciu Complex 

Irrigation and Drainage Development. 

 
Water for irrigation is taken from the Prut River 

with the PRS Bumbata pumping station and pumped 
into the AC adduction channel. The pipe network of 
the irrigation plot is of the branched type. Pipes are 
made of steel pipe, asbestos-cement pipes and PVC 
pipes. The watering method is sprinkler and is applied 
with classic watering equipment powered by hydrants 
located on the tertiary pipes. 

The „Albita – Falciu Complex Irrigation and 
Drainage Development” was designed by I.S.P.F. 
Bucharest in 1977 and was executed in the period 
1977 - 1978. The irrigation plots were in permanent 
operation in the period 1979 - 1989. The operation of 
the irrigation plots was interrupted after 1990, and 
some entered conservation. In 2007, 11 OWUI 
(Organization of Water Users for Irrigation), were 
established, which currently administer about 53% of 
the irrigated area. The Lunca Banului irrigation plot 
originally had an area of 1853 ha, and at the current 
stage, about 1173 ha is irrigated through the 
reconfiguration of the area. 
 The field research was carried out in several 
stages, which included data collection, topographic 
studies, technical expertise, analysis of the structural 
and functional state of the irrigation plot components 
with influence on water losses, the study of 
rehabilitation documentation and technical 
modernization etc. Some of the design 
documentation was not accessible. For each irrigation 
plot, the initial topographic plans were used, as well 
as those updated on the date of the research. The 

research in the field took photographic reliefs and 
video images. 
 Data processing was carried out according to 
the methodologies indicated for each program used in 
the simulation. The primary data collected were 
processed and stored in databases such as Excel, 
Word, and graphics and so on. 

 

SYNTHETIC ELEMENTS OF WATER  

LOSS SIMULATION MODELS 

Physical water losses occur in all 

components of a water transport and distribution 

network (Chirica S., 2019, Mănescu A., 2010): 

- supply pipes; 

- main, secondary and branch pipes from the 

distribution network; 

- the pipes in the hydraulic installation of the 

pumping and repumping stations; 

- the network of pipes and hydrants, 

- the hydraulic installation in the dormitories 

on the route of the pipelines and so on. 
According to GIZ (2011), water losses in a 

network of water supply pipes can be classified 

according to the way of presentation: 

- visible (reported) water losses, which come 

from the damage of the pipes / tubes and the joints 

that make up the pipe networks; losses of this type 

appear on the surface of the land and are easy to 

locate; 

- hidden (unreported) water losses, which do 

not appear on the surface of the land, a situation 

that requires the use of special equipment for 

detection; losses of this type can generate flows 

greater than 250 l/h at a pressure of 50 mcA; 

- ground water losses, where flows are 

considered lower than 250 l/h at a pressure of 50 

mcA; they appear in the form of drops and cannot 

be detected using acoustic methods. 

The pipeline networks for the transport and 

distribution of water present during their operation 

three characteristic stages in which water losses are 

highlighted (Kropp I. and Herz R., 2005): 

- the run-in period of the network, when 

there are many breakdowns due to design errors, 

tube manufacturing defects and technological 

execution errors; 

- the stage of operation at normal 

parameters, when breakdowns show a low 

frequency of occurrence, and the degradation of 

pipes and the formation of water losses are caused 

by special events (exceptional forces, landslides, 

earthquakes, subsidence and so on); 

- the stage of accentuated structural 

degradation of the network, highlighted by the 

exponential increase in the number of breakdowns 

as the normal duration of operation of the pipes 
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and couplings is exceeded. 

The analytical expression of the relationship 

between the emission times and the values of the 

water flows that are lost, depending on the size and 

type of damage (reported, unreported and 

background) can be presented by the following 

equation (GIZ, 2011): 

 (1)                   ,  

where: Vp is the volume of lost water, m3; C, L, R - 

awareness, localization and remediation times, days; 

Q - lost water flow, m3/day. 

 The parameters that define the operation of the 

existing emitters on a pipe include a series of 

characteristics of the assembly made up of the emitter 

- the medium transited by the volume of water 

emitted - fluid. The function that describes the flow 

rate of an emitter present on a pipeline located in a 

certain area has the form (Eq. 2) (Chirica S., 2019): 

 (2)     QE = f(Pgm, Phe, Pht, Pgt, Pfc), 

where Pgm are the geometric parameters of the 

emitter, Phe – hydraulic parameters of the emitter, 

Pht – hydraulic parameters of the land, Pg – 

geotechnical parameters of the land and Pfc – 

physical-chemical parameters of the land. 

 Broadcaster formed on pipes made of various 

materials (steel, cast iron, plastic materials, 

reinforced concrete, etc.) can have different shapes 

and sizes from pores/holes, to microcracks and 

cracks, cracks, etc. The flow through each form of 

emitter is characterized by a specific equation. 

 The consumption in a pressure-based 

simulation model is made up of the water demand 

from the nodes and the water losses recorded in the 

system. The flows available for consumption 

( ) can be expressed through the relationship 

(Chirica S., 2019):  

(3)      

 
where Pi is the pressure in node i,  - the service 

pressure value that satisfies the water requirement, 

,  - the minimum pressure value, below 

which the system cannot supply water to consumers, 

 - exponent describing the pressure-requirement 

relationship (determined experimentally). 

 Calculation programs developed by using 

various software are used for the sizing and checking 

of water-carrying pipe networks. Among these 

programs can be listed (Chirica S., 2017, van Zyl J. 

E., 2014): Epanet, Hydra-Canalis, Urbano Hydra, 

Mike Urban, etc. A series of modules can be added to 

these programs to determine various parameters of 

the pipe network, such as water losses. 

The simulation models for the pipe networks 

that structure the irrigation plots must consider a 

series of peculiarities in the formation of water 

losses. The physical water losses occurring in all 

the components of the plot are located in: the 

hydraulic installation in the pumping station, the 

network of pipes and hydrants and the hydraulic 

installation in the dormitories/distribution nodes.  

Water losses from an irrigation system are 

presented as percentage values in the specialized 

literature (Stăncescu L. et. al, 1984, Cazacu E. et 

al, 1982). For an irrigation plot with pressurized 

pipes, the types of losses presented above can be 

considered, but to which must be added 

unavoidable / planned losses in the exploitation 

process (e.g. emptying of the pipe network). 

In sprinkler irrigation plots with pipe 

networks, water losses are allowed according to the 

values imposed by the operating rules (Cazacu E. 

et al, 1982, Stăncescu L. et. al, 1984, Sticea S.A. et 

al, 2019). The allowed value of water losses is 

specified depending on the place of their 

production. Admissible values (percentages) for 

water losses from the total volume of water 

transported in the irrigation plot have the value of 

about 5% in the pipe network and about 10% in 

field irrigation (Stăncescu L. et. al, 1984). 

The analysis of water losses will be 

consistent with the mode and duration of operation 

of the irrigation systems in Romania's climatic 

conditions. They work in the spring, summer and 

autumn, and during the winter they go into 

conservation and repair. When the exploitation 

process is stopped, regardless of the season, the 

pipe network is emptied, a situation that causes a 

planned loss of water. 

 

 RESULTS AND DISCUSSIONS 

 

 The simulation of water losses for the 

irrigation plot was carried out in several stages. In 

the first stage, the design data of the PPS 11 Lunca 

Banului irrigation plot were taken (figure 2). To 

these were added the data taken from the field 

regarding the current constructive and functional 

state of the irrigation plot. The topographical data 

of the plot were updated by carrying out a study on 

the actual topography of the pipeline network. 

Through the transition from cooperative ownership 

(existing before 1990) to private ownership and 

through the establishment of OWUI Lunca 

Banului, changes occurred in the size of the plot 

surface, its geometric shape and the structure of the 

pipe network. All this required updating the plot 

features. All data were processed and stored in 

databases accessible to the simulation programs. 
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Figure 2. The initial scheme of the pipeline network at the PPS 11 Lunca Banului Irrigation Plot 
 

 

The data pre-processing step creates the 

framework on which the work scenarios will be 

simulated. In this phase, the previously processed 

data are customized so that they reflect the 

requirements of the study model (van Zyl J.E., 

2014). Pre-processing of the initial data consists of a 

set of operations, namely the calculation of flow 

rates in the nodes of the network, the determination 

of the position of the piezometric line, the 

assessment of the roughness of the pipes according 

to the duration of operation, the recalculation of the 

diameters of the pipes. By knowing these data 

parameters of the hydraulic simulation model are 

established. 

 In the second stage, the simulation of the 

operation of the pipeline network was carried out 

in the initial version of design and execution with 

the existing materials at that time. 

 In the third stage, the simulation of the 

operation of the pipeline network was carried out in 

the current version of the equipment and structuring 

of the surface of the irrigation plot. The modification 

of the topography of the network and of the net 

irrigated surface was taken into account, in which 

case the program input parameters were recalculated. 

Plot flow and supply pressure were calculated 

considering new values for watering rates, 

hydromodule, yields, pipe materials, etc. (Cismaru 

C., 2004, Luca M. et al, 2019, Luca M. et al, 2021). 

 In the fourth stage, the simulation of the 

operation of the network was carried out on variants 

of structuring and equipping with watering 

equipment in order to evaluate water losses. 

 The hydraulic-mathematical model for 

simulating water losses from a pipeline network 

requires the following input data: 1 – data regarding 

the characteristics of the network; 2 – data from 

measurements (flow and supply pressure, variation of 

water demand at network nodes); 3 – data extracted 

from the water loss monitoring documents held by 

the beneficiary. The analyzed irrigation plots 

generally do not have a monitoring system and a 

database on water losses. 

 The necessary contour conditions in the water 

loss simulation model are the following: 1 – the PPS 

flow that feeds the irrigation plot; 2 - flow rates at 

the derivation nodes on the pipeline network; 3 - the 

flow rates at the irrigation hydrants in operation; 4 - 

the value of the pressures in the pipe network and 

the way of variation. The contour conditions differ 

depending on how the irrigation sectors are used, a 

situation that requires the enlargement of the 

analysis scenarios. If in a water supply system the 

entire pipe network is permanently in operation, in 

an irrigation plot the network is in operation in 

sectors, according to the watering rotation schedule. 

 The calibration of the hydraulic - 

mathematical model is carried out on the basis of 

the measurements made in the field and the data 

obtained from the monitoring systems. No visible 

water losses were recorded during the field survey. 

Thus, the simulation model considered the existence 

of hidden (background) water losses. Thus, the 

calibration was based on the assumption of ground 

water losses distributed over the entire length of the 

pipe network. 

 Scenario I of the pipeline network 

simulation in the initial design version of the PPS 

11 Lunca Banului irrigation plot considered the 

design data of the existing pipelines in the field 
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(table 1). The initial pipeline network of the plot 

was structured from the following components: a - 

the main pipeline CP1 which fed the tertiary 

pipelines A1 – A9; b - main pipeline CP2 that 

feeds tertiary pipelines A10 – A13; c – tertiary 

pipes A1 – A13 equipped with irrigation hydrants; 

d - irrigation hydrants Dn 100 mm; e - fireplaces 

with hydraulic installations for derivation, 

ventilation, emptying, control and protection 

against hydraulic shock.  

The input data to the program were the 

following: parameters of pipes made of steel and 

asbestos cement with Pn10, respectively length, 

inner diameter and equivalent roughness. Also, the 

value of the inlet flow rate Qs = 0.887 mc/s and the 

supply pressure Ps = 6.80 bar at the pressurization 

station. 

 

Table 1. Pipe network parameters 

Pipe L (m) Material  Pn (bari) 

CP 1 1704 Oțel  10 

CP 2 928 Oțel 10 

A1 1889 Asbestos, PVC 6 

A2 2476 Asbestos, PVC 6 

A3 1462 Asbestos, PVC 6 

A4 2410 Asbestos, PVC 6 

A5 480 Asbestos, PVC 6 

A6 2961 Asbestos, PVC 6 

A7 2207 Asbestos, PVC 6 

A8 2626 Asbestos, PVC 6 

A9 2330 Asbestos, PVC 6 

A10 2010 Asbestos, PVC 6 

A11 1292 Asbestos, PVC 6 

A12 771 Asbestos, PVC 6 

A13 1274 Asbestos, PVC 6 

  
 

 
 

a b 
Figure 3. Results obtained in Scenario I of the simulation of the pipeline network at the PPS 11 Lunca  
Banului Irrigation Plot: the distribution of the diameters on the calculation sections of the network:  

b – the pressure values on the calculation sections of the network. 
 

 

Output data from the simulation program, the 

flow in the calculation sections/nodes and the 

pressure in the nodes, the velocity and the head loss 

on each calculation section and on the entire pipe 
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network were tabulated. The variation of the 

geometric and hydraulic parameters of the pipeline 

network, resulting from the simulation, was 

presented in the form of pipeline network diagrams. 

 The research is in the preliminary stage of data 

collection. Also, work is being done on the first stage 

of the simulation of the irrigation plot for the initial 

structuring option. The simulations are currently done 

for stage II where the irrigation plot is restructured as 

surface and pipe network parameters. The first set of 

data obtained refers to the current characteristics of 

the pipeline network (figure 3). This stage required 

the restoration of the parameters of the irrigation 

regime and the reconfiguration of the pumping 

station with the calculation of the operating point 

parameters (QPPS, PPPS) (Luca M. et al, 2021). 

 The modernization of the PPS 11 Lunca 

Banului irrigation plot required a constructive and 

functional restructuring of the pumping station and 

the pipeline network. Bringing the pipe network of 

the irrigation plot up to the current technical level 

requires a series of modernization works. 

 

CONCLUSIONS 

 
The infrastructure of the irrigation systems 

currently in operation in Romania is the least 

rehabilitated and modernized component after 

1990. About 40-50% of the water introduced into 

the irrigation system is lost through this 

infrastructure. 

The current organization scheme of irrigation 

plots must be restructured to correlate with the type 

of ownership of agricultural land, the shape of the 

irrigated surface, the net irrigated area. Functional 

parameters of the irrigation plots must be 

recalculated to correlate with the conditions 

imposed by the current climate characteristics, and 

especially by the prolonged presence of droughts in 

the eastern part of Romania. 

Water losses in the pipe network of an 

irrigation plot can be simulated by using Hydra and 

Epanet programs together with additional 

programming modules and on variants of 

exploitation scenarios according to the age and 

structural condition of the pipes. 

Realizing the simulations for the current 

plots requires the creation of a new database 

regarding the topographical component, the 

toponomy of the pipe network, the culture plan, 

the watering norms and the equivalent 

hydromodule, the watering equipment that can be 

used, values and types of monitored losses, etc. 
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Abstract 

 

The terracing of sloping land provides multiple functional and aesthetic advantages. Landscaping on a slope is a 

complex work that requires a thorough analysis of the features of the relief, soil and vegetation. The adoption of an 

optimal terracing solution, in terms of dimensions, contributes to the quality of the result obtained, its maintenance over 

time and a minimal impact on the environment. In this work, for the dimensioning of the terraces and the optimal use of 

the natural elements, the topographic survey of the surface was carried out with the GPS. When determining the width 

of the leisure terraces, the slope of the land and microrelief were taken into account. To make the embankments more 

efficient, it was proposed to equalize the volume of excavation with that of filling. The achievement of this objective 

was achieved by covering the surface to be leveled with a network of squares, with a side of 17 m, the corners of the 

squares being materialized on the ground with wooden stakes. The absolute shares of all the points of the squares were 

determined, and depending on the weight of each point, the weighted average share of the two networks of squares was 

calculated. The calculation resulted in a value of the weighted average elevation on the first terrace, from the upstream 

side, of 148.789 m, and on the second terrace of 146.599 m. The values thus obtained were imposed quotas for the 

execution of the terrace platforms. Depending on the micro-relief of the land on the surface proposed for development 

and the neighboring areas, widths of the terraces of 15 and 17 m, with a length of 88 m, have resulted, which allow their 

use for the purpose proposed for development. 

   

 Key words: land terracing, soil erosion, land elevation 
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In some countries, terraces were originally 

developed to provide a larger area for cultivation 

on hillsides and to help long-term agricultural 

production. In addition, the variability of terracing 

methods has reduced the risk of erosion, especially 

in regions affected by uneven rainfall, both 

seasonally and annually. 

Terraced landscapes have considerable 

ecological and aesthetic value. The terracing of 

sloping land has been used since ancient times, all 

over the world, for both aesthetic and productive 

purposes. Well-known examples are the Arab 

gardens of Spain and the agricultural terraces of 

Central and South America (Sandor J. A. et al., 

1998; Gardner R. A. M. et al., 2003). 

Terraced areas are distinctive features of the 

agricultural landscape in Europe. They represent a 

resource for agriculture and tourism, but also a 

challenge for land conservation and management 

(Stanchi S. et al., 2012). 

The soils on the terraced surfaces are 

considered anthropogenic soils due to the human-

induced characteristics and relief shape changes 

(Van Dijk A. I. J. M. et al., 2003; Zornoza R. et al., 

2009). 

Terraces, as a means of soil conservation, 

increase infiltration and reduce runoff. If 

agricultural terraces are well designed, constructed 

and properly maintained, they help protect the soil 

by increasing infiltration rates and decreasing 

runoff and sediment production. Under optimal 

conditions, these terraces form a state of hydraulic 

equilibrium between geomorphic settings and 

anthropogenic use (Schönbrodt-Stitt Sarah et al., 

2013). 

 

MATERIAL AND METHOD 

 
The area proposed to be developed as a 

recreational area is located in the NE of Iaşi. It is the 
property of USV Iaşi, being adjacent to the student 
campus and the sports base (figure 1). 

For the leveling of the two proposed leisure 
terraces, depending on their size and the degree of 
unevenness, the method of leveling the checkered 
surfaces with small squares was applied. The 
topographic elevation of the surface and the 
determination of the elevations of the corners of the 
squares was carried out with the GPS Stonex 
S7G4083040007. 
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The weighted average elevation of each 
terrace was calculated using the formula: 

 

 
 
 
where: ∑p • Z – represents the sum of the 

products between the weights and the quotas of the 
points; 

 ∑p – the sum of the weights of the points. 
 
For the application to the field of the average 

weighted elevation, resulting from the calculation, the 
Leica GeoSystems DNA 10 digital precision level was 
used, the actual leveling being done with the 
bulldozer. 

 

 
 

Figure 1 Location of the landscaped area (Google maps) 
 

RESULTS AND DISCUSSIONS 

 

Land preparation on slopes by terracing 

requires the recognition of the land, an important 

stage in the topographic survey. After recognizing 

the land and establishing its characteristic points, 

from a planimetric and level point of view, the 

topographic survey of the area to be developed 

was carried out. The topographic survey was 

carried out with the Stonex S7-G GPS and 

included a number of 91 topographic points. The 

amplitude of the elevations of the points on the 

surface to be developed is between 151.11 m and 

137.07 m. The length of the slope is 114.00 m 

with an average slope of about 13%. 

For the representation of the level curves, 

depending on the degree of inclination and the 

accuracy of the representation of the unevenness, 

the natural equidistance of the normal level curves 

of 0.25 m was chosen.    

From the analysis of figure 2, the allure and 

the density of the level curves, a natural modeling 

of the land can be found, on the raised surface in 

the plan there are two initial incipient slopes. 

In order to capitalize on the existing natural 

elements of the land, it was proposed to build, in 

the upstream part of the raised surface, two 

terraces with horizontal platforms, with a length 

of 92 m, a width of 17 m and spaced at 5.00 m 

(figure 3). 

The leveling of the surfaces can be carried 

out either at a certain elevation imposed by the 

project, or in order to obtain an average elevation, 

in order to compensate for the earthworks, that is, 

to equalize the volume of excavation with that of 

filling. In order to reduce the execution costs, the 

option of compensating the earthworks was 

chosen. 

In order to compensate for earthworks, it is 

necessary to calculate the weighted average 

elevation. In order to obtain the weighted average 

share, the leveling of the surfaces in a 

checkerboard with small squares was applied. 

Thus, two grids of squares with a side of 17 m 

were created on the surface to be developed, a size 

imposed by the orography of the land (figure 4). 

The corners of the squares were materialized on 

the ground with wooden stakes, and the elevations 

of the points of the grid of squares were 

determined, in the Black Sea Reference System, 

with the Stonex S7-G GPS. 

Depending on the positions they occupy in 

the grid of squares, the points have different 

weights. Analyzing figure 4, it can be seen that 

out of the 12 points of each grid of squares, four 

points have a weight of 1 and eight points have a 

weight of 2. 
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Following the calculations, a weighted 

average elevation of 148.789 m and 146.599 m 

for the downstream terrace resulted for the 

upstream terrace. The weighted average quotas 

resulting from the calculation were imposed 

quotas for the execution of the leveling of the two 

terraces (figure 5). Due to the connection of the 

terraces with the neighboring areas, by sloping, 

two platforms with the length of 88 m and the 

upstream-downstream level difference of each 

platform of about 5 cm have resulted, to ensure 

the drainage of water. The width of the upstream 

terrace is smaller, with values between 14.00 and 

15.00 m, due to the extension of the upstream 

slope and the utilization of the rainwater drain 

from the parking platform. 

 

 
 

 

Figure 2 Topographic plan with level curves 

 

Figure 3 Terraces proposed for development 

 
 

 

Figure 4 Application of geometric leveling with small 
squares 

Figure 5 Landscaped terraces 

 

During the actual execution of the two 

terraces, for as little impact as possible on the 

surrounding environment, the existing trees were 

kept, especially those on the slopes, and the fertile 

soil layer was uncovered (figure 6). The 

uncovering of the fertile soil layer is a mandatory 

requirement in earthworks, and by covering the 

landscaped surface with the exposed fertile soil, 

the creation of favorable conditions for the 

development of the vegetal carpet was ensured. 
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Figure 6 Technical aspects of terracing 

 

CONCLUSIONS 

 

In earthworks, in order to equalize the 

volume of excavation with that of filling, it is 

necessary to determine the weighted average 

elevation of the area to be developed.  

When determining the size of the side of 

the grid of squares, for the leveling of the 

surfaces, the size of the irregularities of the land 

surface and their density must be taken into 

account.   

In order to reduce the impact on the 

environment, when determining the width of the 

leisure terraces, the microrelief and the slope of 

the land and, last but not least, the existing woody 

vegetation must be taken into account. 

Uncovering the fertile layer of soil and 

leveling it on the surface of the terraces, after 

execution, ensures favorable conditions for the 

development of a uniform vegetal carpet, 

contributing, together with the woody vegetation 

on the slopes, to the stability of the terraces and 

the reduction of soil erosion. 
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Abstract 

Among the environmental stressors salinity is the main factor that calls into question the future of plant cultivation, be it 

agriculture, ornamental or medicinal plants. It currently affects almost a billion hectares of lands, of which 77 million 

hectares represent arable land. The intensification of stomatal conductance is directly correlated with the mechanical 

force involved in the opening of the stomata, which is influenced by the osmotic absorption of water, but also by the 

increase in hydrostatic pressure in the stomatal. This research was carried out in order to determine the bitter cucumber 

varieties with good resistance to salt stress. The materials used were represented by five varieties of bitter cucumber 

(Momordica charantia) of which: two Romanian varieties (Rodeo variety and Brâncusi variety) and three lines (Line 1, 

Line 3 and Line 4). The five varieties of bitter cucumber were subjected to salt stress for a 30 days period, during which 

they were constantly treated with saline solutions consisting of 100 mM and 200 mM concentration. Stomatal 

conductance was measured with SC-1 Leaf Porometer. The device is used to determine the flow of water vapor in and 

out of leaf stomata by inducing stomatal conductance. 

 

Key words: bitter cucumber, salt stress, stomatal conductance 

 

 

                                                 
1 Iasi University of Life Sciences, Romania 

Among the environmental stressors, salinity is 

the main factor that calls into question the future of 

plant cultivation, be it agriculture, ornamental or 

medicinal plants. This affects almost a billion 

hectares of land, of which 7 million hectares are 

represented by arable land. (Flowers T.J., 

Hajibagheri M.A., 1991). 

Increased salinity induces both hypertonic and 

hyperosmotic stress, which can lead to the death of 

the plant. Typically, stress is caused by high 

concentrations of Na+ and Cl- in the soil solution 

(Grigore M.N., 2008). 

Transpiration is the process in which plants 

remove water in the form of vapors, having an 

important role in plant life. With the help of 

transpiration, plants regulate the suction force of 

their leaves, which determines the absorption and 

circulation of both water and mineral salts (Jităreanu 

C.D. et al, 2011). 

Stomata are well-known plant structures that 

control transpiration and carbon dioxide absorption. 

They are responsible for the highest percentage of 

transpiration, the intensity varying in relation to the 

species, the age of the plant and also the 

environmental conditions (Toma L. D., Jităreanu C. 

D., 2007). 

The average values of stomatal transpiration 

are between 10 – 250 g/h/m2 during the day, and 1 – 

20 g/h/m2 during the night. Stomatal cells function 

as a hydraulic valve due to the uneven thickening of 

the cell walls. Due to this characteristic, when the 

cells absorb water and become turgid the stomata 

open, and when the cells lose water and become 

flaccid the stomata closes (Jităreanu C.D. et al, 

2011). 

The intensification of stomatal conductance is 

correlated directly with the mechanical force 

involved in stomatal opening, which is influenced by 

the osmotic absorption of water, but also by the 

increase in hydrostatic pressure in the stomatal cells. 

High stomatal conductance is influenced by the 

amount of water in the soil. Thus, in salinity 

conditions, it was found that the soil maintains a 

higher percentage of water at the level of colloidal 

particles, leading to the manifestation of 

physiological changes at the level of the plant. 

As an adaptation, the root system develops 

more in order to cope with the higher amount of 

water from the soil, thus the root will pump a greater 

amount of water, and the plant, as an adaptation, will 

intensify its transpiration process. 

Leaf gas exchange through the stomata is 

essential for the photosynthesis process due to the 

absorption of carbon dioxide (CO2) (Munns R., 

2004; Bartha C. et al, 2012). 

 



Universitatea pentru Ştiinţele Vieții din Iaşi 

 

146 

MATERIAL AND METHOD 
 

The materials used were represented by 5 
varieties of bitter cucumber (Momordica charantia) 
obtained from the Buzău Research Station, of which: 
two Romanian varieties (Rodeo variety and Brâncusi 
variety) and three lines (Line 1, Line 3 and Line 4). 

The research was carried out under solar 
conditions in 2022, within the Vasile Adamachi Iași 
farm. 

The bifactorial experiment was carried out in 
pots of vegetation in randomized blocks with 3 
repetitions. The 5 bitter cucumber varieties were 
subjected to salt stress for a period of 30 days, 
during which they were constantly treated with saline 
solutions of 100 mM and 200 mM concentration. 
Stomatal conductance was measured with SC-1 
Leaf Porometer. This device was used to determine 
the flow of water vapor in and out of leaf stomata, 
inducing the stomatal conductance (Bologa M. et al, 
2016). 

The use of the porometer provides information 
on the photosynthetic capacity of the plant, the gas 
exchange (CO2/O2) and the water stress to which 

the plant is subjected. Salt stress is closely related to 
water stress, the reason why the foliar porometer 
provides important data on the degree of adaptation 
of plants to salt stress.  
 

RESULTS AND DISCUSSIONS  

 

The regulation of the physiological 

phenomenon of stomatal closing and opening is 

strongly affected by both water and salt stress. The 

decrease in the ability to close the stomata, or even 

the total lack of it, is attributed to the sensitivity of 

some plants to the concentration of salinity in the soil 

(Sharma S.K., Gupta I.C., 1986). 

In the efectuated experiment, the readings 

were performed 10 days after the application of the 

treatments, respectively the 10th, 20th and 30th days 

of the month. As it can be seen in the following 

graphs, the plants have created a specific adaptation 

to salt stress conditions, thus modifying their stomatal 

opening with closing movements.  
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Figure 1 The effect of saline stress on stomatal conductance in bitter cucumber (Momordica charantia) 10 days 

after the start of the treatments 

According to figure 1, 10 days after the start 

of the treatments, the Brâncusi variety shows, in the 

case of the control sample, a stomatal conductance 

of 7.15 mmol compared to the plants watered with 

100 mM saline and a value of 7.86 mmol was 

recorded. In the case of Line 3, a higher stomatal 

conductance is observed where plants treated with 

saline solution of 200 mM concentration had the 

recorded value of 6.63 mmol compared to the 

control which presented a value of 6.3 mmol. 

Line 4 shows a progressive increase in 

stomatal conductance, the lowest value being 

recorded in the control: 5.25 mmol; at 100 mM 

concentration the conductance is 5.9 mmol and at 

200 mM concentration the conductance is 6.26 

mmol. This rise in the conductance values might 

represent a good adaptation of the plants of this line 

to saline stress. Unlike Line 4, the Rodeo variety 

shows increasing values of stomatal conductance; 

thus, the control has the highest conductance value: 

6.95 mmol and the lowest value is recorded for 

plants treated with the 200 mM saline solution where 

the recorded value is 6.3 mmol. In the case of Line 1, 

the situation is similar to that of the Rodeo variety 

plants, the difference being the control plants 

showing a higher stomatal conductance, compared to 

the plants treated with the two saline solutions. Thus, 

the control shows a value of 8.85 mmol, while the 

plants treated with saline solution of 200 mM 

concentration had a conductance value of 7.36 mmol. 
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Figure 2 The effect of saline stress on stomatal conductance in bitter cucumber (Momordica charantia) 20 days 

after the start of the treatments 
Figure 2 represents the stomatal conductance 

values read 20 days after starting saline treatments. 

In the case of Brâncusi variety, the increasing 

of the stomatal conductance values is observed. The 

control plants show the lowest value: 5.3 mmol, the 

plants treated with 100 mM saline solution have a 

higher stomatal conductance (5.5 mmol), and the 

plants treated with 200 mM the highest value (6.33 

mmol). This increase in stomatal conductance 

values, directly proportional to the increase in the 

concentration of saline solutions, indicates a good 

adaptation capacity of the variety to saline stress 

conditions. 

In the case of Line 3, the control plants 

showed a conductance of 6.3 mmol, while the plants 

exposed to the maximum concentration of the saline 

solution showed a value of 6.63 mmol, fact that may 

imply the attempt of the plants trying to adapt to the 

new abiotic conditions. Line 4 showed increasing 

values of stomatal conductance directly proportional 

to the applied saline solutions. As in the first graph, 

the stomatal conductance values of the Rodeo 

cultivar and Line 1 were inversely proportional to 

the increase in applied saline solutions. 

In the case of the Rodeo variety, the control 

showed a stomatal conductance with a value of 6.95 

mmol, and the plants that were treated with the 

saline solution of 200 mM concentration had a value 

of 6.3 mmol. Line 1 showed a significant difference 

between control plants and plants treated with the 

two saline solutions. The control had a stomatal 

conductance value of 8.85 mmol and the plants 

treated with the 200 mM saline solution presented a 

conductance value of 7.36 mmol. 

 

 
Figure 3 The effect of salt stress on stomatal conductance in bitter cucumber 30 days after the start of the 

treatments 
Figure 3 represents the adaptation of plants to 

saline stress after 30 days from the start of the 

treatments with saline solutions. In the case of the 

Brâncusi variety, the plants managed to adapt to the 

salt stress, thus the control had the lowest 

conductivity value of 7.2 mmol, the highest value 
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being recorded for the plants treated with 100 mM 

concentration solution, where the conductance value 

was of 8.23 mmol. In the case of the plants treated 

with 200 mM concentration solution, the value was 

7.63 mmol, thus exceeding the control. Line 3 also 

seemed to have an adaptation to abiotic conditions. 

However, the differences between the control plants 

and of those treated with saline solutions were not 

very significant. The control values recorded for 

conductance were of 8.45 mmol, and the plants 

treated with 200 mM concentration solution 

presented a value of 8.5 mmol. 

Line 4 had a conductance value in the control 

plants of 7.7 mmol and in the plants treated with 200 

mM a value of 8.93 mM. In the case of the Rodeo 

variety, after 30 days from the start of the treatment 

with saline solutions, the control plants had a 

stomatal conductance value of 8.65 mmol, and the 

plants watered with a saline solution of 200 mM 

concentration presented a conductance value of 11.3; 

the highest stomatal conductance value recorded 

during the 30-day period for all 5 variants was taken 

into account. In the case of Line 1, as in the previous 

cases, the stomatal conductance was inversely 

proportional to the concentration of the used 

solutions. Therefore, after 30 days from the start of 

the treatments, the plants of this line presented the 

lowest stomatal conductance values. 

 

CONCLUSIONS 

 

Salt stress significantly affects stomatal 

conductance and stomatal movements. Plants that 

fail to adapt to salt stress will not be able to 

coordinate the balanced flow of water from the roots 

to the leaves. As a result, the stomatal conductance 

will register low values, and the plant will show a 

series of visible deficiencies. 

The five varieties of bitter cucumber 

(Momordica charantia) studied presented different 

degrees of stomatal conductance, which can be 

interpreted as a more pronounced or weaker 

adaptation to saline stress. 

Stomatal conductance values underwent 

changes during the 30 days, which implies that the 

time required to adapt the studied variants to abiotic 

stress conditions is different. Line 1 is the variant 

that presents the lowest stomatal conductance values 

compared to the control plants throughout the 

studied period. 
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Abstract 

 

The quality of products and services has become a determining factor of organizations' competitiveness. Making 

progress in improving the quality of products and services must be a priority concern for the entire economy. Currently, 

"quality management" is emerging more and more as a profitable solution for the development of organizations of any 

kind. The production of seeds with excellent quality characteristics depends on the scientific basis of activities in the 

field of seeds, including, on the one hand, the theoretical basis of genetics, seeds breeding, and on the other hand, the 

activities of obtaining through in-depth understanding and the application of modern methods of conservative selection. 

This knowledge is necessary for the permanent maintenance of the genetic structure and biological value at the initial 

level of the genotypes of agricultural plants. In this sense, it is necessary to apply specific techniques for the production, 

processing and preservation of seeds. In order to achieve these objectives, the accumulated knowledge must be 

optimally applied to the entire process of seed production, starting with the selection of typical plants from varieties and 

research in the field of conservative selection, obtaining it from the breeder's seed until ensuring the necessary certified 

seed. Seed quality testing is carried out by seed testing laboratories that have been authorized for this purpose by the 

competent authority. Official certification is achieved by issuing field inspection documents and laboratory analyzes 

(tests) and by applying official labels to packages containing seeds that meet the quality conditions provided for in the 

rules, by species or groups of species, or, as the case may be, of official vignettes and possibly seals. 
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Along with the elements of production 

technology, biological elements such as plants and 

animals are also used in agriculture. Therefore, the 

productive process in agriculture will have to take 

into account the restrictions imposed by the 

biological factor. Biological processes are carried 

out on agricultural holdings, which makes it 

necessary to use energetic measures to regulate and 

prevent deviations from the normal development of 

plants and animals caused by diseases and pests 

(Brezuleanu S., 2009). 

The well-defined export of agricultural 

products to the world market and ensuring 

guaranteed export efficiency makes agriculture 

impressive by its complexity and importance in the 

contemporary economy and is recognized by all 

countries of the world, regardless of the level of 

economic development (Dumitriu Iuliana M., 2020). 

The quality of products and services has 

established itself as a main goal of the 

organization’s copetitivity. Making progress in 

improving the quality of products and services 

must be a priority concern for the entire economy. 

Nowadays, "the quality management" it is 

increasingly emerging as a profitable solution for 

the development of organizations of any kind. The 

coordinating role rests with top management, but 

the implementation of quality management is 

carried out with the participation of all members of 

the organization. 

The quality of products and services – as a 

result of a collective process, with the participation 

of many objective and subjective factors – is 

achieved following a cyclical, complex process, in 

which all the activities of the enterprise participate, 

starting with research and continuing with the 

design, preparation of the technological process, 

procurement of raw materials and materials, 

ensuring human resources, actual production or 

supply, control of the technological process 

(inspections, analyzes, tests, samples), sale of 

products, service.  

The cycle of activities listed, restarts each 

time and is based on a higher informational basis, 

which allows the quality to be recorded on an 

evolutionary spiral, known in the literature as the 

"quality Spiral" (Teodoru T., 1996; Maxim E., 

1998; Pop Cecilia, 2009). 
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MATERIAL AND METHOD 

 
This study aimed to analyze and present the 

main quality parameters of seeds in agricultural 
research units. 

The main objectives were represented by 
the presentation of the biological material with 
superior genetics obtained in a research- 
development station (as activities having the 
presentation of the Vaslui Meadows Research- 
Development Station and the presentation of the 
main biological categories of seeds that can be 
obtained in this type of units) and the presentation 
of quality parameters by means of which the seed 
material is characterized from a qualitative point of 
view (as activities having the pre-consideration of 
the elements of legislation in force and the 
presentation of the main quality parameters 
analyzed in seeds). 

