1 l{)t rnatlonql Scientific Agriculture Symposium
‘"AGROSYM 2019"
ahorma October 03-06, 2019




BOOK OF
PROCEEDINGS

X International Scientific Agriculture Symposium
“AGROSYM 20197

Jahorina, October 03 - 06, 2019



Impressum
X International Scientific Agriculture Symposium ,,AGROSYM 2019

Book of Abstracts Published by
University of East Sarajevo, Faculty of Agriculture, Republic of Srpska, Bosnia
University of Belgrade, Faculty of Agriculture, Serbia
Mediterranean Agronomic Institute of Bari (CIHEAM - IAMB) Italy
International Society of Environment and Rural Development, Japan
Balkan Environmental Association (B.EN.A), Greece
Centre for Development Research, University of Natural Resources and Life Sciences (BOKU), Austria
Perm State Agro-Technological University, Russia
Voronezh State Agricultural University named after Peter The Great, Russia
Faculty of Bioeconomy Development, Vytautas Magnus University, Lithuania
Selguk University, Turkey
University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania
Slovak University of Agriculture in Nitra, Slovakia
Ukrainian Institute for Plant Variety Examination, Kyiv, Ukraine
National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
Valahia University of Targoviste, Romania
National Scientific Center ,,Institute of Agriculture of NAAS®, Kyiv, Ukraine
Saint Petersburg State Forest Technical University, Russia
University of Valencia, Spain
Faculty of Agriculture, Cairo University, Egypt
Tarbiat Modares University, Iran
Chapingo Autonomous University, Mexico
Department of Agricultural, Food and Environmental Sciences, University of Perugia, Italy
Higher Institute of Agronomy, Chott Mariem-Sousse, Tunisia
Watershed Management Society of Iran
Institute of Animal Science- Kostinbrod, Bulgaria
Faculty of Agriculture, University of Banja Luka, Bosnia and Herzegovina
Faculty of Economics Brcko, University of East Sarajevo, Boshia and Herzegovina
Biotechnical Faculty, University of Montenegro, Montenegro
Institute of Field and Vegetable Crops, Serbia
Institute of Lowland Forestry and Environment, Serbia
Institute for Science Application in Agriculture, Serbia
Agricultural Institute of Republic of Srpska - Banja Luka, Bosnia and Herzegovina
Maize Research Institute “Zemun Polje”, Serbia
Faculty of Agriculture, University of Novi Sad, Serbia
Editor in Chief
Dusan Kovacevic
Tehnical editors
Sinisa Berjan
Milan Jugovic
Noureddin Driouech
Rosanna Quagliariello

Website:
http://agrosym.ues.rs.ba

CIP - Karayorusanuja y my0bauKamnyju
HaponHa u yHHUBep3UTeTCKa OMOIHOTEKA
Peny6iuke Cprcke, bama Jlyka

631(082)

INTERNATIONAL Scientific Agricultural Symposium "Agrosym 2019" (10)
(Jahorina)

Book of Proceedings [Elektronski izvor] / X International Scientific Agriculture
Symposium "Agrosym 2019", Jahorina, October 03 - 06, 2019 ; [editor in chief DuSan
Kovacevié]. - East Sarajevo : Faculty of Agriculture, 2019

Nacin pristupa (URL): http://agrosym.ues.rs.ba/index.php/en/archive. -
Bubnuorpaduja y3 pagose. - Perucrap.

ISBN 978-99976-787-2-0

COBISS.RS-ID 8490776



http://agrosym.ues.rs.ba/
http://agrosym.ues.rs.ba/

X International Scientific Agricultural Symposium “Agrosym 2019”
Jahorina, October 03-06, 2019, Bosnia and Herzegovina

