XV International Scientific Agriculture Symposium

"Agrosym 2024"
Jahorina, October 10-13, 2024

-
-
~
<

S0 }0?4
sym




BOOK OF
PROCEEDINGS

XV International Scientific Agriculture Symposium
“AGROSYM 2024”

Jahorina, October 10 - 13, 2024



Impressum
XV International Scientific Agriculture Symposium ,,AGROSYM 2024

Book of Proceedings 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) ltaly
International Society of Environment and Rural Development, Japan
Balkan Environmental Association (B.EN.A), Greece
CDR, 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
Tokyo University of Agriculture, Japan
Jiangsu University, People's Republic of China
Shinshu University, Japan
Faculty of Agriculture, University of Western Macedonia, Greece
Arid Agricultural University, Rawalpindi, Pakistan
Chapingo Autonomous University, Mexico
Selguk University, Turkey
University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania
Slovak University of Agriculture in Nitra, Slovakia
National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
Saint Petersburg State Forest Technical University, Russia
University of Valencia, Spain
Faculty of Agriculture, University of Zagreb, Croatia
Voronezh State University of Forestry and Technologies, Russia
Tarbiat Modares University, Islamic Republic of Iran
Northwest Normal University, People's Republic of China
Valahia University of Targoviste, Romania
Faculty of Agriculture, University of Akdeniz - Antalya, Turkey
Cangzhou Normal University, People's Republic of China
Ukrainian Institute for Plant VVariety Examination, Kyiv, Ukraine
Institute of Animal Science - Kostinbrod, Bulgaria
National Scientific Center "Institute of Agriculture of NAAS", Kyiv, Ukraine
Department of Agricultural, Food and Environmental Sciences, University of Perugia, Italy
Watershed Management Society of Iran
Faculty of Agriculture, Cairo University, Egypt
Higher Institute of Agronomy, Chott Mariem-Sousse, Tunisia
Faculty of Economics Brcko, University of East Sarajevo, Bosnia and Herzegovina
Biotechnical Faculty, Montenegro
Institute of Field and Vegetable Crops, Serbia
Institute of Lowland Forestry and Environment, Serbia
Institute for Applied Science 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
Institute for Animal Science, Ss. Cyril and Methodius University in Skopje, North Macedonia
Serbian Academy of Engineering Sciences, Serbia
Balkan Scientific Association of Agricultural Economics, Serbia
Institute of Agricultural Economics, Serbia



Editor in Chief

Dusan Kovacevic

Tehnical editors
Sinisa Berjan
Milan Jugovic

Rosanna Quagliariello

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

CIP - Karasiorusaryja y mybGIukanuju
Hapopana u yHuBep3uTETCKa GUOIHOTEKA
Peny6uke Cprcke, bama Jlyka

631(082)(0.034.2)

INTERNATIONAL Scientific Agriculture Symposium "AGROSYM"
(15 ; 2024 ; Jahorina)

Book of Proceedings [Esnextporcku usBop] / XV International
Scientific Agriculture Symposium "AGROSYM 2024", Jahorina,
October 10 - 13, 2024 ; [editor in chief Dusan Kovacevic]. - Onlajn
izd. - El. zbornik. - East Sarajevo : Faculty of Agriculture, 2024

Cucremcku 3axtjeBu: Hucy HaBeznenu. - Nadin pristupa (URL):
https://agrosym.ues.rs.ba/article/showpdf/BOOK_OF_PROCEEDI
NGS_2024_FINAL.pdf. - Exn. my6onukanuja y IT1® dopmarty oncera
1552 ctp. - Hacui. ca HacsioBHOT ekpaHa. - Onuc u3Bopa JiaHa
2.12.2024. - bubanorpaduja y3 cBaku paz. - Perucrap.

ISBN 978-99976-816-8-3

COBISS.RS-1ID 141807105



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

XYV International Scientific Agricultural Symposium “Agrosym 2024”
Jahorina, October 10-13, 2024, Bosnia and Herzegovina

HONORARY COMMITTEE

Mr. Savo Minic, Minister of Agriculture, Water Management and Forestry of Republic of Srpska, Bosnia and
Herzegovina

Dr. Zeljko Budimir, Minister of Scientific-Technological Development, Higher Education and Information
Society of Republic of Srpska, Bosnhia and Herzegovina

Prof. dr Mario T. Tabucanon, President of the International Society of Environment and Rural Development,
Japan

Prof. dr Milan Kulic, Rector of the University of East Sarajevo, Bosnia and Herzegovina

Prof. dr Dusan Zivkovic, Dean of the Faculty of Agriculture, University of Belgrade, Serbia

Dr. Maurizio Raeli, Director of the Mediterranean Agronomic Institute of Bari, Italy

Prof. Dr. Hiiseyin YILMAZ, Rector of the Selcuk University, Turkey

Prof. dr Aleksey Andreev, Rector of the Perm State Agro-Technological University, Russia

Prof. dr Alexey Yu. Popov, Rector of the Voronezh State Agricultural University named after Peter The Great,
Russia

Prof. dr Zhang Jijian, President of Jiangsu University, People’s Republic of China

Prof. dr Barbara Hinterstoisser, Vice-Rector of the University of Natural Resources and Life Sciences
(BOKU), Austria