 

RESULTS AND DISCUSSIONS  

 

1. The presentation of Vaslui Grasslands 

Research-Development Station  

Vaslui Grasslands Research-Development 

Station It was established in 1981 on the basis of 

the Decree of the Council of State No. 170, with a 

land fund of 1030 hectares. Since 1990, GRDS 

Vaslui has decreased its areas as a result of the 

occupation and restitution of land, currently 

reaching 253,54 ha. 

Regarding the activity of creating Bromus 

inermis Leyss., Agropyron pectiniforme Roem. et 

Schult and Onobrychis viciifolia Scop. new 

varieties, the unit has obtained the approval and 

patenting for the following species (sainfoin: Ana 

Maria and Sersil varieties, smooth bromegrass: 

Doina, Olga, Mihaela varieties, Iulia Safir and 

Maia Safir and crested wheatgrass: Flaviu variety). 

Since 2019 the smooth bromegrass variety Vaslui 

8 is being tested in five centers for approval and 

patenting (currently the third year of testing). 

 

2. The main biological categories of seeds 

that can be obtained in research-development 

units 

One of the main concerns of the research 

stations is one or more activities related to "the 

production of seeds of higher biological categories, 

with biological and phytosanitary qualities 

corresponding to quality standards, for species of 

cereals (common wheat, durum wheat, rye, 

triticale, barley, autumn barley, rice, maize and 

sorghum); grain legumes (soya, beans, peas); 

technical plants (sunflower, oil flax, in fiber); 

forage plants (grasses and legumes, annuals and 

perennials) and medicinal and aromatic plants. 

The production of seeds with excellent 

quality characteristics depends on the scientific 

basis of seed activities, including, on the one hand, 

the theoretical foundations of seed genetics, 

improvement and production, and on the other 

hand, the activities of obtaining through the in-

depth understanding and application of modern 

conservative selection methods. This knowledge is 

necessary for the permanent maintenance of the 

genetic structure and biological value at the initial 

level of agricultural plant genotypes. In this regard, 

specific techniques for the production, processing 

and preservation of seeds are required.  

In order to achieve these objectives, the 

accumulated knowledge should be optimally 

applied to the entire seed production process, 

starting with the selection of typical plants from 

varieties and research in the field of conservative 

selection, obtaining it from the breeder’s seed until 

the need for certified seed is ensured. 

The whole process is long lasting, stretching 

over a period of 5-6 years, during which the 

following breeding fields are organized: 

Maintenance fields (over a period of 1-3 years), 

pre-basis fields (over a period of 1-2 years), lots 

for the production of basis seed (for 1 year) and 

those for the production of certified seed (C1, C2) 

(Băcanu C. și colab., 2019). 

RDSM Vaslui it must correlate the 

production of leguminous and perennial grassland 

grasses seeds of higher biological categories with 

market demand, so as not to create stocks which 

may soon become non-compliant. Seeds of 

perennial legumes of meadows with certificate 

issued by Vaslui Territorial Inspectorate for the 

Quality of Seeds and Planting Material. For 

example, the biological category PB G1 (pre-base 

generation 1) after one year of storage become 

non-compliant by decreasing the qualitative 

indices, in particular seed germination. 

Depending on the provenance, the seed 

categories tested are: 

Basis seed - means seed of the inbred line or 

approved variety produced under the direct 

responsibility of the breeder, according to the 

official scheme of conservative selection. This 

seed is the main source of production of certified 

seed. In order to enter the breeding process, this 

seed needs the act guaranteeing authenticity and 

health status, issued by the research unit. This act 

constitutes the first official act of origin of the 

basic seed. 

Certified seed - means seed possessing the 

biological value act (SEM C1 - SEM C4), or the 

varietal purity certificate (for imported seed) issued 

by the approving inspectors, basis on field checks, 

where biological purity and phytosanitary status 

have been observed. The certified seed comes from 

the basis seed. 
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Higher Biological Category - includes the 

categories and stages of seed production for the 

Super elite basis, the Superelite (pre-basis seed) 

and the elite (basis seed). 

Lower biological category - includes all 

certified seed belonging to propagating or 

micropropagation. 

Identified seed - means the seed from 

cultivation originally intended for consumption 

and which subsequently, based on field checks, in 

relation to general status, authenticity and 

phytosanitary status, the approving inspector draws 

up the recognition report (SEM C5). This seed 

category has two restrictions: 

a) Certification is made only on the basis of 

the approval of the Ministry of Agriculture and 

only in years with deficits in the seed of the 

respective species. The approval of the Ministry of 

Agriculture shall state the quantity of seed to be 

identified; 

b) The seed identified shall be used as seed 

for that species only in that year, without the right 

to multiply for subsequent years. 

Uncertified seed - is similar to the seed 

identified with the difference that the approving 

inspector identifies the seed only in warehouses, 

without the possibility of performing field controls. 

In this case, the recognition report shall be drawn 

up only on the basis of the verification of the 

authenticity and phytosanitary status of the seed 

concerned. This seed category must also meet the 

same restrictions as the seed identified. 

Commercial seed for hybrids - F1 - is the F0 

seed obtained on the hybridization lots (HS; HT; 

HD), intended for the production process, which 

guarantees high yields due to the maximum 

heterois effect of hybrids in the F1 generation 

(Varga P. și colab., 1976; Moga I., Schitea M., 

2005; Muntean I., 2012). 

 

3. Legislation elements at the moment 

According to Law 266/2002 "on the 

production, processing, control and certification of 

quality, marketing of seeds and propagating 

material, as well as testing and registration of plant 

varieties", republished in Romania, there is and 

operates a regional, territorial and county network 

of specialized structures, which through their 

activity organizes, controls and certifies the entire 

"Annual national program for the production and 

multiplication of seeds and planting material". 

In accordance with Law 266/2002: 

a) The production of seeds and planting 

material means obtaining higher biological 

categories as: 

- Pre-basis seed - I (supererite base) - for 

autogame plant varieties; 

- Pre-basis seed - II (supereritis) - all varieties of 

autogamous; 

- Basis seed (elite) - all varieties of autogamous 

and allogamous plants; 

- Seed of inbred lines or homozygous lines as 

parental forms for simple commercial hybrids (F1); 

- Seed of simple hybrids - parental forms for dual 

and commercial trilinear hybrids (F1); 

- mutant and polyploid lines intended for 

commercial hybrids; 

- homozygous lines intended for polycross of 

synthetic varieties, etc. 

b) Multiplication of seeds and planting 

material means obtaining lower biological 

categories (seed intended for cultivators). These 

categories are: 

- Certified seed 1st year (C1) - coming from elite 

basis seed; 

- Certified seed 2nd year (C2) - derived from 

C1seed (I1); 

Commercial seed F1 for simple hybrids (HS), 

double (HD), trilinear (HT); 

- Seed of synthetic varieties (C1, C2, etc.) of 

perennial fodder plants.  

The multiplication activity is carried out by 

the research stations and specialized economic 

agents, proposed by the county structures 

(Territorial Inspectorate for the Quality of Seeds 

and Planting Material) and approved by the 

Ministry of Agriculture and Rural Development. 

The certification documents of these biological 

categories shall be drawn up and issued by the 

state inspectors, who belong to the Territorial 

Inspectorates for the Quality of Seeds and Planting 

Material. 

The agricultural production process has a 

permanent character, which requires that the 

production and multiplication of seeds be carried 

out year after year, needing the links of each stage. 

It is not allowed to interrupt this cycle of seed 

production and multiplication because this activity 

maintains the stability and the possibility of resuming 

the production process each agricultural year. 

The main objectives in the production and 

multiplication of seeds are: 

- maintenance of the genetic structure, production 

capacity and resistance characteristics of all 

varieties at the level at the time of approval; 

- preserving the biological purity of parental 

forms and ensuring a high degree of hybridization 

of commercial seeds; 

- maintaining a good phytosanitary condition of 

seeds of the variety / hybrid existing in the crop; 

- ensuring full and permanent supply of the 

necessary quantities of seeds of high biological 

value. 
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In Romania, the multiplication of seed and 

planting material for cereals, technical plants and 

fodder plants is regulated by order No. 350/2002 

"for the approval of the technical rules and norms 

regarding the production for marketing, 

processing, control and quality certification, as 

well as the marketing of cereal, oilseeds and 

textiles, fodder plants, beet, potato and vegetables’, 

completed in the case of fodder plants with order 

no. 155/2010 "on the production for the marketing 

and marketing of fodder plant seed". These 

elements of legislation are harmonized in 

accordance with the relevant legislative 

requirements of the European Union. 

A modern and efficient seed multiplication 

system must meet the following three 

requirements: 

a. the development of appropriate 

technology for the multiplication of seed of each 

variety/hybrid in all plant species cultivated; 

b. ensuring a permanent and efficient 

collaboration between state-approved, technical 

staff and improvers; 

c. introduction of precise rules on quality 

control and seed certification, in line with the 

genetic characteristics and the way in which each 

grower is obtained. 

 

4. The main quality parameters analyzed 

on seeds 

Seed crops for the production of seed 

intended for marketing, at the request of the 

multiplier, are subject to field inspection by 

Territorial Inspectorate for the Quality of Seeds 

and Planting Material and the Central Laboratory 

for the quality of seeds and propagating material 

Bucharest or under their supervision. 

The biological categories of seed to be 

inspected shall be all descendants of the breeder's 

seed: pre-basis, basis, certified, first, second and 

third generation certified, taking into account the 

particularities by species or groups of species. 

Official certification shall be achieved by 

issuing field inspection documents and laboratory 

analyze(s) and by applying official labels or, where 

appropriate, labels to packages containing seeds 

which comply with the quality conditions laid 

down in the rules, by species or groups of species, 

or, where appropriate, official vignettes and 

possibly seals. 

In these biological categories of seeds are 

analyzed, as main physical and biological 

parameters: humidity, purity, 1000 grains mass, 

hectoliter mass, cold-test, viability, health status 

and longevity. 

Seed humidity (U). Moisture is expressed by 

the percentage of water in the seeds, which 

conditions the process of storing the seeds. 

Knowledge of moisture is of great importance for 

determining the optimal date of mechanical 

harvesting of crops, for receiving, 

compartmentalizing, conditioning, determining the 

thickness of the product storage layer and for 

establishing legal losses through storage when 

stocks are liquidated. 

Seed purity (P). Purity is the percentage of 

pure seed of the species or variety analyzed, 

relative to the weight of the sample analyzed. The 

pure seed comprises the seeds of the varieties and 

varieties of the species to be analyzed, if they are 

normally developed and have the whole skin, 

capable of giving a normal plant. 

Impurities are grouped into 3 categories: 

Seeds of other crop plants (a1); weed seeds (a2); 

inert materials (plant fragments, embryo-free 

seeds, dead insects, earth, sand, etc. (a3). 

Purity is important because it gives 

indications on the quality of the seed and serves to 

calculate the number of seed per hectare. 

Mass of 1000 grains (seeds or fruits) 

(MMB). This is the weight of 1000 grains in grams 

at the moisture content of the seeds at the time of 

determination. It is important because it gives an 

indication of the quality of the seed and serves to 

calculate the number of seed per hectare. 

Germination of seeds (G). Germination is 

expressed by 2 indices: germination capacity and 

germination energy. 

a. Germination capacity (germination 

faculty) is the ability of pure seeds to germinate 

normally when placed in optimal conditions of 

humidity, temperature and air. The germination 

capacity is determined after a specific time interval 

for each plant (7-14-21 days) and expressed as a 

percentage. 

b. Germination energy is the ability of the 

seeds to germinate in the shortest time possible and 

is expressed by the percentage of seeds germinated 

normally within a time between 1/3 and 2 of the 

established duration of the germination capacity, 

by species. 

This quality of the seed is influenced by 

internal factors, such as species, variety, state of 

health, age, storage mode, tegument structure, etc. 

Cold test. The ability of seeds to germinate 

in cold and moist soil is conditioned by genotype, 

seed quality, seed or soil pathogens and their 

treatments. Compared to germination, which 

expresses the best expected rising potential, the 

cold-test estimates the minimum rising capacity 

expected from a batch of seeds when sown under 

conditions of temperature and humidity in the 

field. 
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Viability: The viability of seeds is expressed 

in the percentage of viable germs and is 

determined when a rapid orientation on a batch of 

seeds is required or when the seeds are in 

germination rest. 

Health status. The sanitary condition of the 

seeds characterizes the quality of the seeds, in 

terms of contamination of the seeds with diseases 

or pest infestation. This is very important because 

the presence of quarantine organisms is prohibited 

and the attack of harmful organisms must be 

limited. 

The purpose of determining the health status 

is to establish in the laboratory sample harmful 

organisms whose presence is limited by current 

technical standards and norms; to identify the pests 

present in the laboratory sample and to assess the 

infestation of seeds with visible or hidden forms 

thereof; identification, in the laboratory sample, of 

the various seed pathogens and determination of 

the degree of infection with them; determination of 

the presence or absence of seed of doder (Cuscuta 

spp.), in order to grant the title of "doder-free" of 

the seed lots for which this entry is mandatory 

(leguminous). Usually, the health status of the seed 

lots is carried out at the same time as the purity 

analysis or the germination analysis. 

Longevity of seeds. Seeds stored in areas 

with a high degree of humidity or too warm 

quickly lose their vitality. The longevity of seeds is 

the length of time for which they maintain their 

vitality, usually quantified in years or months. 

The seeds can retain their qualities, from a 

few weeks to 50 years, depending on the species 

and other factors, but the determining factor of the 

reduction of their qualities is storage (Samuil C., 

2010; Leonte C., 2011; Ene T.A., Mocanu V., 

2016). 

 

CONCLUSIONS 

 

Seed production is a very important and 

responsible activity requiring appropriate 

qualification and specialization, and the existence 

of an organizational and legal framework to 

coordinate all specific sequences related to its 

production and marketing, in order to maintain the 

purity of genotypes, but also their technical and 

productivity performance. 

The production of seeds with excellent 

quality characteristics depends on the scientific 

basis of seed activities, including, on the one hand, 

the theoretical foundations of seed genetics, 

improvement and production, and on the other 

hand, the activities of obtaining through the in-

depth understanding and application of modern 

conservative selection methods. 

In Romania, there is and operates a regional, 

territorial and county network of specialized 

structures, which through their activity organizes, 

controls and certifies the entire “annual national 

program for the production and multiplication of 

seeds and seedlings”. 

The multiplication activity is carried out by 

the research resorts and specialized economic 

agents, proposed by the county structures 

(Territorial Inspectorate for the Quality of Seeds 

and Planting Material) and approved by the 

Ministry of Agriculture and Rural Development. 

The certification documents of these biological 

categories shall be drawn up and issued by the 

state inspectors, who belong to the Territorial 

Inspectorates for the Quality of Seeds and Planting 

Material. 

The agricultural production process has a 

permanent character, which requires that the 

production and multiplication of seeds be carried 

out year after year, needing the links of each stage. 

It is not allowed to interrupt this cycle of seed 

production and multiplication because this activity 

maintains the stability and the possibility of 

resuming the production process each agricultural 

year. 

Seed quality testing shall be carried out by 

seed testing laboratories which have been 

authorized for this purpose by the competent 

authority and the main physical and biological 

parameters to be determined are: Humidity, purity, 

mass of 1000 grains, hectoliter mass, cold test, 

viability, health status and longevity. 
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Abstract 

 

Ensuring student-centered training, oriented towards the labor market and carried out in partnership with sustainable 

development actors ensures a favorable framework for increasing economic competitiveness, adapting production 

processes to sustainable objectives and increasing the resistance of the economic environment to economic, social and 

geopolitical vulnerability. The purpose of the research consisted in the analysis of the insertion of the graduates of the 

University of Life Sciences in Iași (USV Iași) on the labor market. For this, a survey was carried out based on a 

questionnaire administered to graduates after a variable period after their graduation. The data processing was carried out 

using statistical tools agreed for the researched topic, including the TwoStep Cluster analysis. The results reveal an 

insertion of graduates of 66.31%, percentage represented by 36.76% employees and 29.55% entrepreneurs, with small 

differences between women (50.2%) and men (49.8%). Conversely, women preferred studies (19.1%) and employment 

and men entrepreneurship (48.8%). Graduates of bachelor studies declared an employment of 22.6%, 6.5% continue their 

studies. Among the employed respondents, 41.6% started a business or got hired in less than 3 months in the field of 

completed studies (49.7%). Graduates of master's studies declared themselves employed in percentage of 81.3%, of which 

40.2% are employees and 32.2% are entrepreneurs. The first form of employment or first entrepreneurial activity was 

during studies for 28.8% and less than 3 months after finishing studies for 28.0%. Graduates of doctoral studies were 

registered with the professional status of being employed for 38.7% of the respondents, of which 22.6% are employees, 

9.7% are entrepreneurs and 9.7% are continuing their studies. The results recommend: the dynamic analysis of the 

insertion of graduates on the labor market and their career path; analysis and correlation of educational plans and 

developed skills in accordance with labor market demand; strengthening partnerships between USV Iași and public and 

private economic organizations. 
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School-to-work transition and labour market 

integration of young people represent a very 

important problem of modern societies. Innovative 

potential of young people is a real factor of progress 

in modern economies and societies. Also, their lack 

of experience, the new behaviours and attitudes can 

be a serious obstacle to labour market insertion of 

young people (Angelescu C. et al, 2010) 

Growing numbers of higher education 

graduates and persistent demand for further 

education from the population leads to concerns 

about mismatch between jobs requirements and 

workforce qualifications, both regarding 

overqualification and also sometimes regarding 

underqualification. There seems to be conflict in 

public policies that while numbers of enrolled 

students at universities and consequently numbers 

of graduates are rising, there could be a shortage of 
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graduate level jobs in the future. (Urbanek V., 

2012) 

The primary role of higher education 

institutions is to provide an educational system that 

meets the requirements of the labour market so as 

to be consistent with the requirements of career for 

young graduates. Therefore, it is important to know 

how well the university can respond to these 

demands, expectations. (Eniko S. et al, 2014) 

The fact that the Romanian society has 

recorded a significant economic downturn is also 

revealed by the conclusions of several studies: the 

decrease in number of students integrated on the 

labour market after graduation and an increasingly 

higher number of graduates working in the field 

they graduated. (Elena R.N. et al, 2011) 

Transformations in the labour market entail 

changes in forms of employment, which is a subject 
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area in which graduates should get some degree of 

orientation. Currently a multiplicity of forms of 

employment is developed, which may be useful in 

the creation of their own lives. (Hurlo, 2016) 

Significant expansions in higher education 

over the last few decades have raised concerns 

about an over-supply of graduates in the labour 

market, such that a degree no longer seamlessly 

translates into a graduate career or occupation, with 

the increased life chances this could bring. (Burke 

et al, 2020) 

The improvement of the food engineering 

graduates insertion on labour market is an 

important target even during the educational 

training. Specific studies provide the four 

complementary levels followed in steps of the 

development reach: level 1 - connections with top 

food companies on industry processes (dairy, 

cereals, meat, additives, starch); level 2 - 

development of a systematically training and 

increment of the business customer faith; level 3 - 

food engineering's graduates employment; level 4 - 

development of necessary projects to social and 

economic adjustments to communion acquits. (Neli 

et al, 2012) 

Academic skills have that effect when excess 

supply in the overall labour market is higher. Field-

specific skills also protect graduates against the risk 

of unemployment, whereas graduates' level of 

academic skills appears to be unrelated to the risk 

of becoming unemployed. (Humburg, 2017) 

Over the past decades a continuous trend of 

expansion has led to the emergence of massified 

higher education systems that have tried to 

accommodate a growing diversity of students and 

demands through diverse institutional profiles and 

program supply. Recent studies have also pointed 

out to a growing diversity in the transitions and 

integration of those expanded cohorts of graduates 

in the labour market. Hence, it is relevant to assess 

to what extent the growing institutional and 

programme diversification may be associated with 

different profiles of graduates and the 

multidimensional set of acquired competencies 

throughout higher education. (Teixeira et al, 2016). 

The labour market represents one of the most 

important things that affect the life of people, in the 

modern and contemporaneous societies. From the 

beginning of their preparation, at the very earlier 

age, our children learn that they will have to have a 

good job because only in this way they can have a 

good life. There is a spread question put to children 

from three years old: "What do you want to be 

when you will grow up?". Practically this is the first 

moment when we contact the first representation of 

the labour market. The children don't have any clue 

about their own competences, they know nothing 

about what labour market want at that moment, the 

representation about guilds and jobs is very vague 

or even absent. From this moment labour market 

will be increasingly present in our concerns and at 

a time it became almost the most important thing in 

our life. (Darabaneanu, 2014) 

The assumption that greater education levels 

of a given population leads to better employability 

levels thanks to higher education institutions (HEI) 

is widely known. However, most of the research 

related to HEI is focused on the determination of 

efficiency levels from an eminently academic 

perspective. (Blanco et al, 2022) 

The main objective of the research presented 

in this article was to determine the insertion 

analysis of the graduates of the Iași University of 

Life Sciences (USV Iași) on the labor market. 

"Ion Ionescu de la Brad" University of Life 

Sciences in Iasi specializes in agronomic and 

veterinary medical higher education, with the 

mission of training engineers specialized in 

agronomy, horticulture, animal husbandry, 

engineering and management in agriculture and 

rural development, environmental engineering, 

food products engineering, agricultural 

biotechnologies, graduates in agricultural biology 

and veterinary doctors. Within USV Iaşi, the 

following forms of studies are carried out: 

undergraduate studies; Masters; doctoral school; 

postdoctoral school; continuous training and 

teaching staff training (https://iuls.ro). 

 

MATERIAL AND METHOD 

 
This objective led to the development of a 

questionnaire survey administered to graduates 
after a variable period after their graduation. They 
completed the questionnaire when they returned to 
the university to receive their graduation diploma. 
The data processing was carried out using 
statistical tools agreed for the researched topic, 
including the TwoStep Cluster analysis. In the 
survey questionnaire, the online questionnaire was 
chosen based on objectives such as the status of 
graduates on the labor market, the duration until 
they become labour engaged through employment 
or through entrepreneurial activities and the reason 
why their employment is delayed, if the case. The 
form of the questions corresponded to the specific 
objectives of the questionnaire, including fill-in-item 
questions, select-item questions and multiple-item 
questions (Table 1). 

The questionnaires were stored in the 
university's cloud database and for developing this 
paper 9 questions were selected that were 
considered most relevant. Access to the 
questionnaire is restricted and data processing and 
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analysis have been carried out in compliance with 
the personal data regime - GDPR. In general, the 
questions included pre-set answer options, but 

most also allowed filling in with the respondents 
own answers. 

Table 1 
Questionnaire for graduates 

No. Objective Type Answer variants / content 

1 
The year of completing the 
questionnaire 

completion items text (years) 

2 Last completed studies select items bachelor's, master's, doctorate 

3 The gender of the respondents select items woman, man 

4 Year of graduation completion items text (years) 

5 Duration since graduation completion items text (years) 

6 Professional status multiple items employee, entrepreneur, unemployed 

7 
Form of employment (employee / 
entrepreneur / studies) 

select items employee, entrepreneur, studies 

8 
Duration until employment 
(occupation) 

completion items text (years) 

9 The position in the graduated field select items Yes, No 

 
The questionnaire was completed by 3,253 

subjects between April 2017 and September 2022. 
After the database review, 3,234 responses 
remained. 

The creation of databases, data validation 
and their analysis required the use of Microsoft 
Office and IBM SPSS Statistics 23 applications. 
The validation of the questionnaire results was 
carried out with Exploratory Factor Analysis (EFA) 
from the SPSS application for the possibility it 
offers to determine the covariation from a set of 
measured variables, to identify the common factors 
that establish the structure and order among the 
variables. (Tucker L., MacCallum R.C., 1997). 

Data analysis was also carried out with the 
TwoStep Cluster Analysis function from the SPSS 
application because it allows the creation of natural 
clusters from a data set that would otherwise not be 
evident in any other way. This clustering uses both 

categorical and continuous variables, involves 
selecting the number of clusters, and uses a 
probability distance measure that assumes that the 
variables in the modeled cluster are independent 
(Bacher J., 2000). 

 

RESULTS AND DISCUSSIONS 

 

Questionnaires were filled in between 2017-

2022 with the highest incidence in 2021 (33.2%), 

followed by 2020 (27.1%) and 2022 (21.5%), the 

latter being a year with partial registrations until 

September. At the level of the entire research, the 

employment level of graduates on the labor market 

was 71.1%, of which 36.76% were employees, 

29.55% entrepreneurs and graduates continuing 

their studies - 33.69%. 

Table 1 
Answers to the graduate questionnaire 

No. Objective Answers 

1 
the year of completing the 
questionnaire 

2017 - 3.6%, 2018 -7.8%, 2019 - 6.7%, 2020 - 27.1%, 2021 - 
33.2%, 2022 - 21.5% 

2 last completed studies Barchelor’s - 75.1%, master’s - 23.0%, doctorate - 1.9% 

3 the gender of the respondent woman - 55.8%, man - 43.6% 

4 year of graduation 
until1990 - 0.3%, 1991-2000 - 0.3%, 2001-2010 - 2.9%, 2011-2020 
- 82.4%, after 2021 - 13.6% 

5 duration since graduation 
At most 5 years- 76.6%, 6-10 years - 5.6%, more than 10 years - 
17.2% 

6 professional status In the labour market - 71.1%, not in the labour market - 28.2% 

7 form of occupation 
Employee - 26.2%, entrepreneur - 21.0%, still studying - 24.0%, 
none of the above - 28.2% 

8 
duration until employment 
(occupation) 

Employed during studies - 18.4%, less than three months - 26.3%, 
between 3 and 6 months - 11.7%, between 6 and 12 months - 
6.1%, more than 12 months - 3.5%, did not specify - 33.9% 

9 the position in the graduated field yes - 33.8%, no - 22.7%, yes, no - 0.2%, did not specify - 43.4% 

 

The primary statistical analysis of the 

questionnaires indicates a similar level of 

employment of women (50.2%) and men (49.8%) 

but 19.1% of women continued their studies 

compared to 15.1% of men who continued their 

studies. Women were employed at a rate of 45.6% 
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compared to men who were employed at a rate of 

36.2%. Men preferred entrepreneurial activities 

(48.8%) compared to women (35.3%). 

The orientation of USV Iași graduates 

towards entrepreneurial activities is justified both 

by the engineering profile of the university 

(https://iuls.ro) but also by the non-refundable 

funding opportunities addressed to young people 

(Wasserman D. et al, 2010; Coopmans I. et al, 

2021). 

On the other hand, the respondents who 

answered that they are entrepreneurs, it is possible 

that a part of them answered the previous question 

that they are not busy because they carry out 

entrepreneurial activities and are not employed. It 

is also possible that some of the graduates engaged 

in unregistered entrepreneurial activities use their 

working time to a small extent with these activities. 

To the question about the duration until 

employment (occupation) they did not specify - 

33.9% of which are the 28.2% who are not 

employed and the difference being represented by 

respondents who did not have a clear opinion about 

this aspect. 

When they were asked if they work in the job 

field, some respondents (0.2%) answered "yes, no" 

and others did not specify - 43.4%. Among the 

latter are the unemployed, but 15.2% of the total 

respondents cannot clearly state the correlation of 

their studies with the field in which they work. This 

phenomenon is due to the fact that they work in 

specific branches or related to the graduated field. 

We note, however, that 47.17% of employed 

graduates consider themselves employed in the 

field in which they completed their studies.  

This problem is particularly important for 

any educational institution and especially for those 

in tertiary education because technical progress, 

globalization, increased economic 

competitiveness, geopolitical and environmental 

challenges, determine the emergence of new 

positions with multiple and interdisciplinary 

valences. Traditional trades are also adapting to the 

current context. Thus, graduates will answer this 

question with even greater difficulty. It is obvious 

that they will not be able to appreciate precisely 

which of the general or specialized skills allow the 

accomplishment of the tasks at the current 

workplace. 

However, with the progress in study cycles 

and specialization, it is obvious that the graduates 

belong to the field they studied. This statement 

justifies the growing share of positive answers 

(regarding employment in the field studied) from 

the bachelor's degree (29.4% of the total bachelor's 

graduates), to the master's degree (46.2% of the 

total master's graduates) and up to the doctorate 

(59.7% of the total doctors). 

The statistical analysis by education cycle 

shows that graduates of undergraduate studies 

completed the questionnaires in the years: 2017 - 

3.4%, 2018 - 8.1%, 2019 - 6.5%, 2020 - 27.6%, 

2021 - 33.8%, 2022 - 20.6%. The gender of the 

respondents was represented by women - 56.1%, 

men - 43.9%. They completed their undergraduate 

studies in the years: 2001-2010 - 0.3%, 2011-2020 

- 46.4%, after 2021 - 53.2%. The duration since 

their graduation was: up to 5 years - 54.7%, 6-10 

years - 1.3%, over 10 years, 44.1%. Professional 

status employed - 29.0%, not employed - 71.0%. 

The form in which graduates are employed is 

represented by: employee - 11.9%, entrepreneur - 

10.7%, unemployed - 71.0%, continuing studies - 

6.5%. They declare that the duration until 

employment was: employee from the faculty - 

18.7%, less than 3 months - 41.6%, between 3 and 

6 months - 25.3%, between 6 and 12 months - 

10.4%, more than 12 months - 4.1%. Regarding the 

field of employment according to the field of 

completed studies, the graduates believe that: yes - 

49.7%, no - 40.0%, yes, no - 0.1%, they did not 

specify - 10.1%. 

Graduates of master's studies completed the 

questionnaires in the years: 2017 - 4.1%, 2018 - 

6.6%, 2019 - 7.7%, 2020 - 25.8%, 2021 - 31.8%, 

2022 - 24.0%. The gender of the respondents was 

represented by Female - 55.6%, Male - 44.4%. 

They completed their undergraduate studies in the 

years: before 1990 - 1.0%, 1991-2000 - 1.4%, 

2001-2010 - 8.6%, 2011-2020 - 87.2%, after 2021 

- 1.8%. The duration since their graduation was: up 

to 5 years - 74.9%, 6-10 years - 16.3%, over 10 

years - 8.8%. Professional status: employed - 

81.3% and unemployed - 18.7%. The form in 

which graduates are employed is represented by: 

employee - 40.2%, entrepreneur - 32.2%, 

unemployed - 18.7%, continuing studies - 13.3%. 

They declare that the duration until employment 

was: employee from the faculty - 28.8%, less than 

3 months - 28.0%, between 3 and 6 months - 

12.3%, between 6 and 12 months - 8.1%, more than 

12 months - 4.1%. Regarding the field of 

employment according to the field of completed 

studies, the graduates believe that: yes - 56.8%, no 

- 35.2%, yes, no - 0.5%, they did not specify - 7.4%. 

Graduates of doctoral studies completed the 

questionnaires in the years: 2017 - 9.7%, 2018 - 

9.7%, 2019 - 4.8%, 2020 - 24.2%, 2021 - 27.4%, 

2022 - 24.2%. The gender of the respondents was 

represented by women - 61.3%, men - 38.7%. They 

completed their undergraduate studies in the years: 

before 1990 - 1.6%, 1991-2000 - 0.0%, 2001-2010 
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- 6.5%, 2011-2020 - 48.4%, after 2021 - 43.5%. 

The duration since their graduation was: up to 5 

years - 33.9%, 6-10 years - 32.3%, over 10 years - 

33.9%. professional status: employed - 38.7%, 

unemployed - 61.3%. The form in which graduates 

are employed is represented by: Employed - 22.6%, 

entrepreneur - 9.7%, unemployed - 61.3%, 

continuing studies - 9.7%. They declare that the 

duration until employment was: employee from the 

faculty - 8.3%, less than 3 months - 4.2%, between 

3 and 6 months - 0.0%, between 6 and 12 months - 

4.2%, more than 12 months - 0.0%, they did not 

specify - 83.3%. Regarding the field of 

employment depending on the field of completed 

studies, the graduates believe that: yes - 16.7%, no 

- 8.3%, they did not specify - 75.0%. 

Analiza TwoStep Cluster, realizată pentru 

toți parametrii din chestionar (fig. 1), a permis 

gruparea respondenților în două grupuri (clustere) 

după predictorii: ocuparea, durata până la ocupare, 

forma de ocupare și ocuparea în domeniul de studii. 

 

 
Figure 1 Clustering of graduates 

 

Cluster 1 includes employed graduates 

with a frequency (ff.) of 99.9%, who completed 

bachelor's studies (ff. 69.4%), are employed or 

have businesses in the field in which they graduated 

(ff. 52.6%), are women (ff. 50.2%), carry out 

entrepreneurial activities (ff. 42.1%) and have 

engaged or started businesses in less than 3 months 

(ff. 36.7%). 

Cluster 2 consists of graduates who are not 

employed (ff. 100.0%), are graduates of 

undergraduate studies (ff. 86.7%) and are mostly 

women. These results indicate a higher level of 

employment of men in entrepreneurial activities 

but do not provide sufficient information about the 

level of employment of women as employees or 

entrepreneurs. 

Limitations of the present research 

consisted in the fact that subjects were asked 

retrospectively about their employment conditions. 

It is likely that some of them could not provide 

accurate information about the time until 

employment. Future research could involve an 

optimization of the moment of administration of 

the questionnaires, the structuring of the questions 

according to the objectives and the clearer 

delimitation of the field of studies as a future field 

of activity. 
 

CONCLUSIONS 
 

The employment level of graduates on the 

labor market was 66.31%, percentage represented 

by 36.76% employees and 29.55% entrepreneurs. 

A similar level of employment was recorded for 

women (50.2%) and men (49.8%), but women 

preferred studies (19.1%) and employment and 

men entrepreneurship (48.8%). 

Graduates of professional bachelor studies 

declared an employment of 22.6%, 6.5% continue 

their studies. Among the employed respondents, 

41.6% started a business or got hired in less than 3 

months in the field of completed studies (49.7%). 

Graduates of master's studies declared 

themselves employed in percentage of 81.3%, of 

which 40.2% are employees and 32.2% are 

entrepreneurs. The first form of employment or 

first entrepreneurial activity was during studies for 

28.8% and less than 3 months after finishing 

studies for 28.0%. 

Graduates of doctoral studies were 

registered with the professional status of occupied 

for 38.7% of the respondents, of which 22.6% are 

employees, 9.7% are entrepreneurs and 9.7% are 

continuing their studies. 
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Abstract 

 

Specialised literature regarding freedom, economic growth and development, has constantly shown that in the nations 

that have less restrictions regarding the activity of the private economic agents, the transactions tend to register higher 

levels of economic growth. These things may be less clear in the context in which there are more hypotheses: if freedom 

leads to growth, or growth is a determining factor of freedom, or if both are in a causation relationship. To evaluate 

these possibilities, Granger causation tests are being done in relation to the annual freedom indicators, elaborated by 

The Heritage Foundation and Freedom House. These indicators analyse the basic components which include the 

commercial policy, taxation, government intervention, monetary policy, capital flows, foreign investments, banking 

services, control of salaries and prices, property rights, and regulation of the markets subject to testing and summary 

assessment of freedom. The main objective of the research is the analysis of the relationship between economic freedom 

and economic growth. There are four indicators used to measure the level of economic freedom and they are the ones 

elaborated by Fraser Institute, The Heritage Foundation, Freedom House and Scully and Slottje. The research 

methodology used to attain the objectives mentioned above comprises qualitative methods (meta-analysis of the 

specialised literature) and quantitative methods (econometric methods-regression and correlation analysis, self-

correlation tests, comparative analysis and correspondence analysis). The main aim of the qualitative analysis is focused 

on the concept of economic freedom, an overview of the history and the chronology of its presence in the economic 

theory and practice, as well as on the ways of quantifying it using diverse indices that measure economic freedom in 

countries around the world. In this research I have used the index of economic freedom elaborated by Heritage Institute.  

The main components of this index are: the rule of law, government limitations, efficiency of regulations, but also the 

freedom of the markets. We consider that this index is a good measure of economic freedom; however, in the performed 

analysis we have also focused on its various components and have analysed separately the effects on the economic 

growth. The indicators that were analysed were taken from the statistical databases such as Heritage, World Bank, 

Eurostat.The indicators selected for performing the analysis were taken at the level of the countries of the European 

Union with characteristic values of the year 2019. 

 

Key words: economic freedom, real GDP increase rate (%), foreign direct investments, export volume, unemployment 

rate 
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A problem identified in the scientific 

research on economic freedom was represented by 

the lack of a measuring unit that could facilitate its 

correlation with the diverse economic 

contributions. In this context, numerous studies 

regarding economic freedom may be contested 

with regard to their scientific contribution since the 

economists did not have sufficient data, which 

were at times incomplete as well. This 

preoccupation has grown year after year, today 

being possible to measure the economic reality and 

to test the various hypotheses. The main objective 

of the research is represented by the analysis of the 

relationship between economic freedom and 

economic growth. The scientific objective consists 

in theoretically highlighting the impact of 

economic freedom on the most important 

economic indicator, i.e. the economic growth.  