HONORARY COMMITTEE

BORIS PASALIC, Minister of Agriculture, Water Management and Forestry of Republic of Srpska, Boshia, SRDJAN
RAJCEVIC, Minister of Scientific-Technological Development, Higher Education and Information Society of Republic of Srpska,
Bosnia, MILAN KULIC, Rector of the University of East Sarajevo, Bosnia, DUSAN ZIVKOVIC, Dean of the Faculty of
Agriculture, University of Belgrade, Serbia, MAURIZIO RAELLI, Director of the Mediterranean Agronomic Institute of Bari,
Italy, MARIO T. TABUCANON, President of the International Society of Environment and Rural Development, Japan,
FOKIAON K. VOSNIAKOS, President of the Balkan Environmental Association (B.EN.A), Greece, MUSTAFA SAHIN, Rector
of the Selcuk University, Turkey, ALEKSEY ANDREEV, Rector of the Perm State Agro-Technological University, Russia,
NIKOLAY I. BUKHTOYARQV, Rector of the Voronezh State Agricultural University named after Peter The Great, Russia,
ANTANAS MAZILIAUSKAS, Rector of the Vytautas Magnus University Agriculture Academy, Lithuania, BARBARA
HINTERSTOISSER, Vice-Rector of the University of Natural Resources and Life Sciences (BOKU), Austria, JOSE SERGIO
BARRALES DOMINGUEZ, Rector of the Chapingo Autonomous University, Mexico,. KLAUDIA HALASZOVA, Rector of the
Slovak University of Agriculture in Nitra, Slovakia, CALIN D. OROS, Rector of the Valahia University of Targoviste, Romania,
VIKTOR KAMINSKYI, Director of National Scientific Center ,Institute of Agriculture of NAAS®, Kyiv, Ukraine, AMR
AHMED MOSTAFA, Dean of the Faculty of Agriculture, Cairo University, Egypt, SORIN MIHAI CIMPEANU, Rector of the
University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania, FRANCESCO TEI, Director of the
Department of Agricultural, Food and Environmental Sciences, University of Perugia, Italy, DAVUT KARAYEL, Dean of
Faculty of Agriculture, University of Akdeniz - Antalya, Turkey, CHOKRI THABET, the General Director of the High
Agronomic Institute of Chott Mariem, Sousse, Tunisia, SEYED HAMIDREZA SADEGHI, Professor at Tarbiat Modares
University and the President of the Watershed Management Society of Iran, Iran, IVAN YANCHEV, Director of the Institute of
Animal Science- Kostinbrod, Bulgaria, ZLATAN KOVACEVIC, Dean of the Faculty of Agriculture, University of Banja Luka,
Bosnia and Herzegovina, LAZAR RADOVANOVIC, Dean of the Faculty of Economics Brcko, Universtiy of East Sarajevo,
Bosnia and Herzegovina, BOZIDARKA MARKOVIC, Dean of the Biotechnical Faculty, University of Podgorica, Montenegro,
SNEZANA JANKOVIC, Director of the Institute for Science Application in Agriculture, Serbia, SASA ORLOVIC, Director of
the Institute of Lowland Forestry and Environment, Serbia, BRANKO KOVACEVIC, President of the Academy of Engineering
Sciences of Serbia, Serbia, VOJISLAV TRKULJA, Director of Agricultural Institute of Republic of Srpska - Banja Luka, Bosnia
and Herzegovina, BRANKA KRESOVIC, Director of the Maize Research Institute “Zemun Polje”, Serbia, SVETLANA
BALESEVIC-TUBIC, Director of the Institute of Field and Vegetable Crops, Serbia, NEDELJKO TICA, Dean of the Faculty of
Agriculture, University of Novi Sad, Serbia, RODNE NASTOVA, Director of the Institute for Animal Science, Skoplje,
Macedonia, RADOVAN PEJANOVIC, President of Balkan Scientific Association of Agricultural Economics, Serbia, JONEL
SUBIC, Director of the Institute of Agricultural Economics, Serbia