Prof. dr Sorin Mihai Cimpeanu, Rector of the University of Agronomic Sciences and Veterinary Medicine of
Bucharest, Romania

Prof. Shinichi Yonekura, Vice-President of the Shinshu University, Japan

Doc. Ing. Klaudia Halaszova, Rector of the Slovak University of Agriculture in Nitra, Slovakia

Prof. dr Calin D. Oros, Rector of the Valahia University of Targoviste, Romania

Prof. Dr Katerina Melfou, Dean of the Faculty of Agriculture, University of Western Macedonia, Greece
Prof. dr Amr Ahmed Mostafa, Dean of the Faculty of Agriculture, Cairo University, Egypt

Prof. dr José Sergio Barrales Dominguez, Rector of the Chapingo Autonomous University, Mexico

Prof. dr Davut Karayel, Dean of Faculty of Agriculture, University of Akdeniz - Antalya, Turkey

Prof. Dr Eguchi Fumio, Rector of the Tokyo University of Agriculture, Japan

Prof. dr Muhammad Naeem, Vice-Chancellor of Arid Agricultural University, Rawalpindi, Pakistan

Prof. dr Zhang Zhanping, President of Cangzhou Normal University, People's Republic of China

Prof. dr Wang Zhanren, President of Nortwest Normal University, People's Republic of China

Dr Chokri Thabet, the General Director of the High Agronomic Institute of Chott Mariem, Sousse, Tunisia
Prof. dr Maya Ignatova, Director of the Institute of Animal Science- Kostinbrod, Bulgaria

Prof. dr Seyed Hamidreza Sadeghi, Professor at Tarbiat Modares University and the President of the
Watershed Management Society of Iran, Iran

Prof. dr Francesco Tei, Director of the Department of Agricultural, Food and Environmental Sciences,
University of Perugia, Italy

Prof. dr Viktor Kaminskyi, Director of National Scientific Center ,,Institute of Agriculture of NAAS*, Kyiv,
Ukraine

Dr. Igor Hrovati¢, President of South Eastern Advisory Service Network, Croatia

Prof. dr Mirza Dautbasic, Dean of the Faculty of Forestry, University of Sarajevo, Bosnhia and Herzegovina
Prof. dr Bozidarka Markovic, Dean of the Biotechnical Faculty, University of Podgorica, Montenegro
Prof. dr Rade Jovanovic, Director of the Institute for Science Application in Agriculture, Serbia

Prof. dr Lazar Radovanovic, Dean of the Faculty of Economics Brcko, University of East Sarajevo, Bosnia
and Herzegovina

Prof. dr Vojislav Trkulja, Director of Agricultural Institute of Republic of Srpska - Banja Luka, Bosnia and
Herzegovina

Dr. Miodrag Tolimir, Director of the Maize Research Institute “Zemun Polje”, Serbia

Prof. Dr. Jegor Miladinovié, Director of the Institute of Field and Vegetable Crops, Serbia

Prof. dr Nedeljko Tica, Dean of the Faculty of Agriculture, University of Novi Sad, Serbia

Prof. dr Rodne Nastova, Director of the Institute for Animal Science, Skoplje, Macedonia

Prof. dr Sasa Orlovic, Director of the Institute of Lowland Forestry and Environment, Serbia

Prof. dr Jonel Subic, Director of the Institute of Agricultural Economics, Serbia

Prof. dr Branko Kovacevic, President of the Academy of Engineering Sciences of Serbia, Serbia

Prof. dr Radovan Pejanovic, President of Balkan Scientific Association of Agricultural Economics, Serbia



SCIENTIFIC COMMITTEE

Chairman: Academician Prof. dr Dusan Kovacevic, Faculty of Agriculture, University of Belgrade, Serbia
Prof. dr Machito Mihara, Tokyo University of Agriculture, Japan

Prof. dr John Brayden, Norwegian Agricultural Economics Research Institute (NILF), Norway

Prof. dr Steve Quarie, Visiting Professor, School of Biology, Newcastle University, United Kingdom

Prof. dr Andreas Melcher, CDR, University of Natural Resources and Life Sciences (BOKU), Vienna, Austria
Prof. dr Dieter Trautz, University of Applied Science, Germany

Prof. dr Mustafa Harmankaya, Dean of Faculty of Agriculture, University of Selguk- Konya, Turkey

Prof. dr Sergei Eliseev, Vice-Rector for Research and Innovations, Perm State Agro-Technological University,
Russia

Prof. dr Dani Shtienberg, full professor, Department of Plant pathology and Weed Research, ARO, the Volcani
Center, Bet Dagan, Israel

Prof. dr William Meyers, Howard Cowden Professor of Agricultural and Applied Economics, University of
Missouri, USA

Prof. dr Markus Schermer, Department of Sociology, University of Innsbruk, Austria

Prof. dr Thomas G. Johnson, University of Missouri — Columbia, USA

Prof. dr Fokion Papathanasiou, School of Agricultural Sciences, University of Western Macedonia, Greece
Prof. dr Sabahudin Bajramovic, Faculty of Agriculture and Food Sciences, University of Sarajevo, Bosnia and
Herzegovina