 

MATERIAL AND METHOD 

 
The research methodology used in order 

to achieve the objectives mentioned above 
comprises qualitative methods (meta-analysis of 
specialised literature) and quantitative methods 
(econometric methods-regression and correlation 
analysis, self-correlation tests, comparative 
analysis and correspondence analysis). 

The combination of methods used within the 
research involves a triangulation procedure which 
minimises the inconveniences specific to each 
research method, which helps the researcher 
reach the desired results through many methods 
(Barro R., 1998). 

The methodological triangulation ensures an 
accurate perspective on the studied phenomena. 
The theoretical approach has been founded 
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through the bibliographic study of the concepts of 
economic freedom, democracy and development, 
which may lead to a grounded substantiation of the 
achieved empirical approach.  

The statistical-economic and econometric 
research methods used in this study will seek to 
emphasise the phenomena in the analysed field, 
which are, in short: statistical methods (collection 
and processing of quantitative data, analysis of 
their evolutionary trend), assessment methods 
(quantitative and qualitative determinations, such 
as deduction, comparison, statistical calculations, 
etc.) and econometric methods (regression and 
trend patterns). 

As an empirical part of the research, we will 
analyse the relation between the economic 
freedom and the economic growth with the help of 
The Heritage Foundation Index of Economic 
Freedom. 

 

RESULTS AND DISCUSSIONS  

 

The relations that have been established 

between economic freedom and economic growth, 

as well as the relations between individual 

segments (sub-indices) of economic freedom and 

economic growth have been taken into account in 

numerous studies that have shown the different 

contributions of individual elements of economic 

freedom that lead to economic welfare.  

Starting from these aspects a series of 

questions have emerged, which we will try to 

answer following the theoretical and empirical 

research: Does economic freedom contribute to 

growth? And: Which of the components of 

economic freedom have a significant influence on 

the rate of economic growth?  

The first studies regarding the 

interdependences between economic freedom and 

economic growth were accomplished with the help 

of Scully and Slottje index (1991). The results of 

the studies carried out by Ayal, E. B., Karras, G. 

(1998) and Haan (2007) showed that there is a 

statistically positive and significant relation 

between the GDP per capita or the rhythm of 

economic growth and the field of economic 

freedom. Other studies, large in number, which 

used the Index of economic freedom (IEF, 

published by The Heritage Foundation) and the 

Economic freedom index (EFI, published by 

Fraser Institute), confirmed the impact of 

economic freedom on economic growth (Gwartney 

J., 2007; Bennett D., 2017, Ali A.M., Crain W.M., 

2002; Doucouliagos C.,2006; Medina Moral 

V.2018). 

A problem identified in the scientific 

research on the economic freedom has been the 

lack of a measuring unit that could facilitate its 

correlation with the diverse economic 

contributions. In this context, many studies 

regarding the economic freedom may be contested 

with regard to their scientific contribution since the 

economists did not have sufficient data, these 

being at times incomplete. This preoccupation has 

grown year after year, today being possible to 

measure the economic reality and to test the 

various hypotheses. 

A series of studies (Alvarez Arce J, 2003; 

Bennett D.L., Nikolaev, B., 2017; Banneheka S., 

2015 Justesen, M.K., 2008; Iacobuță Andreea 

2005) attempted to analyse the nature of the 

;connection between economic freedom and 

economic growth. Using various econometric 

methods, as well as various indicators of economic 

freedom, all economists tried to answer the same 

question: “Does economic freedom determine 

economic growth?” 

Some economists have found a positive 

relation, others a negative one, and for others the 

relation has not indicated statistically significant 

results. There have been numerous studies that 

have sought to determine which segment of 

economic freedom is the most conducive to growth 

so as to create an adequate economic policy that 

may improve and contribute to economic welfare. 

The object of the research has also been that 

of discovering the nature of the relations between 

the level of democracy, political, civic and 

economic freedom and their direct or indirect 

influence on growth. The long term economic 

growth is correlated with a potential growth of the 

productivity of an economy, and in figure 4 the 

determining factors of the long term economic 

growth may be observed. 
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Figure 1 The determining factors of the long term economic growth (after Mihuț, I.S., Luțaș, M., 2013),  

 

 

In this analysis we have used the index of 

economic freedom elaborated by The Heritage 

Institute. The main components of this index 

consist in: the rule of law, government limitations, 

efficiency of regulations, but also the freedom of 

the markets. We consider that this index is a good 

unit for measuring the economic freedom; 

however, in the performed analysis we have also 

focused on its various components and have 

analysed separately the effects on the economic 

growth. The indicators that have been analysed 

were taken from the statistical databases such as 

Heritage, World Bank, Eurostat. 

The indicators selected for performing the 

analysis were taken at the level of the countries of 

the European Union with characteristic values for 

the year 2019. In table 1, for each indicator we 

have mentioned its name, the definition and the 

data source. 

 

Table 1 
Macroeconomic indicators used in cross-cutting analysis 

Name of indicator Definition Data source 

Economic 
freedom 

Measures the impact of the freedom of free markets indicating the correlation 
between economic freedom and progress 

The Heritage 
Foundation 

Real GDP growth 
rate (%) 

The real economic growth rate or the real growth rate of GDP measures the 
economic growth, expressed by means of the gross domestic product (GDP), 
from one period of time to another. It is used by the decision factors in order to 
determine the growth in time and to compare the growth rates of the similar 
economies to different inflation rates 

Eurostat 

Foreign direct 
investments 

(% GDP) 

Foreign direct investments refer to the direct investment capital flows in an 
economy 

World Bank 

Volume of exports 
(% from GDP) 

The export volume is made up of the value of all goods and services provided on 
the market. 

World Bank 

Unemployment 
rate 

(% from the total 
of workforce) 

The unemployment rate represents the number of unemployed as a percentage 
of the workforce (the workforce is the sum of the employed and the unemployed 
people) 

World Bank 

The rule of law 
The rule of law guarantees the fundamental rights and values, permits the 
application of EU law and supports an investment-friendly business environment. 
This indicator takes reference range values between 0 and 100 

The Heritage 
Foundation 

Government size 
The government size is derived from its role of spending in an economy. This 
indicator takes reference range values between 0 and 100 

The Heritage 
Foundation 

Efficiency of 
regulations 

It concerns the efficiency of business freedom, of labour freedom and the 
monetary freedom. 
This indicator takes reference range values between 0 and 100 

The Heritage 
Foundation 

Freedom of 
markets 

It refers to trade freedom, investment freedom as well as financial freedom. 
This indicator takes reference range values between 0 and 100 

The Heritage 
Foundation 

 

In the following we will analyse the 

Heritage indicators such as the economic freedom, 

the real GDP growth rate, foreign direct 

investments, the volume of exports and the 

unemployment rate, in order to get an overview of 

the relationship between the real GDP growth rate 

and the factors that can influence it in a sample of 

27 countries in 2019 (table 2).  
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Table 2  
Heritage Indicators 

 
 

 

Analysing the data from Table 2 we can 

observe great differences among the 27 EU 

countries analysed. In figure 2 it may be noticed 

that the average of economic freedom is 7.49, with 

the lowest values for Greece (7.15) and the highest 

value of the index being recorded by Austria  

with 8.2.  

 

 

 
 

Figure 2 Economic Freedom 2019 

 

If we analyse the real GDP growth rate in 

the year 2019 (figure 3), compared to the EU 

average which is 3.01, the highest value was 

recorded for Malta (5.9) and the lowest value for 

Italy with only 0.4. 
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Figure 3 The real GDP growth rate 2019 

 

The foreign direct investments presented in 

figure 4, with an average of the indicator at EU 

level of 6.98, have known oscillating 

developments, with a regression of -18.0 in the 

case of the Netherlands and over 100 in the case of 

Cyprus. 

 
Figure 4 Foreign direct investments 

 

Analysing the volume of the exports (% 

from GDP) we may observe from figure 5 that the 

EU average is 134.29 with maximum values of 

380.1 for Luxembourg and only 45.84% in the case 

of Austria. 

 

 

 
Figure 5 Export volume (% GDP) 

 
The unemployment rate (Figure 6) at EU level is 

6.83 % with maximum values in the case of 

Greece (17.31%) and minimum values for 

Czechia with 2.01 %. 
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Figure 6 Unemployment rate 

 

Next we will use the Fraser indicators such 

as the real GDP growth rate, the government size, 

the property rights, money or capital and 

regulations so as to get an overview of the 

relationship between the real GDP growth rate and 

the factors that can influence it in a sample of 27 

countries in 2019 (table 3)

 

Table 3 
Fraser Indicators 

Country 
The real GDP 
growth rate 

2019 

Government 
Size 

Property rights and the legal 
system 

Money/Capital 
Freedom of 
movement 

Regulation 

Austria 1.5 5.43 8.33 9.42 8.45 7.65 

Belgium 2.1 7.29 7.45 9.41 8.39 8.12 

Bulgaria 4 7.02 5.94 9.66 8.38 7.81 

Croatia 3.5 5.56 6.07 9.38 8.33 7.46 

Cyprus 5.3 7.25 6.32 9.34 8.64 7.93 

Czechia 3 6.64 6.99 8.98 8.43 8.31 

Denmark 2.1 5.34 8.61 9.6 8.77 8.54 

Estonia 4.1 6.6 7.7 9.36 8.68 8.22 

Finland 1.2 5.14 8.6 9.39 8.5 7.96 

France 1.8 5.08 7.15 9.41 8.56 7.56 

Germany 1.1 6 7.71 9.41 8.34 8.1 

Greece 1.8 5.41 5.93 9.3 7.39 7.18 

Hungary 4.6 5.93 6.31 9.52 8.39 7.49 

Ireland 4.9 6.72 7.68 9.5 8.73 8.4 

Italy 0.4 5.72 6.47 9.41 8.69 7.78 

Lithuania 4.6 7.66 7.18 9.33 8.63 8.27 

Latvia 2.5 6.44 7 9.31 8.71 8.26 

Luxembourg 3.3 5.58 8.17 9.3 8.2 7.95 

Malta 5.9 6.97 6.47 9.53 8.75 8.43 

The Netherlands 2 5.11 8.35 9.26 8.96 8.12 

Poland 4.7 6.12 6.13 8.3 8.02 7.44 

Portugal 2.7 6.28 7.21 9.44 8.79 7.24 

Romania 4.2 7.25 6.41 9.38 8.85 7.52 

Slovakia 2.6 6.3 6.26 9.32 8.36 7.82 

Slovenia 3.3 5.45 6.63 9.58 8.21 7.28 

Spain 2.1 6.42 7.31 9.45 8.44 7.84 

Sweden 2 4.68 7.87 9.74 8.49 7.81 

The value of the indicator called the government 

size presented in figure 7 has an average value at 

EU level of 6.13 with minimum values for Sweden 

with 4.68 and maximum for Lithuania with 7.66.  
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Figure 7 Government size 
 

Regarding the capital or the money, as the 

situation is depicted in figure 8, it follows that the 

highest values are recorded in the case of Sweden 

with 9.74, and the lowest value of the indicator 

being 8 in the case of Poland, the EU average 

being of 9.37. 

 

 
 

Figure 8 Money 

 
The freedom of movement presented in figure 9 

for the majority of the analysed countries has values 

close to the EU average which is 8.48, the lowest value 

being recorded for Greece with 7.39. 
 

 
Figure 9 Freedom of movement 

 



Universitatea pentru Ştiinţele Vieții din Iaşi 

 

168 

Statistically interpreting the correlations 

between the analysed indicators for the 27 

countries considered for the study, we have 

obtained the values in figure 10, which 

demonstrate the correlations between the 

indicators. 

 

 
 

Figure 10 The determination of the correlations between the economic freedom and the economic growth  
 

CONCLUSIONS 

 

The determination of the correlations 

between the economic freedom and the economic 

growth has demonstrated a positive relationship 

between the economic freedom and the economic 

growth of society in the 27 EU countries analysed 

in terms of Heritage and Fraser Indicators. The 

study regarding the relationship between the 

economic freedom and the GDP growth has 

registered a positive relationship in the case of 

most countries; however, we need to be objective 

in choosing the measure of economic freedom.  

The robustness of the results has been carefully 

analysed since the potential problem of 

multicollinearity is one of the negative effects of 

composing an index. The obtained results indicate 

that the economic freedom counts for the growth 

and the development of a country. This does not 

mean that when economic freedom grows it is 

determining for the economic growth, because the 

influence of some of the index categories is 

statistically insignificant, and some of the 

significant variables may have a negative 

influence.  

Economic freedom does not mean 

eliminating any form of state intervention. On the 

contrary, even in a free society, there is a minimum 

state that ensures the protection of the individuals’ 

freedom in society.  
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Abstract 

 

Institutional arrangements (as a synergy of formal and informal institutions) can decisively contribute to mitigating 

slippages related to the effective functioning of the intrinsic mechanisms resulting from the manifestation of the 

principal-agent binomial. Some externalities generated by the functioning of bureaucratic organizations tend to vitiate 

the mandate offered by the citizen to the governmental level, as a representative of the fundamental interests of the 

population. Starting from the institutionalist paradigm and tools (formal and informal institutions, the imposition of 

contracts, transaction costs), our research aims to analyze, using a qualitative approach, the role of external public audit 

in the functioning of formal and informal institutions, in relation to public organizations. The main results of the study 

highlight the way in which the external public audit carried out by the Supreme Audit Institutions (SAIs) contributes to 

remedying the deficiencies related to the improper promotion of taxpayers' interests, the fading of moral hazard 

(through the prism of opportunistic behavior) as well as the creation of premises aimed at increase trust in society. 

 

Key words: agency theory; institutions; external public audit. 
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The level of economic and social 

development of a country cannot be explained 

without recourse to the (neo)institutionalist 

paradigm and tools, in which the formal 

institutions (the legal system – property rights, the 

judicial system that ensures their enforcement) and 

the informal ones (social norms, values, trust, 

culture, trust) coexist and create a dynamic 

framework designed to structure human behavior 

through the constraints generated in the social, 

economic, legal plane (North, 1990). While the 

imposition of the first category is carried out 

through the state, the second category represents 

the prerogative of society as a whole, in the sense 

that the violation of some values, customs can be 

sanctioned by exclusion, loss of membership, etc. 

In fact, institutions represent the rule of the game, 

while organizations represent the actors. 

The coexistence of the two fundamental 

types of institutions should not be viewed from a 

static perspective, they make up institutional 

arrangements that evolve according to a variable 

geometry, in which some formal institutions can be 

replaced by informal ones, the reciprocal being 

fully true. Moreover, although interdependent, they 

can come into contradiction when, for example, an 

import of a legal institution, is not grafted on 

traditional social values, that institution becoming 

inoperable de facto. 

While some formal institutions can be 

changed by legislative will, informal ones are 

quasi-immutable, the change occurs incrementally, 

given that they represent social norms, validated 

over long periods of time (Pejovich S., 1999). 

Although these institutional frameworks 

mark human actions in each country, opportunistic 

behaviors appear that generate additional 

transaction costs, loss of trust between economic 

actors, compression of commercial exchanges 

(Williamson C.R., 2009). 

The conflictual relationships (imprinted by 

opportunistic behavior) that appear within the 

principal-agent binomial (agency theory) represent 

an eloquent example (Jensen M.C., Meckling W., 

1976). Thus, benefiting from the advantage of 

informational asymmetry, the agent (manager) who 

acts in the name and on behalf of the owner 

(shareholder), of the one who owns the property of 

the assets, has the inclination to internalize part of 

the rent owed to the owners. In this situation, 

monitoring costs become incidental, the principal 

having two options – either to grant (additional) 

incentives to the agent, in direct relation to the 

achieved production, or to appeal to the audit. 

Although that theory finds its vein in the 

private sector, it is also confirmed for the public 

sector, but a little nuanced. Thus, at a first level, 

the electorate (the citizen having the capacity of 

principal) empowers the legislature (agent) by 
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voting to promote their own socio-economic 

interests. In turn, the legislature becomes an agent 

through the mandate given to the executive, which 

in turn grants mandates to government agencies 

(the lower hierarchical level). 

The asymmetry of information and the 

temptation to appropriate rents (state capture) can 

propagate exponentially from the first to the third, 

level, generating institutional alteration, high 

monitoring and transaction costs, decreasing trust. 

 

MATERIAL AND METHOD 

 
In this context, our approach aims to analyze 

how the external public audit carried out by the 
Supreme Audit Institutions (SAIs) contributes to 
remedying deficiencies related to the improper 
promotion of taxpayers' interests, blurring moral 
hazard as an expression of opportunistic behavior, 
as well as creating the premises aimed at 
increasing trust in society. The announced 
objective calls for a qualitative approach and 
represents an original own contribution, intended 
to integrate agency theory into institutional 
arrangements at the level of the public sector. 

 

RESULTS AND DISCUSSIONS  
 

Agency theory projected at the level of the 

public sector opens certain perspectives worthy of 

investigation. At the first level, citizens feel the 

need to be informed about the decisions adopted by 

the elected and whether they are not in 

disagreement with the electoral promises before 

the election. The existence of gaps between the 

proposed objectives and the present reality will 

contribute to the sanctioning of this category of 

agents in the future. 

At the same time, the legislature finds itself 

in a position to appreciate how the mandate offered 

by it to the government actually materializes. A 

possible non-compliance of those empowered in 

this regard will lead to the decrease of voters' 

confidence in the legislature's ability to concretely 

implement the adopted strategies. 

For its part, the government is aware that if 

its own organizations (government agencies) act in 

dissonance with the programs/operational plans 

drawn up, it will have to provide additional 

explanations to those who have invested it. 

Moreover, even if the proposed objectives 

have been achieved, the level of financial resources 

engaged matters both for the electorate and for 

each of those who hold the dual quality of 

principal and agent. 

From this perspective, evaluating the costs 

involved/related to the results obtained is not a 

very easy approach, as the public sector does not 

operate according to the same rules as the private 

sector. For each of these actors, agency costs 

increase, any slip-ups will be hard on the citizens. 

Even if various internal control systems are 

designed at the level of these levels, their 

architecture may leave something to be desired or 

the operation may be flawed by the lack of 

effective independence (Mueller D., 2003). 

Things get even more complicated if we also 

take into account the competitive political pressure 

existing in multi-party systems – the opposition 

will undoubtedly charge any error, waste or gap 

with the political promises of the electoral 

campaign through the mass media (Baber W.R., 

1983). 

In the presented context, against the 

background of the legacy of fragile informal 

institutions (path-dependence), benefiting from 

information asymmetry (which transposes very 

high agency costs for citizens), moral hazard will 

materialize, in the case of some public actors, in 

opportunistic behaviors, appropriation of rents or 

mystification of the results obtained and the 

resources allocated. As a consequence, the legal 

institutions that ensure low transaction costs 

(predictability and operability of the law) will be 

affected, and economic exchanges defused (Sung 

J., 2005). 

Factual records and contributions from 

specialized literature converge towards the idea 

that the existence of objective, independent, 

professional, responsible, efficient supreme audit 

institutions, through the specific activities carried 

out (financial, compliance, performance audit) 

contributes to the decrease of agency costs, the 

fading moral hazard, promoting trust, transparency 

and accountability (Intosai 2013a; Intosai, 2013b; 

Lai S.M., Liu C.L., 2018; Corten et al., 2017). The 

promotion of trust is manifested at the level of 

each principal-agent category, by virtue of the 

independence of the external public audit, 

especially considering that the supreme audit 

institution is an organization invested with public 

power, but also "owner" of national resources 

(Badamdorj B., 2010). There are situations in 

which during election years the demand of public 

law organizations for auditing increases, for 

reasons that involve certification, discharge or 

confirmation of performance (Kim S., 2014). 

At the same time, responding to various 

social requirements, the external public audit 

shows flexibility, carrying out compliance audits 

aimed at combating fraud, corruption, in order to 

later, given the removal of these risks, direct its 

resources to activities that involve complex 

analyzes of the activity of the principals, from the 

perspective of compliance with the criteria of 
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efficiency, economy and effectiveness in the 

management of public funds (Walker, 2007). 

We underline one of the basic requirements 

of the valorization of the external public audit, the 

communication/publication (an accentuated trend 

since the 1990s) of the results of the missions 

carried out, an important aspect both for the 

principal to whom symmetrical, credible and 

reassuring information is thus guaranteed, but also 

for the agent, structuring future behaviors and 

formulating recommendations to improve the 

activity (Gonzales, Lopez, and Garcia 2008). 

 SAI's direct communication channels 

provide information that is more reliable and true 

to reality, compared to the mass media, the latter 

seeking the sensational, or manipulating the 

information obtained. Communication with civil 

society remains defining for the implementation of 

the recommendations of SAI reports (social 

pressure) in the conditions where bureaucratic 

systems can significantly diminish the desired 

result of the formulated recommendations (World 

Bank, 2005). 

Ex-ante audits and during budget execution 

can have a higher impact on public opinion than 

ex-post audits that refer to past budget exercises, 

however, the objectives of the mission or the 

audited field also count. 

But the communication and involvement of 

civil society is not only one-way, from the SAI to 

the citizen, but there are organizations of this type 

(USA, Mexico, South Korea) that collect 

information from citizens regarding future 

auditable areas, petitions, reports of fraud, within 

well-designed information networks (UN DESA, 

2013). 

For public management, the information 

provided by SAIs after conducting audit missions 

become useful elements in adjusting sector 

strategies, reconfiguring the architecture of internal 

control systems, optimizing future decisions 

adopted. 

Some authors show that the external public 

audit plays an active role not only in minimizing 

the loss of resources from the public sector, but 

also in the recovery process of possible damages, 

provided that there are legal powers in this regard 

and collaboration with specialized organizations 

(Chow, 1982). 

Last but not least, as a result of the external 

public audit missions carried out, the SAI can 

formulate de lege ferenda proposals, aimed at 

modernizing the existing legal institutions, 

adapting them better to the socio-economic 

context. 

 

 

CONCLUSIONS 

 

Although formal and informal institutions 

coexist and make up institutional arrangements that 

evolve by marking human actions in each country, 

opportunistic behaviors appear that generate 

additional transaction costs, loss of trust between 

economic actors, compression of commercial 

exchanges, conflicting relationships that appear 

within the main - agent binomial (agency theory) is 

an eloquent example. 

Benefiting from the advantage of 

informational asymmetry, the agent has the 

inclination to internalize part of the rent owed to 

the owners, thus becoming incidental monitoring 

costs. 

The asymmetry of information and the 

temptation to appropriate rents can propagate 

exponentially from the first to the third, level, 

generating institutional alteration, high monitoring 

and transaction costs, decreasing trust. 

The existence of objective, independent, 

professional, responsible, efficient supreme audit 

institutions, through the specific activities carried 

out, contributes to the decrease of agency costs, the 

fading of moral hazard, the promotion of trust). 

The promotion of trust (informal institution) 

is manifested at the level of each principal-agent 

category, by virtue of the independence and 

professionalism of the external public audit. 

The external public audit shows flexibility, 

through the activities carried out, but the 

communication/publication of the results of the 

missions carried out, guarantees the principal a 

symmetrical, credible, reassuring information. 

For public management, the information 

provided by SAI following the audit missions 

become useful elements in adjusting sector 

strategies, reconfiguring the architecture of internal 

control systems, but external public audit also 

plays an active role in minimizing the loss of 

resources in the public sector, in the recovery 

process of possible damages and in the adjustments 

transposed in the legal-normative plan, 

contributing to the modernization of the existing 

legal institutions. 
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Abstract 

 

The new global challenges related to climate change, the efficient use of natural resources, sustainability or food 

security require scientifically based and updated answers in order to create the general framework for ensuring the 

balance of human-economic activity-nature system. The paper aims to highlight the technical-economic efficiency of 

the drip irrigation system at S.C. Triticum SRL, an enterprise with agricultural profile from Neamț County, Romania. In 

order to show the efficiency, the technical description, the analysis of the statistical indicators (based on the data 

provided by the accounting balances made available), the correlation of the irrigation potential with the yield increase 

and the identification of the productivity of the drip irrigation system were taken into account. The results of the study 

indicate a significant increase in yield obtained as a result of using of the system compared to the non-irrigated version 

(and implicitly an increase in the economic result recorded by the company). The research also identifies a much more 

efficient use of the amount of water in relation with the increase in production. Drip irrigation systems can be sources of 

added value in a green economy being elements that can contribute to ensuring the technical-economic performance of 

agricultural holdings. Even if the initial investment is high, requiring additional efforts on the part of the beneficiary, the 

calculations highlight the profitability of using such a system and also the results can be extrapolated to other economic 

units in the agricultural sector with similar characteristics. 

 

Key words: climate change, drip irrigation system, technical and economic efficiency  
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The importance and necessity of the research 

subject are given by the unfavorable climate 

developments in recent years and the increase in the 

unpredictability of the rainfall amount associated 

with different crop areas, with the physiological 

drought affecting a large part of the cultivated areas.  

The main issue in agricultural field raising a 

lot of concern nowadays are crop productivity and 

saving irrigation water, people becoming 

increasingly aware of the need for conservation of 

limited natural resources (Sharaiha R. et al, 2020 

and Wilde C. et al, 2009), the efficient use of 

agricultural water being named by Ali A. et al 

(2020) as one of the most significant challenges of 

this century.  One of the greatest negative impact on 

agriculture is determined by droughts (Prepeliţă 

(Popovici) Cătălina Ionela, 2021), irrigation being 

essential for increasing the efficiency of input-use 

and improving crop yields (Luhach M.S. et al, 

2004). 

Technical capital is essential in achieving 

performance, capital being the main engine of 

economic growth (Ștefan G. et al, 2015). For the 

majority of the farms the need for irrigation 

infrastructure is acute. According to Mocanu I. et al 

(2021) rehabilitation of irrigation systems led to 

capitalizing at a higher level on the agro-productive 

potential of the areas served, ensuring high yielding 

agricultural production, reducing prolonged 

droughts and improving the microclimate.  

Developing the necessary infrastructure for 

water resources and encouraging a good 

management in this field, is a common policy 

agenda in many countries (Khalifa W. et al, 2020) 

investments in hydro-ameliorations activities having 

a direct influence on agricultural production 

(Vanghele C., 2019). 

 Modern irrigation technology can be 

favorable not only for the farmer but also for the 

national economy by achieving optimal use of 

resources (Ali A. et al, 2020) and as a part of it the 

drip irrigation system can represent a successful 

technological model in ensuring high productivity 

and water saving. 

Drip irrigation is the most advanced and 

efficient method of irrigation. However, the 

advantages of this technique regarding the 

additional controlled amounts of water, cannot be 

obtained if the user is not familiar with related 

knowledge and does not implement it in the 

operation and maintenance of the system. 
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Drip irrigation system not only reduces the 

cost of supplied water, but also the costs related to 

human labour and other cultivation costs and only 

the lack of knowledge about the water saving and 

cost effectiveness of the drip system among farmers 

has led to its limited use compared to other 

conventional irrigation systems (Yadav A. et al, 

2022). 

According to Vanghele C. (2019) economic 

efficiency is reflected by the conditions under which 

the production activity is carried out. Technical 

efficiency is related to more entrepreneurship 

features like farmers’ environmental and risk 

attitudes, investment decisions, and socioeconomic 

characteristics (Belay A. et al, 2022). 

Yadav A. et al (2022) states that it is 

indispensable to adopt a strategy regarding water-

efficient irrigation at a large scale. Drip irrigation 

system is a solution offered to farmers in order to 

achieve higher yields and larger water savings.  

A study conducted by Jarwar A.H. et al 

(2019) suggests that drip irrigation, apart from 

advantage of water saving in comparison to 

conventional irrigation, is highly effective and 

economically profitable, investments in drip 

irrigation having a favorable benefit-cost ratio.  

Climate changes in recent years favored 

extreme weather phenomena, such as prolonged 

drought or lack of snow (such as the winter of 

2020), which are the main natural risk factors for 

agricultural crops. Extreme temperatures and 

droughts are frequent phenomena and, above all, 

difficult to anticipate. Therefore, research on the 

efficiency of irrigation techniques and soil quality 

has the role of substantiating investment decisions at 

the farm level and technological decisions for 

fertilization and fertigation of agricultural land.  

 

 

MATERIAL AND METHOD 

 
The material case study. The study involved 

researching irrigation technologies for field crops in 
order to increase the level of adaptation to climatic 
challenges (e.g. droughts). 

The experimental research fields of modern 
irrigation techniques were organized at the level of 
arable land with a total area of 31.07 ha cultivated 
with maize, in Săvinești Commune, Neamț County, 
made available for the study by TRITICUM S.R.L.. 

The 31.07 ha area that is the subject of this 
paper (part of a larger project) was divided into 7 
operating zones, which could operate in optimal 
parameters, under different operating conditions (for 
example, different water flows, different periods of 
irrigation, distinct ways of working the soil, etc.), 
according to the specific research activities 
established. 

In order to obtain the proposed results, it was 
carried out the description and technical analysis of 
the system, the analysis of statistical indicators 
(based on the data provided by the accounting 
balance sheets made available), the correlation of the 
irrigation potential with the yield increase and the 
identification of the productivity for watering with the 
drip irrigation system, through comparative analysis. 

Economic added value per m2 of cropland was 
calculated by subtracting the water irrigation 
expenses from the production value per unit. To 
highlight the results, the research followed the 
evolution of the technical-economic indicators for the 
7 research areas (figure 1) with differentiated 
irrigation characteristics. In order to identify the 
economic impact, only the average water 
consumption for the entire surface as well as the 
average yield, were taken into account. 

 

 
Figure 1 Plan of experimental fields for drip irrigation 

- Săvinești, Neamț County 

 

 

RESULTS AND DISCUSSIONS  

 

Technical efficiency  
In Table 1 there are presented the technical 

parameters (as average of the research areas) of the 

drip irrigation system proposed for the current 

research using as example the maize crop. The 

maximum daily consumption was established at 

6.00 mm/day, the maximum discharge required 

being 88.77 m3/h.  
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Table 1 
Technical parameters of irrigation (average of the 7 research areas)  

Parameters M. U. Details (average values) 

Crop - maize (grain) 

Irrigation area ha 31.07 

Rows spacing  m 0.70 

Plants spacing  m 0.20 

Emitter maximum allowed pressure  bar 1.6 – 2.0 

Emitter discharge l/h 0.8 – 1.2 

Emitter spacing  m 0.50 

Laterals average spacing  m 1.00 

Application rate  mm/h 2.00 

Maximum daily consumption  mm/day 6.00 

Irrigation cycle  days 1.0 

Duration of one operation h/day 3.0 

Number of operations  no. 8.00 

Maximum daily operation duration  h 21.00 

Maximum discharge required  m3/h 88.77 
    Source: “AGRIECOTEC” project data 

 

The structure of the drip irrigation system 

(figure 2) is a complex one, comprising several 

interconnected elements. The components of the 

system are: 1. Water source; 2. Pumping station; 3. 

Vent valve; 4. Manometer; 5. Shock direction 

valve; 6. Damper; 7. Main manual valve; 8. Filter 

unit; 9. Automatic drainage valve on main 

filtration; 10. Water meter; 11. Hydraulic valve; 

12. Secondary filtration unit; 13. Dosing unit; 14. 

Tank for fertilizers; 15. Irrigation controller; 16. 

Main distribution pipe; 17. Secondary distribution 

pipe: 18. Distribution line; 19. Kinetic valve (non-

return valve); 20. Drip line; 21. Washing valve; 22. 

Drain pipe (washing); 23. Fertilizer filter  

 
Figure 2 The structure of the drip irrigation system 

 

Technical details of the components 

necessary for the research of underground drip 

irrigation techniques have been established based 

on scientific, methodological considerations and 

practical experiences in the field of irrigation.  

The amount of water required to irrigate the 

entire arable surface of the experimental fields is 

provided by pumping from the existing river in the 

northern part of the land, at a distance of 

approximately 1.15 km. 

The analyzed area was irrigated with the 

help of a pumping station provided by the farmer, 

which ensures a total flow of 187 cubic 

meters/hour. Drip line (figure 3) chosen for 

researching underground drip irrigation techniques 

has an inner diameter of 20-24 mm, with a wall 

thickness of 0.3-0.5 mm.  

 
Figure 3 Drip lines (captioned photos for example) 

 

The line provides advanced pressure 

compensation technology. A constant discharge 

rate is maintained over a pressure between 1.6 and 

2.0 bar. The investment includes drip lines with 

compensated drip, with a distributed flow through 

the dripper of 0.8-1.2 l/h. The distance between the 

drippers is 0.50 m and the drip lines were placed at 

distances of 0.7-1.5 meters.  

The environmental effects of the drip 

irrigation system have been assessed as favorable, 

ensuring the protection of water, air, soil and 

subsoil quality. 

The research for the present study took place 

in Lunca Cracăului, in the field of SC Triticum 

SRL Săvinești (figure 4), Neamț county, on a clay 

chernozem, with a current moisture content of 19% 

g/g, field capacity (FC) of 23.2% g/g, wilting 
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coefficient (WC) of 14.8% g /g and an apparent 

density (AD) of 1.36 g/cm3 (average values over a 

depth of 80 cm). The application moment for 

watering was when the soil moisture was 

decreasing and approaching the value of the 

minimum ceiling. 

 
Figure 4 Maize field at SC Triticum SRL (August 

2021) 
The values of the distributed water related to 

the number of turns is presented in Table 2: 
Table 2 

Technical characteristics of the drippers 

No. of 
turns 

M.L. (mm) Discharge 
(l/h) 

V.D.W. 
(l) 

9 680 1.96 19.6 

7 530 2.26 22.6 

6 455 2.69 26.9 

5 380 3.65 36.5 

M.L. - Microtube length, V.D.W. - Volume of 

distributed water 
Source: “AGRIECOTEC” project data 

 

The irrigation pipe, placed on the surface of 

the soil, was suspended at a height of 

approximately 8 cm above the soil level, on the 

places where the drippers were located. A 

collection container was placed under a dropper of 

each pair, to measure the volume of water 

distributed directly on the soil surface. The 

collection containers were kept covered to avoid 

water loss through evaporation. The amounts of 

water accumulated in the collection containers 

were rigorously measured with a graduated 

cylinder every 30 minutes for 10 hours. 

Subsequently, the average flow rate for each 

dropper was calculated. Twenty-four hours after 

the irrigation, soil samples were taken to determine 

the moisture values. 

The method of determining the moment of 

application of watering depending on the 

vegetation phases takes into account the fact that, 

for each plant, water consumption is higher in 

some vegetation phases, called critical phases. 

Since the direct dependence of the harvest on the 

state of soil moisture during the critical phases was 

found, managing the irrigation regime by applying 

watering shortly before the onset of these 

vegetation phases is rational, considering the fact 

that the entire surface occupied by the crop can be 

irrigated in 2 - 3 days. 

Determining the moment of application of 

watering by measuring the suction of the soil with 

the help of tensiometers, is the method with the 

prospect of expansion simultaneously with the 

increase in the degree of automation of irrigation 

systems. 

Two tensiometers were installed in each 

station: one with the porous probe at the depth of 

1/3 H (in the area of maximum spread of the roots) 

and another, at the H depth. The moment of 

application of watering is highlighted by the 

tensiometer that measures the suction at a depth of 

1/3 H, when on its screen the indicator needle 

oscillates between divisions 30-60, depending on 

the characteristics of the soil (30-40 for light soils, 

40-50 for medium soils and 50-60 for heavy soils). 

It was highlighted that if the soil suction is 

kept below 70 centibars in the active root zone, the 

plants will not suffer from lack of water. On sandy 

soils where the water storage capacity is low, it is 

best to start irrigation at lower values, especially if 

the irrigation process is delayed. 

If the soil suction values oscillate between 0-

10 centibars for whole days, it means that the soil 

is saturated with water and it is necessary to 

improve the drainage conditions to remove the 

excess water. It is very useful to make a graph of 

the readings during the growing season. Since an 

increasingly present challenge in the farm's activity 

is represented by the severe drought starting from 

June-August months, special attention is being 

paid at the enterprise level to the efficiency of new 

field crop irrigation technologies, the need to 

reduce the impact of agriculture on the 

environment being a major topic of interest for the 

farm management. 

Economic efficiency 

At the level of the general performance for 

the study-case farm, for the last period, according 

to the results obtained (Table 3), an increase in the 

turnover in 2021 of 2.11 times compared to the 

level recorded in 2020 with incidence on the 

realized gross profit, is highlighted. A contribution 

to these results, was made by the investment aimed 

at current research in addition to effective 

management practiced at the enterprise level, 

capitalizing on the technical potential and human 

resources at his disposal, as well as outlining clear 

strategies for development and acquiring a 

technical-economic competitive advantage. 
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Table 3 
The evolution of economic indicators for S.C. TRITICUM S.R.L. 