SCIENTIFIC COMMITTEE
DUSAN KOVACEVIC, Faculty of Agriculture, University of Belgrade, SerbiaProf. dr William Meyers, Howard Cowden
Professor of Agricultural and Applied Economics, University of Missouri, USA, JOHN BRAYDEN, Norwegian Agricultural
Economics Research Institute (NILF), Norway, STEVE QUARIE, Visiting Professor, School of Biology, Newcastle University,
United Kingdom, ANDREAS MELCHER, CDR, University of Natural Resources and Life Sciences (BOKU), Vienna, Austria,
DANI SHTIENBERG, full professor, Department of Plant pathology and Weed Research, ARO, the Volcani Center, Bet Dagan,
Israel, THOMAS G. JOHNSON, University of Missouri — Columbia, USA, DIETER TRAUTZ, University of Applied Science,
Germany, MACHITO MIHARA, Tokyo University of Agriculture, Japan, MARKUS SCHERMER, Department of Sociology,
University of Innsbruk, Austria,., JORGE BATLLE-SALES, Department of Biology, University of Valencia, Spain, SERGEI
ELISEEV, Vice-Rector for Research and Innovations, Perm State Agro-Technological University, Russia, RICHARD
BARICHELLO, Faculty of Land and Food Systems, University of British Columbia, Canada, NOVO PRZULJ, Faculty of
Agriculture, University of Banjaluka, Bosnia and Herzegovina, TATIANA SIVKOVA, Faculty for Veterinarian Medicine and
Zootechny, Perm State Agro-Technological University, Russia, ADRIANO CIANI, Department of Agricultural, Foods and
Environmental Sciences, Perugia University, Italy, ALEKSEJ LUKIN, Voronezh State Agricultural University named after Peter
The Great, Russia, MATTEO VITTUARI, Faculty of Agriculture, University of Bologna, Italy, SEYED MOHSEN HOSSEINI,
Faculty of Natural Resources, Tarbiat Modares University, Iran, ARDIAN MACI, Faculty of Agriculture and Environment,
Agricultural University of Tirana, Albania, REGUCIVILLA A. POBAR, Bohol Island State University, Philippines, SUDHEER
KUNDUKULANGARA PULISSERY, Kerala Agricultural University, India, EPN UDAYAKUMARA, Faculty of Applied
Sciences, Sabaragamuwa University, Sri Lanka, VLADIMIR SMUTNY, full professor, Mendel University, Faculty of agronomy,
Czech Republic, FRANC BAVEC, full professor, Faculty of Agriculture and Life Sciences, Maribor, Slovenia, JAN MOUDRY,
full professor, Faculty of Agriculture, South Bohemia University, Czech Republic, STEFAN TYR, full professor, Faculty of
Agro-biology and Food Resources, Slovakia, NATALIJA BOGDANOV, Faculty of Agriculture, University of Belgrade, Serbia,
SABAHUDIN BAJRAMOVIC, Faculty of Agriculture and Food Sciences, University of Sarajevo, Bosnia, FRANCESCO
PORCELLI, University of Bari Aldo Moro, Italy, VASILIJE ISAJEV, Faculty of Forestry, University of Belgrade, Serbia,
ELAZAR FALLIK, Agricultural Research Organization (ARO), Volcani, Israel, JUNAID ALAM MEMON, Pakistan Institute of
Development Economics, Pakistan, HIROMU OKAZAWA, Faculty of Regional Environment Science, Tokyo University of
Agriculture, Japan, PANDI ZDRULI, Land and Water Resources Department; IAMB, Italy, MLADEN TODOROVIC, Land and
Water Resources Department; IAMB, Italy, HAMID EL BILALI, CDR, University of Natural Resources and Life Sciences
(BOKU), Vienna, Austria, MAKSYM MELNYCHUK, National Academy of Agricultural Science of Ukraine, Ukraine, BORYS
SOROCHYNSKYI, Ukrainian Institute for Plant Variety Examination, Kyiv, Ukraine, LORENZ PROBST, CDR, University of
Natural Resources and Life Sciences (BOKU), Vienna, Austria, MOHSEN BOUBAKER, High Institute of Agronomy of Chott