Prof. dr Hiromu Okazawa, Faculty of Regional Environment Science, Tokyo University of Agriculture, Japan
Prof. dr Tatiana Sivkova, Faculty for Veterinarian Medicine and Zootechny, Perm State Agro-Technological
University, Russia

Prof. dr Aleksej Lukin, VVoronezh State Agricultural University named after Peter The Great, Russia

Prof. dr Matteo Vittuari, Faculty of Agriculture, University of Bologna, Italy

Prof. Katsuharu Saito, Faculty of Agriculture, Shinshu University, Japan

Prof. dr Seyed Mohsen Hosseini, Faculty of Natural Resources, Tarbiat Modares University, Iran

Prof. dr Ardian Maci, Faculty of Agriculture and Environment, Agricultural University of Tirana, Albania
Prof. dr Regucivilla A. Pobar, Bohol Island State University, Philippines

Prof. dr Azeem Khalid, Arid Agriculture University, Rawalpindi, Pakistan

Prof. dr Aayesha Riaz, Arid Agriculture University, Rawalpindi, Pakistan

Prof. dr Munir Ahmad, Arid Agriculture University, Rawalpindi, Pakistan

Prof. dr Sudheer Kundukulangara Pulissery, Kerala Agricultural University, India

Prof. dr EPN Udayakumara, Faculty of Applied Sciences, Sabaragamuwa University, Sri Lanka

Prof. dr Vladimir Smutny, full professor, Mendel University, Faculty of agronomy, Czech Republic

Prof. dr Franc Bavec, full professor, Faculty of Agriculture and Life Sciences, Maribor, Slovenia

Prof. dr Jan Moudry, full professor, Faculty of Agriculture, South Bohemia University, Czech Republic

Prof. dr Stefan Tyr, full professor, Faculty of Agro-biology and Food Resources, Slovakia

Prof. dr Natalija Bogdanov, Faculty of Agriculture, University of Belgrade, Serbia

Prof. dr Richard Barichello, Faculty of Land and Food Systems, University of British Columbia, Canada
Prof. dr Francesco Porcelli, University of Bari Aldo Moro, Italy

Prof. dr Vasilije Isajev, Faculty of Forestry, University of Belgrade, Serbia

Prof. dr Elazar Fallik, Agricultural Research Organization (ARO), Volcani, Israel

Prof. dr Junaid Alam Memon, Pakistan Institute of Development Economics, Pakistan

Prof. dr. Jorge Batlle-Sales, Department of Biology, University of Valencia, Spain

Prof. dr Pandi Zdruli, Land and Water Resources Department; IAMB, Italy

Prof. dr Mladen Todorovic, Land and Water Resources Department; IAMB, Italy

Dr. Hamid EI Bilali, Mediterranean Agronomic Institute of Bari, Italy

Prof. dr Maksym Melnychuk, National Academy of Agricultural Science of Ukraine, Ukraine

Prof. dr Borys Sorochynskyi, Ukrainian Institute for Plant Variety Examination, Kyiv, Ukraine

Dr. Lorenz Probst, CDR, University of Natural Resources and Life Sciences (BOKU), Vienna, Austria

Prof. Dragana Sunjka, Faculty of Agriculture, University of Novi Sad, Serbia

Prof.dr Miodrag Dimitrijevic, Faculty of Agriculture, University of Novi Sad, Serbia

Prof. dr Mohsen Boubaker, High Institute of Agronomy of Chott Meriem, Sousse, Tunisia

Dr. Noureddin Driouech, Coordinator of MAIB Alumni Network (FTN), Mediterranean Agronomic Institute of
Bari, Italy

Prof. dr lon Viorel, University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Prof. dr. Chuleemas Boonthai Iwai, Faculty of Agriculture, Khon Kaen University, Thailand

Prof. dr Wathuge T.P.S.K. Senarath, Department of Botany, University of Sri Jayewardenepura, Colombo, Sri
Lanka



Dr. Hamada Abdelrahman, Soil Science Dept., Faculty of Agriculture, Cairo University, Egypt

Prof. dr Maya Ignatova, Director of the Institute of Animal Science- Kostinbrod, Bulgaria

Prof. dr Ioannis N. Xynias, School of Agricultural Technology & Food Technology and Nutrition, Western
Macedonia University of Applied Sciences, Greece

PhD ing. Artur Rutkiewicz, Department of Forest Protection, Institute of Forest Sciences, Warsaw University
of Life Sciences - SGGW, Poland

Prof. dr Mohammad Sadegh Allahyari, Islamic Azad University, Rasht Branch, Iran

Dr. Lalita Siriwattananon, Faculty of Agricultural Technology, Rajamangala University of Technology
Thanyaburi (RMUTT), Thailand

Prof. dr Konstantin Korlyakov, Perm Agricultural Research Institute, Russia

Dr. Mohammad Farooque Hassan, Shaheed Benazir Bhutto University of Veterinary & Animal Sciences
Sakrand, Sindh, Pakistan

Dr. Larysa Prysiazhniuk, Ukrainian Institute for Plant Variety Examination, Kyiv, Ukraine