Year Turnover Gross 
profit 

Net  
profit  

Income Costs Inventory Number of 
employees 

2021 2833334 982087 917662 4197024 3214937 212079 5 

2020 1341547 412483 409975 2185261 1772778 255665 4 

2019 1437153 447789 446382 1831804 1384015 52233 3 

2018 1262286 268937 266104 1645717 1376780 77956 4 

2017 1470777 706516 706516 2041564 1335048 167795 4 

2016 1160652 506843 433349 1566194 1059351 115131 3 

    Source: S.C. TRITICUM S.R.L. balance sheets 

 

The amount of precipitation (rainfall) for the 

Săvinești Commune, Neamț County, varied quite a 

lot in relation to the monthly averages. Thus, in 

May 2022 there was a deviation of -42 mm, in 

June 2022 of -57 mm, for July 2021 of -42 mm and 

in August 2020 of -18 mm. Above-average values 

were recorded in June and August 2021 (+27 mm) 

(figure 5). 
  
 

    
Figure 5 Climate change - Săvinești. The precipitation anomaly per month compared to the average 

 

The water irrigation volume recorded in 

2020 average values of 2.31 l/m2/day for May, 

2.15 l/m2/day for June, 4.74 l/m2/day for July and 

3.28 l/m2/day for August with variations between 

plots depending on the watering characteristics 

initially established (figure 6).  

 

 
Figure 6 The evolution of water consumption distribution in the 7 research plots (May-August 2020) 

 

The average volume of water used in drip 

irrigation in 2020 was 3.3 l/m2/day with higher 

values in the months of July and August when the 

amounts of precipitation for the Săvinești 

Commune were below the usual average.  

There were few days (on average 14) in 

which the irrigation system was not activated, thus 

revealing its necessity at the level of cultivated 

land (figure 7).  
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Figure 7 Evolution of average water consumption in the 7 research plots (May-August 2020) 

 

In 2021, the watering options on the 

research areas recorded average values of 2.21 

l/m2/day for May, 1.07 l/m2/day for June, 3.83 

l/m2/day for July and 0.74 l/m2/day for August 

(figure 8).  

    

 
Figure 8 The evolution of water consumption distribution in the 7 research plots (May-August 2021) 

 

In 2021, the average volume of water used 

in drip irrigation was approximately 2 l/m2/day 

with low values in the months of May and August 

when the amounts of precipitation for the Săvinești 

area were above the usual average. On average, the 

number of days when the irrigation system was not 

activated was 39 (figure 9). 
    

 
Figure 9 Evolution of average water consumption in the 7 research plots (May-August 2021) 
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The yield recorded in 2020 for the 

experimental plots was 12192 kg/ha (compared to 

7152 kg/ha in the non-irrigated version), in 2021 

the yield being 12436 kg/ha (compared to 9311 

kg/ha in the non-irrigated control area). Following 

the evaluation of the drip irrigation system, an 

average increase in yield for 2020 of 5040 kg/ha 

and for 2021 of 3125 kg/ha compared to the non-

irrigated area was highlighted (table 4) given that it 

was a more favorable year for agriculture from the 

climatic point of view. 

Table 4 
Maize yields increase due to drip irrigation (kg/ha) 

Indicator Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Control 

Yield 2020 12219 12194 12151 12223 12229 12246 12277 6751 

Increase 2020 +5468 +5443 +5400 +5472 +5478 +5495 +5526 - 

Yield 2021 12440 12484 12518 12822 12396 12977 12716 9116 

Increase 2021 +3324 +3368 +3402 +3706 +3280 +3861 +3600 - 

    Source: own calculations using “AGRIECOTEC” project data 

 

The productivity recorded within the farm, 

expressed as a ratio between the increase in 

production (obtained as a result of the use of the 

innovative system) and the volume of water 

consumed in the drip irrigation process, was for the 

year 2020 of 0.0017 kg/l, the value for the year 

2021 being 0.0019 kg/l. 

  Total water consumption was 309.7 l/m2 in 

2020, with a cost of 0.075 lei per m2 of cultivated 

land, and 184.7 l in 2021 at a cost of 0.045 lei/m2. 

 

The yield gain and consequently the total 

income resulted, decreased in 2021 as the 

difference compared to the non-irrigated version 

was no longer as significant (being a favorable 

year in terms of rainfall).  

The economic gain achieved was 0.532 

lei/m2 for 2020 and 0.376 lei/m2 in 2021 (table 3), 

a fact that highlights the contribution of the drip 

irrigation system to the global added value 

achieved within S.C. TRITICUM S.R.L. 

enterprise. 
Table 5 

Economic efficiency analysis of using drip irrigation system 

Indicator M.U. 2020 2021 

Total water consumption (in l) l/m2 309.70 184.70 

Total water consumption (in m3) m3/m2 0.3097 0.1847 

Water cost (per m3 water) lei/m3 0.243 0.243 

Water cost (per m2 land) lei/m2 0.075 0.045 

Average yield increase (per ha) kg/ha 5648.86 3505.85 

Average yield increase (per m2) kg/m2 0.5468 0.3505 

Selling price for maize lei/kg 1.11 1.20 

Income for the yield increase lei/m2 0.607 0.421 

Economic added value lei/m2 +0.532 +0.376 

    Source: own calculations using “AGRIECOTEC” project data 
 

 

CONCLUSIONS 

 

The results recorded within the current 

research carried out, reflected mainly by the yield 

increase (and consequently the added value 

obtained) highlight the technical and economic 

efficiency related to drip irrigation system 

implementation, promoting it as a strategic tool to 

limit the negative influence caused by the acute 

lack of precipitation and at the same time ensuring 

an agricultural production necessary to achieve 

economic balance. 

Regarding the economic impact of the 

investment represented by the drip irrigation 

system for the company TRITICUM S.R.L., it 

consist in obtaining higher yields at the farm level, 

reducing the consumption of water, energy and 

fertilizers, with effects in increasing agricultural 

production and reducing production costs due to 

efficient irrigation. Therefore, the investment 

represented by the drip irrigation system has a 

favorable impact on increasing the innovation 

capacity of the enterprise, contributing to the 

improvement of the overall performance. 

In the efficiency analysis it is necessary to 

take into account the fact that, although it is 

difficult to quantify, in addition to the results 

provided by the calculations, the drip irrigation 

system also has an inherent insurance value, 

offering the security of a good production in years 

with severe drought and with minimal resource 

allocations for maintenance process.  
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Abstract 

 

Numerous studies have demonstrated the importance of proper cover crop management for optimized benefits to soil 

physical, chemical and biological properties. Cover crops can increase soil carbon and nitrogen as well as other 

nutrients and improve their cycling within cropping systems. Cover crops have the potential to provide many benefits to 

soil health in various cropping systems and climates and to obtain various organic agricultural products demanded in the 

market at low cost. The potential of cover crops to maintain and build soil fertility can allow a reduced dependence on 

synthetic fertilizer inputs. The research undertaken aims to identify, study and put into practice alternative sources of 

food (nectar and pollen) for bees and other pollinating insects by introducing new crops into the agricultural circuit, 

which meet the agro-environmental conditions, in the situation of limiting food sources for these, due to the expansion 

of monocultures and crops with diminished honeydew qualities and with a shorter flowering period. 
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Soil is an important and often neglected 

element of the climate system. It is the second 

largest carbon store or "carbon dioxide sink" after 

the oceans. Restoring essential terrestrial 

ecosystems and sustainable land use in urban and 

rural areas can help us mitigate and adapt to 

climate change. 

(https://www.eea.europa.eu/ro/pressroom/infograf

ica/solul-si-schimbarile-climatice/view). 

The vulnerability of agricultural lands to 

current and future climate changes will depend on 

the degree of manifestation of the changes and the 

concrete properties of the soil units (Corman I. et 

al, 2015). The increase or decrease of the water 

deficit (drought) in the soil depends on the 

duration of the drought in the atmosphere and on 

the specific properties of the soil: texture; 

structure; compaction (porosity; organic matter 

content, etc.).  

Through various agrotechnical, 

agrochemical and phytotechnical actions, it is 

possible to make the plants use the available water 

reserves from the soil as efficiently as possible, 

first of all, the easily accessible ones and thus 

increase the volume of agricultural production. 

Cover crop management between established 

crops is one of the oldest agricultural practices 

and is currently gaining attention worldwide 

(Romdhane S. et al, 2019). Cover crops can 

include any plant species grown for purposes 

other than primary grain or forage production and 

are generally classified as legumes, nonlegumes, 

or grasses. 

Cover crops have been well known for 

decades, defining benefits for the environment 

and the agricultural community. These crops are 

cultivated precisely to protect the soil from 

erosion and to prevent the loss of nutrients in the 

deep layers through leaching and surface runoff. 

Cover crops can also be established between main 

crops to improve agricultural production and 

productivity. Basically, leguminous species are 

used for cover crops because, in addition to the 

role of surface cover, they also help to improve 

the physical, chemical and biological properties of 

the soil. 

According to FAO reports (2010), about 

117 million hectares (about 8 percent of global 

arable land) in such systems are cultivated 

worldwide, increasing by about 6 million hectares 

per year (https://www.fao 

.org/3/i1881e/i1881e00.pdf).  

As defined by the Soil Science Society of 

America (SSSA), "cover crops" are those used to 

protect and improve the soil between periods of 

regular annual crop production or between trees in 
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orchards and vines in vineyards (Fageria N. K. et 

al, 2005). 

Increasing attention has been given to cover 

crops by researchers, consultants and producers in 

practicing organic farming (Vollmer E.R. et al, 

2010; Parr M. et al, 2011), as well as organic ones 

(Saracin V.C., Vasile A., 2015). Currently, several 

studies have demonstrated the usefulness of cover 

crops in agricultural production, and most of them 

have focused on the physical, chemical or 

biological properties of the soil (Adetunji A.T. et 

al, 2020) 

In this sense, the obtained results 

demonstrated that the management of green cover 

crops can provide a wide range of benefits to the 

physical, chemical and biological properties of the 

soil. In addition, cover crops can enhance 

beneficial soil microbial activity (Patkowska E. et 

al, 2020), while suppressing some important soil 

plant pests. (Saleem Saleem M. et al, 2020).  

The soil degradation process, in many areas 

of the world, is a main problem in agriculture 

(Cerbari V., Leah C., 2016). According to Irmak 

S. et al, (2018), cover crops help to reduce soil 

water evaporation, thereby conserving soil 

moisture for the next crop. Although this has been 

observed in some environments (Basche et al, 

2018), under water-limited conditions without 

irrigation, cover crops have frequently been found 

to limit soil moisture for subsequent crops 

(Nielsen S.M. et al, 2016). 

In further research reported by Saleem M. 

et al, (2020), it was found that additional root 

growth resulting from cover crops can provide 

benefits to the soil, including increasing soil 

organic carbon content, available nutrients, and 

soil aggregation. In addition, cover crops have 

been found to improve nutrient cycling, soil 

physicochemical and biological properties, as well 

as soil pest management and weed suppression. In 

addition, long-term accumulation of soil carbon 

through cover crops can reduce compaction while 

increasing soil aggregation and water infiltration. 

In autumn, the areas sown with cover plants 

have the role of taking over excess nitrogen and 

reducing soil erosion. The fact that we sow cover 

crops is also an effective means to reduce the loss 

of nitrogen and phosphorus. Many studies have 

assessed the impact of cover crops and tillage 

practices on soil quality using soil quality indices. 

Jokela W. et al, (2009) found that soil quality 

index (SQI) ranged from 80 to 87% and 73–83% 

at 0–5 cm and 5–15 cm depth, respectively, in a 

cover crop effect study and liquid manure on SQI 

in corn production system.  

Later, Islam R. and Sherman B. (2021) 

showed that management practices that integrate 

soil conservation works with cover crops could 

help recover, preserve and build soil quality (SQ) 

to address food security issues. Also, Farmaha 

B.S. et al, (2021), after analyzed soil nutrients in 

196 field trials in the southeastern United States, 

reported improved soil health in cover cropping 

systems compared to conventional tillage. 

However, the potential of cover crops is not 

yet fully understood in all crop systems and 

climatic zones, a fact that requires the 

continuation of research in the context of current 

climate changes, which also have an impact on 

agricultural crops in Romania. responds to food 

security issues. 

 

MATERIAL AND METHOD 
 

Several studies have determined the 
influence of cover crops on soil properties in a 
wide range of soil types and climates (Koudahe K. 
et al, 2022). One of the ways in which this process 
can be prevented, even ameliorated and 
improved, is represented by "cover" (or 
"greening") crops, which are established 
immediately after the harvesting of meadows and 
other autumn crops. Grass cover crops have also 
been confirmed to increase soil water content by 
reducing evaporation and therefore conserving 
moisture for subsequent crops (Blanco-Canqui H., 
Ruis S.J., 2020; Burke J.A. et al, 2021). 

In recent years, soil erosion has become an 
increasingly acute problem in Romania as well. If 
10-15 years ago it seemed more like a theoretical 
matter, now it has been practically felt in important 
agricultural areas in Oltenia, in the south of 
Bărăganu, as well as in Moldova (Lup A. et al, 
2017; Niacsu L. et al, 2021).  

Romania also has a long tradition in the 
field of raising bees and making bee products, 
beekeeping establishing itself as an independent 
occupation since ancient times, initially for the 
products obtained (honey, pollen, royal jelly, 
apiarnil, propolis, wax, bee venom, hive air), and 
later, including now, for the contribution that these 
insects have to the increase of fruit, vegetable and 
seed harvests, through pollination, according to 
the 2022 report on the Situation of the 
Beekeeping Sector in Romania, published on the 
Romanian National Beekeeping Program website 
(https://www.madr.ro/fond-funciar-si-imbunatatiri-
funciare/163-studiul-transmis-comisiei.html). 

Currently, in the context of globalization, 
beekeeping acquires new values, its practice 
aiming not only at its economic importance, but 
also at the scientific, ecological, social 
importance, the biodiversity of the environment, 
etc. In Romania, the activity of raising bees 
developed in particularly favorable natural 
conditions, which contributed to the continuous 
development of this activity and, implicitly, to 
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obtaining significant bee production in the Eastern 
region of Europe (Zugravu A., 2020). 

In order to solve some of the previously 
mentioned problems, starting from the spring of 
2021, the Federation of Beekeeping Associations 
in Romania (ROMAPIS), one of the most well-
known professional associations of beekeepers in 
Romania, is conducting research on plots of 
agricultural land located near the municipality 
Bucharest (in the S-E area of Romania), together 
with the partners UASVM from Bucharest, 
Didactical Farm Station Belciugatele (Găneasa 
city, Ilfov County) and the Alliance of the 
Romanian Seed Industry (ASRI), in order to 
achieve the objectives of the project with the title -
"Project for increasing the value of beekeeping 
production through the use of agricultural crops 
beneficial to bees and pollinators in accordance 
with the agro-environmental conditions", (with the 
acronym AGROAPIS). 

 

RESULTS AND DISCUSSIONS  

 

Greening crops have been included in 

Romania, including in the eco-schemes of the 

National Rural Development Program - NRDP 

(PNDR) and, under certain conditions, they are 

subsidized. That is, in order to obtain the 

approximately 58 euros/ha, which is the amount 

granted for their establishment, the respective 

crop must ensure the coverage of the land for a 

period of at least eight weeks from sunrise, must 

be sown between July 1 and October 1 and to be 

destroyed by mechanical embedding in the ground 

(Grigoriev A., 2021). 

Regarding the composition of cover crops, 

there are several mixtures, information about 

which can be obtained from the website of the 

Agency for Payments and Intervention for 

Agriculture (PIAA/APIA) and through the 

publications written for the benefit of farmers in 

Romania. In accordance with art. 45, para. 9 of 

Regulation (EU) no. 639/2014 and with the Order 

of the Ministry of Agriculture and Rural 

Development (MARD) no. 45/2021 the areas with 

a vegetal layer represent areas of ecological 

interest. They are selected so that, regardless of 

the characteristics of the area in which they are 

found and the soil they have, farmers can always 

have at hand something that lends itself to being 

taken over in cultivation. 

In the PIAA (APIA) 5th Edition publication 

(2021), entitled "Informative guide regarding the 

application of agricultural practices beneficial for 

the climate and environment", it is specified that 

"Areas with a vegetal layer are the arable surfaces 

cultivated with the mixtures of crop species 

included in annex no. 12 to MADR Order No. 

45/2021, which does not participate in the 

calculation of crop diversification and which 

ensures soil coverage for a period of at least 8 

weeks from the date of emergence. The 

establishment of the vegetation layer as an area of 

ecological interest is done after harvesting the 

declared main crop in the year of 

application"(https://apia.org.ro/wp-

content/uploads/2021/11/Ghid-EFA_2021.pdf). 

In the article popularizing useful 

information for farmers from FERMA magazine 

published by Grigoriev A. (August 17, 2021), the 

3 reasons for establishing cover crops with 

honeydew potential are specified, such as: they 

protect the soil from erosion, are subsidized by 

APIA and can ensure a source to feed the bees 

during the critical period of the end of flowering 

periods in the basic crops.  

 

 
Figure 1. Bee hives located next to the 

buckwheat and mustard plant lots, used as cover 
crops  

(Belciugatele Educational Center, Romania, 
October 24, 2021) 

 

Also, the Payments and Intervention 

Agency for Agriculture (PIAA/APIA) from 

Romania, makes available every calendar year the 

list of crop species mixtures for the vegetation 

layer and the related codes, valid for surface 

subsidies (AgroInfo, 2020). These areas are taken 

into account by PIAA PIAA (APIA) when paying 

for agricultural practices beneficial to the climate 

and the environment, in short, the "greening 

payment". For example, the amount for the 

greening payment from the level of the 2019 

application year was 59.3201 Euro/ha. 

Intensive agricultural practices, can pose 

various threats to bee populations. To mitigate 

these effects, research within the AGROAPIS 

project, ongoing for the period 2021-2023, will 

focus on the inclusion of greening crops with 

melliferous potential in agricultural landscapes 

through natural areas on the farm or flowering 

crops. The idea of these researches started from 

the finding that although cover crops provide 

https://apia.org.ro/wp-content/uploads/2021/11/Ghid-EFA_2021.pdf
https://apia.org.ro/wp-content/uploads/2021/11/Ghid-EFA_2021.pdf
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numerous services to agroecosystems, there is 

little information about their role in providing 

nutritional resources for pollinators. 

The value of cover crops for providing 

additional summer floral resources for both 

managed and wild bees differs depending on the 

characteristics of the respective plants 

(nectariferous and polliniferous potential, flower 

morphology in terms of insect accessibility, etc.) 

and pollinator type.  

For the implementation of the pursued 

objectives, during the first year (2021), of the 

implementation of the AGROAPIS project, 

experimental crops were established with areas of 

0.5 ha, with each of the crops with melliferous 

potential: mustard, phacelia, peas, buckwheat and 

camelina. Several beehives were placed near the 

lots in order to monitor the behavior, but also the 

yield of the bees (figure 1), in the use of nectar 

taken from the staggered blooming flowers during 

2-3 weeks. 

Table 1 shows small descriptions of the 

plant species that were selected in the year 2021 

for the implementation of the AGROAPIS project, 

for cultivation after meadows and due to their 

honeydew importance. 

 

 
Table 1 

Characteristics of cover crops and of beekeeping importance, selected for testing in the second crop 
after sedges in the AGROAPIS project / The Species Selected In 2021, For Cover Crops (AGROAPIS Project) 

Plant crops 
of 

beekeeping 
importance 

Melifer 
potential 

Agronomic and beekeeping characteristics of the species used 

Phacelia 
(Phacelia 
tanacetifolia) 

300- 1000 
kg/ha 

Depending on the time of sowing, phacelia culture can be practiced starting from early 
spring and lasting until late autumn. Studies have shown that phacelia inflorescences 
provide bees with nectar with a high percentage of sugar, which can then be used in a 
good honey production calculated per hectare. The vegetation period of the phacelia crop 
is ~80 days, of which the flowering period represents ~35 days. (Tiței V. et al, 2009) In 
Romania, it was established that the amount of nectar secreted by a flower varies 
between 1 and 4.5 mg with a sugar concentration of 28%, the assessed potential of 
nectar 10-34 kg/day/ha, of honey production 600-1000 kg/ha under favorable culture 
conditions. 

White 
mustard 
(Sinapis 
alba) 

40-50 kg/ha Annual species, reaching full maturity in about 10 weeks. Honey production can increase 
in the case of mustard, if sowing is staggered. It blooms in the same period as spring 
rape, i.e. about 40 days after sowing. The duration of creeping is 20-30 days, in the 
months of May-June. (Seed and Oilseed Crops as Bee Plants, 2016) 

Buckwheat 
(Fagopyrum 
esculentum) 

50-60, up 
to ~100 
kg/ha 

Buckwheat is a very fast growing plant (8-10 weeks) up to 60cm, which makes it a good 
short-term weed suppressor. Buckwheat is an important honey plant. The buckwheat 
flowering period is long, from June to September. (Cawoy V. et al, 2009; Crop Pollination, 
Issue 7, 2012) 

Common 
vetch (Vicia 
sativa) 

30-50, up 
to ~100 
kg/ha 

Common vetch, represents a honey-bearing opportunity in May-June. The specialized 
literature shows that the nectar secretion of pea flowers is 0.2-1.5 mg/flower and its fields 
have a honey production of 30-100 kg/ha (Bareke K.T. et al, 2014). 

Camelina 
(Camelina 
sativa) 

Within the 
limits 
recorded by 
white 
mustard 

As an annual - summer or winter plant, camelina (Camelina sativa (L.) Crantz) grows to 
heights of 30-120 cm, with branching stems that become woody at maturity. It is often 
combined with other crops, such as lentils, wheat and peas, because it covers the land 
intensively and prevents the growth of weeds. (Dobre P. et al, 2014 a, b) 

 

In the next two years (2022 and 2023), of 

the period of the project, on the plots of the 

vegetable farm, it is planned to sow in successive 

rotations the agricultural crops of wheat, triticale, 

peas, sunflower, corn, rape, purchased from most 

of the companies producing seeds on the market, 

precisely to follow their evolution in the S-E area 

of the Romanian Plain. And as regards greening 

crops with melliferous potential, the melliferous 

potential of plants from the greening crops 

category, such as white mustard, buckwheat and 

peas, will be further tested in independent batches 

but also by testing combinations of seeds from two 

pollinating crops (eg camelina + peas or peas + 

alfalfa). 

 

CONCLUSIONS 

 

Because the effects of cover crops are 

generally not realized in the short term, further 

experiments will be needed to determine the long-

term effects of cover crops and their potential 

benefits on sustainability, under various cropping 

systems and climatic conditions. Most of the 

research papers used in the review attributed the 

positive changes in improving soil health and 

properties to the practice of cover crops. 

Correlated with the objectives proposed 

within the project with the acronym AGROAPIS, 

which is ongoing by the partners involved, by 
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establishing crops with high honey production 

potential, it is desired to identify species and 

agricultural practices that will benefit both 

beekeepers and farmers. For the pollinating insects, 

it would also ensure a continuous flow of nectar 

and pollen for most of the beekeeping season, 

ensuring at the same time conditions for the good 

health of the bees and sufficient food reserves for 

the winter. 

Such a practice would bring a sum of 

benefits not only to the parties involved in the 

project - beekeepers and farmers - but also to the 

whole society in general. The continuation of the 

research will contribute to the understanding of the 

effects of the cover crops practiced on the soil 

properties, and on the other hand, to the evaluation 

of the melliferous capacities of the different types 

of vegetable crops that will be able to take place 

after the harvest period of the main crops. 

Thanks to the actions of guiding farmers in 

the use of vegetable crops, by ensuring the 

existence of specialized technologies and suppliers 

of inputs for these crops, there will be increases in 

economic efficiency, as well as the fulfillment of 

the agro-environmental conditions necessary to 

obtain subsidies conditioned by them.  
 

ACKNOWLEGMENTS 
 

This publication was made with the support of the 
Doctoral School - Plant and Animal Resource 
Engineering and Management, Biotechnology field, from 
the Biotechnology Faculty of the University of Agronomic 
Sciences and Veterinary Medicine Bucharest.  

At the same time, the work was developed within: 
Project financed by the Agency for the Financing of 
Rural Investments - Romania, and the Regional Center 
for Financing Rural Investments 8 Bucharest-Ilfov, 
Project code: CRFIR-BUCURESTI-ILFOV, no: 
16100000011884200019, with the title "Project for 
raising the value of beekeeping production by using 
agricultural crops beneficial to bees and pollinators in 
compliance with agro-environmental 
conditions"(acronym AGROAPIS)"  
 

 

REFERENCES 
 
Adetunji A.T., Ncube B., Mulidzi R., Lewu F.B., 2020 - 

Management impact and benefit of cover crops 
on soil quality: A review. Soil and Tillage 
Research, 204, 104717. 

Bareke K.T., Kibebew Wakjira H., Admassu A.M., 
2014 - Screening of Potential Herbaceous Honey 
Plants for Beekeeping Development. Agriculture, 
Forestry and Fisheries. Vol. 3, No. 5, pp.386-391. 

Blanco-Canqui H., Ruis S.J., 2020 - Cover crop 

impacts on soil physical properties: A review. Soil 
Science Society of America Journal, 84:1527-
1576, 10.1002/saj2.20129 

Blanco-Canqui H., Shaver T.M., Lindquist J.L., 
Shapiro C.A., Elmore R.W., Francis C.A., 
Hergert G.W., 2015 - Cover crops and 
ecosystem services: Insights from studies in 

temperate soils. Agronomy Journal, 107:2449-

2474, 10.2134/agronj15.0086. 
Burke J.A., Lewis K.L., Ritchie G.L., DeLaune P.B., 

Keeling J.W., Acosta-Martínez V., Moore J.M., 
McLendon T., 2021 - Net positive soil water 

content following cover crops with no tillage in 
irrigated semi-arid cotton production. Soil and 

Tillage Research, 208, pp. 1-8. 
Cardei P., Sfiru R., Muraru V., 2020 - Intensity of soil 

erosion in Romania, predictions in time and 
space, European and indigenous perspectives. 
E3S Web of Conferences 180(6): 03001, TE-RE-
RD. 

Cawoy V., Ledent J.-F., Kinet J.-M., Jacquemart A.-L., 
2009 - Floral Biology of Common Buckwheat 
(Fagopyrum esculentum Moench). The European 
Journal of Plant Science and Biotechnology, Vol. 
3, no. 1, p. 1-9. 

Cerbari V., Leah C., 2016 - Green manure - only 
possibility to save Moldova's arable soils from 
degradation. Lucrări Ştiinţifice. Seria Agronomie, 

59(2): 155-158.  
Corman I., Kuharuk E., Popov L., Cojocaru O., 2015 - 

Ghidului privind conservarea şi utilizarea 
raţională a umidităţii din sol. [et.al,]; Parteneriatul 
Global al Apei pentru Europa Centrală şi de Est 
(GWP CEE), Inst. de Pedologie, Agrochimie şi 
Protecţia Solului "Nicolae Dimo" Univ. Agrară de 
Stat din Moldova[et.al,], Chisinau, (Tipogr. „Print-
Caro”). -48p, ISBN 978-9975-56-237-9, available 
on-line at: https:// www.gwp.org/ 
globalassets/global/gwp-cee_files/regional/idmp-
guide-moldova-ro.pdf. 

Dobre P., Jurcoane S., Matei F., Cristea S., Farcas N., 
Moraru A.C., 2014a -  Camelina sativa as a 
double crop using the minimal tillage system. 
Romanian Biotechnol. Letters, Vol. 19, No.2, 
p.9190-9195. 

Dobre P., Farcas N., Udroiu N.A., Gidea M., Moraru 
A.C., 2014b - Research on Camelina sativa 
wintering, by genotype and fertilizer doses used, 
in the pedo-climatical conditions from the south of 
Romania. Rom. Biotech. Letters, 19 (6), p.9964-
9973. 

Fageria N. K., Baligar V. C., Bailey B. A., 2005 - Role 
of Cover Crops in Improving Soil and Row Crop 
Productivity. Communications in Soil Science and 
Plant Analysis, 36(19-20): 2733-2757.  

Farmaha B.S., Sekaran U., Franzluebbers A.J., 2022 - 
Cover cropping and conservation tillage improve 
soil health in the southeastern United States. 
Agronomy Journal, 114(1): 296-316. 

Grigoriev A., 2021- Cum să iei 58 euro în plus la 
hectar? Culturile 2 în 1: înverzire şi plante 
melifere. Revista Ferma, Tehnologii Agricole, 

available on-line at: https:// www.revista-ferma.ro/ 
articole/tehnologii-agricole/cum-sa-iei-58-euro-in-
plus-la-hectar-culturile-2-in-1-inverzire-si-plante-
melifere. 

Irmak S., Sharma V., Mohammed A.T., Djaman K., 
2018 - Impacts of cover crops on soil physical 
properties: Field capacity, permanent wilting 
point, soil-water holding capacity, bulk density, 
hydraulic conductivity, and infiltration. 
Transactions of the ASABE, 61(4): 1307-1321, 
available on-line at: 
https://doi.org/10.13031/trans.1270. 

Islam R. și Sherman B. (2021) Cover Crops and 

Sustainable Agriculture (1st ed.). CRC Press, 

https://www.sciencedirect.com/science/article/pii/S2095633922000259#bbib20
https://doi.org/10.1002/saj2.20129
https://doi.org/10.2134/agronj15.0086
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Sekaran%2C+Udayakumar
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Franzluebbers%2C+Alan+J
https://acsess.onlinelibrary.wiley.com/toc/14350645/2022/114/1
http://www.revista-ferma.ro/
https://experts.umn.edu/en/persons/vasudha-sharma
https://experts.umn.edu/en/publications/impacts-of-cover-crops-on-soil-physical-properties-field-capacity
https://doi.org/10.13031/trans.1270


Universitatea pentru Ştiinţele Vieții din Iaşi 

 

186 

available on-line at: 
https://doi.org/10.1201/9781003187301. 

Jokela W., GrabberJ., Karlen D., Balser T., Palmquist 
D., 2009 - Cover Crop and Liquid Manure Effects 
on Soil Quality Indicators in a Corn Silage 
System. Agronomy journal. 101. 
10.2134/agronj2008.0191. 

Koudahe K., Allen S.C., Djaman K., 2022 - Critical 
review of the impact of cover crops on soil 
properties, International Soil and Water 
Conservation Research, 10(3): 343-354, 

Lup A., Miron L., Alim I., 2017 - Soil erosion in 

romanian agriculture. Lucrări Ştiinţifice. Seria 
Agronomie, 60(2): 237-240.  

Niacsu L., Ionita I., Samoila C., Grigoras G., Blebea-
Apostu A.M., 2021 - Land Degradation and Soil 
Conservation Measures in the Moldavian 
Plateau, Eastern Romania: A Case Study from 
the Racova Catchment. Water. 13(20):2877, 
available on-line at:  
https://doi.org/10.3390/w13202877. 

Nielsen D.C., Lyon D.J., Higgins R.K., Hergert G.W., 
Holman J.D., Vigil M.F., 2016 - Cover crop effect 
on subsequent wheat yield in the Central Great 
Plains. Agronomy Journal 108:243–256. 

Parr M., Grossman J. M., Reberg-Horton S. C., 
Brinton C., Crozier C., 2011 - Nitrogen delivery 

from legume cover crops in no-till organic corn 
production. Agronomy Journal, 103(6), 1578-

1590, available on-line at: 
https://doi.org/10.2134/agronj2011.0007. 

Patkowska E., Mielniczuk E., Jamiolkowska A., 2020 
- The influence of cover crops and antagonistic 

fungi on the healthiness of carrot (Daucus carota 
L.). Scientific Papers. Series B, Horticulture, Vol. 
LXIV, Issue 2, Print ISSN 2285-5653, 223-226. 

Romdhane S., Spor A., Busset H., Falchetto L., 
Martin J., Bizouard F., Bru D., Breuil M.C., 
Philippot L., Cordeau S., 2019 - Cover crop 
management practices rather than composition of 
cover crop mixtures affect bacterial communities 
in no-till agroecosystems. Front 

Microbiol.,10:1618.  
Saleem M., Pervaiz Z. H., Contreras J., Lindenberger 

J. H., Hupp B. M., Chen D., Zhang Q., Wang C., 
Iqbal J., Twigg, P., 2020 - Cover crop diversity 

improves multiple soil properties via altering root 
architectural traits. Rhizosphere, 16, 100248. 

Saracin V.C., Vasile A., 2015 - An exploratory research 
regarding romanian organic farming sector. 

AgroLife Scientific Journal, 4(2): 119-123. 

Ţiţei V., Mazăre V., Teleuţă A., 2017- Calitatea 

biomasei de facelie și posibilități de utilizare. 
Conferința "Genetica, fiziologia şi ameliorarea 
plantelor", Ediția a VI-a, 23-24 octombrie 2017, 
Chişinău, Moldova, Editura: Tipogr. 
"PrintCaro",ISBN: 978-9975-56-463-2, p. 407, 
available on-line at:  https://ibn.idsi.md/ 
vizualizare_articol/91146 

Vollmer E.R., Creamer N., Reberg-Horton C., Hoyt G., 
2010- Evaluating Cover Crop Mulches for No-till 
Organic Production of Onions. HortScience, 

45(1): 61-70. 
Zugravu A. (coordinator), 2020- Guide to apicultural 

potential, climate conditions, air and soil quality in 
the Black Sea Basin, available on-line at: 
https://blacksea-cbc.net/wp-content /uploads/ 
2020/ 12/BSB136_ITM-BEE-BSB_Guide-to-
apicultural-potential-climate-conditions-air-and-
soil-quality-in-the-Black-Sea-Basin_EN.pdf 

***APIA, 2021 - Ghidul informativ privind aplicarea 

practicilor agricole benefice pentru climă şi 
mediu", Ediţia a V-a, available on-line at: 
https://apia.org.ro/wp-content/uploads/ 
2021/11/Ghid-EFA_2021.pdf. 

***AgroInfo, 2020 - Lista APIA 2020 amestecuri de 

culturi pentru strat vegetal! , available on-line at: 
https://www.agroinfo.ro/economic/lista-apia-2020-
amestecuri-de-culturi-pentru-strat-vegetal. 

***Crop Pollination, Issue 7, 2012, available on-line at: 

https://www.far.org.nz/assets/files/uploads/25801
_FAR_focus_7_-_crop_pollination.pdf 

***FAO, 2010 - Climate-smart agriculture—Policies, 

practices and financing for food security. 
Adaptation and Mitigation. Rome: FAO, available 
on-line at:  https://www.fao.org/3/ 
i1881e/i1881e00.pdf. 

***Programul Naţional Apicol Din România Situaţia 
Sectorului Apicol Din România, 2022, available 

on-line at: https://www.madr.ro/fond-funciar-si-
imbunatatiri-funciare/163-studiul-transmis-
comisiei.html.  

***Seed and Oilseed Crops As Bee Plants , 2016, 

available on-line at: https://www.beeculture.com/ 
seed-oilseed-crops-bee-plants/ 

***Solul și schimbările climatice, 2019, available on-
line at: https://www.eea.europa.eu/ro/ 

pressroom/infografica/solul-si-schimbarile-
climatice/view. 

 
 

https://doi.org/10.2134/agronj2011.0007
https://ibn.idsi.md/ro/author_articles/23780
https://ibn.idsi.md/ro/author_articles/66350
https://ibn.idsi.md/ro/author_articles/12382
https://ibn.idsi.md/
https://blacksea-cbc.net/wp-content%20/uploads/%202020/
https://blacksea-cbc.net/wp-content%20/uploads/%202020/
https://apia.org.ro/wp-content/uploads/%202021/11/Ghid-EFA_2021.pdf
https://apia.org.ro/wp-content/uploads/%202021/11/Ghid-EFA_2021.pdf
https://www.fao.org/3/
https://www.madr.ro/fond-funciar-si-imbunatatiri-funciare/163-studiul-transmis-comisiei.html
https://www.madr.ro/fond-funciar-si-imbunatatiri-funciare/163-studiul-transmis-comisiei.html
https://www.madr.ro/fond-funciar-si-imbunatatiri-funciare/163-studiul-transmis-comisiei.html
https://www.beeculture.com/%20seed-oilseed-crops-bee-plants/
https://www.beeculture.com/%20seed-oilseed-crops-bee-plants/
https://www.eea.europa.eu/ro/%20pressroom/infografica/solul-si-schimbarile-climatice/view
https://www.eea.europa.eu/ro/%20pressroom/infografica/solul-si-schimbarile-climatice/view
https://www.eea.europa.eu/ro/%20pressroom/infografica/solul-si-schimbarile-climatice/view


Lucrări Ştiinţifice – vol. 65(1)/2022, seria Agronomie 

 

187 

 

 

SOIL PHOSPHORUS AND POTASSIUM SOLUBILIZATION IN AN 

EXPERIMENT WITH FIELD CROPS IN THE GREAT BRĂILA ISLAND 

 
Adriana Iulia GRAFU1, Nicoleta MĂRIN1, Mihaela LUNGU1 

 
e-mail iuliana.grafu@icpa.ro 

 
 

Abstract 

 

Along with nitrogen, phosphorus and potassium are the most important nutrition elements for plants; they are to be found 

in all their organs, are components of the needed substances for vital processes, and have important roles in many 

biochemical reactions. Accessible fractions for plant nutrition are but small fractions of the total phosphorus and 

potassium soil contents. The influence of soil reaction (pH), humus content, and total forms upon phosphorus and 

potassium solubilization in the ammonium acetate lactate solution at pH 3.7, down to a 50 cm soil depth, was studied in 

an agro-chemical experiment carried out in six farms of the Great Brăila Island, with seven field crops diversely fertilized 

with nitrogen, phosphorus, sulphur, and – for only one of the crops and in small quantities – potassium; phosphorus 

available contents for plants were also computed as in neutral – slightly alkaline soils as it is the case they are not the 

same with the contents analytically determined in the used extractant. Phosphorus and potassium solubilization degrees 

were very significantly influenced by soil reaction and in the case of potassium by the organic matter content too. Because 

of the neutral – slightly alkaline soil reaction phosphorus soluble in the ammonium acetate lactate solution and the one 

available for plants, found out by computing, were differently influenced. Effects registered under each crop were very 

significant for phosphorus and less for potassium following the diverse fertilization systems. 