Meriem, Sousse, Tunisia, NOUREDDIN DRIOUECH, Coordinator of MAIB Alumni Network (FTN), Mediterranean Agronomic
Institute of Bari, Italy, ION VIOREL, University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania,
CHULEEMAS BOONTHAI IWAI, Faculty of Agriculture, Khon Kaen University, Thailand, WATHUGE T.P.S.K. SENARATH,
Department of Botany, University of Sri Jayewardenepura, Colombo, Sri Lanka, HAMADA ABDELRAHMAN, Soil Science
Dept., Faculty of Agriculture, Cairo University, Egypt, MAYA IGNATOVA, Agricultural Academy — Sofia, Bulgaria, IOANNIS
N. XYNIAS, School of Agricultural Technology & Food Technology and Nutrition, Western Macedonia University of Applied
Sciences, Greece, ARTUR RUTKIEWICZ, Department of Forest Protection, Forest Research Institute - IBL, Poland,
MOHAMMAD SADEGH ALLAHYARI, Islamic Azad University, Rasht Branch, Iran, LALITA SIRIWATTANANON, Faculty
of Agricultural Technology, Rajamangala University of Technology Thanyaburi (RMUTT), Thailand, KONSTANTIN
KORLYAKOQV, Perm Agricultural Research Institute, Russia, MOHAMMAD FAROOQUE HASSAN, Shaheed Benazir Bhutto
University of Veterinary & Animal Sciences Sakrand, Sindh, Pakistan, LARYSA PRYSIAZHNIUK, Ukrainian Institute for Plant
Variety Examination, Kyiv, Ukraine, OKSANA KLIACHENKO, National University of Life and Environmental Science of
Ukraine, Ukraine, IVAN SIMUNIC, Department of amelioration, Faculty of agriculture, University of Zagreb, Croatia, ABID
HUSSAIN, International Centre for Integrated Mountain Development (ICIMOD), Nepal, AMRITA GHATAK, Gujarat Institute
of Development Research (GIDR), India, NASER SABAGHNIA, University of Maragheh, Iran, MONICA PAULA MARIN,
Department for Animal Husbandry, University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania, PENKA
MONEVA, Institute of Animal Science - Kostinbrod, Bulgaria, MOSTAFA K. NASSAR, Animal husbandry Dept., Faculty of
Agriculture, Cairo University, Egypt, MARTA BIRKAS, full professor, St. Istvan University, Godollo — Hungary, ANDRZEJ
KOWALSKI, Director of the Institute for Agricultural and Food Economy, Warzawa-Poland, YALCIN KAYA, The Director of
the Plant Breeding Research Center, University of Trakya, Turkey, SANJA RADONIJIC, Biotechnical Faculty, University of
Montenegro, Montenegro, IONELA DOBRIN, Department for Plant Protection, University of Agronomic Sciences and
Veterinary Medicine of Bucharest, Romania, INOCENCIO BUOT JR., Institute of Biological Sciences, College of Arts and
Sciences, University of the Philippines Los Banos, Philippines, KAROL WAJSZCZUK, Poznan University of Life Sciences,
Poland, REDOUANE CHOUKR-ALLAH, International Center for Biosaline Agriculture (ICBA), United Arab Emirates,
MOHAMMAD AL-MAMUN, Department of Animal Nutrition, Bangladesh Agricultural University, Bangladesh, ANUCHA
WITTAYAKORN-PURIPUNPINYQO, School of Agriculture and Co-operatives, Sukhothai Thammathirat Open University,
Nonthaburi, Thailand, NEDELJKA NIKOLOVA, Institute for Animal Science, Ss. Cyril and Methodius University in Skopje,
Republic of Macedonia, IGNACIO J. DIAZ-MAROTO, High School Polytechnic, University of Santiago de Compostela, Spain,
NIDAL SHABAN, University of Forestry Sofia, Bulgaria, YOUSSIF SASSINE, Lebanese University Beirut, Lebanon, CAFER
TOPALOGLU, Faculty of Tourism, Mugla Sitki Kocman University, Turkey, SEYED HAMIDREZA SADEGHI, Faculty of
Natural Resources, Tarbiat Modares University, Iran, MOHSEN MOHSENI SARAVI, University of Teheran and Member of
WMSI Management Board, Iran, MAHMOOD ARABKHEDRI, Soil Conservation and Watershed Management Research
Institute and Member of WMSI Management Board, Iran, ATAOLLAH KAVIAN, Sari Agricultural Science and Natural
Resources University and Member of WMSI Management Board, Iran, TUGAY AYASAN, Department of Organic Farming
Business Management, Osmaniye, Applied Science School of Kadirli, Osmaniye Korkut Ata University, Turkey, SAKINE
OZPINAR, Department of Farm Machinery and Technologies Engineering, Faculty of Agriculture, Canakkale Onsekiz Mart
University, Canakkale, Turkey, SHEREIN SAEIDE ABDELGAYED, Faculty of Veterinary Medicine, Cairo University, Cairo,
Egypt, ZOHREH MASHAK, Islamic Azad University, Karaj Branch, Iran, KHALID AZIM, National Institute of Agriculture
Research, Morocco, SRDJAN LALIC, Vice-dean University of East Sarajevo, Bosnhia and Herzegovina, ZELJKO VASKO,
Faculty of Agriculture, University of Banja Luka, Bosnia and Herzegovina, KUBILAY BASTAS, Department of Plant Protection,
Faculty of Agriculture, Selguk University, Turkey, BRANKA KRESOVIC, Director of the Maize Research Institute “Zemun
Polje”, Serbia, NENAD DELIC, Maize Research Institute “Zemun Polje”, Serbia, MILAN STEVANOVIC, Maize Research
Institute “Zemun Polje”, Serbia, SVETLANA BALESEVIC-TUBIC, Institute of Field and Vegetable Crops Novi Sad, Serbia,
ANA MARJANOVIC JEROMELA, Institute of Field and Vegetable Crops Novi Sad, Serbia, TATJANA ZDRALIC, Faculty of
Agriculture, University of East Sarajevo, Bosnia, ALEKSANDRA GOVEDARICA-LUCIC, Faculty of Agriculture, University of
East Sarajevo, Bosnia, DESIMIR KNEZEVIC, University of Pristina, Faculty of Agriculture, Kosovska Mitrovica - Lesak,
Kosovo i Metohija, Serbia, SNEZANA MLADENOVIC-DRINIC, Maize Research Institute “Zemun Polje”, Serbia, NEBOJSA
MOMIROVIC, Faculty of Agriculture, University of Belgrade, Serbia,, VELIBOR SPALEVIC, Faculty of Philosophy,
Geography, University of Montenegro, ZORAN JOVOVIC, Biotechnical Faculty, University of Montenegro, Montenegro,
DANIJEL JUG, associate professor, Faculty of Agriculture, University of Osijek, Croatia, MILAN MARKOVIC, Biotechnical
Faculty, University of Montenegro, Montenegro, ZELJKO DOLIJANOVIC, Faculty of Agriculture, University of Belgrade,
Serbia, DEJAN STOJANOVIC, Institute of Lowland Forestry and Environment, Serbia, DOBRIVOJ POSTIC, Institute for plant
protection and environment, Belgrade, Serbia, SRDJAN STOJNIC, Institute of Lowland Forestry and Environment, Serbia