Prof. dr Oksana Kliachenko, National University of Life and Environmental Science of Ukraine, Ukraine
Prof. dr Ivan Simunic, Department of amelioration, Faculty of agriculture, University of Zagreb, Croatia
Dr. Abid Hussain, International Centre for Integrated Mountain Development (ICIMOD), Nepal

Dr. Amrita Ghatak, Gujarat Institute of Development Research (GIDR), India

Prof. dr Naser Sabaghnia, University of Maragheh, Iran

Dr. Karol Wajszczuk, Poznan University of Life Sciences, Poland

Prof. dr Penka Moneva, Institute of Animal Science - Kostinbrod, Bulgaria

Prof. dr Mostafa K. Nassar, Animal husbandry Dept., Faculty of Agriculture, Cairo University, Egypt
Prof. dr Marta Birkas, full professor, St. Istvan University, Godollo - Hungary

Prof. dr Andrzej Kowalski, Director of the Institute for Agricultural and Food Economy, Warzawa-Poland
Prof. dr Yalcin Kaya, The Director of the Plant Breeding Research Center, University of Trakya, Turkey
Prof. dr Sanja Radonjic, Biotechnical Faculty, University of Montenegro, Montenegro

Prof. dr lonela Dobrin, Department for Plant Protection, University of Agronomic Sciences and Veterinary
Medicine of Bucharest, Romania

Prof. dr Inocencio Buot Jr., Institute of Biological Sciences, College of Arts and Sciences, University of the
Philippines Los Banos, Philippines

Prof. dr Monica Paula Marin, Department for Animal Husbandry, University of Agronomic Sciences and
Veterinary Medicine of Bucharest, Romania

Prof. dr Nedeljka Nikolova, Institute for Animal Science, Ss. Cyril and Methodius University in Skopje,
Republic of Macedonia

Prof. dr Mohammad Al-Mamun, Department of Animal Nutrition, Bangladesh Agricultural University,
Bangladesh

Prof. dr Anucha Wittayakorn-Puripunpinyoo, School of Agriculture and Co-operatives, Sukhothai
Thammathirat Open University, Nonthaburi, Thailand

Dr. Redouane Choukr-Allah, International Center for Biosaline Agriculture (ICBA), United Arab Emirates
Prof. dr Ignacio J. Diaz-Maroto, High School Polytechnic, University of Santiago de Compostela, Spain
Prof. dr Nidal Shaban, University of Forestry Sofia, Bulgaria

Prof. dr Mehdi Shafaghati, Faculty of Geography, Tarbiat Moalem (kharazmi) University, Iran

Prof. dr Youssif Sassine, Lebanese University Beirut, Lebanon

Prof. dr Cafer Topaloglu, Faculty of Tourism, Mugla Sitki Kocman University, Turkey

Prof. dr Seyed Hamidreza Sadeghi, Faculty of Natural Resources, Tarbiat Modares University, Iran

Prof. Zain Ul Abdin, Department of Entomology, University of Agriculture, Faisalabad, Pakistan

Prof. dr Mohsen Mohseni Saravi, University of Teheran and Member of WMSI Management Board, Iran
Prof. dr Branislav Draskovic, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina
Prof. dr Mahmood Arabkhedri, Soil Conservation and Watershed Management Research Institute and
Member of WMSI Management Board, Iran

Prof. dr Ataollah Kavian, Sari Agricultural Science and Natural Resources University and Member of WMSI
Management Board, Iran

Prof. dr Tugay Ayasan, Department of Organic Farming Business Management, Osmaniye, Applied Science
School of Kadirli, Osmaniye Korkut Ata University, Turkey

Prof. dr Sakine Ozpinar, Department of Farm Machinery and Technologies Engineering, Faculty of
Agriculture, Canakkale Onsekiz Mart University, Canakkale, Turkey

Prof. dr Sherein Saeide Abdelgayed, Faculty of Veterinary Medicine, Cairo University, Cairo, Egypt

Prof. dr Zohreh Mashak, Islamic Azad University, Karaj Branch, Iran

Dr. Khalid Azim, National Institute of Agriculture Research, Morocco

Dr. Mario Licata, Department of Agricultural, Food and Forest Sciences, University of Palermo, Italy
Prof. dr Srdjan Lalic, University of East Sarajevo, Bosnhia and Herzegovina



Prof. Fatiha Addyoubah, Moulay Ismail University, Morocco

Prof. dr Muhammad Ovais Omer, Faculty of Bio-Sciences, University of Veterinary & Animal Sciences,
Lahore, Pakistan

Dr. Edouard Musabanganji, School of Economics/CBE, University of Rwanda, Rwanda

Prof. dr Kubilay Bastas, Department of Plant Protection, Faculty of Agriculture, Selguk University, Turkey
Dr. Branka Kresovic, Director of the Maize Research Institute “Zemun Polje”, Serbia

Dr. Nenad Delic, Maize Research Institute “Zemun Polje”, Serbia

Dr. Milan Stevanovic, Maize Research Institute “Zemun Polje”, Serbia

Prof. Violeta Babic, Faculty of Forestry, University of Belgrade, Serbia

Dr. Svetlana Balesevic-Tubic, Institute of Field and VVegetable Crops Novi Sad, Serbia

Dr. Ana Marjanovic Jeromela, Institute of Field and Vegetable Crops Novi Sad, Serbia