 

Key words: solubilization, phosphorus, potassium 

 

Along with nitrogen, phosphorus and 

potassium are the most important nutrition elements 

for plants. They are to be found in all their organs, 

are components of the needed substances for vital 

processes, and have important roles in many 

biochemical reactions. Their shortage causes 

metabolic disorders with consequences upon 

vegetal yield and its quality (Lăcătușu R., 2016). 

Soil phosphorus comes from minerals that contain 

it, especially those of the apatite’s group, following 

alteration processes, microbiologic activity, and 

physical and chemical reactions (Voiculescu N., 

1999). Only 0.5-1.0% of the total soil phosphorus 

content is available for plants as its soil mobility is 

low (Lăcătușu R., 2016). 

Total soil phosphorus contents range between 

0.01 and 0.15%. In Romania soil phosphorus varies 

from 0.026 (Albic Luvisols) and 0.093% 

(Chernozems). It can be noticed that the more 

genetically evolved the soil (Albic Luvisols) the less 

total phosphorus content it has as compared to less 

evolved soils (Chernozems). 

Mobile phosphorus content soluble in the 

ammonium acetate lactate solution at pH 3.7 is the 

one that gives the picture of the soil supply level with 

phosphorus available for plant nutrition (table 1). 

                                                 
1 National Research and Development Institute for Soil Science, Agrochemistry and Environment – ICPA Bucharest 

Table 1 
Phosphorus supply state characterization 

Values range* 
Phosphorus supply state 

characterization 

≤ 8.0 very weak 

8.1-18.0 weak 

18.1-36.0 average 

36.1-72.0 good 

72.1-108.0  

108.0-144.0 very good 

144.0 excessive for some plants 

* For soils with pHH2O  6,41 the values have been corrected with 

the mentioned correction factor (CF) 

 

Agrochemical practice considers that 

analytical values of soluble phosphorus in the 

ammonium acetate lactate solution at pH 3.7 don't 
correctly describe this element's availability for 

plant nutrition is soils with pH over 6.0. So, in such 

cases a correction factor is used: CF = 1.3·pH – 

0.1105·pH– 2.819 so that the analytical values 

obtained in soils with different pH values can be 

interpreted using the same limits for different soil 

supply classes; the factor takes the following values: 

Soil pH 6.00 6.50 7.00 7.50 8.00 8.50 

CF values 1.00 0.96 0.87 0.72 0.51 0.25 

The highest total phosphorus content is in the 

soil A horizon due to the bioaccumulation and 
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applying fertilizers effect, and then it decreases in 

depth. 

Organic phosphorus represents 30-50% of 

the total content and inorganic forms – 50-70%. 

Most of the organic phosphorus is contained by 

humus and also in the organic matter not 

decomposed or being decomposed. Different 

produces resulted from microorganisms' activity 

contain certain amounts of organic phosphorus. 

Humus contains 0.17-1.09% P, depending on the 

soil type. 

Phosphorus mobility in soil mainly depends 

on the soil characteristics and also on the applied 

agricultural technologies. 

Soil reaction is a determinant factor; in the 

slightly acid reaction domain (pH = 5.8-6.2) 

phosphorus mobilization and its preservation in 

solution take place at maximum intensity. In 

moderately and strongly acid as well as in the 

neutral and alkaline domains soil solution 

phosphorus concentration decreases due to its 

fixation in hardly soluble forms. 

Organic matter positively influences 

phosphates mobility in soils as it protects soil 

solution soluble phosphates against fixation 

processes by forming complexes between organic 

anions and Al3+, Fe3+ or Ca2+. And some organic 

ions can let off phosphate ions fixed on soil 

particles. 

Most of the soil potassium (90-98%) is 

contained by the primary (micas, feldspars) and 

secondary minerals (illite, chlorite, vermiculite, 

smectite) crystalline lattice. The 2-10% difference 

is potassium fixed between minerals layers, 

adsorbed on the mineral and colloids surface 

(exchangeable potassium), and in soil solution. 

Potassium concentration in soil solution is 

0.1-0.3 mg/l and in the soils well supplied with this 

element its soil solution content is between 0.4 and 

4 mg/l, representing 1/5-1/10 of the adsorbed 

potassium. Soluble and exchangeable potassium 

represent the immediate nutrition source for plants.  

As the potassium concentration in soil 

solution decreases following its absorption by 

plants the equilibrium is restored by cationic 

exchange reactions that transfer exchangeable 

potassium into soil solution (Lăcătușu R., 2016). 

Fertilization, especially when it includes 

phosphorus and potassium, and liming definitely 

influences these elements concentrations in soil 

solution and also their solubility in soils. It was 

found that application of citric acid, Bacillus 

polymyxa, and lime may enhance P availability to 

plants by reducing the fixation of applied P and 

releasing fractions of already fixed P in acid soil 

(Chatterjee D. et al, 2022). Nitrogen and potassium 

fertilizers contribute to the dissolution of phosphate 

rock in acid soils (Chien S., 1979). Certain bacteria 

also solubilize phosphorus (Ponnaiah Paulraj et al, 

2020) or both phosphorus and potassium 

(Basavesha K.N., Savalgi V.P., 2015). Some 

rhizosphere microorganisms enhance potassium 

ions availability in agricultural soils (Vijay Singh 

Meena et al, 2014). 

This paper presents a particular situation of 

available vs. total phosphorus and potassium 

contents in the frame of an experiment with 

different fertilizers with nitrogen, phosphorus, 

sulphur, and potassium 

 

MATERIAL AND METHOD 

 
The soils of the Great Brăila Island were 

changed by men from their natural status through 
diking, drainage and intensive cultivation; their 
physical and chemical characteristics have been 
modified and they are continuously changing. The 
organic matter content is rapidly shrinking in the 
absence of river alluviums and the nutrition 
elements (nitrogen, phosphorus, potassium) 
contents decrease by repeated exports (Dumitru M., 
et al, 2021). 

Experiments were carried out with different 
fertilizers containing nitrogen, phosphorus, sulphur 
and, in one case, potassium, in six farms of the 
Great Brăila Island, with seven field crops: barley, 
wheat, alfalfa, maize, sunflower, soy, and pea. Soil 
samples were collected at the end of the experiment 
and chemical analyses were performed according 
to the dedicated standardized methods frequently 
used in the ICPA Bucharest and county pedological 
offices laboratories; soil reaction (pH), humus, total 
nitrogen, total and mobile phosphorus, total and 
mobile potassium were determined. When soil pH 
was over 6 the mobile phosphorus content was 
corrected (P*) with the factor discussed above. 
Computations and graphics were carried out using 
Excel. 
 

RESULTS AND DISCUSSIONS  

 

Correlations drawn for all the samples (table 

2) (n = 105) showed very significant values for 

soluble potassium depending on reaction and humus 

content.  
Table 2 

Correlations between pH and humus on one hand, 
soluble phosphorus and potassium on the other for 

all the samples 

 
PAL PAL

* KAL 

% of total P % of total P % of total P 

pH -0.096 -0.316 ** -0.392** 

Humus -0.117 0.030 0.430** 

 

Soluble phosphorus didn’t appear dependent 

on either parameter but the corrected values showed 

very significant dependence on soil reaction. (The 
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index ”AL” means ”soluble in ammonium acetate 

lactate solution at pH 3.7; the Asterix indicates 

values that have been corrected as shown before). 

A pattern cannot be identified showing a clear 

dependence of the soluble phosphorus and 

potassium contents on the soil reaction or organic 

matter content (table 3). 
Table 3 

Correlations between pH and humus on one hand, 
soluble phosphorus and potassium by the other, by 

depths 

0-10 cm; n = 20 

  
  

PAL PAL
* KAL 

% of total P % of total P % of total P 

pH -0.214 -0.403 -0.219 

Humus -0.478* -0.357 0.399 

10-20 cm; n = 20 

  PAL PAL
* KAL 

  % of total P % of total P % of total P 

pH 0.217 0.089 -0.495* 

Humus -0.505* -0.437 0.470* 

20-30 cm; n = 20 

  PAL PAL
* KAL 

  % of total P % of total P % of total P 

pH 0,311 -0,063 -0,541* 

Humus -0,555* -0,266 0,400 

30-40; n = 20 

  PAL PAL
* KAL 

  % of total P % of total P % of total P 

pH 0,095 -0,521* -0,194 

Humus -0,026 0,389 0,279 

40-50; n = 20 

  PAL PAL
1) KAL 

  % of total P % of total P % of total P 

pH -0,249 -0,699** -0,497 

Humus 0,189 0,509* 0,536* 

 

That is because of the fertilizers intervention 

which modifies all the parameters under discussion. 

The fact can be noticed though that potassium seems 

to be more dependent on soil reaction and humus 

content and that correlation indices, especially for 

phosphorus, seem to be more significant in the soil 

depth, where fertilizers influence diminishes. 

Correlations by crops (table 4) reveal a more 

significant aspect. Both phosphorus and potassium 

appear to be very significantly dependent on both 

soil reaction and humus contents. The homogeneity 

of the results has to do more with the fertilization 

systems than with crops themselves. 

 

Table 4 
Correlations between pH and humus one hand, 
soluble phosphorus and potassium by crops 

Barley, n = 15 

 
PAL PAL

* KAL 

% of total P % of total P % of total P 

pH -0,700** -0,838** -0,523* 

Humus 0,891** 0,943** 0,526* 

Wheat; n = 15 

  PAL PAL
* KAL 

  % of total P % of total P % of total P 

pH -0,758** -0,888** 0,456 

Humus 0,826** 0,765** -0,211 

Alfalfa; n = 15 

  PAL PAL
* KAL 

  % of total P % of total P % of total P 

pH -0,712** -0,774** -0,170 

Humus 0,803** 0,818 0,522* 

Maize; n = 15 

  PAL PAL
* KAL 

  % of total P % of total P % of total P 

pH -0,161 -0,551* -0,142 

Humus 0,277 0,256 -0,270 

Sun flower; n = 15 

  PAL PAL
* KAL 

  % of total P % of total P % of total P 

pH -0,260 -0,819** -0,166 

Humus -0,424 -0,037 -0,210 

Soy; n = 15 

  PAL PAL
* KAL 

  % of total P % of total P % of total P 

pH -0,723** -0,859** -0,646** 

Humus 0,839** 0,859** 0,739** 

Pea; n = 15 

  PAL PAL
* KAL 

  % of total P % of total P % of total P 

pH -0,708** -0,830** -0,438 

Humus 0,742** 0,772** 0,586* 

 

Other correlations drawn for mobile 

phosphorus and potassium dependence on their total 

contents (tables 4, 5 and 6) have expectedly shown 

very significant coefficients. The fact can be noticed 

that absolute values of mobile phosphorus and 

potassium (mg/kg) seem to be more dependent on 

their total contents than the percentage values 

deeper in the soil.

Table 5 
Correlations of soluble phosphorus and potassium depending on their total contents 

  PAL PAL
* KAL PAL PAL

* KAL 
  mg/kg mg/kg mg/kg % of total P % of total P % of total P 

Total P 0,602** 0,648**  0,428** 0,504**  
Total K     0,135     -0,761** 
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Table 6 
Correlations of soluble phosphorus and potassium depending on their total contents by depths (n = 21) 

 PAL PAL
1) KAL PAL PAL

1) KAL 
  mg/kg mg/kg mg/kg % of total P % of total P % of total P 

0-10 cm       
Total P 0,732** 0,755**  0,553** 0,611  
Total K     -0,566**     -0,951 

10-20 cm       
Total P 0,577** 0,626**  0,438* 0,477*  
Total K     0,278     -0,834** 

20-30 cm       
Total P 0,347 0,467*  -0,007 0,024  
Total K     -0,285     -0,891** 

30-40 cm       
Total P 0,785** 0,842**  0,042 0,425  
Total K     -0,100     -0,797** 

40-50 cm       
Total P 0,806** 0,767**  0,496* 0,535*  
Total K     -0,282     -0,894** 

 

 

CONCLUSIONS 

 

Soil phosphorus and potassium availability 

for plant growth is controlled by many factors of 

which their solubilization degree is very important. 

In natural un ploughed soils it depends on the soil 

and its clay minerals nature, reaction, humus 

content. Ploughing, fertilizing, growing crops 

changes very much the way and the degree in which 

these elements are solubilized. It is important that 

fertilizing, liming, and soil works ensure the 

nutritive elements availability for plants on one 

hand and not exceed their needs so that elements in 

excess left after harvest could rise concerns for the 

environment. 
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Abstract 

 

As the Romanian meat market expands, producers need to find new promotional tools. In recent years, more and more 

companies have an increasingly significant presence on social media. The aim of this paper is to correlate the type of 

message conveyed by the brand on social media with audience interaction. Five companies operating in this field were 

included in the study, analyzing the messages they send via social networks. Thus, a set of variables was established in 

order to analyze the correlation between messages and impact. In this respect, we have identified keywords related to the 

taste and the naturalness of the products. The study revealed that posts that ask for public interaction have a high impact. 

The results of the study show a high correlation between posts highlighting taste and naturalness qualities and the feedback 

received. 

 

Key words: social media, audience interaction, promotional tools, digital marketing 

 

 

The Food and Agriculture Organization of 

the United Nations predicts an expansion of the 

global meat supply of up to 377 Mt (million metric 

tons) for the year 2031. In this sense, an expansion 

of the international trade in meat products is 

expected. An aspect highlighted at the level of 

developed countries is represented by the growing 

number of consumers who exclude or reduce meat 

consumption. 

These consumption habits are mainly 

motivated by animal welfare and health and 

environmental concerns. In this sense, 

manufacturers face an ever-increasing challenge in 

product promotion. Online promotion has become a 

distinct component of marketing in recent years, 

considering the boost that social networks have 

taken, researchers have addressed several aspects of 

social media marketing (De Vries L. et al, 2017; 

Schivinski B. and D. Dabrowski, 2016; Berthon et 

al, 2012; Abu-Rumman A. H. and A. Y. Alhadid, 

2014). Unlike classical promotion methods, social 

media facilitates direct communication between 

businesses and customers (Aladwani A. M., et al, 

2018; Kamboj S. et al, 2018).  

This aspect represents a considerable 

advantage because it allows the brand to adapt its 

strategy to optimize results. Using social media 

tools, consumers have access to a variety of 

information to support their purchase decision. 

Thus, information about manufacturers can be 

                                                 
1 Iasi University of Life Sciences, Romania  

accessed from everywhere, comparing their 

products (Palos-Sanchez P. and Saura J.R., 2018). 

With easy access to information, companies don't 

have to focus on a general audience. Thus, 

companies must identify different target groups and 

adapt their message for each of them (López García 

J.J. et al, 2019). A positive conditioning relationship 

is created between the brand message and consumer 

interaction (Yang Y., and Kankanhalli A, 2014). 

To analyze the effectiveness of the message 

transmitted by the brand, in the specialized 

literature, it is proposed to use the reaction ratio 

(number of reactions/total number of followers) or 

the comment ratio (number of comments/total 

number of followers) (Rana N. et al, 2020). 

Followers' interaction with the brand's posts 

contributes to the creation and maintenance of the 

brand-consumer relationship, later this aspect is 

reflected in the purchase decision.  

The particularity of sending the message in 

social media is given by the possibility of 

transmitting the consumers' own experience. Thus, 

this aspect leads to the creation of a wide social 

circle that responds to the need for social affiliation. 

In the second quarter of 2022, Facebook counted 

approximately 2.93 billion monthly active users 

(Statista, 2022), an aspect that substantiates the 

potential of this social network and the need to 

define the presence of brands on this platform. 
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MATERIAL AND METHOD 

 
Starting from the analysis of specialized 

literature, we set out to analyze the messages sent 
online by 5 of the most important brands active in 
the field of production, processing and preservation 

of meat and meat products on the Romanian 
market. 

Thus, we have centralized the posts made by 
the 5 brands, between January 1, 2022 - August 31, 
2022, on Facebook. 609 posts were included in the 

analysis (table 1).
Table 1 

Variables regarding the brands' online activity 

Category Variables Measure unit 

I. Variables regarding the transmitted 
message 

I.1 References related to the taste of the products - taste 

Number 

I.2 References related to the natural source of the products 
- natural 

II. Variables regarding the ways of 
transmitting the message 

2.1 Posts with photo content attached – photo 

2.2 Posts with video content attached – video 

2.3 Contest posts - contest 

2.4. Posts where follower interaction is requested – 
interaction 

III. Variables regarding post impact  3.1 Recorded reactions - reactions 

3.2 Shares of the post - shares 

IV. Variables regarding online activity 4.1 Posts 

 
The analysis of the established variables had 

the role of highlighting the effectiveness of the 
transmitted message by analyzing the generated 
impact, quantified in the number of reactions and 
distributions of the posts. The analysis of 
established variables was carried out using 
Analyse-it analysis tools. In this sense, the 
characterization of the variables distribution was 
pursued, as follows: the number of valid variables, 
the minimum value; maximum value and average 
value.  

For the chosen variables, we carried out 
correlation tests to highlight the links that are 
created between the variables, their intensity and 
significance. In choosing the variables, the 
specificity of the field was taken into account, in this 
case - the importance given by consumers to the 
taste of the products, as well as their natural origin. 
Thus, we used the Google Trends platform to 

measure the level of interest over a year for the term 
"natural".  

The platform quantifies the search interest 
associated with the highest point in the chart, for the 
specified region and time. A value of 100 represents 
the maximum popularity of the term, while a score 
of 0 indicates that not enough data is available for 
that term. 

 

RESULTS AND DISCUSSIONS  
 

In the conditions of the continuously 

expanding market, but taking into account the 

premise of the reduction of meat consumption 

among specific categories of the population, it is 

necessary to highlight the interest of the population 

for products of natural origin.

 
Figure 1 The level of interest for the term "natural" in Google searches in Romania, in the period 

September 2021 – September 2022 
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Using the tools of the Google Trends 

platform (figure 1), we analyzed the level of interest 

of the Romanian population for the term "natural". 

The analysis highlighted the fact that this term 

registers a high popularity at the level of the entire 

country, the highest values being highlighted at the 

level of the North-East Development Region. This 

aspect confirms the relevance of the analysis of the 

references to the natural source of the products, in 

the analysis of the messages sent by the brands. In 

2021, there were 1735 active companies in Romania 

in the field of production, processing and 

preservation of meat and meat products.  

Depending on the visibility of the companies 

in the online environment, we selected the first 5 

(table 2) of them and analyzed the messages sent 

through the posts they have made on Facebook.

Table 2 
Analyzed data 

Brand Number of posts Taste Natural Contest Photo Video Interaction Reactions Shares 

B01 143 102 81 4 102 41 90 32258 2222 

B02 124 66 0 2 118 6 21 8557 456 

B03 120 89 0 3 87 33 43 29480 2385 

B04 111 48 2 0 108 3 44 1132 281 

B05 111 82 0 1 111 0 35 8917 2388 

 
 

The B01 brand had 143 posts during the 

analyzed period. Of the 143 posts, 71.32% had 

references related to the taste of the products and 

56.64% had references related to the natural origin 

of the products. The brand organized, during the 

analyzed period, 4 contests, registering a total 

number of 32,258 reactions to the 143 posts. The 

second analyzed brand made 124 posts, 53% of 

which had references to the taste of the products. A 

fact highlighted by the present study consists in the 

fact that this brand did not send messages related to 

the natural origin of the products through posts. 

Although the number of posts was 13.29% lower 

than the number of posts published by Brand B01, 

the impact recorded, quantified in the reactions of 

followers, was 73.4% lower. During the analyzed 

period, the B02 brand organized two contests. The 

B03 brand made 120 posts, 74% of which referred 

to the taste of the products. As it was highlighted 

in the case of the B02 brand, no references to the 

natural origin of the products were identified in the 

messages sent by the B03 brand. Although the B03 

brand made 16.08% fewer posts than the B01 

brand, the impact was only 8.61% lower. B03 

organized 3 contests during the analyzed period. 

Brands B04 and B05 recorded an equal number of 

posts. Although both brands made 111 posts each, 

the recorded impact was different. Thus, the B05 

brand registered a 688% greater impact compared 

to the B04 brand. 

 Regarding the descriptive analysis of the 

variables (table 3), the 5 valid cases were analyzed. 

Thus, for the 5 analyzed brands, the average 

number of posts where references to the natural 

origin of the products were identified is 16.6, the 

maximum recorded being 81, two of the analyzed 

brands having no posts in this category. The 

average of the posts with references related to the 

taste of the products is 77.4, with a minimum of 48 

and a maximum of 102.  

Regarding the interaction requested from the 

followers, the average of the posts is 46.6, the 

minimum recorded being 21, and the maximum 90. 

The posts made by the 5 analyzed brands recorded 

a total number of 80,344 reactions and 7,732 

shares. Thus, the average number of reactions was 

16,068.8, with a minimum of 13,898.1 and a 

maximum of 32,258. In terms of the number of 

shares, the recorded average was 1,546.4 with a 

minimum of 281 and a maximum of 2,388. 
Table 3 

Descriptive analysis of variables 

Variable N Mean SD Minimum Median Maximum 

Natural 5 16.6 36.0 0 0.0 81 

Taste 5 77.4 20.9 48 82.0 102 

Contest 5 2.0 1.6 0 2.0 4 

Photo 5 105.2 11.7 87 108.0 118 

Video 5 16.6 19.0 0 6.0 41 

Interaction 5 46.6 25.9 21 43.0 90 

Reactions 5 16068.8 13898.1 1132 8917.0 32258 

Shares 5 1546.4 1079.1 281 2222.0 2388 

Regarding the correlation analysis of 

variables for Brand B01 (table 4), it revealed a 

moderate positive correlation between the 

variables "taste" and "natural". Thus, through its 

posts, the brand highlighted the natural origin and 

the taste of the products. The correlation test 

revealed that contest posts generate a large number 

of shares. Also, a moderate correlation was 
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registered between the variables "reactions" and 

"shares". 
Table 4 

B01 activity correlation statistics  

Correlation B01 

Pearson's r Taste Natural Photo Contest Video Interaction Reactions Shares 

Taste - 0.537 -0.079 0.014 0.060 0.090 -0.088 -0.088 

Natural 0.537 - -0.006 0.063 0.024 0.147 -0.079 -0.059 

Photo -0.079 -0.006 - -0.083 -0.983 -0.095 0.055 0.012 

Contest 0.014 0.063 -0.083 - 0.080 0.042 0.185 0.615 

Video 0.060 0.024 -0.983 0.080 - 0.102 -0.049 -0.012 

Interaction 0.090 0.147 -0.095 0.042 0.102 - 0.001 0.071 

Reactions -0.088 -0.079 0.055 0.185 -0.049 0.001 - 0.514 

Shares -0.088 -0.059 0.012 0.615 -0.012 0.071 0.514 - 

 

 

For the second analyzed brand (table 5), 

B02, the correlation test revealed a significant 

positive correlation between the variables 

"Reactions" and "Shares", calculating a Pearson 

coefficient r=0.689. Also, the positive correlation 

relationship between the contest-type posts and the 

number of shares of the posts was highlighted. B02 

had no references related to the natural origin of the 

products in its posts, therefore the correlation test 

for this variable was not performed.

Table 5 
 B02 activity correlation statistics

Correlation B02 

Pearson's r Taste Contest Photo Video Interaction Reactions Shares 

Taste - -0.137 0.241 -0.241 -0.051 0.066 0.021 

Contest -0.137 - 0.029 -0.029 0.284 0.025 0.418 

Photo 0.241 0.029 - -1.000 0.102 0.064 0.061 

Video -0.241 -0.029 -1.000 - -0.102 -0.064 -0.061 

Interaction -0.051 0.284 0.102 -0.102 - -0.053 0.053 

Reactions 0.066 0.025 0.064 -0.064 -0.053 - 0.689 

Shares 0.021 0.418 0.061 -0.061 0.053 0.689 - 

 
 

The correlation test performed for B03 

(table 6) confirmed the strong positive correlation 

of the variables "reactions" and "shares". Also, the 

correlation test revealed a strong correlation 

between the number of shares and the "contest" 

posts. For the analyzed brand, no references were 

identified regarding the natural source of the 

products, this variable being excluded from the 

correlation test. 

 
Table 6 

B03 activity correlation statistics 

Correlation B03 

Pearson's r Taste Contest Photo Video Interaction Reactions Shares 

Taste - -0.027 -0.022 0.022 0.004 -0.012 -0.001 

Contest -0.027 - -0.260 0.260 0.214 0.957 0.350 

Photo -0.022 -0.260 - -1.000 -0.085 -0.197 0.348 

Video 0.022 0.260 -1.000 - 0.085 0.197 -0.348 

Interaction 0.004 0.214 -0.085 0.085 - 0.164 0.063 

Reactions -0.012 0.957 -0.197 0.197 0.164 - 0.497 

Shares -0.001 0.350 0.348 -0.348 0.063 0.497 - 

 

 

For the B04 brand (table 7), the correlation 

test revealed a moderate correlation between the 

number of posts with attached video content and 

the number of reactions recorded, calculating a 

Pearson coefficient r=0.4589. 

The correlation test also confirmed the 

correlation between the variables " reactions" and 

"shares". No "contest" posts were made for the B04 

brand, this variable being excluded from the 

correlation test. 
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Table 7 
B04 activity correlation statistics 

Correlation B04 

Pearson's r Taste Natural Contest Video Photo Interaction Reactions Shares 

Taste - 0.155 - 0.079 -0.079 0.036 0.171 0.251 

Natural 0.155 - - -0.023 0.023 -0.110 0.046 0.047 

Contest - - - - - - - - 

Video 0.079 -0.023 - - -1.000 -0.021 0.459 0.267 

Photo -0.079 0.023 - -1.000 - 0.021 -0.459 -0.267 

Interaction 0.036 -0.110 - -0.021 0.021 - -0.111 -0.036 

Reactions 0.171 0.046 - 0.459 -0.459 -0.111 - 0.571 

Shares 0.251 0.047 - 0.267 -0.267 -0.036 0.571 - 

 

No references related to the natural origin of 

the products were identified in the posts of the B05 

brand (table 8), this variable being excluded from 

the analysis. Likewise, the brand has not published 

video content, excluding this variable as well. The 

correlation test confirmed that "contest" posts 

generate a high number of reactions and shares. 

Thus, a Pearson coefficient r=0.998 was calculated 

between the variables "contest" and "reactions", 

while the calculated Pearson coefficient was r 

=0.964 between the variables "contest" and 

"shares", highlighting a strong positive correlation 

relation . 

Table 8 
B05 activity correlation statistics 

Correlation B05 

Pearson's r Taste Contest Photo Interaction Shares Reactions 

Taste - -0.160 0.076 0.139 -0.129 -0.150 

Contest -0.160 - - 0.141 0.962 0.998 

Photo 0.076 - - -0.024 0.466 0.267 

Interaction 0.139 0.141 -0.024 - 0.106 0.126 

Shares -0.129 0.962 0.466 0.106 - 0.964 

Reactions -0.150 0.998 0.267 0.126 0.964 - 

 

The correlation test performed for the 609 

(table 9) analyzed posts revealed a strong positive 

correlation between the variables "contest posts" 

and "reactions", calculating a Pearson coefficient 

r=0.942. The study also revealed a strong 

correlation between posts with video content 

attached and recorded feedback, calculating a 

Pearson coefficient r=0.762. Also, the correlation 

test revealed a moderate positive correlation 

between the variables "natural", "taste" and " 

reactions". Thus, between the variables "natural" 

and "reactions" we calculated a Pearson correlation 

coefficient r=0.640, while between the variables 

"taste" and "reactions" r=0.898. The study also 

revealed a higher impact of posts with video 

content attached compared to the impact of posts 

with photo content attached. Another highlighted 

aspect consists in the strong positive correlation 

between the "taste" and "shares" variables, with a 

Pearson coefficient r=0.883 being calculated. Also, 

a moderate positive correlation was identified 

between the number of posts asking for follower 

interaction and the number of reactions recorded, 

calculating a correlation coefficient r=0.671. 
Table 9 

Correlation statistics 

Pearson's r Natural Taste Contest Photo Video Interaction Reactions Shares 

Natural - 0.641 0.694 -0.151 0.714 0.939 0.640 0.336 

Taste 0.641 - 0.868 -0.502 0.777 0.617 0.898 0.883 

Contest 0.694 0.868 - -0.487 0.909 0.609 0.942 0.568 

Photo -0.151 -0.502 -0.487 - -0.729 -0.392 -0.731 -0.595 

Video 0.714 0.777 0.909 -0.729 - 0.762 0.965 0.550 

Interaction 0.939 0.617 0.609 -0.392 0.762 - 0.671 0.426 

Reactions 0.640 0.898 0.942 -0.731 0.965 0.671 - 0.721 

Shares 0.336 0.883 0.568 -0.595 0.550 0.426 0.721 - 

 
CONCLUSIONS 

 

Considering the direct interaction that takes 

place between the brand and the end consumer, in 

online communication it is necessary for brands to 

focus on the transmitted message. Thus, brands 

need to identify those key messages with which to 

convince the audience and attract consumers to their 

products. The present study highlighted the fact that 

the method of transmitting the message plays an 

important role, with posts with attached video 

content generating a higher impact. In 
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communicating with followers, brands must take 

into account the usefulness of the information 

transmitted to followers, as well as the feedback. 

The recorded reactions and the number of shares of 

the posts provide relevant information about the 

effectiveness of the transmitted message. 
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Abstract 

 

The economic and social problems facing today's global society are increasingly varied. One of these is the concern 

about the environment status, which has as main directions, in the future, especially the following: the depletion of 

resources, the decrease of their quality, the increase in the level of pollution and in the prices of basic resources, the 

negative impact on human health, etc. All these forms of concern are found in a new concept: eco-anxiety, considered 

an emotional disorder. Specific studies and research show that the most affected segment is that of young people, 

especially from developed or developing countries. Paradoxically, regarding the presence of this disorder, an inverse 

relationship proportional to well-being and progress is identified: the higher the level of development of a country, the 

more present this state of eco-anxiety is. From another perspective, today's society has predominantly become a 

consumer society, and the interest of individuals to buy more and more has almost become normality. This phenomenon 

also prevails in developed and developing countries. In addition, in the last 3 years or so, the orientation of purchase and 

consumption, towards ecological or at least more environment-friendly products and services has been observed. The 

purpose of this paper is to highlight the mutual influence between two issues of major interest for today's society: eco-

anxiety and consumer behavior. It starts from the hypothesis that these two concepts influence each other. The research 

methods are: observation, literature review, synthesis and interpretation. Thus, it follows that the manifestation of eco-

anxiety stimulates interest in the purchase of environmentally friendly products, and the compulsive buying style - a so-

called emotional remedy - generates hyper consumption and, implicitly, has negative consequences on the environment, 

such as: pollution, resource depletion and impressive amounts of waste difficult to manage. 

 

Key words: hyper consumption, ecology, behavior 
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Approaching a topic of study that brings 

together concepts from apparently disparate fields 

can be considered daring or challenging. The 

present paper focuses on the concepts of eco-

anxiety and consumer behavior and it aims to 

analyze them in a common perspective. 

Encouraging interdisciplinary research proves to 

be a support in approaching the theme of this 

paper. The concept of anxiety belongs to the field 

of psychology, whereas of consumer behavior 

belongs to marketing, and the suffix "eco" belongs 

to the field of life sciences (ecology). Although at 

first glance the fields are very different, 

psychological science is the one that brings them 

together, for the simple reason that in the center of 

all actions is man. 

The concept of eco-anxiety, of maximum 

novelty in the profile literature and - to a large 

extent - controversial, seems not to be a direct 

component of the field of life sciences. For these 

reasons, the present work aims to present the ways 

that support the inclusion of the concept in the 

sphere of analysis of the life sciences and to 

introduce it into the relevant, theoretical and 

practical literature. 

The consumer behavior concept, which is 

not new, but has even become a central element in 

current and modern marketing research, has as 

foreground the individual, the man, through who’s 

needs and actions determines the dynamics of the 

market and has a direct and significant impact on 

the environment. 

The main purpose of the paper is to highlight 

the importance of considering the connection 

between these three fields: psychology, marketing 

and ecology. The reason behind the consideration 

of such a subject is the observation of changes, in a 

very accelerated dynamic, of the general needs that 

people have, along with the global need to consider 

the sustainability of resources and the environment 

in which people currently live their lives. 

 

MATERIAL AND METHOD 
 

The paper, predominantly empirical and 
theoretical, focuses on the analysis of the specific 
literature together with practical demonstration. 
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At the core of the methodological path of the 
work is the specialized literature from abroad 
which, in the last 2 years (2020-2022), has 
addressed the new topic of eco-anxiety in the form 
of conceptual clarification and that of practical 
analyses. Moreover, consumption behavior was 
considered from the point of view of market 
dynamics, which indicate a considerable increase 
in global consumption for almost all categories of 
goods, products and services. From another point 
of view, we considered the climate changes for 
which we cannot issue value judgments, i.e., if they 
are "good" or "bad" but we can observe and point 
out the concern of individuals, governments or 
international organizations for the way of these 
climate changes, along with concern for the 
management and consumption of natural 
resources. In the methodological organization of 
the paper, authors used arguments that support 
the correlational or joint analysis of these study 
sub-themes.  

The objectives of the paper are: O1. Arguing 
the importance of the concept of eco-anxiety 
through the foray into the specific literature; O2. 
Highlighting the link between eco-anxiety and 
consumption behavior; O3. As a practical 
objective, with long-term impact, the authors 
propose the creation of sustainable values and the 
introduction of new forms of approach in consumer 
behavior researching, along with the diversification 
and completion of local literature, with this 
approach. 

To achieve the objectives of the paper, we 
proceeded to identify, accumulate and mention a 
rich set of information about eco-anxiety and how it 
correlates with the research on consumer 
behavior. The questions that constitute the 
methodological support of the research are: in 
what context does eco-anxiety appear and in 
which consumer profile, is there a specific of the 
countries where this disorder is predominant, are 
there age categories more affected by this 
problem, what are the reasons why the concept is 
almost unknown in Romania, what causes a 
contradiction between the policies supported to 
encourage consumption and those to protect 
emotional health, why excessive consumption 
remains promoted as a stress reduction option, 
why there aren’t such subjects taught or discussed 
in schools? 

The research methods used are literature 
incursion and analysis, selection and synthesis, 
interpretation. In all, the paper is based on the 
concepts analysis and their practical connection. 

The hypotheses of the paper are: eco-
anxiety and consumption behavior are in an 
interdependent relationship, consumption behavior 
which is not based on real needs leads indirectly to 
eco-anxious manifestations, and the lack of 
rational consumption management policies 
maintains and accentuates this vicious circle. 

Eco-anxiety has several definitions and is 
present as a practical and conceptual study 
interest in international specialized papers and 
reports. In the Green Report (2022) the concept is 
presented as the set of heightened concerns about 
the future of the Earth, alongside climate change 
stress or even ecological trauma with mental 
health consequences. Among the most suggestive 
definitions the authors mention: (1) ”The term eco-
anxiety is used as a general term for anxiety in 
relation to the ecological crisis” (Pihkala, 2020); (2) 
“Eco-anxiety is a chronic fear of environmental 
doom” (Clayton S. et al, 2017, cited in Pihkala); (3) 
”Eco-anxiety is a specific form of anxiety relating to 
stress or distress caused by environmental 
changes and our knowledge of them” (Castelloe 
M., 2018). 