ORGANIZING COMMITTEE
VESNA MILIC, Faculty of Agriculture, University of East Sarajevo, Bosnia, DEJAN BOKONUJIC, Vice rector of the University
of East Sarajevo, Boshia,, DEJANA STANIC, Dean of the Faculty of Agriculture, University of East Sarajevo, Bosnia,
MAROUN EL MOUJABBER, Mediterranean Agronomic Institute of Bari, Italy, ROSANNA QUAGLIARIELLO, Mediterranean
Agronomic Institute of Bari, Italy, NOUREDDIN DRIOUECH, Coordinator of MAIB Alumni Network (FTN), Mediterranean
Agronomic Institute of Bari, Italy, ALEKSANDRA DESPOTOVIC, Biotechnical Faculty Podgorica, University of Montenegro,
Montenegro, MILIC CUROVIC, The journal “Agriculture and Forestry”, Biotechnical Faculty Podgorica, University of
Montenegro, Montenegro, ANA MARJANOVIC JEROMELA, Institute of Field and Vegetable Crops, Serbia, OKSANA
FOTINA, International Relations Center, Perm State Agro-Technological University, Russia, TATIANA LYSAK, International
Relations Office, Voronezh State Agricultural University named after Peter The Great, Russia, ANASTASIJA NOVIKOVA,
Faculty of Bioeconomy Development, Vytautas Magnus University, Lithuania, ENGR. TEODORA POPOVA, Institute of
Animal Science - Kostinbrod, Bulgaria, MEHMET MUSA OZCAN, Faculty of Agriculture, Selguk University, Turkey, LAZAR



RADOVANOVIC, Faculty of Economics Brcko, University of East Sarajevo, Bosnia and Herzegovina, NIKOLA PACINOVSKI,
Institute for Animal Science, Ss. Cyril and Methodius University in Skopje, Republic of Macedonia, ABDULVAHED KHALEDI
DARVISHAN, Faculty of Natural Resources, Tarbiat Modares University, Iran, HAMADA ABDELRAHMAN, Soil Science
Dept., Faculty of Agriculture, Cairo University, Egypt, ECATERINA STEFAN, University of Agronomic Sciences and
Veterinary Medicine of Bucharest, Romania, JEERANUCH SAKKHAMDUANG, The International Society of Environmental
and Rural Development, Japan, RAOUDHA KHANFIR BEN JENANA, High Institute of Agronomy of Chott Meriem, Sousse,
Tunisia, ERASMO VELAZQUEZ CIGARROA, Department of Rural Sociology, Chapingo Autonomous University, Mexico,
VEDRAN TOMIC, Institute for Science Application in Agriculture, Serbia, MILAN STEVANOVIC, Maize Research Institute
“Zemun Polje”, Serbia, ANDREJ PILIPOVIC, Institute of Lowland Forestry and Environment, Serbia, NIKOLA PUVACA,
Faculty of Economics and Engineering Management University of Business Academy, Serbia, MORTEZA BEHZADFAR,
Tarbiat Modares University, Tehran, Iran, LARYSA PRYSIAZHNIUK, Ukrainian Institute for Plant Variety Examination, Kyiv,
Ukraine, BRANISLAVKA BOROJA, Agricultural Institute of Republic of Srpska - Banja Luka, Bosnia, BILJANA GRUJIC,
Institute of Agriculture Economics, Serbia, MARKO GUTALJ, Faculty of Agriculture, University of East Sarajevo, Bosnia,
MIROSLAV LALOVIC, Faculty of Agriculture, University of East Sarajevo, Boshia, MILAN JUGOVIC, Faculty of Agriculture,
University of East Sarajevo, Bosnia, IGOR DJURDJIC, Faculty of Agriculture, University of East Sarajevo, Bosnia, MILENA
STANKOVIC, Faculty of Agriculture, University of East Sarajevo, Bosnia, STEFAN STJEPANOVIC, Faculty of Agriculture,
University of East Sarajevo, Bosnia, STEFAN BOJIC, Faculty of Agriculture, University of East Sarajevo, Bosnia, TANJA
JAKISIC, Faculty of Agriculture, University of East Sarajevo, Bosnia, TIJANA BANJANIN, Faculty of Agriculture, University
of East Sarajevo, Bosnia, SINISA BERJAN, Faculty of Agriculture, University of East Sarajevo, Bosnia, General secretary