Prof. dr Tatjana Krajisnik, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina
Prof. dr Aleksandra Govedarica-Lucic, Faculty of Agriculture, University of East Sarajevo, Bosnia and
Herzegovina

Prof. dr Desimir Knezevic, University of Pristina, Faculty of Agriculture, Kosovska Mitrovica - Lesak, Kosovo
i Metohija, Serbia

Dr. Snezana Mladenovic-Drinic, Maize Research Institute “Zemun Polje”, Serbia

Prof. dr Nebojsa Momirovic, Faculty of Agriculture, University of Belgrade, Serbia

Prof. dr Osman Mujezinovic, Faculty of Forestry, University of Sarajevo, Bosnia and Herzegovina

Prof. dr Dalibor Ballian, Faculty of Forestry, University of Sarajevo, Bosnia and Herzegovina

Prof. dr Zoran Jovovic, Biotechnical Faculty, University of Montenegro, Montenegro

Prof. dr Danijel Jug, Faculty of Agriculture, University of Osijek, Croatia

Prof. dr Milan Markovic, Biotechnical Faculty, University of Montenegro, Montenegro

Prof. dr Zeljko Dolijanovic, Faculty of Agriculture, University of Belgrade, Serbia

Prof. Mirjana Jovovic, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina
Prof. dr Dejana Stanic, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina
Prof. Goran Marinkovic, Faculty of Technical Sciences, University of Novi Sad, Serbia

Dr Dejan Stojanovic, Institute of Lowland Forestry and Environment, Serbia

Dr Dobrivoj Postic, Institute for plant protection and environment, Belgrade, Serbia

Dr Srdjan Stojnic, Institute of Lowland Forestry and Environment, Serbia

Dunja Demirovi¢ Bajrami, Research Associate, Geographical Institute “Jovan Cviji¢,” Serbian Academy of
Sciences and Arts, Belgrade, Serbia

ORGANIZATIONAL COMMITTEE

Chairperson: Prof. dr Vesna Milic, Dean of the Faculty of Agriculture, University of East Sarajevo, Bosnia
and Herzegovina

Dr Marko Gutalj, Vice rector of the University of East Sarajevo, Bosnia and Herzegovina

Dr Jelena Krunic, Vice rector of the University of East Sarajevo, Bosnia and Herzegovina

Dr. Maroun El Moujabber, Mediterranean Agronomic Institute of Bari, Italy

Mrs. Rosanna Quagliariello, Mediterranean Agronomic Institute of Bari, Italy

Dr. Noureddin Driouech, Coordinator of MAIB Alumni Network (FTN), Mediterranean Agronomic Institute of
Bari, Italy

Dr Milic Curovic, The journal “Agriculture and Forestry”, Biotechnical Faculty Podgorica, University of
Montenegro, Montenegro

Dr. Tatiana Lysak, International Relations Office, Voronezh State Agricultural University named after Peter
The Great, Russia

Dr. Oksana Fotina, International Relations Center, Perm State Agro-Technological University, Russia

Prof. dr Fokion Papathanasiou, School of Agricultural Sciences, University of Western Macedonia, Greece
Dr Ana Marjanovi¢ Jeromela, Institute of Field and Vegetable Crops, Serbia

Prof. dr Engr. Teodora Popova, Institute of Animal Science - Kostinbrod, Bulgaria

Prof. dr Mehmet Musa Ozcan, Faculty of Agriculture, Selguk University, Turkey

Prof. dr Arfan Yousaf, Arid Agricultural University, Rawalpindi, Pakistan

Dr. Abdulvahed Khaledi Darvishan, Faculty of Natural Resources, Tarbiat Modares University, Iran

Prof. dr Nikola Pacinovski, Institute for Animal Science, Ss. Cyril and Methodius University in Skopje, N.
Macedonia

MSc. Erasmo Velazquez Cigarroa, Department of Rural Sociology, Chapingo Autonomous University,
Mexico

Dr. Ecaterina Stefan, University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania
Dr. Jeeranuch Sakkhamduang, The International Society of Environmental and Rural Development, Japan



Dr. Raoudha Khanfir Ben Jenana, High Institute of Agronomy of Chott Meriem, Sousse, Tunisia
Dr. Hamada Abdelrahman, Soil Science Dept., Faculty of Agriculture, Cairo University, Egypt
Prof. Dragana Sunjka, Faculty of Agriculture, University of Novi Sad, Serbia

MSc. Aleksandra Susnjar, Faculty of Agriculture, University of Novi Sad, Serbia

MSc. Dragana Boskovic, Faculty of Agriculture, University of Novi Sad, Serbia

Dr. Antonije Zunic, Faculty of Agriculture, University of Novi Sad, Serbia

Dr. Vedran Tomic, Institute for Science Application in Agriculture, Serbia

MSc. Vojin Cvijanovic, Institute for Science Application in Agriculture, Serbia

MSc. Mladen Petrovic, Institute of Agricultural Economics, Serbia

Dr. Milan Stevanovic, Maize Research Institute “Zemun Polje”, Serbia

Dr. Andrej Pilipovic, Institute of Lowland Forestry and Environment, Serbia

Dr. Sc. Morteza Behzadfar, Tarbiat Modares University, Tehran, Iran

Dr. Larysa Prysiazhniuk, Ukrainian Institute for Plant Variety Examination, Kyiv, Ukraine