Derivative concepts have also emerged, 
such as ”solastalgia” which describes the 
disappointment and sadness of individuals who, 
although living in the same living environment, are 
desolate by its current state, given that it is 
polluted, unfavorably transformed, or less green or 
friendly (Albrecht, 2017). 

Some researchers (Heeren et al.) explored 
the causes and effects of climate change anxiety 
through a network model, a directed acyclic 
graphical Gaussian model, on a database of 778 
European subjects. The variables considered in 
the study were: cognitive, emotional and functional 
impairment, personal experience of climate 
change, pro-environmental behavior and general 
concern (Wake, 2022). 
 

RESULTS AND DISCUSSIONS 
 

Numerous and varied international studies 

have addressed these topics in the last 2-3 years, 

which is why we present a set of results, in 

accordance with the aim and objectives of the 

paper. 

A study (Hickman C. et al, 2021) 

conducted on a population of 10,000 young 

subjects (16-25 y.o.) from the UK, Australia, USA, 

India, Philippines, Nigeria, France, Finland, 

Portugal, Brazil indicates not only the interest in 

subject, but also confirming the concerns that 

young people express about the state of the 

environment. The basic question that allowed 

obtaining the results presented synthetically in 

Table 1 was: ”Does climate change make you feel 

any of the following?” 

Regarding the emotions expressed among 

the analyzed population, as a result of the 

observation and awareness of climate change and 

the impact produced on individuals, Table 1 shows 

the percentage level of concern. 
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Table 1 
Categories of emotions manifested as a consequence of the climate change 

Afraid % Angry % Guilty % 

Yes 67.3 Yes 
  

56.8 Yes 50.2 

No 31.1 No 41.3 No 47.9 

Prefer not to say 1.6 Prefer not to say 1.9 Prefer not to say 1.9 

Sad % Powerless % Optimistic % 

Yes 66.7 Yes 
  

56 Yes 30.9 

No 31.5 No 42.1 No 66.6 

Prefer not to say 1.8 Prefer not to say 1.9 Prefer not to say 2.5 

Anxious % Helpless % Indifferent % 

Yes 61.8 Yes 50.9 Yes 29 

No 36.4 No 47.2 No 68.3 

Prefer not to say 1.8 Prefer not to say 1.9 Prefer not to say 2.7 

Source: Hickman C. et al, 2021. Climate anxiety in children and young people and their beliefs about government 
responses to climate change: a global survey. DOI:https://doi.org/10.1016/S2542-5196(21)00278-3 

 
As can be seen from the data in Table 1, 

most individuals report fear (67.3%), sadness 

(66.7%), anxiety (61.8%), powerlessness (56%), 

helplessness (50.9%) and guilt (50.2%) for climate 

change. Optimism and indifference are poorly 

represented (30.9% and 29%, respectively). Some 

international studies show that over 1/3 of young 

Finns have experienced a state of ecological 

anxiety during a year and that ”there is a clear 

correlation between experiencing eco-anxiety and 

changing one's consumption habits to more 

sustainable ones; the correlation was strongest with 

regards to the consumption of general consumer 

goods” (Kohl A., 2022). Young people who 

experienced episodes of eco-anxiety became more 

active in taking steps to transition to a lifestyle less 

based on hyper consumption.  

 

 
 

Figure 1 Level of concern about climate change and 
impact on current life 

(Source: Hickman C. et al., 2021) 

Other surveys indicate that over 90% of 

survey respondents feel concerned about the 

problems facing the environment (WGSN, 2022). 

Another important question of the study 

concerned how young people relate their 

emotional, cognitive and functional states to 

climate change. Figure 1 shows the signs of 

concern, as about 60% of respondents said they 

feel "very" or "extremely" worried about climate 

change, and 45% said anxious concerns about 

climate change have negatively affected them 

current life. 

Based on these results and our own previous 

research, we believe that there are solutions to 

these problems, even if they are not yet practically 

demonstrated. Thus, the solutions to the problem 

of eco-anxiety correlate with concerns for the 

management of sustainable consumption and with 

the orientation of greater attention to the 

consumption behavior specifics and manifestation. 

In fact, a compulsive consumption behavior leads 

to eco-anxious manifestations in the same 

individual, transversely and longitudinally, through 

propagation between individuals, between 

communities and even between generations. The 

solutions we consider are: 

- acceptance of the normality of climate change, 

along with resilience to sources of harmful 

information that affect, in the form of an 

immediate reaction, consumption behavior; 

- widespread adoption of sustainable and 

responsible consumption behavior; 

- practicing environmentally friendly activities and 

limiting unnecessary consumption; 

- orientation towards the consumption of products, 

goods and services generating limited waste 

(example: sustainable food products) 

https://doi.org/10.1016/S2542-5196(21)00278-3
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- avoiding actions and consumption habits that 

generate polluting factors 

- the overall reconsideration of the education 

system in two essential directions: education for 

the environment and education for consumption. 

The authors argue the importance and 

relevance of the chosen subject by identifying very 

recent studies developed by specialists and 

researchers concerned with the same subject. 

Moreover, the interest in this topic is growing and 

demonstrates an interdisciplinary approach highly 

suitable for the analysis of the problems involved 

in the field of life sciences. For now, the research 

is predominantly conducted among young people, 

which reinforces the statement that ecological 

education and the reconsideration of consumption 

behavior are becoming a priority of the current 

generation. 

The results of surveys carried out at the 

international level are varied from one community 

to another or from one society to another, 

especially depending on the level of development. 

There are direct links between the level of 

economic development, the dynamics in 

consumption behavior and the extent of the 

presence of eco-anxiety among the population. The 

higher the level of economic development, based 

on previously high consumption, the higher the 

environmental concerns and associated problems 

such as eco-anxiety, irrational consumption and 

hype consumption. 
 

CONCLUSIONS 

 

Based on the purpose, objectives and results 

of the work, the authors issue a set of conclusions 

that also include some proposals on improving the 

relationship between consumption behavior and 

eco-anxiety. 

Undoubtedly, in today's society, the impact 

of environmental problems is directly felt on the 

mental state of individuals. Paradoxically, they 

find even impulsive consumption behaviors, hyper 

consumption or shopping fever as ameliorative 

solutions to these problems. It is at least interesting 

to note the disharmony between policies and 

institutional strategies that advocate for opposing 

interests: on the one hand, there are public 

organizations and institutions that support the 

reduction of polluting actions or that produce 

pressure on the environment, and on the other 

hand, it is about the economic units that 

encourages consumption through many and varied 

events, techniques or actions. 

Although most of the studies aimed at the 

topic of eco-anxiety are still just theoretical, this 

fact indicates the appearance and manifestation of 

interest in the subject, thus also the approach of a 

practical nature. Most of the results of the studies 

so far indicate the high rate of concern, especially 

among young people, for the problems facing the 

environment, which are perceived as having 

potential negative effects or real dangers to their 

life and health. In developed countries, both 

excessive consumption and eco-anxiety are a 

current reality, but for Romania such studies still 

do not exist. For these reasons, we propose that for 

our future studies we analyze the triggering factors 

of eco-anxiety among Romanians, respectively 

whether the environmental problems themselves or 

the way they are perceived are determinants of 

eco-anxious manifestations. We also aim to 

conduct an analysis to measure the influence and 

interdependence link between the two concepts. 
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Abstract 

 

Attaining native-like accuracy and fluency is the aim of every student that has embarked on the study of a foreign 

language. In order to achieve this aim, students are encouraged to perceive and analyse the way English is used in 

various contexts, especially in those that are of interest to them in the light of their future careers. The lexical approach 

facilitates the mediation of language by means of a purposeful focus on chunks of language, since words do not occur in 

isolation but in meaningful combinations that are formulaic (e.g. collocations, idioms, discourse markers, phrasal verbs) 

and reveal the speakers’ level of proficiency. Linguists are in favour of teaching chunks as they facilitate the acquisition 

of fluency, confer idiomaticity and provide the basis for subsequent language acquisitions. The present study focuses on 

the extent to which the Occupational English Test (OET) for Veterinary Science practice tests can be used in order to 

expose students to various instances in which chunks of language occur in professional contexts. The practice tests that 

assess the receptive (reading and listening) and productive (speaking and writing) language skills rely on a consistent 

use of chunks in various healthcare professional settings and can be used to consolidate learners’ linguistic knowledge 

and accurate communication skills. Learners can be trained to notice the various linguistic contexts in which chunks 

occur, to accurately infer their meaning and the typical structure they are based on, and to confidently build on this 

acquired knowledge. Careful consideration is given to specific collocations and formulaic phrases used in the OET 

listening and reading materials which can be further transferred to other communicative instances and activated in the 

area of productive skills.  

 

Key words: lexical approach, veterinary science practice tests, chunks, accuracy, fluency 
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Native-like accuracy in the use of English 

for a specific field is the aim of every student. This 

aim can only be achieved by constant and 

consistent exposure to linguistic contexts that 

mediate such knowledge. The lexical approach 

facilitates the mediation of language by means of a 

purposeful focus on chunks of language, since 

words do not occur in isolation but in meaningful 

combinations that are formulaic (e.g. collocations, 

idioms, discourse markers, phrasal verbs) and 

reveal the speakers’ level of proficiency. Linguists 

encourage the teaching of chunks as these facilitate 

the acquisition of fluency, confer idiomaticity and 

provide the basis for subsequent language 

acquisitions (Thornbury S., 2019). Michael Lewis 

supports this by stating that “language consists of 

chunks which, when combined, produce 

continuous coherent text” (Lewis M., 1997). The 

researchers also noted that the more confidently 

chunks were used, the more they contributed to the 

perception of fluency (Boers F. & Lindstromberg 

S., 2009). In the field of English for Specific 

Purposes (ESP) mastering chunks is a prerequisite 

in communicating appropriately and successfully 

the intended message.  

Pawley A. and Syder F. (1983) allude to a 

native-like ability of speakers to distinguish 

between unmarked or natural and highly marked or 

unnatural usages, while Alison Wray (2000) makes 

a distinction between chunks that are speaker-

oriented, i.e. that enable fluent production, and 

those that are hearer-oriented, i.e. that achieve 

social and interactional purposes, such as polite 

formulae (e.g. I wonder if you’d mind…?) or 

expressions that assert group identity (e.g. ‘teen 

talk’: can’t even; yeah right). Therefore, the target 

will be to accustom students to a natural use of 

language and to use specialized vocabulary 

confidently. 

Errors in using chunks appropriately 

frequently occur due to the mother tongue 

influence. Some common examples among the 

Romanian students are the use of the verb ‘depend’ 

with the preposition ‘of’ instead of ‘on’, or of the 

verb to ‘touch’ - instead of ‘accomplish’ or 

‘achieve’- with the noun ‘purpose’. 
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 Chunks can be classified by function, form, 

level of formality, clarity of meaning, frequency of 

occurrence, etc., ensuring thus the meaningful and 

contextualized activation of linguistic and 

grammatical knowledge of learners. The present 

study focuses on the extent to which the 

Occupational English Test (OET) for Veterinary 

Science practice tests can be used in order to 

expose students to various instances in which 

chunks of language occur in professional contexts. 

The practice tests that assess the receptive (reading 

and listening) and productive (speaking and 

writing) language skills rely on a consistent use of 

chunks in various healthcare professional settings 

and can be used to consolidate learners’ linguistic 

knowledge and accurate communication skills in 

the intended health context. 

 

MATERIAL AND METHOD 

 
In order to identify types of chunks in 

materials pertaining to the field of veterinary 
medicine, a closer look at the classification of 
linguistic chunks has been taken. A ‘chunk’ is an 
all-purpose word that embraces any formulaic 
sequence, lexical/phrasal expression or multi-word 
item (Thornbury S., 2019) 

By ‘chunks’, Michael Lewis meant everything 
from: collocations (wrong way, give way, the way 
forward); fixed expressions (by the way, in the 
way); formulaic utterances (I’m on my way; no 
way!); sentence starters (I like the way…); verb 
patterns (to make/fight/elbow one’s way…); idioms 
and catchphrases (the third way; way to go!) 
(Lewis, 1997). 

In Teaching Chunks of Language, Seth 
Lindstromberg and Frank Boers distinguish the 
following types of chunks, classified by: 

 Function:  
 Conversational fillers: sort of, you know 

what I mean; 
 Exclamations: Good God!, Trick or treat!; 
 Pragmatic Notices: Excuse me, How are 

you doing?; 
 Discourse organisers/ markers: Having 

said that, The thing is; by the way; on the one 
hand…on the other hand; sentence starters: I 
was wondering… 

 Situation evaluators: Small world! It’s a 
catch 22 situation. 

 Form: 
 Sentence heads: Could you…?, Why 

not…?; 
 Phrasal verbs: break down, wipe out; 
 Compounds: credit card, weather forecast; 
 Strong collocations: tell a story; 
 Grammatical frames: as…as, the –er the –

er. 

 Clarity of meaning:  
 Clear: please come in!; 

 Impossible to guess: hit it off with 
someone. 

 Geographical variety  

 Age of typical users  

 Level of formality (formal, informal, slang) 

 More or less idiomatic   
 Figurative idioms: make ends meet; a far 

cry 
 Similes: blind as a bat; 
 Proverbs: The early bird catches the worm.  

 Common in everyday language: never 
mind, as soon as possible; 

 Less common in everyday language: be as 
it may; 

 Typical of specific domains of life: hold 
someone in custody;  

 Typical of a particular genre: conduct an 
experiment 

 Out of fashion: raining cats and dogs; 

 Newly coined word sequences: broadband. 
Thornbury S. (2019) in turn identifies the 

typical grammatical structures at the core of 
chunks - usually built around nouns and adjectives. 
Therefore, using this kind of formulaic language 
greatly facilitates the natural acquisition of 
grammatical patterns as well. 

In order to analyse the extent to which OET 
tests rely on chunks, careful consideration was 
given to the listening and the reading materials 
included in the Veterinary Science – Official OET 
Practice Book 1 (2018). The chunks were then 
classified according to the degree of generality and 
the use in the specific field of medicine. The 
listening and the reading tests are common to all 
the 12 health professions whereas the speaking 
and the writing sub-tests are specific to the 
veterinary field. 

 

RESULTS AND DISCUSSIONS  

 

From the listening tests, which cover texts 

ranging from consultation extracts to short 

workplace extracts and presentation extracts, and 

the reading tests, which consist of extracts from 

policy documents, hospital guidelines, manuals or 

emails and memos, the following chunks were 

identified and classified according to form and 

degree of idiomaticity (table 1). 

Regarding the function of chunks, some 

pragmatic notices have been identified: I should 

also let you know that…; So tell me about…; as 

well as situation evaluators: Well that’s fair 

enough. With respect to form, highly frequent are: 
sentence heads - At a first stage…, This brings me 

to my next point…, this begs the question, That’s 

where the…(begins to come together), To kick off, 

…, Another notable finding …, It’s obvious that…; 

and compounds: constraint induced treatment, 

evidence-based medicine, , tetanus-prone wounds, 

post-operative wound management, anti-cancer 
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drugs, snake-venom detection kit, patient-

practitioner consultation, herd immunity, vaccine- 

preventable diseases, medication adherence rates, 

acid-inhibiting drugs, immune-suppressant etc. 

The occurring phrasal verbs and collocations have 

been included in the table. 

As can be seen in Table 1, most of the 

collocations, set phrases, idioms and phrasal verbs 

can be used in general, turning these tests into a 

practical tool for consolidating general knowledge 

of English as well. 

Some steps that can be followed in teaching 

and learning chunks could consist in: 

- Noticing chunks in the contexts provided, 

discovering their meaning and their role in 

conveying the message.  
Table 1 

Chunks occurring in the OET Veterinary Practice listening and reading practice tests  

 COLLOCATIONS SET PHRASES IDIOMS PHRASAL VERBS 

General use to keep active 
to go smoothly 
to get (a bit) anxious 
to come to a decision 
to be in (overall) charge 
to make savings 
to depend on / (to be) 
dependent on  
to pay close attention to  
to aim for  
to rely on 
to be embarrassed about 
to be good/ useless at (noun/ 
verb-ing) 
to agree on (something) 
to undertake physical activity 
to take action 
to cope with  
to be keen on  
to be right in assuming that  
to be pleased with (a result) 
to get in touch 
to be entitled to 
to be involved in  
to comply with 
to be satisfied with  
to attend to someone’s needs  
to hold a different view 
to hit goals 
increase in the risk of 
low-level guidance (narrow) 
focus on  
statistics on  
progress in (something) 
slim evidence 
a clear need for (noun/ verb-ing) 
on arrival  
on investigation 

to the extent that 
it’s on the tip of 
my tongue 
some kind of 
hold up with (the 
paperwork) 
to feel thrown in 
at the deep end  
to be due to 
from early on  
to give someone 
their due 
to keep your/an 
eye on 
something/ 
someone 
make much/a 
big difference to 
 

out of the blue 
(to influence 
someone) for the 
better 
in your own words 
(to have 
something) into 
the bargain 
to be in good 
shape 
it goes without 
saying 
as a matter of 
course 
in light of 
something 
to be a far cry 
from something 

to get over  
to set up 
to set off (a pain) 
to flare up (pain) 
to fill someone in (on 
something) 
to work out 
to pull out of (an event) 
to step up (gradually) 
to look out for  
to look into something 
to stand back (from) 
to harp on (about 
something) 
to get (something) 
through 
to point (something/ 
someone) out (to 
someone) 
to pick up on (something) 
to turn out  
to factor in something 
to fit in with something 
to take something out of 
someone 
to take something in 
to notch up 
to come round 

Specialized 
use 

to suffer from bouts of (sciatica) 
dizzy spells 
risk of miscarriage  
to refer someone to/ to be 
referred to 
to sign up with a practice 
to join a practice 
to get (tender) bumps 
pain radiates out from (bumps) 
to have severe pain 
to clear the pain 
to undergo an operation/ a 
therapy 
to be in agony 
to be admitted to inpatient 
therapy/ for (a health issue) 
to specialize in (injuries) 
to report on  
to be on (medication) 

to fit the 
symptoms 

 to come out/ break out in 
hives 
to give up the therapy 
to wear off (about the 
effect of morphine) 
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to be diagnosed with 
to do (some blood) tests 
to have one’s (varicose) veins 
done 
to bruise at (the slightest thing) 
to be in pain 
to uptake and release drugs 
to allow symptoms to settle 
to show a (statistically 
significant) benefit for something 
to do an evaluation  
to be short of breath 
to develop an eczema 
to start someone on a low/ high 
dose of 
to have access to care/ hospices  
signs (may) clear 
(warning) signs subside  

 

For the listening practice, for example, 

students may be given the lines from an audio 

material from which particular words from 

collocations or idioms have been removed. A pre-

listening task may consist in recycling knowledge 

or challenging students’ ability to guess the words 

missing from those contexts. The students will then 

listen to the material with the purpose of 

identifying the word/ words missing and then 

analyse the way in which these chunks fit the 

global meaning of the discourse. A possible 

follow-up activity may require students to consult 

a collocation dictionary and select other words that 

may collocate with a particular word and offer 

possible variants to the initial discourse or transfer 

the knowledge to examples from their personal 

context and experience.  

- Selecting the chunks that are worth 

committing to memory - these can be taken from 

the listening and reading materials based on their 

degree of transferability into the area of speaking 

or writing in the field of veterinary medicine.  

- Consolidating knowledge by actively 

using the acquired knowledge in the speaking sub-

test where students have to assume the roles of vets 

or clients and discuss about the health issues of 

pets/ animals. The writing sub-test also challenges 

students to an active use of formulaic language that 

pertains to the field of writing letters of referral, 

transfer, advice etc. Thus, using expressions like: 

Investigations reveal; The ultrasound/ laboratory 

results revealed; The results of the tests performed 

confirm that - at the beginning of a letter will 

indicate good mastery of language and pattern. In 

addition, discourse markers along the letter, such 

as: sentence starters - Given the absence of / 

Given the presence of; I suspect … caused by;  

Should the diagnosis of … be confirmed, the … 

would likely pursue an … examination; or closing 

formulae - Should you require any further …, 

please do not hesitate to…; The owner would 

appreciate your expertise in discussing the 

prognosis…; A second opinion would be 

appreciated, can demonstrate a confident mastery 

of specialised vocabulary. 
 

CONCLUSIONS 

 

 The OET Veterinary Science practice tests 

are an invaluable source that can be successfully 

used to acquaint veterinary students with 

vocabulary in specific contexts. They can help 

them consolidate linguistic knowledge that confers 

naturalness to their communication through the use 

of chunks that are either specialized or pertain to 

general use. Moreover, the chunks of language 

identified in the reading and listening materials can 

be transferred to the speaking and writing tasks and 

turned into effective discourse.  
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Abstract 

 

Tourism development in rural areas has drawn attention not only to its economic and social effects, but also to its 

ecological impact, being closely related to the quality of the natural and man-made environment. Rural tourism takes 

place in areas that usually are sensitive to external pressures and the impact of tourism on the ecological environment is 

more visible in rural areas. Tourism can have a useful influence on the rural tourist destination, but it can also be a 

detrimental factor. There are various studies claiming that the development of rural tourism can also have both positive 

and negative consequences. Between tourism and environment is a very close relationship, environmental degradation 

contributing overwhelmingly to the loss of tourist value. Thus, environmental conservation and protection are more 

important than some potential economic and social benefits. The negative effects are multiple and their intensity and 

origin depend on different elements that influence the sustainability of tourism. In general, it is estimated that the 

positive aspects of rural tourism are much more numerous than the negative ones. 
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Significant development of tourism in recent 

decades determined a global impact on many 

tourist destinations, influencing the sustainability 

and well-being of local communities (UNWTO, 

2018). Tourism is generally perceived as an 

economic tool for the development of areas that are 

poor and less attractive for other economic 

investments (Park D.B. et al, 2012; Moraru R.A., 

2019), as is the particular case of rural areas, but its 

effects are of a more varied nature. Usually, the 

specialized literature mentions three types of 

impacts generated by tourism: economic, socio-

cultural and environmental (Fennell D.B., 2007; 

(Martin J.M. et al, 2018; Pramanik P.D., 

Ingkadijaya R., 2018; Moraru R.A., 2019). 

Wookhyun A., Silverio A. (2020) pointed out that, 

in the field of rural tourism, the interactions from 

three aspects must be overall considered and 

analyzed. 

Tourism impacts refer to a set of complex 

interactions that occurs as a result of tourism 

activities developed in a certain area or 

environment (Mathieson A., Wall G., 1982) and 

depends on the characteristics of the tourist activity 

(Martin J.M. et al, 2017). It can be assessed on the 

basis of the total number of tourist arrivals and the 

degree of their concentration at certain times of the 

year (Martin J.M. et al, 2017; Martin J.M. et al, 

2019). Being one of the fastest growing industries 

worldwide, tourism can generate, in addition to 

many benefits, some negative effects, both at the 

local and regional/national level (Yoon Y. et al, 

1999; (Martin J.M. et al, 2018). Especially in 

sensitive rural areas, if there is no careful planning 

and monitoring of tourist activities, they can have 

harmful consequences, mainly for the environment 

(Rattanasuwongchai N., 1998; Pramanik P.D., 

Ingkadijaya R., 2018).  

Tourism development is closely related to 

the quality of the natural and man-made 

environment (Sunlu U., 2003), and this, especially 

from the tourist' s point of view, is an integral part 

of the quality of tourist destinations and attractions 

(Mihalic T., 2000). Therefore, there is a complex 

relationship between tourism and environment: 

tourism can increase the attractiveness of the 

environment (Wall G., 1997), while environmental 

degradation reduces its tourist value, fact that 

decreases the interest of tourists and disadvantages 

the marketing of tourist products (Butler R.W., 

1999; Pavaluc C. et al, 2020). This is obvious for 

rural tourism, as it is mainly based on natural 

attractions and the rusticity of the countryside. In 

many countries, rural tourism is on the rise, 

becoming a basic activity and not a secondary one 

(Busby R., Rendle S., 2000). The strong increase 

in the number of rural visitors has led to the 

transformation of villages and rural communities 

(OECD, 1994) and, because tourist facilities and 

infrastructure (accommodation units, recreational 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Nuchnard+Rattanasuwongchai%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Nuchnard+Rattanasuwongchai%22
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areas, restaurants etc.) are required to meet the 

needs of tourists, by setting them up, the natural 

capital and the sustainability of the tourist 

destination are reduced (Rattanasuwongchai N., 

1998; Butler R.W., 1999). This fact implies the 

loss of attractiveness for tourists, especially for 

those particularly interested in natural features, and 

thus they will turn their attention to less developed 

areas (Butler R.W., 1999). 

 

MATERIAL AND METHOD 

 
In the present paper, a part of the academic 

literature associated with the environmental impact 
generated by the development of rural tourism was 
reviewed. In order to provide relevant and varied 
information, this study included publications from a 
longer period (about 40 years). Journal articles, 
scientific papers, books and editorial materials 
were used to collect the data. We analyzed both 
materials fundamentally related to environmental 
impact of rural tourism (the main issue of the 
study) and those in which the research area is not 
strictly and directly associated with this form of 
tourism or its ecological effects (the supporting 
issue of the study). The main ideas were 
systematized in two directions: favorable and 
unfavorable effects, being mentioned, in each 
case, the influencing factors and the generating 
causes. 
 

RESULTS AND DISCUSSIONS  

 

Rural tourism encompasses a series of 

activities that have the potential to promote 

environmental sustainability, encouraging proper 

environmental management and adding value to 

the tourism product that constitutes itself a tourist 

attraction. (Azimi H. et al, 2012). A large number 

of papers and studies have been carried out in 

many regions of the world, focused on the 

development of tourism in rural areas and its 

impact on the local community and environment. 

Most of them were conducted in developed 

countries in Europe and North America, as well as 

Australia and New Zealand. Only a limited number 

of studies have investigated this topic in 

developing countries such as China, Malaysia, 

Vietnam, Thailand (Henderson J.C., 2009; 

Srisomyong N., Meyer D., 2015; Nguyen N.T.H. et 

al, 2018). 

An examination of the literature on rural 

tourism shows the major concern regarding the 

impact of the development of rural tourism on the 

environment, being mentioned that this activity can 

affect the natural environment beauty and the life 

of the local community. However, because, in most 

situations, there are no reference data, it is difficult 

to distinguish between the effects produced only 

by tourism and those induced by other activities 

(Hall C.M., Page S.J., 1999). Rural tourism can 

have a useful influence on the tourist destination, 

but it can also be a detrimental factor, because the 

benefits generated by the tourist activity do not 

always exceed the incurred costs and 

disadvantages (Yoon Y. et al., 1999). For example, 

on one hand, rural tourism has the potential to 

increase the income of rural residents and to create 

jobs, and, on the other hand, it can damage the 

rural well-being as well as the natural environment 

(Rattanasuwongchai N., 1998; Mcareavey R., 

Mcdonagh J., 2011; Chen J. et al, 2018). In the 

particular case of agritourism, as a form of rural 

tourism, there are various studies claiming that its 

development can also have both positive and 

negative consequences, from the ecological and 

socio-economic point of view. (Daugstad K. et al, 

2002; Frey R.L., Zimmermann H., 2005).  

Pozitive effects. The objectives of the 

sustainable development of rural tourism include 

primarily the conservation of natural habitats and 

rural landscapes (Lane B., 1994; Tiraieyari N., 

Hamzah A., 2012). When the principles of 

sustainable performance are respected, rural 

tourism is associated with positive ecological 

consequences: preservation of heritage sites and 

rural environment (Morris H., Romeril M., 1986) 

through rehabilitation of buildings and rural areas, 

in order to become tourist attractions (Jenkins J., 

Prin E., 1998); economy of water, energy and other 

natural resources (Tiraieyari N., Hamzah A., 2012; 

Mastronardi L. et al. (2015b); conservation of 

biodiversity (Giaccio V., Mastronardi L. (2011); 

Tiraieyari N., Hamzah A., 2012); reduced use of 

pesticides and fertilizers (Giaccio V., Mastronardi 

L., 2011; Mastronardi L. et al, 2015a). Another 

beneficial effect frequently mentioned by scholars 

refers to the education and awareness of local 

residents and authorities regarding the 

conservation of natural environment (Jenkins J., 

Prin E., 1998; Tiraieyari N., Hamzah A., 2012; 

Lupi C. et al, 2017). By interacting with urban 

visitors, locals could learn from them to preserve 

natural habitats and man-made heritage, notions of 

hygiene and about the importance of conserving 

natural resources (Haldar P., 2007). 

Some research has highlighted that South 

Korean agritourism farms where organic farming is 

practiced (Choo H., Jamal T., 2009), as well as 

rural tourism units in Western Australia (Carlsen J. 

et al, 2001) are properly accommodated with 

material recycling programs and strategies to 

preserve nature and minimize the consumption of 

natural resources, offering tourists information on 

sustainable agricultural and tourism practices. 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Nuchnard+Rattanasuwongchai%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Nuchnard+Rattanasuwongchai%22
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The effects generated by the manifestation 

and development of tourist activities in rural areas 

are best perceived by the members of local 

community. The perception of the residents 

regarding the impact of rural tourism and 

agritourism, respectively, is the handiest tool for its 

empirical evaluation. Thus, the study conducted by 

Muhammad M. et al (2016) on agritourism in 

fishermen villages on the coast of Malaysia 

revealed that the locals considered the tourism 

activities as not harmful to the natural environment 

of their villages. On the contrary, the impact of 

agritourism is perceived beneficial by the local 

community, in terms of: increasing the 

attractiveness and beauty of the area, conservation 

of the natural environment, upgrading public 

facilities, better roads, preservation of forests, 

protected wild life and fauna. This may occur due 

to the limited construction of accommodation units 

(hotels, chalets etc.), as most of the villages 

provided lodging. Being performed slowly and on 

a small scale, agritourism development caused no 

significant adverse effects (Muhammad M. et al, 

2016). A rapid development of agritourism will 

lead to important environmental changes, mainly 

to its degradation (Muhammad M. et al, 2016). 

This fact is also confirmed by the findings of some 

studies previously conducted in other rural areas of 

Malaysia, by Chan N. W. (2009) and Tan W. H. 

(2000). 

A similar perception was found in rural 

Vietnam by Nguyen N.T.H. et al (2018). The 

residents appreciated that the positive aspects of 

agritourism are much more numerous than the 

negative ones, and its economic and socio-cultural 

effects outweighed the environmental impacts. 

Improving the public infrastructure (parking plots, 

roads, sanitation) and the landscape of the area, 

raising the level of awareness of the local 

authorities and community regarding the 

contribution of agritourism on the conservation of 

the natural environment – all these are benefits 

perceived by Vietnamese locals. Previous studies 

conducted by Srisomyong N., Meyer D. (2015) in 

Thailand and Lupi et al (2017) in Italy confirmed 

these findings. 

Not less important are the attitude and 

approach of entrepreneurs in rural tourism and 

agritourism towards environmental protection. For 

example, the farmers involved in tourism activities 

may influence the outcome of the impact of their 

actions from an environmental perspective. By 

analyzing the characteristics of Italian farms and 

their production systems, Mastronardi L. et al 

(2015a) compared the ecological performances of 

agritourism farms with those of the farms not 

involved in tourism activities. The research 

highlighted that well-consolidated agritourism, 

such as the Italian one, has a lower environmental 

impact than non-agritourism farm. This is due to 

the fact that agritourism farms have the tendency to 

resort to the production of energy by renewable 

sources, to apply more environmentally friendly 

agricultural production methods and to adopt 

certification systems of biological type. Therefore, 

agritourism puts less pressure on natural resources, 

uses less inputs in productive processes (water, 

fertilizers, pesticides etc.) and contributes to the 

conservation of landscape, ecosystems and 

biodiversity. This conclusion is in line with the 

results of another previous research of Giaccio V., 

Mastronardi L. (2011) and Mastronardi L. et al 

(2015b). 

Also, the management of rural luxury tourist 

units is considered less harmful for environment, 

compared to that of the inferior category units. 

Thus, while in the first case, entrepreneurs have 

more resources and, based on the excellence rating 

of their establishments, do not have to make large 

promotional efforts to attract and retain customers, 

in the other case, there is a greater sensitivity to 

ecological problems, with more concern for the 

economy of resources and energy (Martin J.M. et 

al, 2017). 

Negative effects. Numerous academic 

papers have drawn attention to the negative 

impacts that tourism can generate. In general, the 

number of visitors to rural areas is relatively low 

and it is assumed that they are interested in 

environmental aspects and respect natural 

phenomena. However, as Butler R. W. (1994) 

claims, depending on the types of activities 

practiced, small groups of tourists can also cause 

damage to the natural environment. The negative 

effects are multiple and their intensity and origin 

depend on different elements that influence the 

sustainability of tourism (Martin J.M. et al., 2018). 

Among them, more important in the case of rural 

tourism would be: environmental pollution, use of 

natural resources, human behaviour (Holden A., 

2007), land use, establishing infrastructure and 

tourist facilities (Rattanasuwongchai N., 1998), 

tourism seasonality (Manning R.E. et al, 1984; 

Martin J.M. et al, 2018). Roberts L., Hall D. 

(2001) mention that the extent of unwanted effects 

is related to: the fragility of the local environment; 

the number of tourist arrivals; the annual level of 

concentration of visitors in the tourist destination; 

the nature of the activities carried out by rural 

tourists. 

Environmental pollution. The development 

of tourism in rural areas can be accompanied by 

numerous harmful effects on the environment, 

such as: soil and footpaths erosion (Grant M. et al, 
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1997), trampling of vegetation (Almeida F. et al, 

2016), increase in waste production and littering 

problems (Grant M. et al, 1997; Almeida F. et al, 

2016), noise and architectural pollution, disruption 

of wildlife (Grant M. et al, 1997; Tiraieyari N., 

Hamzah A., 2012; Pramanik P.D., Ingkadijaya R., 

2018;), changes in natural processes (Glyptis 

S.,1992; Hall C. M., Page S.J., 1999); air pollution 

(Haldar P., 2007; Pramanik P.D., Ingkadijaya R., 

2018). 

Studying rural tourism in Thailand, 

Rattanasuwongchai N. (1998) observed that 

inadequate management of some of the tourist 

activities (e.g. trekking, diving, camping etc.) 

causes environmental pollution and rural 

degradation as result of littering problems, 

inadequate and unsanitary disposal of human waste 

and the discharge of sewage into water sources. 

The excessive use of natural resources. is a 

major problem caused by the overcrowding of 

rural areas. In the peak periods, when the carrying 

capacity of the tourist destination is exceeded, a 

pressure is created on the use and consumption of 

local natural resources that leads to their 

exhaustion (Manning R.E. et al, 1984; Butler 

R.W., 1994; Haldar P., 2007; Tiraieyari N., 

Hamzah A., 2012; Almeida F. et al, 2016).  

Deviations of tourists’ behavior. Negative 

environmental behaviours refer to the actions of 

those tourists who are not interested in 

environmental protection and conservation of 

natural resources, not taking into account the fact 

that tourist services are public goods (Hultman M. 

et al, 2015). Cater E. (1993) warns that various 

activities carried out by tourists can have a 

potentially harmful ecological effect and they must 

show an environment-friendly behaviour during 

their stay. 

Inappropriate land use and inadequate 

construction of tourist facilities. For the 

sustainable development of rural tourism, the 

quality of the natural and man-made environment 

is essential (Sunlu U., 2003). Many activities 

involved in developing the infrastructure intended 

to support tourism (roads, hotels, restaurants, shops 

etc.) can gradually destroy or disrupt the resources 

on which it largely depends: local flora and fauna, 

natural ecosystems and wildlife habitat (Speirs 

L.S., 2003). Also, the congestion of buildings with 

touristic functions, the construction of high-rise 

buildings or with a design incompatible with the 

local architectural style have greatly spoiled the 

local landscape (Rattanasuwongchai N., 1998). 

The seasonality of tourism is also a key 

factor that conditions the impact and sustainability 

of tourism activity on the rural tourist destination. 

Tourism seasonality has a negative impact in all 

aspects: economic and labor-related, during the 

valley seasons, when the flow of tourists is very 

low; ecological and socio-cultural, at the peak of 

the season, when the number of visitors is very 

high (Martin J. M. et al, 2018), and thus, it causes 

a great pressure on the carrying capacity of the 

tourist destination (Manning R.E. et al, 1984). 

Butler R. W. (1994) argues that tourist 

seasonality exerts pressure on the environment by 

overcrowding the rural areas and excessive 

consumption of local resources. To avoid this, it is 

recommended to limit the number of tourists and 

visits to a level that ensures a minimal ecological 

impact, but this restriction will not allow the local 

economy to benefit significantly from the tourist 

flow (Wall G., 1997). As a result, local authorities 

and tourism operators are not expected to resist the 

temptation to accept more tourists than the tourist 

destination could bear without unpleasant 

consequences (Butler R.W., 1994; Wall G., 1997). 

In addition, it is difficult to identify the carrying 

capacity of tourism destinations and to limit the 

number of tourists before the optimal threshold is 

exceeded (Rattanasuwongchai N., 1998).  