FOREWORD
A Word from the Editor-in-Chief

Dear colleagues,

In your hands is the Book of Proceedings of the X International Scientific Agricultural
Symposium “AGROSYM 20197, which I hope you will find useful in your work. As many as
900 contributions, from 82 countries, have been accepted for oral or poster presentations.
Symposium themes cover all branches of agriculture and are divided into 7 sessions: 1) Plant
production, 2) Plant protection and food safety, 3) Organic agriculture, 4) Environmental
protection and natural resources management, 5) Animal husbandry, 6) Rural development
and agro-economy, 7) Forestry and agroforestry. Papers dealing with agricultural engineering
and technology were included into one of the seven sessions depending on their focus.

In the plenary lectures were addressed interesting topics; one keynote was on
biotechnology and two others dealt with organic farming in Australia and Europe. This
confirms the role of AGROSYM as a forum for open discussions and exchanges on
agriculture, food, the environment and rural development in the Balkans and beyond. Many of
the papers identify a number of approaches and market-based incentives to encourage
producers to achieve higher levels of performance (from both economic and environmental
points of view) and as a result to meet the expectations of governments and consumers.

The successful management of agricultural resources to satisfy changing human needs,
while maintaining or enhancing the quality of the environment and conserving natural
resources, indicate a long-term agricultural development imperative. Advances in
productivity, profitability and stability of modern cropping, animal and forestry systems will
have to be achieved globally on an ecologically sustainable basis. Today, it is obvious that
conventional methods of agricultural production, while providing sufficient food and various
products to humanity, have led to a number of negative impacts, including the transgression
of many planetary boundaries. These negative impacts raise serious questions about the long-
term sustainability of high-input agriculture and call for a genuine transition towards
sustainable agro-food systems, which achieve food and nutrition security for present and
future generations within the safe operating space for humanity.

Full texts of the submitted communications will be available on the website of
AGROSYM (http://agrosym.ues.rs.ba). Each paper included in the present Book of
Proceedings was positively reviewed.

Much appreciation is due to the authors of all papers submitted and presented at the
symposium as well as to all symposium participants whose ideas and contributions allowed
rich and lively discussions during the various sessions. Many thanks to all reviewers, session
moderators and colleagues for their help in editing the Book of Proceedings. Special thanks
go to all co-organizers, partners and sponsors for their unselfish collaboration and
comprehensive support.

Editor-in-Chief

Dusan Kovacevic, PhD
East Sarajevo, 12 October 2019
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Abstract

Quinoa (Chenopodium quinoa Willd.) is considered as a very important agricultural crop due
to its nutritional value and tolerance to different stress factors. The aim of this study was to
investigate the differences in yield, the content of starch and protein in the seed of two
introduced genotypes of quinoa (Puno and Titicaca) and the possibility of their cultivation in
Serbian agroecological conditions. The experiment was carried out during the 2017 growing
season in the rain-fed condition in Subotica, Republic of Serbia. The seeds were sowed in the
first part of April. Sowing was done at a depth of 2 centimeters, the distance between the rows
was 50 cm and between the plants in the row 5 cm. The crops were harvested in the first half
of August when quinoa seeds were mature and the amount of moisture in seed was 12%. The
harvest of Puno and Titicaca seeds was made by hand. The content of crude proteins was
determined according to the Kjeldahl method, while for starch measurement the Ewers
polarimetric method was used. Obtained results showed that the yield of plants Titicaca
genotype (24.4 g/plant) was higher compared to the yield of plants Puno genotype (21.3
g/plant). Our results did not show significantly different values in protein content between the
seeds of Puno (14.1%) and Titicaca (14.0%). Also, the seeds of Titicaca and Puno contained
similar starch content (54.1 and 55.6%, respectively). These results indicate that both
investigation genotypes can be grown in Serbian agroecological conditions.