Doc. dr Sead lvojevic, Faculty of Forestry, University of Sarajevo, Bosnia and Herzegovina

Dr. Nenad Markovic, Enterprise E. N. (EEN) Coordinator, University of East Sarajevo, Bosnia and
Herzegovina

Domagoj Group, SEASN - South Eastern Advisory Service Network, Croatia

Dr. Milan Ninkovic, Scientific Institute of Veterinary Medicine of Serbia

Prof. dr Zeljko Lakic, Agricultural Institute of Republic of Srpska - Banja Luka, Bosnia and Herzegovina
Dr. Milan Jugovic, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina
Prof. dr Sinisa Berjan, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina
Prof. dr Dejana Stanic, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina
MSc. Milena Stankovic, Faculty of Agriculture, University of East Sarajevo, Boshia and Herzegovina
Dr. Stefan Stjepanovic, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina
MSc. Stefan Bojic, Faculty of Agriculture, University of East Sarajevo, Boshia and Herzegovina

Dr. Tanja Jakisic, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina

Dr. Boban Miletic, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina

Doc. dr Nedeljka Elez, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina
MSc. Selena Cevriz, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina

Dr. Branka Govedarica, Faculty of Agriculture, University of East Sarajevo, Bosnia and Herzegovina



PREFACE
Dear colleagues,

It is with great pleasure that | introduce the Book of Proceedings for the 15th
International Scientific Agricultural Symposium “AGROSYM 2024.” I trust that you will find
it a valuable resource in your work. This year, around 800 contributions have been accepted
for inclusion in the Book of Abstracts. The themes of AGROSYM 2024 span the full spectrum
of agricultural sciences, divided into seven key sessions: 1) Plant Production, 2) Plant
Protection and Food Safety, 3) Organic Agriculture, 4) Environmental Protection and Natural
Resource Management, 5) Animal Husbandry, 6) Rural Development and Agro-Economy,
and 7) Forestry and Agroforestry.

There is growing consensus among scholars and practitioners that technological innovations
have the potential to boost agricultural production, enhance supply stability, and reduce the
environmental impact of farming. Technology has been especially pivotal in increasing the
productivity of annual crops such as maize, rice, soybeans, wheat, and cotton. However, with
trees having longer growth cycles, breeding programs for these crops require more time. New
plant breeding techniques promise improvements in productivity, but they have sparked an
ongoing academic debate regarding their advantages and drawbacks.

While much of the focus in the past has been on the production side of agriculture (e.g.,
productivity and efficiency), there is an increasing emphasis today on the consumption side
and the intermediate stages of the food chain, such as processing and distribution. This shift is
driving the transition toward a “farm-to-fork™ approach. Globally, consumers are sending
clearer signals about their preferences for higher quality, healthier, safer, and more flavorful
products. In response, many agri-food companies are exploring innovative ways to gain
greater control over production processes and ensure the quality and safety of final products.
Furthermore, changes in investment strategies hold the potential to reduce the environmental
and social costs of agriculture. It has become increasingly clear to investors that companies
that prioritize sustainability and social responsibility tend to yield better long-term returns.

Agri-food systems are at the heart of global discussions surrounding sustainable development
and the achievement of the United Nations Sustainable Development Goals (SDGs) by 2030.
These systems are deeply connected to numerous global challenges, including climate change,
poverty, food insecurity, biodiversity loss, resource depletion, and ecosystem degradation. A
key goal of the sustainable agriculture movement is to create farming systems that mitigate or
eliminate the environmental harms associated with industrial agriculture. Additionally, it is
critical to improve the resilience of food systems to crises, shocks, and pandemics.

I would like to extend my heartfelt thanks to all the authors, reviewers, and colleagues who
contributed to the editing of the Book of Abstracts. Special thanks are due to our co-organizers
and partners for their unwavering collaboration and comprehensive support throughout this
endeavor.

< .9
O?)MADM HKovo-deris East Sarajevo, 10 October 2024
Prof. Dusan Kovacevi¢, PhD
Editor in Chief, President of the Scientific Committee of AGROSYM 2024
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Abstract

Although current crop production trends are keeping pace with population growth, climate
change challenges agriculture to maintain that food production. This challenges agriculture to
develop new varieties whilst balancing yield gains with environmental, social and economic
imperatives. Some examples of progress in breeding and technologies are presented here. Last
century, AE Watkins collected 827 wheat landraces and old varieties. These are finally all
sequenced, revealing around 70% unique haplotypes, which will considerably improve our
ability to feed the world as it gets hotter, and agriculture comes under increasing climate
stress. The ability now to sequence crop genomes rapidly and generate ‘infinite’ numbers of
DNA markers for genetic maps, makes precise location of genomic regions regulating key
genes much easier. A wheat doubled haploid population from Chinese Spring x SQ1, with a
dense genetic map has been used to study genetic control of yield and many other traits from
multi-year x location trials. We now have a candidate gene (TraesCS2B03G1460600) for
yield on chromosome 2B. Novel advances can now make agricultural land more productive
by combining crop production with solar panels capturing sunlight, and soil and plant sensors,
such as in planta nitrate probes, are playing major roles providing farmers with decision-
support systems. However, policymakers now have conflicting priorities - what is best for
society? Thus, do we need more food or more biogas? We have a new Horizon Europe project
Hort2thefuture and to encourage growers to adopt our project innovations, we have a
behavioural change Work Package, which targets policymakers.