On the other hand, the study conducted by 

Martínez J.M.G. et al (2019) showed that the level 

of seasonality in some rural tourist destinations 

from Spain is not high, being almost similar to the 

level of seasonality in urban destinations. This 

gives stability to the tourist activity throughout the 

year and contributes to the sustainable 

development of tourism in all aspects, including 

the environment. At the same time, the authors 

show that, taking into account the heterogeneity of 

rural destinations (different degrees of 

accessibility, weather conditions, levels of 

development etc.), this conclusion can not be 

generalized. 

Despite some potential negative aspects 

from the point of view of environmental 

protection, tourism is, compared to other options of 

rural development strategy, more eco-friendly 

(Ceballos-Lascurain H., 1996; Master D., 1998). 

Moreover, according to specialized literature, it 

seems that agritourism, both as a strategy for farm 

diversification and as a practice for developing 

tourist activities, is the most sustainable alternative 

(Barbieri C., 2012), generating a less unfavorable 

impact on the environment and rural society 

(especially in terms of water consumption and 

conservation and enhancement of wildlife habitat) 

(Barbieri C., 2012; Naidoo P., Sharpley R., 2015). 

 

CONCLUSIONS 

 

Rural tourism has, like other forms of 

tourism, the potential to produce environmental 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Nuchnard+Rattanasuwongchai%22
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consequences but with less intensity. Taking place 

in areas that are usually sensitive to pressures, its 

impact on the ecological environment is more 

visible. In rural regions where tourism is in its 

beginnings, there are no significant effects on the 

environment. The small size of visitor groups may 

provide a minimal ecological impact, but local 

economies will not benefit substantially from the 

restriction of tourist flow. In general, it is estimated 

that the positive aspects of rural tourism are much 

more numerous than the negative ones. Also, 

environmental protection is more important than 

some potential economic and social benefits. 

Knowing and understanding the perceptions 

of host communities towards tourism activities will 

allow the development of future strategies and 

policies to maximize the benefits and minimize the 

potential negative effects generated by the 

development of tourism in rural areas. The attitude 

of entrepreneurs in the rural tourism towards 

conservation of the natural environment and 

responsible use of natural resources can contribute 

to that, as well. Last, but not least, the tourists 

should be aware that certain actions carried out 

during their stay can cause damage to the 

environment, and on their behavior depends, to a 

large extent, the amplitude and direction of the 

ecological consequences. 
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Abstract 

 

The paper aims to emphasize the influence of an 996,027 Euros investment from non-reimbursable European 

Agricultural Fund for Rural Development (E.A.F.R.D.) grants on a local community and the local economic 

environment. The working methodology consisted in the analysis of the documents that were the basis of the financing, 

including budgets and specific documentation. Data from the reports published by the Rural Investments Financing 

Agency under Ministry of Agriculture and Rural Development were also used. The EU's rural development policy, 

aligned with the Common Agricultural Policy, aims to achieve three long-term strategic objectives: stimulating the 

competitiveness of agriculture; guaranteeing a sustainable management of natural resources and combating climate 

change favouring a balanced territorial development of rural communities, especially by supporting local economies 

and creating and maintaining jobs. Through this investment, it was proposed to modernize a network of agricultural 

exploitation roads with a total length of 11,349 m that serves an agricultural area of 1,178 ha, on the territory of the 

town that is the beneficiary of the financing. The number of modernized road sectors was 21. By implementing the 

project, access to a number of 11 economic agents from the agricultural field was facilitated and ensured, and 7 non-

agricultural economic agents became directly accessible. 

 

Key words: European grants, local business, transport infrastructure 
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The European Union rural development 

policy, by its Common Agricultural Policy, aims to 

achieve three long-term strategic objectives: 

stimulating the competitiveness of agriculture; 

guaranteeing a sustainable management of natural 

resources and combating climate change; favoring 

a balanced territorial development of rural 

communities, especially by supporting local 

economies, creating and maintaining jobs. 

Romania's rural development strategy is part 

of the reform and development context proposed 

by the E.U. 

Through the Common Agricultural Policy, 

Romania benefits from two types of financial 

support: direct payments granted under the 1st 

Pillar and non-reimbursable financial grants 

granted on the basis of investments made by rural 

investors, through the 2nd Pillar (NRDP 2014-

2020) (Robu A.D. et al, 2021). These investors 

cand be private (entrepreneurs in the agribusiness 

or with different types non-agriculture businesses) 

or public units, like townhalls. 

There are numerous strategies, policies and 

tools for improving working conditions in all types 

of farms, especially those of subsistence and semi-

subsistence. Based on the statistics compiled by the 

relevant institutions of the Member States, the 

decision makers issue Recommendations which are 

transposed into the national legislation of each 

state. Alternatively, a number of instruments, in 

particular financial ones, are being promoted to 

improve the current discrepancies between 

Member States. All these initiatives are 

implemented on the principles of the Common 

Agricultural Policy (Robu A.D. et al, 2019). 

The authors were motivated to carry out this 

investigation because the impact of these types of 

investments in the rural area is significant. Also, 

from the studies carried out, there is no major 

concern or specific literature or papers regarding 

this branch, i.e., studying the influence that access 

infrastructure has on rural communities. 

 

MATERIAL AND METHOD 

 
The necessary studies and approaches for 

development of this paper have been carried out 
during 2021-2022. The primary data was the main 
source of information. The authors have gained 
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access of the Townhall financing project, financial 
statements and accounting statements. For studying 
these documents, a series of visits were carried out at 
the unit’s headquarters. Since the Townhall has 
several departments, studies among various 
documents were carried out e.g., financial 
documents, land possession documents, access 
infrastructure documents etc. 

On the other hand, data from secondary 
sources, respectively the specific literature in 
Romania and abroad was used, including the official 
reports of the Agency of Financing of Rural 
Investments or other official documents issued by the 
Ministry of Agriculture and Rural Development 
(NRDP, 2022). 

Both the data obtained in the analysis of the 
Townhall documents as well as those of the 
specialized literature were processed and interpreted 
in order to highlight the advantages of the 996,027 
Euro investment that this town is currently 
implementing. 

 

RESULTS AND DISCUSSIONS  

 

The town under study, consisting of the 

main locality as a residence and a number of three 

component villages, is located near the triple 

border Moldova-Romania-Ukraine (north). It is the 

northernmost town of Romania and has a 

population of 9,893 inhabitants (2019). It is located 

approximately 35 km away from the municipality 

of Dorohoi and is bordered to the north by the Prut 

River (Romania-Ukraine border), to the east by 

Păltiniş commune, to the south by Movileni 

commune and to the west by Hudeşti commune. 

The precarious state of the exploitation 

roads in the component localities of the town taken 

into study created a series of negative effects, the 

most significant being the following: 

 difficult access to the main economic, 

social, cultural destinations and to agricultural 

holdings in the area; 

 the lack of a detour route for personal, 

commercial traffic and agricultural machinery that 

contributes to a heavy traffic on the national road 

DN 29A and on the county roads DJ 298A and DJ 

291D; 

 lack of interest from some investors in the 

development of economic activity in the area; 

 the difficult education implementation, 

generating in many situations school dropout and 

non-attendance at classes; 

 lack of interest in establishing teaching, 

medical, etc. staff in the commune. medical and 

veterinary insurance is carried out with difficulty; 

 unattractiveness for the inhabitants or 

foreigners to settle down and build houses; 

 difficult access for the emergency intervention 

vehicles; 

 failure to ensure minimum conditions for 

people's health, comfort and hygiene. 

In conclusion, the previous situation of the 

roads determines a low standard of living, a state 

of poverty and backwardness of the localities that 

are part of the town taken into study and the 

preservation of a huge gap between Romania and 

the countries of the European Union. The above 

arguments and concerns were the main reason that 

the municipality of the studied town decided to 

apply this financing project regarding the access 

infrastructure (roads) modernization. 

The routes proposed to be modernized 

ensure the access of the inhabitants of the villages 

of the studied town to the agricultural units and 

properties outside the village, as well as the 

creation of alternative routes for taking over the 

agricultural traffic from a portion of the national 

road DN 29A and from the county roads DJ 298A 

and DJ 291D. 

The investment specifically involves the 

modernization of 21 agricultural exploitation road 

segments located in the public domain of the 

studied town, with a total length of 11,349 m. 

The modernization was necessary to remove 

the deficiencies found in the operation of the road 

network on the territory of the studied town in 

Botoșani county, with the achievement of an 

efficient operation, at optimal parameters, in 

accordance with the current rules and regulations 

of the European Union. These rules and regulations 

aim at the efficiency of agriculture and other 

activities in the rural environment with high crop 

yields, with reduced consumption of resources and 

a minimum cost of other activities determined by 

the establishment, maintenance and exploitation of 

production within agricultural holdings. Thus, 

these steps intended to modernize the transport 

infrastructure, which consists of road works for 

developing the road network were justified. By its 

specificality, the investment does not produce 

income directly, but contributes to reducing the 

expenses incurred by the beneficiary for 

maintenance and avoiding possible losses of 

agricultural crops, which is ultimately reflected in 

the economic result of the agricultural activity. 

Starting from this setting, the revenues that will be 

taken into account in the present analysis, will be 

found in the cost reductions of the objective 

subject to modernization. 

For this, the expenses incurred for the 

maintenance of the agricultural road network in the 

current situation were compared with those 

predicted to be incurred after the investment is put 

into use, according to the table.
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Table 1 
Annual costs comparative summary table 

Specification No project With project Difference 

Currency Lei Euro Lei Euro Lei Euro 

Annual maintenance costs 576,300 116,485 261,600 52,876 314,700 63,609 

Maintenance work documentation 
cost 

28,800 5,821 13,100 2,648 15,700 3,173 

Total costs 605,100 122,307 274,700 55,524 330,400 66,783 

Source: ARIF*** financing project, own compilation 
 

As can be seen from Table 1, there are at 

least two categories of expenses that will be 

reduced once the investment is made with the help 

of non-refundable funds. The first category of 

expenses is represented by the repair of road 

segments that, in the absence of this 

modernization, will need at least annual repairs. 

The second category of expenditure consists of 

the legal documentation required for these repairs. 

As it is known, the legislation requires, before any 

intervention on any category of construction, a 

series of specific studies and documentation that 

involve specialists and relatively high costs. It can 

be seen that the townhall will benefit of an 

economy of at least 66,783 Euros per year just by 

reducing the maintenance costs. But there are also 

other financial and other benefits, as previously 

detailed. 

A synthesis of the financial profitability 

indicators, determined by the authors, is presented 

below, in Table 2. 

Any investment carried out through 

European funds consists of eligible expenses and 

ineligible expenses. As is known, ineligible 

expenses are not subject to non-reimbursable 

support. However, they must be carried out and 

the source of the necessary amounts is provided 

by the beneficiary either from loans or from own 

funds.

Table 2 
Financial profitability indicators synthesis 

Indicator Lei Euro 

Total investment VAT included 6,431,590 1,299,994 

Total investment VAT excluded 5,412,540 1,094,017 

Rate of change 5% 

Internal Rentability Rate 7,52% 

Cost / benefit 0,77 

Cumulative net cash flow 2,544,000 514,209 

Annual gross profit 96,900 19,586 

Return of investment, years >25 

Investment duration, months 24 

Gross profit rate 1,91% 

Source: ARIF*** financing project, own compilation 
 

In the current situation, the source is 

represented by the city's local budget. 

The amounts mentioned in the table include 

both eligible and ineligible expenses. The first 

two lines differentiate the amounts with and 

without VAT of the whole investment project. 

The reason why the recovery period of the 

investment is relatively long is given by the fact 

that, by its nature, as previously mentioned, this 

investment does not bring direct income. The 

investment will however bring indirect income 

and a higher standard of living for the residents, 

or tourists in the area. In addition, it will bring 

much better production conditions for the 

agricultural and non-agricultural economic units 

in the area and in the whole Botoșani county. 

The financial plan, shown in Table 3, 

represents a very eloquent financial centralization 

of the entire investment. As can be seen, it is 

divided into three segments both vertically and 

horizontally. The vertical segments show the 

eligible expenses, the ineligible expenses and the 

project total. Horizontally, in contrast, it is 

divided between the non-reimbursable financing 

received from ARIF, the contribution of the 

investor (townhall) and total values. In addition, it 

also includes the percentage intensity of the 

support and the amount of the advance financing 

requested from ARIF. 

As can be seen, the financier contributes to 

the circulation in the economy of an amount of 

1,299,995 Euros based on a grant of 995,906 

Euros. The creation of 25 jobs, during the 

implementation, the value of VAT and an eligible 

value of 304,089 Euros are incorporated into the 
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economy based on the implementation of this investment. 
Table 3 

Financial plan of the investment 

Specification 
Eligible expenses Ineligible expenses Project total 

Lei Euro Lei Euro Lei Euro 

Non-refundable european grant (EU 
co-financing and national co-

financing) 
4,927,146 995,906   4,927,146 995,906 

Local budget (townhall) 0 0 1,504,450 304,089 1,504,450 304,089 

Project total 4,927,146 995,906 1,504,450 304,089 6,431,596 1,299,995 

Public contribution percentage 100% 

Requested advance amount 2,463,570     

Requested advance percent 50%     

Source: ARIF*** financing project, own compilation 
 

In addition, as will be seen in Figure 1, a 

number of 7 non-agricultural economic operators 

and a number of 15 agricultural economic 

operators will be directly served by the 21 

modernized road segments. 

 

 
Figure 1 – The 21 road segments subject to modernization and the emplacement of the 22 economic 

operators directly served by the road segments (Source: ARIF*** 
 

All these have profit centers near the 

modernized road segments. Moreover, as it was 

highlighted before, they are only a part of the 

beneficiaries, the road segments being used daily 

by many other economic operators, individuals, 

citizens, locals, tourists, etc. 
 

CONCLUSIONS 
 

The present work studies the 

implementation influence of a project aimed at the 

modernization of several road segments in the 

vicinity of a town in the north of the North-East 

Development Region. This is one of the 106 such 

investments carried out simultaneously by ARIF – 

EAFRD grants. 

All the investments, of about 1 million 

Euros each, bring many benefits to the 

communities and the economic environment in 

the area. The creation of direct jobs for the 

performance of the works as well as the attraction 

of others by increasing the competitiveness of the 

economic units in the area, the development of 

tourism, the increase in the standard of living are 

just a few implications of the implementation of 

these investments. 
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Abstract 

 

More than two years after the start of the coronavirus pandemic, tourism remains one of the most affected economic 

sectors. The present work aims to address, on the one hand, the impact of the health crisis on the behavior of consumers 

in the choice of tourist services, as well as to identify the methods by which these changes in behavior can positively 

influence the development of the rural tourism sector. Beyond momentary measures, we should look ahead to the future 

of tourism and identify ways to develop a more resilient and sustainable tourism offer. The experience gained during the 

health crisis will certainly help us anticipate new trends and consumption patterns. It should be mentioned that in order 

to benefit from this chance, integrated efforts must be made by all actors involved in the rural tourism sector, so that 

potential tourists can be guaranteed unforgettable experiences. 

 

Key words: COVID-19, rural tourism, environmental impact, sustainability, development 
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The COVID-19 pandemic spurred 

worldwide travel restrictions and inflicted pain on 

the global tourism industry from 2020 to 2022. In 

2020 international tourist arrivals fell by 74%, 

compared to the same period in 2019. This is the 

steepest decline in tourist numbers on record and is 

more than three times the decrease seen during the 

Global Financial Crisis in 2009. 

However, the coronavirus pandemic has 

some bright spots. It has forced us to do things 

differently and learn how to adapt. Some of these 

good parts are that people are becoming more 

caring and more aware of what is important in life. 

The new post-pandemic normal of tourism 

shows a radical change in travel behavior. On the 

one hand the plunging numbers in overseas guests 

and on the other side a simultaneous substantial 

growth in domestic visitor numbers and overnight 

stays (Forbes, 2020). Not only domestic travel is 

recovering faster than its international counterpart 

(UNWTO, 2020a), but people's preferences for 

long-haul destinations has also shifted towards 

smaller, nearby places (Patnait S., 2021; UNWTO, 

2020b). 

Despite fewer restrictions, paradoxical the 

phenomenon persists even in 2022. Several recent 

papers investigated the drivers of this radical 

change in travel behavior and identify a new type 

of tourist. In this context, I decided to focus on the 

concept of tourism novelty, which is often used to 

describe new and different experiences (Lee T.-H., 

Crompton J., 1992), perceived by tourists as 

unfamiliar and contrasting with previous 

experiences. 

In this context, I decided to focus on an 

older concept which is ”tourism novelty”, which is 

often used in the tourism literature to describe new 

and different experiences (Mitas O., Bastiaansen 

M., 2018). Perhaps many people discovered hidden 

spots in their own areas or maybe the homeland is 

perceived by many tourists as unfamiliar and now 

is the best moment to discover it. 

Accordingly, the present study embraces a 

broader perspective, aimed at establishing the 

priorities of the actors involved in rural tourism 

activity. 

 

MATERIAL AND METHOD 

 
The research methods used in the study 

were structured according to the completed stages, 
from the elaboration of the plan for performing the 
analysis to the formation of conclusions and the 
elaboration of the proposed solutions. 

The theoretical support of the research 
focused on the study of important scientific papers 
in the field of tourism and management of tourist 
destinations, concerning the radical change in 
tourists' behavior and the perception of the 
entrepreneurs about the future of development of 
this sector. 
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The research was conducted based on case 
studies in the representative touristic areas of 
Romania which can be considered for the moment 
as a model of good practice in rural development. 
Also, the research was conducted using the 
interview method for knowing the attitude and 
preferences of the interviewees, as well as the 
method of parallel analysis on the value of the 
proposed recommendations. 

In order to obtain the most accurate picture 
of the impact of the pandemic on rural tourism, as 
a research method, we opted for a mix of methods. 
For the quantitative analysis, the systematization of 
the statistical data provided by the European 
Commission department for the indicator of tourist 
arrivals in tourist reception structures, for the 
period 2020 - 2022, was followed, to be able to 
make a relevant comparison. To increase the 
relevance of the analysis carried out about the 
specifics of rural tourism, qualitative analysis was 
used. This was based on the results of field 
research conducted between June and September 
2020, using the direct interview technique. Three 
people from the public administration, 
entrepreneurs from the field of tourism and also 
members of some NGOs were interviewed. 

It started from the premise that the tourism 
phenomenon is at a restart point where it is 
important to understand the institutional and 
private mechanisms that must be initiated at the 
local level for the resilience of an important 
economic sector. 

 

RESULTS AND DISCUSSIONS 
 

Tourism has taken on different connotations 

over time until modern tourism: from the search 

for basic necessities to commercial reasons, and to 

the birth of modern tourism in the mid-19th 

century with the revolution of transport, where 

travel becomes a moment leisure and the places are 

starting to become real tourist destinations. 

Although this sector has led to 

improvements in the most varied sectors, it hides 

negative impacts at a territorial, economic and 

environmental level. The arrival of Covid-19 has 

certainly upset the tourism sector, but it can 

represent a great opportunity to rethink all those 

problems that have arisen due to the overcrowding 

of some tourist destinations. Over-tourism, the 

degradation of the landscape, and the 

demystification of places are all issues that have 

been the most common aspects circulated in the 

circle of experts in recent years. Today we have the 

chance to rethink the tourist offer in such a way as 

to avoid the mistakes of the past and to start 

thinking about tourism from a new perspective. 

Sustainable tourism development strategies 

aim to mobilize and focus society's efforts to 

achieve sustainable development, providing an 

opportune framework for a better life. The study of 

the specialized literature shows how the degree of 

novelty tourists experience affects their emotions. 

As emotions are a major selling point of tourism 

experiences in tourism marketing the most 

common socio-demographic factors used in 

outlining the profile of tourists are age, family life 

cycle, gender, income and level of education (Foot 

D., 2004; Ma A. et al, 2018; Tomić S. et al, 2020; 

Kara N.S., Mkwizu K.H., 2020). These factors 

offer a true perspective. 

In this context, the management of touristic 

activity is mandatory because it is a conscious 

process of leading and coordinating individual and 

group actions and activities, as well as mobilizing 

and allocating the resources of the entire 

community in order to achieve its economic 

objectives by a sustainable concept. 

To talk about sustainable tourism, we need 

to take a step back and think about how this new 

way of doing tourism. 

 

The current stage of tourism sector 

According to the latest World Tourism 

Organization (UNWTO) Barometer, international 

tourist arrivals worldwide tripled between January 

and July 2022 (+172%) compared to the same 

period of the previous year. In other words, this 

does not mean anything other than that the sector 

managed to recover somewhere around 60% of the 

values recorded during 2019, while the forecasts 

predict that this trend will continue for the next 

two years. The steady recovery reflects the 

growing demand for international travel, as well as 

the lifting of travel restrictions in more and more 

countries (86 countries had no COVID-19 

restrictions as of November 01, 2022). 

International tourism is consolidating its strong 

recovery despite ongoing challenges larger, not 

being able to overlook the impact of the conflict in 

Ukraine on this economic sector.  

This state of affairs is very well captured in 

the following graph, which captures the 

International Tourist Arrivals between January and 

July 2021 compared to the values recorded 

throughout the year 2021 (figure 1). 
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Figure 1 International Tourist Arrivals 

Source: World Tourism Organization 

 

International tourist arrivals (overnight 

visitors) tripled (+221%) in January-May 2022 

compared to 2021, but remained 54% below the 

level of 2019. All this while almost 250 million 

international trips were recorded worldwide by 

May 2022., compared to only 77 million arrivals 

recorded during the same period in 2021. 

In an analysis by region, we see that Europe 

and America lead by far in the recovery of the 

tourism sector. Europe saw more than four times as 

many international arrivals as in the first five 

months of 2021 (+350%), while in the Americas 

(+112%) arrivals were just over double. However, 

despite the accelerated recovery, arrivals remained 

36% and 40% below 2019 levels in Europe and the 

Americas, respectively. 

As for the Middle East (+157%) and Africa 

(+156%), these regions recorded increases in 

January-May 2022 compared to 2021, but 

remained below half of the levels recorded in 

2019. For Asia and the Pacific, the values of 

international arrivals have almost doubled (+94%), 

although the figures are still half of those recorded 

in 2019. It should be noted that here in the Asia-

Pacific region, many countries have imposed 

restrictions on non-essential travel. 

According to the scenarios created by the 

UNWTO, the number of international arrivals will 

reach somewhere between 55% and 70% of the 

pre-pandemic levels in 2022. In the analysis of the 

advanced scenarios, Europe still ranks (65% to 

80% of the 2019 levels) and The Americas (63% to 

76%) top the tourism results for 2022. As for 

Africa and the Middle East, arrivals could reach 

somewhere between 50% and 70% of pre-

pandemic levels, while that in Asia and the Pacific 

could at best reach 30% of the levels of 2019, a 

state of fact mainly due to the policies and 

restrictions still in place today. 

This state of affairs indicates the optimal 

moment for rethinking tourism policies, to limit the 

negative effects identified in the pre-pandemic 

period. 

 

Romanian turism Evolution 

The HoReCa sector in Romania, although 

strongly affected during the pandemic, still 

manages to maintain an upward trend in 

investments in new construction projects. At the 

beginning of the pandemic, we were talking about 

the fact that many investors decided it was an 

opportune time to rehabilitate and modernize. 

Well, last year, 26,269 projects were underway in 

Romania, some of them large-scale, according to 

the analysis carried out by IBC Focus. 

The tourist sector was supported mainly by 

Romanians who chose to spend their holidays in 

destinations in the country. According to a survey 

carried out by Travelminit.ro, the boost in 

domestic tourism was due to the holiday vouchers 

offered by the state, with 21% of respondents 

indicating holiday vouchers as the reason they 

traveled to Romania. The mountain resorts 

followed by those on the coast were the main 

choices where Romanian tourists chose to use their 

holiday vouchers most often. 



Universitatea pentru Ştiinţele Vieții din Iaşi 

 

218 

Survey results 
The interview objective of the proposed 

investigation is to understand how tour operators 

see the development of the rural tourism sector. 

Data collection began in June 2022 and ended in 

September of the same year. Several 21 people 

involved in tourism activity were interviewed. 

A questionnaire was developed which is 

divided into four sections: the first part follows the 

outline of the respondent's profile, the second aims 

at the socio-demographic characteristics, in the 

third part information was requested regarding the 

degree of satisfaction related to the theme of 

Romanian rural tourism, from in the fourth part, 

we will follow the recommendations made for the 

sustainable development of this sector. 

70% of the interviewees carry out 

entrepreneurial activities in the rural tourism 

sector, while the remaining 30% are representative 

of local public administrations or NGOs. All those 

interviewed own companies that are included in 

the SME group, and 20% have no employees. 

Describing the socio-demographic characteristics 

of the people interviewed, it appears that 60% of 

the respondents are women between 30 and 40 

years old, while the remaining 40% are men but 

their age group tends to increase and is between 40 

and 60 years old. years. 

Investigating the reasons that carrying out 

activities in the tourism sector, it turned out that 

the interviewees are very passionate about the 

activity in which they are involved, whether we are 

talking about the economic, salaried or voluntary 

activity. For this reason, we identified a general 

state of dissatisfaction, but this is related only to 

the bad management of the community's resources 

and not to the activity in which the respondents are 

involved. On the other hand, all respondents 

consider the current moment as an opportunity for 

a restart of tourist activity. 

Respondents were asked what are the ways 

in which the rural tourism sector can become more 

attractive, to which they unanimously indicate the 

immediate need to develop some leisure activities. 

 
CONCLUSIONS 

 

The rural tourism market encompasses many 

different customers, with groups of rural tourists 

varying by geographic area. The profile of urban 

rural tourists is well educated and organizes their 

own trips. They are middle-aged or older, have 

above-average incomes, and travel mostly in small 

groups, usually with family and friends. To get 

them to choose a rural tourism destination, we 

need to provide authentic outreach activities and 

most importantly, find ways to engage them in the 

community. 

Finally, rural tourism must be integrated into 

well-thought-out local economic development 

plans, starting with an inventory of local assets 

such as: area biodiversity, natural attractions, 

cultural attractions, historical attractions, 

recreational activities and tourism 

infrastructure/facilities. 
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Abstract 

 

The development of mountain areas is achieved through specific policies. The Law of the Mountain and the subsequent 

laws elaborated, aim to support mountain producers, entrepreneurs and implicitly to lead to the development of 

mountain areas. In 2019, the Government Decision no. 332/2019 regarding the establishment of the composition, duties 

and responsibilities of the massive committee and the National Mountain Council. In order to apply the policies and 

strategies for the development and protection of the mountain environment, a massive committee is constituted at 

territorial level for each of the 9 mountain groups provided in the annex to the Mountain Law no. 197/2018, body 

without legal personality, with advisory role. And, at the national level, the National Council of the Mountain is 

constituted, with advisory role, which will ensure the cooperation between the Government and the representatives of 

the mountain area, for the implementation of its specific strategies and policies. At mountain territory level, there is a 

number of 7 mountain development regional centres and 32 mountain development offices, each of them operated by 

one Agency specialist. Each CRDM has a variable number of ODMs subordinated, in its activity range. Every ODM 

has a number of settlements assigned to it, for the most part corresponding to two mountain basins. The Regional 

Mountain Development Centres are structures of the National Agency for Mountain Areas, and the Mountain 

Committees are structures of different organizations, which have a consultative role in supporting public policies. 

 

Key words: mountain area, Regional Mountain Development Centres, National Council of the Mountain 
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Mountain areas are areas marked by 

specificity. Due to the altitude, flanks and climate, 

they are considered ecologically fragile and they 

are economically and socially disadvantaged due to 

natural causes, which requires specific 

management and a growing support. Mountain 

areas must benefit from a strategy and from 

protection and development integrated policies, 

because they constitute a common heritage, whose 

value must be recognized and preserved. 
By Law no. 197/2018 – The Mountain Law 

is also readjusted the territorial organization of the 

mountain area. This is delimited at the level of 

territorial administrative units, mountain hollows, 

regions and mountain massifs. And the joint Order 

of the Ministry of Agriculture and Rural 

Development no. 97/ of the Ministry of Regional 

Development and Public Administration no. 1332 

establishes the criteria for the inclusion of the 

administrative-territorial units in the mountain 

area. Government Decision no. 1,036 of December 

21, 2018 for the organization and operation of the 

National Agency of the Mountain Area by 

reorganizing the Agency of the Mountain Area, as 

well as for establishing some measures regarding 

the regional centers and mountain development 

offices, readjusts the specific institutional 

framework for the mountain area and establishes 

the commissions and powers of the National 

Agency of the Mountain Area. 

By this normative act are also established 

the specialized territorial structures, without legal 

personality, of the institution: regional mountain 

development centers (RMDC), organized at a 

regional level and mountain development offices 

(MDO), organized at mountain hollow level and 

coordinating the centers. There are also established 

the attributions of the specialized personnel within 

these territorial structures. By Ministerial Order 

(MO) no. 760/R/13.02.2019 regarding the approval 

of regional mountain development centers, 

mountain development offices, the place of activity 

as well as counties and administrative-territorial 

units, supplemented by OM no. 347/2019, were 

etablished the localities/headquarters of mountain 

development centers and offices, from the territory. 
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In order to apply the development and 

protection policies and strategies for the mountain 

environment, there was established, at a territorial 

level, a massif committee for each of the 9 groups 

of mountains provided in the annex to the 

Mountain Law no. 197/2018, body without legal 

personality, with an advisory role. And, at national 

level, the National Mountain Council (NMC) is in 

the process of being established, with an advisory 

role, with the aim of ensuring the connection 

between the Government and the representatives of 

the mountain area, for the implementation of its 

specific strategies and policies. The NMC is 

governed by the Prime the minister of Romania. 

Government Decision no. 332 of May 23, 2019 

regarding the establishment of the members, tasks 

and responsibilities of the massif committee and of 

those who are part of the National Mountain 

Council, readjusts the number and names of the 

massif committees, the number of members who 

are part of these structures, their role and 

responsabilities. 

 

MATERIAL AND METHOD 

 
The research undertaken mainly took into 

consideration the delimitation of the mountain area 
in Romania according to the mountain law and the 
government decisions that regulate the 
organization and functioning of the National 
Agency of the Mountain Area, the specific 
institutional setting for the development of the 
mountain area, with the specialized structures, as 
well as the identification of the main attributions 
and responsibilities  which the specialized 
structures for mountain rural development have in 
the territory. 

The main normative acts for the mountain 
area in Romania were identified and analyzed, as 
well as the existing institutional setting. 

As a research method was used the study of 
the following documents: laws, government 
decisions, ministerial orders, as well as 
observation or content analysis. Data were 
collected and interpreted. These come from official 
public sources: the Official Gazette of Romania, 
the Ministry of Agriculture and Rural Development, 
the National Agency of the Mountain Area, the 
Eurolex website, the National Institute of Statistics. 

At the same time, the databases of the 
National Agency of the Mountain Area were also 
consulted. The intention was to update, transpose 
and adapt existing research, to collect, synthesize 
and process data from different sources. 

 

RESULTS AND DISCUSSIONS 
 

The sustainable development of local 

communities in the mountain area represents a 

permanent concern for the government, ministries, 

national and local decision-makers, public 

institutions, non-governmental organizations. 

Along with local public authorities, Local Action 

Groups, prefectures, county councils, Regional 

Development Agencies, the National Agency of 

the Mountain Zone is also involved. This acts 

directly through its territorial structures - the 7 

Regional Mountain Development Centers (RMDC) 

- with the related Mountain Development Offices, 

but also through the creation of new entities, 

according to the Mountain Law, for each mountain 

massif separately: 9 Massif Committees 

(Ungureanu D., 2020). 

The National Agency of the Mountain Area 

(NAMA), was established in accordance with the 

stipulations of Mountain Law no. 197/2018 and 

H.G. No. 1036/2018 for the reorganization and 

operation of the National Agency of the Mountain 

Area by reorganizing the Mountain Area Agency, 

as well as establishing measures regarding regional 

centers and mountain development offices. The 

agency is based in Vatra Dornei municipality, 

Runc street no. 23, Suceava county and is under 

the direct supervision of the Ministry of 

Agriculture and Rural Development. 

According to H.G. No. 1036/2018, at 

territorial level, within the National Agency of the 

Mountain Area, specialized structures without 

legal personality were established as follows: 

- at regional level, regional mountain 

development centers, organized at 

compartment level; 

- at mountain hollows level, mountain 

development offices, organized at 

compartment level, under the coordination 

of regional mountain development centers. 

By the Order of the Minister of Agriculture 

and Rural Development no. 760 of 2019, 

amended/supplemented by order 347/2019, the 

regional mountain development centers, the 

mountain development offices, the place of their 

activities, as well as that of the counties and 

regional administrative units were approved. At 

mountain territory level, there is a number of 7 

regional mountain development centers (RMDC) 

and 32 mountain development offices (MDO), 

each of them being administered by a civil servant, 

professional within the National Agency of the 

Mountain Area. 

A variable number of subordinate offices 

corresponds to each center. And, for each MDO 

has been assigned a series of localities that, most of 

the time, are found on the territory of two 

mountain hollows. 

The Regional Centers of Mountain 

Development, the counties covered, the place of 
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activity and the number of coordinated MDOs are 

presented below: 

RDMC no. 1 is based in the town of Bicaz, 

Neamț county and has the following counties: 

Bacău (1), Harghita (2), Mureș (1), Neamț (1). 

Coordinates 5 MDOs; 

RDMC no. 2 is based in Sângiorz Băi, 

Bistrița Năsăud county and has the following 

counties: Suceava (2), Bistrița-Năsăud (2), 

Maramureș (2), Satu Mare (0). Coordinates 6 

MDOs; 

RDMC no. 3 is based in the town of 

Câmpeni, Alba county and has the counties of 

Alba (2), Cluj (1), Sălaj (0), Bihor (1) and Arad 

(0). Coordinates 4 MDOs; 

RDMC no. 4 is based in Hațeg town, 

Hunedoara county and has Hunedoara (2), Caraș-

severin (2), Mehedinți (1), Gorj (1), Timiș (0) 

counties. Coordinates 6 MDOs; 

RDMC no. 5 is based in Vaideeni town, 

Vâlcea county and has the counties of Vâlcea (1), 

Sibiu (1), Argeș (1). Coordinates 3 MDOs; 

RDMC no. 6 has its headquarters in the 

town of Bran, Brașov county and has the counties 

of Brașov (2), Dâmbovița (1), Prahova (1). 

Coordinates 4 MDOs; 

RDMC no. 7 is based in the town of 

Nistorești, Vrancea county and has the counties of 

Covasna (2), Buzău (1), Vrancea (1). Coordinates 

4 MDOs. 

The 32 mountain development offices 

(MDO) are in the localities: Abrud and Săsciori 

(Alba county), Curtea de Argeș (Argeș county), 

Dofteana (Bacău county), Borod (Bihor county), 

Rodna and Prundu Bârgăului (Bistrița Năsăud 

county) , Lisa and Săcele (Brașov county), Nehoiu 

(Buzău county), Băile Herculane and Oravița 

(Caraș Severin county), Mărișel (Cluj county), 

Bodoc and Intorsura Buzăului (Covasna county), 

Runcu (Dâmbovița county), Tismana (Gorj 

county), Toplița and Odorheiu Secuiesc (Harghita 

county), Brad and Hunedoara (Hunedoara county), 

Baia Mare and Sighetu Marmatiei (Maramureș 

county), Şișești (Mehedinți county), Ibănești 

(Mureș county), Piatra Neamț (Neamț county), 

Valea Doftanei Prahova County), Poplaca (Sibiu 

County), Poiana Stampei and Sucevița (Suceava 

County), Băile Olănești (Vâlcea County), 

Vintileasca (Vrancea County). 

The regional mountain development centers 

and mountain development offices are 

subordinated to the Directorate of Strategies, 

Policies and Sustainable Development Programs of 

the Mountain Area within the National Agency of 

the Mountain Area.  