Keywords: Quinoa, yield, seed, starch, protein

Introduction
Quinoa (Chenopodium quinoa Willd.) is a pseudocereal plant, belonging to the family
Amaranthaceae, native to the Andean regions of South America. Quinoa being adaptable to
different types of soil and climatic conditions and to adapt to different abiotic stress
conditions including frost, drought, salinity (Jacobsen and Muica, 2002; Jacobsen, 2017).
Furthermore, the crop has a remarkable adaptability to different agro-ecological regions. It
can grow at relative humidity from 40% to 88%, and withstands temperatures from -4 °C to
38 °C. It is a highly water efficient plant, is tolerant and resistant to lack of soil moisture, and
produces acceptable yields with rainfall of 100 to 200 mm (Valencia-Chamorro, 2003). In
comparison to most cereals, quinoa seeds have a higher nutritional value (Matiacevich et al.,
2006). The nutritional values of quinoa are the result of high content of minerals, vitamins,
proteins and essential amino acids, high quality fatty acids, antioxidants and other important
multiple bioactive compounds (Vilcacundo and Hernandez-Ledesma, 2017). The nutritional
value of quinoa seeds is reported to meet, and even surpass, that recommended by the World
Health Organization (Hirose et al., 2010). It is known that quinoa has considerably positive
effects on metabolic, cardiovascular, and gastrointestinal health in humans. The protein
content of quinoa seeds varies from 8% to 22%, which is higher on average than that in
common cereals such as rice, wheat, and barley. The storage reserves of proteins in the seeds
are mainly located in the reduced endosperm and the cotyledons (Valencia-Chamorro, 2003),
while carbohydrate reserves are found in the perisperm, nominated as seed storage tissues
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(Prego et al., 1998). Agronomic research, including the plant density, potential ultivation,
phenology, morphology, physiological maturity, yield, and weeds control, should be
performed. Production of quinoa has been prevalently conducted in Bolivia and Peru and still
is with small productions in other Andean countries like Ecuador, Chile, Argentina, and
Colombia. Jacobsen (2003) and Pulvento et al. (2010) has been investigated quinoa
adaptability to both northern and southern European conditions. Many other countries are
performing tests on quinoa with very promising results. Growing period of quinoa varied
between 70 to 200 days (Kenya 65-98 days, Denmark and Sweden 120-160 days, Greece 110-
160 days) (Ramesh et al., 2017). The highest yield of 7.500 tons/ha was recorded in Lebanon
closely followed by Egypt 3.872 tons/ha, while lowest yield was recorded in Mauritania 0.230
tons/ha.

The aim of this paper is present the possibility of cultivating quinoa and achieving satisfactory
yields and quality (protein and starch content in the grain) in the agroecological conditions of
Serbia.

Material and Methods

The experiment was carried out during the 2017 growing season in rain-fed conditions, using
two introduced genotypes of quinoa adapted to the European climate, Puno and Titicaca. Used
genotypes selected at the University of Life Sciences in Copenhagen, Denmark (Jacobsen and
Muica, 2002). The quinoa was grown on Serbian farm near Subotica, located in Vojvodina,
northern Serbia. The soil type was chernozem, medium rich in nitrogen (0.24%) and hummus
(3,19%), highly rich in phosphorus (34.68 mg P,Os per 100 g of soil) and rich in potassium
(29.42 mg K,0 per 100 g of soil), slightly alkaline (pH 7.6). The analysis showed that the
nutrient content of the soil was satisfactory and fertilizer wasn’t applied during the vegetative
season. The seeds were sowed in the first part of April. The experiment was laid out in a split-
split plot system, with four replications. The size of the main plot was 12 m?. The distance
between the rows was 50 cm and between the plants in the row 5 cm (approximately 400 000
seeds per hectare). The seeds were sown at a depth of 2 centimeters. The crops were harvested
in the second half of August when quinoa seeds were ripeness, the moisture content was 12%.
The height of plants, plant fresh weight, number of flower branches and yield was measured.
All investigated parameters were calculated on the basis of 120 plants. The seeds were ground
by using a laboratory mill (model Cemotek Sample Mill Foss, Sweden) and then the contents
of proteins and starch were analyzed. The content of crude proteins was determined according
to Kjeldahl method (Stikic¢ et al., 2012), while for starch measurement the Ewers polarimetric
method was used (ISO 10520: 1997). The temperature data was obtained from the automatic
meteorological station located in the center of Subotica (4-km from the experimental field).
The measurements were collected using ‘“Nexus” instruments and “Weather Display”
software (http://www.sumeteo.info). The amount of precipitation was measured on site, at the
experimental field.