Keywords: Crop production, Climate challenges, New technologies, Conflicting priorities.
Introduction

The world population is currently increasing at around 0.9% per year, equivalent to around 70
million people per year. Although the trend in annual population growth is slowly decreasing,
and is predicted to be only 0.47% by 2050, that still represents a population increase from
around 8.2 billion in 2024 to 9.7 billion in 2050 (https://www.worldometers.info/world-
population). Is crop production currently sufficient to meet this predicted population growth?
According to a detailed recent OECD-FAO report (OECD/FAQ, 2024), the increase in global
food production is predicted to continue exceeding the increase in population for the next 10
years, with overall crop production projected to grow at an annual rate of 1.0%. Examples of
trends in crop yields per hectare over the last 60 years are shown in Figure 1 for cereals and
for tomato. While increases in cereal yields for developed countries (Fig 1a), such as the
United Kingdom, have largely levelled off in recent years, yields for lower- and middle-
income countries are continuing to show substantial percentage increases, though starting
from a low baseline of only around 1 t/ha. A similar picture is evident for horticultural crops
such as tomato (Fig 1b), though the impact of high-intensity production technologies on
increasing yields in developed countries, such as the Netherlands and United Kingdom, from
the 1980s to the new millennium is strikingly evident.
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Figure 1. Changes between 1961 and 2022 in cereal yields (a) and tomato yields (b) in tonnes/hectare for
selected countries and world production taken from https://ourworldindata.org/crop-yields.

According to the OECD-FAO report, future growth in production is expected to be driven
mainly by yield gains in low- and middle-income countries, assuming the continued
development of more intensive production systems. For example, while growth in food
production in Europe and Central Asia is predicted to be only around 7% over the next 10
years, it is predicted to be over 25% in Sub-Saharan Africa and India. Projections suggest that
80% of global crop production growth will come from improvements in yields, as the long-
term decline in agricultural land-use is expected to persist.

Crop yields in a given environment can be described in general terms by Figure 2. Here,
traditional varieties give lower yields and respond little to increasing inputs, whereas modern
varieties have inherently better yield potential and respond better to inputs.

modem varieties*

" modern varieties

traditional varieties

yield/unit area ——»

inputs ——

Figure 2. The relationship between crop inputs and yield per unit area for traditional and modern varieties.
* represents maximum yields attainable under current optimum technical and climatic conditions.

The original Green Revolution improved crop production by developing varieties more
responsive to inputs, and the following years saw crop production increases mainly through
increasing inputs, though with diminishing returns. Crop production now faces four scenarios
in the coming years, represented in Figure 2 by the four arrows a-d. More recently, the
emphasis, especially in the more developed world, has been on improving technical
efficiency, replacing yet higher input use with improved information and managerial skills
(drone technology to monitor fertiliser needs, for example), thereby moving towards line b
(yield increases with existing crop varieties and inputs). Alternatively, with appropriate
incentives or regulations (e.g. on input pollution) coupled with improved monitoring of input
use, farmers may follow line a, reducing inputs, but using them more efficiently so that yields
are not sacrificed. Thirdly, breeders are constantly striving to improve the yield potential of
new varieties (line c), allowing farmers to benefit from genetic improvements.
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However, aspects of climate change risk imposing serious obstacles on our ability to maintain
the necessary increases in crop production, with the risk that farmers’ yields in the future will
follow line d. Climate change will increasingly impact crop vyields through increased
variability of both temperatures and rainfall. These are likely to lead to lowered efficiency in
the uptake of inputs, resulting in lower yields. We are already witnessing an increasing
frequency and severity of extreme weather events, such as droughts, floods, heat waves and
storms, leading to localised soil erosion and, in some areas, increased soil salinity. While no
amount of plant breeding or new technologies can insulate farmers from the devastations of
severe flooding events, or soil erosion, predicted changes in crop water availability and
temperature can be addressed by the scientific community, to reduce the impact of climate
change on line d.

Some examples of recent progress with this, considering both genetic gains in future crop
varieties and technologies to improve crop production, are described in the next two sections.

Advances in plant breeding

Increases in crop yield per hectare rely on a combination of improved agronomy and
improved genetic potential. Traditionally plant breeding relied on ‘crossing the best with the
best and hoping for the best!’. Since those days, a revolution in molecular genetics has
significantly affected the ‘hoping for the best” aspect of plant breeding. Breeders are now able
to identify relatively easily and quickly specific alleles of specific genes that will help to
improve one or other aspect of crop performance, such as disease resistance, or quality.