Both the centers and the offices are served 

by a civil servant, an employee of the National 

Agency of the Mountain Area. The main 

attributions of the specialized personnel within the 

regional centers for mountain development are: a) 

ensures the territorial application of the 

Government's strategy and policies in the field of 

development and protection of the mountain 

environment, in order to increase the quality of life 

of the population in the mountain area; b) ensures 

the implementation at a regional level of the 

Program concerning encouraging activities in the 

mountain area; c) coordinates the activity of the 

mountain development offices within the regional 

center's activity range; d) implements at territorial 

level the legal provisions regarding the granting of 

the right to use the optional quality mention 

"mountain product", as well as respecting the 

European and national legislation by the economic 

operators who have obtained the right to use that 

specific mention; e) carries out information 

activities for the beneficiaries and potential 

beneficiaries in the mountain area regarding access 

to the support measures related to the common 

agricultural policy and the Program concerning 

encouraging activities in the mountain area; f) 

carries out at territorial level professional training 

programs with mountain specifics, according to the 

legislation on professional training of adults, for 

farmers and other relevant occupational categories 

in mountain localities; g) provides consultancy and 

specialized technical assistance at regional level 

for the preparation of documentation in order to 

access European and national funds, in compliance 

with the relevant legal provisions in force; h) 

supports the creation, functioning and development 

of professional organizations of mountain farmers, 

such as cooperatives, groups of producers, 

professional associations; i) establishes and applies 

technical-operative measures regarding the 

regional implementation of the Government's 

strategy and policies in the field of development 

and protection of the mountain environment, in 

order to increase the quality of life of the 

population in the mountain area; j) inventorizes the 

need for professional training and specialized 

consultancy at regional level; k) organizes the 

database at regional level and keeps records of the 

effects of the application of the measures provided 

by law to support farmers and economic operators; 

l) initiates and takes part in the organization of 

scientific, cultural events, fairs and exhibitions, 

other promotional and educational activities at 

regional level; m) collaborates with local action 

groups and public services concentrated at regional 

and county level. 

In 2019, the Government Decision no. 

332/2019 regarding the establishment of the 

composition, duties and responsibilities of the 
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massive committee and the National Mountain 

Council. In order to apply the policies and 

strategies for the development and protection of 

the mountain environment, a massive committee is 

constituted at territorial level for each of the 9 

mountain groups, provided in the annex to the 

Mountain Law no. 197/2018, body without legal 

personality, with advisory role (Ungureanu D., 

2021).  

The Oriental Carpathians: 

1. The northern group. It is made up of mountains: 

Oaș, Gutâi, Țibleș, Bârgău, Maramureșului, 

Rodnei, Suhard. The mountains are in the counties: 

Maramureș, Bistrița Năsăud, Suceava, Satu Mare. 

2. The central group. It is made up of mountains: 

Călimani, Gurghiu, Harghita, Bistriței, Rarău, 

Giumalău, Giurgeu, Hășmașul Mare, Ceahlău, 

Tarcău, Ciuc, Nemira, Stânișoarei, Goșmanu, 

Brezunț. The mountains are in the counties: 

Suceava, Harghita, Bistrița Năsăud, Neamț, Bacău, 

Covasna, Mureș.  

3. Southerngroup. It is made up of mountains: 

Vrancei, Buzăului, Ciucaș, Baiului, Brețcu, 

Întorsura Buzăului, Piatra Mare, Postăvaru, 

Perșani, Baraolt, Bodoc. The mountains are in the 

counties: Buzău, Brașov, Prahova, Vrancea, 

Covasna. 

The Meridional Carpathians: 

4. Bucegi group. It is made up of mountains: 

Bucegi, Leaota, Piatra Craiului. The mountains are 

in the counties: Prahova, Brașov, Argeș, 

Dâmbovița. 

5. Făgăraș group. It is made up of mountains: 

Făgăraș, Cozia, Frunții, Ghițu, Iezer-Păpușa. The 

mountains are in the counties: Argeș, Vâlcea, 

Dâmbovița. 

6. Parâng group. It is made up of mountains: 

Șureanu, Parâng, Cindrel, Lotrului, Lătoriței, 

Căpățânii. The mountains are in the counties: Alba, 

Hunedoara, Sibiu, Vâlcea. 

7. Retezat Godeanu group. It is made up of 

mountains: Retezat, Godeanu, Țarcu, Muntele Mic, 

Cernei, Mehedinți, Vâlcan. The mountains are in 

the counties: Hunedoara, Gorj, Mehedinți, Caraș 

Severin. 

The Occidental Carpathians: 

8. The group of Banat Mountains and the Poiana 

Ruscă. It is made up of mountains: Semenic, 

Almăjului, Aninei, Locvei, Dognecea. The 

mountains are in the counties: Caraș Severin, 

Hunedoara, Timiș. 

9. The Apuseni Mountains group. It is made up of 

mountains: Bihor, Vlădeasa, Gilău, Muntele Mare, 

Trascău, Găina, Metaliferi, Crișurilor, Zărand, 

Codru Moma, Pădurea Craiului, Plopiș, Meseș. 

The mountains are in the counties: Bihor, Cluj, 

Alba, Arad, Hunedoara, Sălaj. 

At the national level, the National Council of the 

Mountain is constituted, with advisory role, which 

will ensure the cooperation between the 

Government and the representatives of the 

mountain area, for the implementation of its 

specific strategies and policies. 

The 9 Massif Committees (MC) are constituted on 

the basis of the 9 groups of mountains in the 

mountainous area of Romania and comprise 

between 28 and 37 members, according to the 

annex to GD no. 997/2020, depending on the 

number of counties related to the mountain group: 

   1. Massif Committee for the northern group, 28 

members, 

   2. Massif Committee for the central group, 37 

members, 

   3. Massif Committee for the southern group, 31 

members 

   4. Massif Committee for the Bucegi group, 28 

members, 

   5. Massif Committee for the Făgăraş group, 28 

members, 

   6. Massif Committee for the Parâng group, 31 

members, 

   7. Massif Committee for the Retezat-Godeanu 

group, 28 members, 

   8. Massif Committee for the Banatul Mountains 

and Poiana Ruscă group, 28 members, 

   9. Massif Committee for the Apuseni Mountains 

group, 34 members. 

The membership of the Massive Committee 

consists of: 

a) a mayor of the administrative-territorial unit 

with the largest number of inhabitants, from the 

mountain area of each county of the mountain 

group, for the Massif Committee of the mountain 

group where the locality can be found; 

b) a representative, at management level, of the 

county council from each county of the mountain 

group, appointed by the president of the given 

county council; 

c) a representative, at management level, of the 

prefect's institution in each county of the mountain 

group, appointed by the prefect of the given 

county; 

d) a representative of each public authority and 

institution with an impact on the protection and 

sustainable development of the mountain area: the 

direction for county agriculture, the sanitary-

veterinary and food safety direction, the Romanian 

water direction, the environmental protection 

agency, the territorial structure of the National 

Agency for Natural Protected Areas, the territorial 

representation in the field of tourism of the 

Ministry of Economy, Entrepreneurship and 

Tourism (formerly the Ministry of Economy, 

Energy and Business Environment), the public 
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health department, the forestry department, the 

school inspectorate, the county gendarmerie units 

which are territorially competent; 

e) two representatives of the civil society, within 

organizations with representative activity in the 

field of protection and sustainable development of 

the mountain area in the given mountain group, 

designated by vote by these organizations; 

f) a representative of the local action groups from 

the given mountain group, designated by vote by 

these organizations; 

g) a representative of the business environment 

from the given mountain group, appointed by vote 

at the proposals of the chambers of commerce and 

industry from the counties related to the mountain 

group; 

h) a representative from a public law unit or 

institution in the research-development system that 

fulfills, cumulatively, the following conditions: has 

its headquarters (main or secondary) or a work 

point on the territory where the given mountain 

group is located and carries out research-

development activities, respectively measurements, 

data collection, scientific experiments, on the 

territory where the given mountain group is 

located; 

i) a representative of the administration of the 

hunting fund in the given mountain group, 

designated by vote by these organizations. 

The massif committee exercises the following 

attributions and responsibilities: 

a) formulates policy and strategy proposals at the 

mountain groups level to the Ministry of 

Agriculture and Rural Development, the Ministry 

of the Environment, the Ministry of Water and 

Forests, the National Agency for the Mountain 

Area, the National Agency for Natural Protected 

Areas, the National Mountain Council and other 

institutions or authorized public authorities, in 

order to include them in the programming 

documents. 

b) participates in counselling regarding the 

implementation of policies, programs and 

measures applicable to the mountain specificity or 

the particular situation of the mountain group; 

c) collaborates with non-governmental bodies, 

economic operators, universities and 

academic/scientific institutions, local action 

groups, with other public and private persons, for 

the purpose of sustainable development of the 

mountain group; 

 d) collaborate with the specialized bodies of the 

public administration at level of mountain groups 

for the implementation of the proposals formulated 

by the National Mountain Council regarding the 

national strategy and policies for the protection and 

sustainable development of the mountain area; 

e) performs the analysis, synthesis and forecast of 

social-economic phenomena at the level of the 

mountain group and periodically presents 

information to the National Mountain Council; 

 f) initiates, collaborates and participates at the 

mountain groups level in scientific, cultural events, 

fairs and exhibitions and in other activities 

intended for the mountain area; 

 g) monitors the application of programs whose 

aim is the sustainable development of the mountain 

group; 

  h) carries out the exchange of information with 

the other massif committees and creates 

partnerships with experts, economic operators and 

other natural or legal persons who can contribute to 

the elaboration of studies, researches and specific 

projects for the sustainable development of the 

mountain area at the mountain groups level; 

  i) contributes to attracting funds from internal and 

external sources for the implementation of 

sustainable development programs of the mountain 

area at mountain groups level; 

  j) carries out documentation and consultation 

visits to the institutions with responsibilities in the 

sustainable development of the mountain area, 

within the country and abroad, at their invitation; 

  k) disseminates information regarding the support 

programs for agriculture. 

The National Mountain Council (NMC) 

comprises 24 members and is chaired by the Prime 

Minister of Romania. The NMC can have 2 vice-

presidents, one of whom is the Minister of 

Agriculture and Rural Development. Within the 

NMC, a technical commission is established, 

consisting in 5 to 7 members of the NMC, which 

ensures the continuity of work between two 

meetings, to which the council can partially 

delegate its powers. 

• The president of the technical commission 

is the Minister of Agriculture and Rural 

Development. 

• The technical commission prepares the 

work program of the NMC meetings and is in 

charge of organizing its meetings. 

• The technical commission draws up reports 

on its activities and submits them to the NMC. 

At the proposal of the technical commission, 

NMC can establish specialized working groups. 

The NMC meets at least once a year or whenever 

is needed and is convened by its president or at the 

request of two thirds of its members, upon the 

proposal of the Minister of Agriculture and Rural 

Development. The NMC Secretariat is provided by 

the National Agency of the Mountain Area. 
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CONCLUSIONS 

 

The Regional Centers for Mountain 

Development of the National Agency of the 

Mountain Area act in the mountain territory, at 

local level, within the administrative-territorial 

units and mountain hollows (microzones), located 

on the territory of several neighboring counties, 

demarcated by a certain region, which was 

identified according to accessibility in the territory. 

They collaborate with town halls, Local Action 

Groups, County Agriculture Directorates. The 

RMDCs provide the secretariat of the Massive 

Committees located in their coverage area. 

The regional centers are responsible for the 

application of the Government's strategy and 

policies in the territory, they identify the specific 

problems at UAT or hollow level, the issues of the 

producers of agri-food products that meet the 

requirements to be registered on the "mountain 

product" quality scheme and of the training needs. 

They hold training courses for interested people, 

for the Measures within the National Rural 

Development Program and for local gastronomic 

points. 

The Massif Committees act on a more 

extended level, on a territory delimited by a certain 

mountain massif, well established, according to 

geographical boundaries. They are located on the 

territory of several counties, compared to the 

coverage area of the RMDCs. They comprise both 

representatives of public institutions and of non-

governmental organizations, from fields involved 

in mountain development, appointed/designated or 

elected by vote; the distribution of the component 

institutions within the counties being done through 

an algorithm in terms of several determining 

factors. 
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Abstract 

 

Hybrid drying of cereal seeds is a modern drying method. Over time, more research has been carried out in the field of 

grain drying, moving from convective drying as the commonly used method, to hybrid drying that combines the 

convective phenomenon with that of thermal conduction or radiation. Current technology offers the possibility of using 

hybrid methods of drying cereal seeds, which have the advantage of lower energy consumption and shorter drying time 

compared to the convective drying method. The paper proposes the analysis of the physical changes that occur after the 

hybrid drying of cereal seeds. The research was carried out by drying cereal seeds on an innovative hybrid drying 

facility that uses both convection and microwaves. In this sense, the physical changes that occur in corn seeds were 

studied, through determinations of humidity, changes in color, dimension, as well as changes related to the mechanical 

resistance of the seeds. The maximum drying temperatures inside the dryer were between 48 and 50 °C, obtained at a 

maximum microwave power of 2400 W, and a drying time of 3 seconds. 

 

Key words: (seed, hybrid drying, physical parameters) 
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The quality of cereal seeds depends on their 

moisture content. Moisture content is an important 

parameter affecting the quality of stored seeds. It is 

taken into account in grain quality standards 

(Tomkiewicz D., 2009). Too much moisture 

content causes physical, biochemical and 

microbiological changes in the seeds. The 

movement of water in cereal seeds leads to 

dimensional, mass and color changes. Variation in 

the rate or path of water movement is affected by 

seed species (Gegas V.C. et al, 2010). Seeds have 

different shapes, so differences in shape can be 

substantial depending on type, variety, quality, etc. 

(Dornez E. et al 2011; Mebatsion H.K. et al, 

2012). Seed volume and mass increase during 

increasing seed moisture and their shape changes 

(Robert C. et al, 2008). The process of moisture 

growth is an inhomogeneous process (Rathjen J.R. 

et al, 2009). During the drying of cereal seeds, the 

moisture content decreases and hence the physical 

changes. Physical changes in cereal seeds during 

increasing or decreasing moisture content are 

usually described by changes in mass; volume, 

density, color and porosity (Blahovec J. et al, 

2015). Numerous studies have shown that the 

physical properties of cereal seeds and seeds of 

other crops mainly depend on their water content 

(Horabik J., 2001) and change significantly with it 

(Kaliniewicz Z. et al, 2021). As it follows from 

scientific publications, the moisture content of 

seeds affects not only their dimensions, but also 

the values of the coefficient of external friction, 

angle of repose and cohesion (Rusinek R. et al, 

2006). On the other hand, too low humidity can 

increase the susceptibility of seeds to mechanical 

damage, which will lead to a loss (Borkowska B. et 

al, 2018). For this reason, it is necessary to know 

the physical properties of agricultural seeds in 

order to predict their quality. In order to obtain a 

humidity of preservation, the drying operation is 

used, which can be done by convection, 

conduction, fluidized bed, microwave or hybrid. 

All these drying methods lead to physical changes 

in the cereal seeds, which can have positive 

aspects, if the operation is properly conducted, or 

negative if the parameters of the drying process are 

not properly controlled depending on the type of 

dried seeds. In this paper, the changes in the 

physical parameters of corn seeds were 

investigated, applying hybrid drying. 

 

MATERIAL AND METHOD 

 
In this study, the physical changes occurring 

during the drying process were analyzed in corn 
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seeds of the hybrid DKC 5068. The drying was 
carried out in the innovative equipment hybrid 
drying with a drying capacity of 500 kg/h and an 
installed power of microwaves of 2400 W at a 
frequency of 2.45 Ghz (figure 1).  

 
Figure 1 The innovative equipment hybrid drying  

 
The hybrid drying method combines the 

phenomenon of convection, which drives the 
moisture from the seeds from the outside to the 
inside as their temperature increases in the same 
direction, with microwaves that heat the seeds 
volumetrically throughout the mass, removing the 
moisture from the inside to the outside of the 
seeds. The drying time varies depending on the 
variety of seeds and their initial moisture. In order 
to ensure the preservation of corn seeds, the 
humidity of the seeds must be lower than 14%, so 
after drying the seeds must not exceed this value. 
The diagram of the movement of cereal seeds in 
the innovative equipment hybrid drying (figure 2).  

 
Figure 2 Scheme of the hybrid dryer and the 

movement of the seeds in the dryer 

(1 wet seed hopper; 2 lock; 3,5 pipelines; 4 hybrid 

truncated cone dryer; 6 cyclone; 7 fan; 8,10 link pieces; 
9 air heating battery; 11 hot air pipe; 12 support 
brackets; 13 antennas) 

 
Hybrid drying and the determination of the 

physical changes that occur during drying in the 
corn seeds, follow moisture, color, size and 
hardness as a texture parameter. Moisture varies 
with the amount of water in the seed, the 
distribution of water in the grain structure, and the 
type of seed. Color change is another parameter 
that shows changes during the drying process, this 
is due to the pigments in the upper layers of the 
seeds, which by removing moisture change their 
color. Changing the size of cereal seeds. This is 

due to the shrinkage that occurs in the seeds with 
the loss of moisture in the drying process. When 
the drying process is conducted properly, low 
drying temperatures and lower humidity of the 
seeds, the contraction phenomenon does not 
affect the quality of the seeds. If the amount of 
moisture lost by the seeds during drying is too high 
in a short time, and the drying is carried out at high 
temperatures (85-100⁰C), there is a risk of the 
appearance of micro-cracks on the surface of the 
seeds, which can propagate inside them. By losing 
moisture, the texture of the seeds also changes. A 
texture parameter analyzed in the paper is seed 
hardness, which increases with decreasing 
moisture in the drying process. The experimental 
method was the following: the preparation of a 
quantity of 500 kg of clean corn seeds, which was 
previously subjected to cleaning and sorting 
processes; random sampling of 10 samples of 300 
grams each from the wet seed mass, and the 
same number of samples from the dry seed mass, 
for determination of initial physical characteristics 
(moisture, color, size, hardness); drying the seeds 
in the hybrid drying equipment with an average 
temperature of the pneumatic seed conveying hot 
air of 42.1⁰C and a microwave power of 2400 W 
which was given to the seeds in pulses of 4 
seconds and pause of 1.5 seconds; taking an 
equal number of samples from the dried seeds, 
resulting at the end of the process. To determine 
the physical changes obtained in the drying 
process, the following laboratory equipment was 
used: the Agreto GFM+ electronic moisture meter 
(humidity range 5-40%, accuracy +/- 0.5%, 
humidity resolution 0.1%), the thermobalance 
AGS200 (accuracy +/-0.3%, humidity resolution 
0.01%), color analyzer RGB-2000 (10 bits), 
texturometer (0-1000N, resolution 0.2N). Also, to 
determine the dimensional changes (surface), a 
photometric system using a camera and a specific 
software was used. The moisture content of the 
corn seeds both before drying and after the drying 
process was determined both with the help of the 
electronic moisture meter and with the help of the 
thermobalance to increase the accuracy of the 
determinations. The color changes of the seeds 
during the drying process are carried out with the 
help of the 10-bit RGB-2000 color analyzer, where 
for each color space (R red color; G green color; B 
blue color) 1024 different shades can be 
highlighted. The changes in the hardness of the 
seeds in the drying process are measured with the 
help of the texturometer, determining the force 
resulting from the compression tests of the corn 
seeds, before and after the drying process. 

 

RESULTS AND DISCUSSIONS  

 

The results of the physical changes of the 

corn seeds obtained after drying with the 

innovative equipment hybrid drying for the 10 

samples before and after drying, (table 1). The 
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experimental determinations of the 10 randomly 

selected corn seed samples from the mass of 50 kg, 

before drying, were subjected to the determination 

of the physical characteristics of moisture, size, 

color and hardness. Seed moisture was determined 

with both the hygrometer and the electronic 

thermobalance for the 10 samples, and the 

resulting average differences were 0.2%. Taking 

into account that the precision of the 

thermobalance is higher, and the humidity 

indication is with two decimal places, the 

experimentally processed values (table 1). After 

drying, 10 samples of corn seeds were randomly 

selected, from the resulting mass after drying, to 

determine the characteristics physical properties of 

moisture, size, color and hardness. The 

dimensional determinations of wet and dry corn 

seeds were made by photographing 20 seeds from 

each sample, for which the area was determined, 

using the ImageJ software. The average value of 

the area obtained for the 20 seeds represents the 

size for a sample. 
Table 1 

Physical changes in maize seeds subjected to drying 
No. sample wbi (%) wbf (%) Ai (mm2) Af (mm2) Fi (N) Ff (N) ΔE 

1 16.07 13.69 56.95 51.54 314.73 536.35 0.57 

2 16.18 13.42 58.53 53.97 341,38 556.81 0.68 

3 16.31 13.78 55.37 49.55 309.16 523.13 0.43 

4 16.56 13.45 56.16 50.88 384.22 561.01 0.26 

5 15.98 13.81 58.19 54.19 352.29 523.34 0.32 

6 16.28 12.88 57.23 53.12 332.41 529.96 0.16 

7 16.72 13.01 55.71 51.22 343.31 546.16 0.44 

8 16.42 13.29 56.31 51.01 327.98 539.12 0.38 

9 16.25 13.47 55.82 50.55 312.12 519.32 0.29 

10 16.48 12.96 57.35 51.78 326.11 544.02 0.19 

xmed 16.32 13.37 57.76 51.78 334.37 537.92 0.37 

s 0.22 0.33 1.06 1.51 22.52 14.29 0.16 

CV (%) 1.38 2.52 1.88 2.92 6.73 2.65 44.09 

 

Color determinations for wet and dry seeds 

were made by selecting a number of 10 seeds from 

each sample for which the color parameters were 

determined, later making an average for each 

individual sample. The color change was achieved 

by the difference obtained in wet and dry seeds. 

Hardness determinations for both wet and 

dry corn kernels consisted of selecting 10 kernels 

from each sample, which were subjected to 

compressive stresses using the texturometer. The 

maximum force at which the seeds crack is their 

hardness. The experimental value for a sample 

represents the average compression force obtained 

from the 10 seeds tested with the texturometer. 

From the analysis of the data obtained for 

the initial moisture of the corn seeds subjected to 

hybrid drying, of the 10 samples subjected to the 

study, the calculation of the deviation s and the 

coefficient of variation CV was made. The standard 

deviation of the mean, or deviation s, shows the 

degree of error loading of the mean, indicating the 

limits between which the true mean lies, which in 

the case of wet seed moisture is +/-0.22%. The 

coefficient of variation which represents the 

measure of the variability of the initial moisture of 

the corn seed samples is 1.38 %. It is estimated that 

the variability of the initial moisture data of corn 

seeds is small, since the percentage is less than 

10%.  

 

The data obtained for the moisture of corn 

seed after drying show a deviation of +/- 0.33% 

from the mean, which shows that the standard 

deviation of the mean is slightly higher than for 

wet seed. The coefficient of variation obtained for 

the dry seed sample data has a value of 2.52%, this 

shows a small variability. By comparison, the 

initial and final moisture data obtained after drying 

show a greater inhomogeneity of the dried seeds in 

terms of moisture. But nevertheless, it can be said 

that, all values are lower than 14%, which is the 

upper limit of storage moisture. The data obtained 

for size represent the average value of the area in 

mm2, which in the case of wet corn seed samples 

have a deviation of +/-1.06 mm2 from the average, 

and the coefficient of variation is 1.88%. The 

resulting coefficient of variation shows a small 

variability that falls below 10%. The data obtained 

for the size of the dry seed samples have a 

deviation of +/-1.51 mm2 from the mean, and the 

coefficient of variation is 2.92%. From the 

analysis, a greater dimensional variability is 

observed in dry seeds compared to wet seeds. 

From the analysis of the hardness data of the wet 

corn seed samples, it is observed that the values of 

the maximum compression forces from which the 

first cracks in the seeds appear have a deviation of 

+/-22.52N from the average, and the coefficient of 

variation is 6.73%, indicating low variability. For 

dry seeds, the deviation value is +/-14.29N from 

the mean, and the coefficient of variation is 2.65%, 
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indicating little variability. By comparing the 

values obtained for hardness between wet and dry 

seeds, a greater deviation and coefficient of 

variability is observed for wet seeds compared to 

dry ones, explained by the fact that wet seeds are 

softer and the dispersion of values is greater, and 

for dry seeds these parameters decrease a lot with 

decreasing humidity, the values of the samples 

becoming more homogeneous. Color variations 

between wet and dry corn seeds are shown as 

averages for the 10 samples, thus the deviation is 

+/-0.16 and the coefficient of variation 44.09%. 

This indicates high data variability, as the 

coefficient of variation is greater than 20%. The 

high variability in color differences between wet 

and dry corn seeds obtained in the 10 samples may 

have several causes, and research should be 

continued to establish the factors that determine 

this variation. Analyzing the data of the physical 

characteristics, obtained before and after drying the 

corn seeds, it can be said that from the point of 

view of moisture, the wet seeds are more 

homogeneous than the dry ones, while from the 

point of view of hardness, the wet seeds are less 

homogeneous than dry ones. Dimensionally, wet 

seeds are more homogeneous than dry ones, a fact 

also explained by the different contractions of the 

seeds during drying, average contractions reaching 

10% of the initial size. Color variation of maize 

seeds before and after drying did not give 

conclusive results. 

 

CONCLUSIONS 

 

Physical changes occurring in corn seeds by 

drying in an innovative equipment hybrid drying 

are evaluated from the point of view of variation in 

moisture, size, hardness and color. The initial 

moisture of the corn seeds has an average of 

16.32%, indicating a homogeneity of 

determinations throughout the mass of corn to be 

dried. The average humidity after drying the seeds 

is 13.37%, humidity that falls below the 

conservation limit of 14%, and the homogeneity of 

the data is reduced due to structural changes in the 

drying process. Dimensionally, the wet seeds have 

an average surface of 57.76 mm2, and the 

experimental determinations indicate a greater 

homogeneity of the wet seeds, compared to the dry 

ones, where the homogeneity of the determinations 

is lower, due to the contractions that occur through 

drying, contractions that on average reach 10%. 

The hardness of the wet seeds, expressed in 

the maximum compression force up to which 

cracks appear in the seeds, has an average value of 

334.37 N, and a lower homogeneity of the data of 

the 10 samples, compared to the values obtained 

for the dry seeds. This fact is explained by the fact 

that the wet seeds are softer and the maximum 

forces vary over a larger range, because the seeds 

also go through an elastoplastic phase before they 

end up cracking. The color variation of the corn 

seeds before and after drying for the samples taken 

in the analysis did not give conclusive results. 
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Abstract 

 

In this paper, the potential aeration conditions of the soils are studied, which are particularly important in establishing 

their fertility status necessary for optimal plant development. The indicators that define the air content of the soil, 

different forms of porosity are thus analyzed, with emphasis on aeration porosity, pore size distribution, air content at 

different suction stages, but also some measured indicators (such as air permeability), which define air movement by 

convection (mass flow). Within the current agricultural technological systems, the different ways of working the soil 

significantly influence the state of aeration. This process takes place by damaging the soil matrix, by changing the 

movement of water in the porous space, by the dynamics of biological processes in the soil or by the combined effect of 

these phenomena. In order to obtain the information necessary for the study and research of soil aeration processes, we 

approached different methods, namely: direct measurement methods on soil samples collected in experiments with 

controlled traffic and in expeditionary studies, as well as indirect assessment methods using the existing information in 

the network of monitoring.  

 

Key words: soil; air; permeability 
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Technological components of cultivation 

systems of the soil, especially tillage and all 

interventions from surface caused by harvesting, 

harvest transport, maintenance cultivation, have a 

great impact on soil condition in general, but 

especially on the physical state of soil, and also 

have a great impact regarding aeration conditions 

from the surface and from soil profile. 

Intensity effects on soil depend on the one hand of 

the natural conditions in which the soil formed and 

weather conditions from crop growing season and 

on the other hand depend on anthropogenic factor 

generated by the technological system (Canarache 

A., 1990).  

Because changes in soil aeration are 

extremely dynamic, determinations regarding 

characterization of air movement and air content 

should be made in dynamic during the entire 

period of air stress. The data obtained are useful in 

establishing optimal conditions for application 

tillage systems. 

LUSMS Also, knowing aeration conditions 

specific for different cultivation allows to set 

necessary need for drainage and to use appropriate 

agricultural works (Dumitru E. et al, 1999).  

Therefore, especially in irrigated areas were 

more strongly manifested physical processes of 

soil degradation at surface.  

MATERIAL AND METHOD 

 
The experiments were performed in the 

southern part of the Romania Plain, in Tancabesti 
area, on Preluvosols using an apparatus for 
determining permeability named Eijkelkamp model. 

Air permeability measurements were 
performed in ICPA with permeameter Eijelkcamp 
on cylinders harvested from all four types of 
compaction intensity (0, 2, 5 and 10 crossings), the 
same cylinder which were subjects to different 
levels of water retention (pF1, pF1,6, pF2). It was 
trying to present the correlation between water 
content and air from samples, knowing that the two 
phases are complementary in the soil. Moments of 
induced of soil compaction were chosen to 
highlight the possible changes that would occur in 
the soil, especially in the upper layer, in the 
autumn (determined mainly by the specific work of 
harvesting and transport, and the preparation soil 
for sowing) and spring. 

Stages of sampling were performed to 
separate the effects of anthropogenic from natural 
factors. Thus, we were able to study the possible 
effects of natural factors (precipitation and 
temperature) that acts mainly in winter, with 
mechanical role in natural processes (wetting and 
drying, heating and cooling, inflation and 
contraction) of recovery physical condition of soil 
(Horn R., 1997).  
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RESULTS AND DISCUSSIONS  

 

The obtained results refer at two stages from 

agricultural year: immediately after compaction 

induced (spring and fall) and after completion of 

mechanical maintenance works. Results are given 

for the first 40 cm of soil profile, on four layers 

from 10 to 10 cm, correlated with the depth of the 

main types of tillage. 

Induced moments of compaction in soil were 

chosen to highlight the possible changes that 

would occur in soil, especially in the upper layer, 

in the autumn (determined mainly by the specific 

work of harvesting and transport, but also 

determined by the soil preparation for sowing 

crops) and spring. 

The two stages for sampling were performed 

to separate the effects of the natural factors from 

anthropogenic factors. Thus, we were able to study 

the possible effects of natural factors (precipitation 

and temperature) that acts mainly in winter, with 

have a great role in mechanical natural processes 

(wetting and drying, heating and cooling, inflation 

and contraction) of recovery physical condition of 

the soil. 

Data obtained for samples collected after the 

autumn compaction is presented in Figure 1 only 

for extreme variants (C0 and C10).

 

Air permeability [x 10-8 cm2] –pF1 

 
 

Air permeability [x 10-8 cm2] –pF1,6 

 
Air permeability [x 10-8 cm2] –pF 

 

 
Figure 1 Effect of anthropic compaction on air permeability at different stage of  water retention (Tancabesti). 

 

Into the version “maximum compacted”, it 

was found that air permeability is extremely low 

throughout the soil profile, especially in surface 

horizons. These results were expected, given that 

samples were collected immediately after 

compaction, so the soil had not sufficient time to 

achieve stability through natural processes, 

processes like freeze-thaw or wetting-drying, or by 

anthropogenic processes determined by 

technological factors. If we look deeper in the 

profile, air permeability increased slightly in the 

second depth, reaching a minimum at depth of 40 
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cm, being in the same range of variation (low air 

permeability).  

Analyzing the obtained data, we can say that 

in the loose version (witness) permeability for air 

behaviour is the one expected: in the upper layer is 

lower, permeability for air increases significantly 

with depth (increasing more evident at higher 

values of the suction, pF1,6, pF2). By comparison, 

appears unexpected differences in maximum 

compacted version, in upper layer at all three 

levels of water retention, air permeability is very 

high, they are decreasing with increasing the soil 

profile. High values of permeability for air for this 

version may be due because of numerous cracks 

from the soil, which created preferential paths of 

water and air circulation.  

The cumulative effect of compaction and 

maintenance of soil is observed at 10-20 and 20-30 

cm depths; where at higher suction growth is not as 

obvious as the witness version, although air 

permeability increases.  

The results led to conclusion that work in the 

spring and summer (from seedbed preparation, 

maintenance cultivation) has the greatest 

importance in the appearance and development of 

more compact layers in the soil profile, at least in 

the first 40 cm.  

In general, aeration conditions in the upper 

soil profile are much improved, being in agreement 

with other physical properties: apparent density, 

water content at various stages of retention, 

aeration limit and aeration deficiency index (table 

1).

 
Table 1  

Main physical attributes in plot maximum compacted (C10) reddish brown soil from Tancabest. 

 
Depth 
(cm) 

Characteristic 

DA 
(g cm-3) 

Water content (% v/v) at different suctions LA 
(% v/v) 

Ida 
(%) pF1,0 pF1,6 pF2 

0-10 1,17 48 41 38 40 -379 

10-20 1,46 41 38 36 24 -150 

20-30 1,42 45 40 38 26 -205 

30-40 1,52 43 40 38 22 -89 

 

 

To assess air content should be taken into 

account the aeration limit - LA (which indicating 

maximum humidity that the soil is likely to have 

without aeration to be poor) and aeration 

deficiency index - Ida, both indicators showing 

full aeration conditions satisfactory. 

Using assessment indicators for the air 

content in soil, from year 2019 (in year three of 

experiments) it was calculated total porosity and 

aeration porosity at three different moments: after 

compaction in autumn, after compaction in spring 

and after mechanical maintenance work. 

Soil permeability for water is one of the 

important physical characteristics that it offers a 

suggestive image regarding changes of air regime 

in soil because air and water are two additional 

phases in the soil. Air permeability of soil with low 

values must be accompanied by a hydraulic 

conductivity with great values. 

From the first stage of making observations, 

immediately after exercise surface traffic 

immediately, and until to the next stage, after 

maintenance work, saturated hydraulic 

conductivity values decrease sometimes over 3-4 

times, especially in witness version, in most cases 

reaching the middle values (Voicu P., 2008).  

High values of this feature, for a soil so 

tamp, could be explained by improving macro and 

mezzo-fauna activity, especially with earthworms, 

activity which determined the continuity 

improving and growth of macro-pores volume, 

because increased amount of plant debris that 

remained on the soil surface after harvesting 

manual work and have then been incorporated into 

the soil by ploughing in the autumn.  

It is known that during the application of 

irrigation or rainfall water percolating into the soil, 

forcing the elimination of an equivalent volume of 

air. Also, water is very little responsible for 

increasing the oxygen content in the soil (at a 

temperature of 200C a quantity of oxygen bring by 

a volume of water in soil is about 30 times lower 

than that of an equal volume air). 

The main effect of soil compaction is to 

reduce the porous volume and redistribution of 

different size groups of the pores. These changes 

had direct effects on many physical properties, 

processes with a higher intensity or less intensity 

including the aeration capacity, gas exchange, 

water retention, permeability, resistance at 

penetration, root penetration and indirectly many 

chemical and biological processes (especially de-

nitrification processes, nodule formations, micro 

and mezzo-fauna from soil, especially modified 

because of decreasing soil aeration). 

Porosity, total porosity, macro-porosity 

(pores larger than 50 µm) regarding pores larger 

than 30 µm and distribution by size for pore 
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presents important changes because of the 

compaction (figure 2). 

 

 

 

 
Figure 2 - Effect of compaction intensity on distribution by pores size (depth 0-10 and 10-20 cm).  

 

The maximum compacted version, total 

porosity reaches minimum values, falling below 

50% (the middle value domain), while the aeration 

porosity is situated with domain of low values, 

between 7 and 12% v/v. The only depth where 

aeration porosity is good is the surface layer (PA 

20%).  

Distribution after size of different categories 

of pores suffers important changes under the 

influence of compaction, especially in the uppers 

and lowers tilling layer, as well as water content at 

different levels of water retention.  

As expected, when we advance on the 

profile, macro-pores volume transmission (those 

with diameter > 50 µm, which have active role in 

the processes of aeration of the soil) greatly 

decreases, reaching values even below the 

minimum of 10% v/v which represents deficient 

aeration conditions for plant development. 

Results confirmed the effect of aerations of 

the soil to different chemical and biological 

process in soil (table 2). 

Table 2 

Microbiological activity under the influence of compaction 

Biological activity indices 
Un-compacted 

(0 passes) 
Compacted 
(10 passes) 

Number of bacteria (x 106 viable cells x g-1 d.s.)  163 30 

Number of fungi (x 103 viable cells x g-1 d.s.)  2231 79 

Soil respiration (mg CO2 x g-1 d.s.)  3.5 1.2 

 

CONCLUSIONS  

 

Air from soil is with water and nutrients, one 

of the most important factors affecting soil fertility. 

The purpose of this paper was to study the soil 

aeration, which is a complex subject, including air 

movement and content, using a wide range of 

indicators which are determined and/or calculated 

and/or estimated by various methods for 

understanding many factors which determines the 

state of aeration and its influence on soil processes 

and plant response.  
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From obtained data you can be seen, as 

expected, that in witness version, after compaction 

and after maintenance, aeration porosity does not 

present restrictive values, it is in small to medium 

value (between 10 and 20% v/v), and total porosity 

is about 50% v/v. These data show favourable 

conditions for normal development of various 

processes in the soil. We should note that from all 

the mechanisms regarding air movement in the 

soil, it was study the convection one, although it 

participation in air movement has not very high 

proportions. Unlike the diffusion mechanism for 

assessing indicators (coefficients of diffusion of 

gases) are strongly dependent on the nature of each 

component of soil air, air permeability (pointer of 

movement by convection) is independent of the 

gas circulating in the soil. Despite these advantages 

of air permeability, this indicator has not been 

determined so far in Romania, this research is a 

first.   
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