Monthly reviews of average air temperature and total precipitation are represented in Table 1.

Table 1. Climate conditions during the 2017 growing season.

Average temperature (C) | Total precipitation (mm)
April 11.2 35
May 17.1 38
June 22.1 35
July 22.8 44
August 23.3 33
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Results and Discussion

In the territory of Serbia, there is a tendency to increase the air temperature as well as the
number of tropical days (Ruml et al., 2017). Growing period of quinoa in Serbia is from
beginning of April to the second half of August (about 140 days). The growing season 2017 in
the Pali¢ (Subotica) area features a temperatura mean of 18.9 °C and a total rainfall of 245
mm. A comparison with the perennial average (1971-2000) shows that the growing seasons of
2017 were warmer, which was most pronounced during July and August (Table 1). Regarding
the amount of precipitation, the growing season 2017 has been very dry. August was the
warmest (23.3°C), with the least rainfall (33 mm). Growing season 2017 is characterized by a
pronounced deficit, higher than the average in the area of Serbia, which is 286 mm (Matovi¢
et al, 2013). The quinoa's need was as much as 534 mm higher than the incoming rainfall.
Results of plant height, plant fresh weight, number of flover branches and yield two
genotypes (Titicaca and Puno) are presented in Table 2.

Table 2. Plant height, plant FW, number of flover brances and yield of two investigation
genotypes (Titicaca and Puno)

Genotype Plant height (cm) Plant fresh Number of flower | Yield (g/plant)
weight (g) branches

Titicaca 139.43 134 13 24.35

Puno 122.78 96.6 16 21.33

Our results did not showed the big variation between Titicaca and Puno plants in investigation
parameters: plant hight, plant FW, number of flower branches and yield (as the most
important parameter). Average yield of Titicaca plants was 24.35 g/plant (4.9 tons/ha), while
the average yield of Puno plants was 21.33 g/plant (4.3 tons/ha) (table 2). If we compare the
yield obtained in our agro-ecological conditions to other countries (Kenya 4 tons/ha, Greece 2
tons/ha) (Ramesh et al., 2017), it can be considered a high yield. Compared to the
conventional cultures involved, quinoa production could be more cost-effective in existing
agro-agroecological conditions. For example, corn and quinoa record a similar yield per ha.
Higher economic cost-effectiveness of quinoa production lies in the cost of cost. In Serbia, in
2017, the same price of corn was recorded, and in 2010 it was 0.13 eur/kg, which is
approximately 35 times lower than the quinoa price. Between 2006 and early 2013, quinoa
crop prices have tripled. In 2011, the average of quinoa crop price was 3,115 USD per ton
with some varieties selling as high as 8,000 USD per ton (Ruiz et al., 2014).

We have compared Puno and Titicaca cultivars and found similar percentages of proteins
(14.1 and 14.0%, respectively) (Czekus et al., 2019). Similar protein content in grain Puno
and Titicaca quinoa genotypes (14.7 and 14.4%, respectively) was found Aluwi et al. (2017)
The main carbohydrate component of quinoa is a starch and in our research the seeds of
Titicaca and Puno contained similar starch content (54.1 and 55.6%, respectively) (Czekus et
al., 2019). According to Aluwi et al. (2017), a higher percentage of quinoa seed starches was
detected in Puno (62.6%) than in Titicaca (56.4%). In general, as for the Titicaca cultivar, the
total carbohydrate represents the main seed component at approximately 54-57%, according
to the study of Pulvento et al. (2012).

Conclusions
In conclusion, our study demonstrated that quinoa cultivars Puno and Titicaca has grown in
Serbia (Southeastern European agro-ecological conditions), gave a very satisfactory yield, as
well as the starch and protein content in the seed, in the year with a high precipitation deficit.
With their introduction in production, given the current prices of quinoa seed, high profits
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could be achieved. Quinoa is a plant species extremely tolerant to drought and its cultivation
could contribute to overcoming the increasingly negative effects of drought on agricultural
production in Serbia.
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