Thus, the key to being able to exploit the huge wealth of genetic variation amongst
agriculture’s major crops and wild relatives is the rapid development of DNA sequencing
technologies. While it took the International Wheat Genome Sequencing Consortium
(IWGSC) 13 years to sequence the large hexaploid wheat genome with a consortium of
around 200 scientists from 64 countries (IWGSC, 2018), sequencing wheat varieties has now
become routine using long-read sequencing platforms such as the Illumina NovaSeq
sequencer. Indeed, long read sequencing has been called the “Method of the year” by Marx
(2023): “To large-scale projects and individual labs, long-read sequencing has delivered new
vistas and long wish lists for this technology’s future.”

Long-read technologies are transforming genome studies, with reads considerably over 30 kb
now being claimed by sequencing instrument manufacturers. Marx (2023) predicts that this
recent revolution in generating long reads of either DNA or RNA could one day lead to
routine sequencing of entire genomes, transcriptomes and epigenomes at high throughput
rates and accuracy. Furthermore, costs of sequencing are expected to come down. Researchers
are progressing towards a “one box” capability, replacing the plethora of bioinformatics tools
currently needed to order the reads into the complete genome. Other “wish-list” items being
achieved are higher accuracy and saving time. Early sequencers had error rates as high as
30%, but, for example, Oxford Nanopore Technologies (ONT) sequencing platform now
regularly achieves 92% accuracy and claim it has achieved close to 99% at a base level.
Although it took 13 years to complete the first full sequence of hexaploid wheat, it took the
John Innes Centre, UK (Adamski, Simmonds and Uauy, 2023, unpublished information) a
matter of weeks to sequence one of the wheat parents of a population my group has used for
many years for Quantitative Trait Locus (QTL) analysis (see below).

Here are just a couple of examples of the opportunities this revolution in sequencing
technologies offers to plant breeders in the coming years.
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The Watkins wheats

During the 1920s and 1930s the British geneticist Arthur Watkins collected 827 old land races
and varieties of wheat from around the world, especially Europe, the Middle East, the Indian
subcontinent, China, USA and Australia. With the advent of rapid DNA sequencing
technologies, these old wheats have now finally been sequenced (Cheng et al., 2024).

They mapped variants in the Watkins wheat collection that are absent from modern wheats,
using linkage disequilibrium-based haplotype analysis to identify that of 71,282 haploblocks,
almost 70% (49,626) are Watkins-unique haplotypes (Figure 3). From accompanying
phenotyping studies, many of the haplotypes restricted to phylogenetically isolated Watkins
ancestral groups were found to have beneficial effects on yield potential, adaptation, human
nutrition and disease resistance.
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Figure 3. Genomic distribution and comparison of haplotypes between Watkins and modern wheats along the 21
chromosomes, including the proportion of haplotypes that are absent (Watkins-unique), shared with high
frequency, modern-enriched or unique to modern wheat. Reproduced from Cheng et al. (2024) with permission.

Overall, their analyses of the genetic makeup of the Watkins collection revealed that modern
wheat varieties make use of only 40% of the genetic diversity found in the collection. The
Watkins wheats are full of useful variation which is simply absent in modern wheats. These
lost traits are now being tested by plant breeders aiming to create new varieties that are made
possible only because of the efforts of Arthur Watkins a century ago.

Thus, the results have provided a “gold mine” of opportunities for breeders to exploit the
genetic variation revealed amongst these wheats. According to co-author Simon Griffiths
“Essentially, we have uncovered a goldmine. This is going to make an enormous difference to
our ability to feed the world as it gets hotter and agriculture comes under increasing climatic
strain.” These Watkins wheat collection resources, including germplasm, genomic and
phenotypic data, are now publicly available through the Watkins Worldwide Wheat Genomics
to Breeding portal (https://wwwg2b.com/).

Targeting a gene for yield

The ability now to sequence crop genomes rapidly, even the huge wheat genome (16 x rice),
and generate an ‘infinite’ number of DNA markers for genetic maps makes precise location of
genomic regions regulating genes of importance much easier. | have worked with a wheat
mapping population of 95 doubled haploid lines from the cross Chinese Spring x SQ1 since
1991, and with support from many colleagues, we now have a dense genetic map to study the
genetic control of yield and many other traits measured in multi-year and multi-location trials
in the field and in pots (Quarrie et al., 2005, Czyczyto-Mysza et al., 2013, 2018, 2019).
Nearly 6300 markers with known bp sequences have now been located on both the genetic
and physical maps, allowing quantitative trait locus (QTL) analysis to locate genomic regions
controlling yield with high resolution. Thus, many genomic regions influencing yield per
plant have been identified to have around only 50 high-confidence genes. Furthermore, both
parents of the mapping population have now been sequenced (Adamski, Simmonds and Uauy,
2023, unpublished information), and a gene database of SNP polymorphisms between
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Chinese Spring and SQ1 has been created. This allows candidate genes for QTL effects to be
readily identified.

An example of using the database of SNP polymorphisms to identify a candidate gene for
yield per plant is shown in Figure 4. In collaboration with the team of Dragana Ranci¢ at the
Faculty of Agriculture, Belgrade University, who studied stem anatomy in the mapping
population, a major QTL on chromosome 2B for number of stem vascular bundles was shown
to be due to stem cell division traits, and was also coincident with QTLs from several other
trials for the following traits: yield/plant, vyield/ear, grains/spikelet, biomass/plant,

biomass/stem and width of leaves 4, 5 and the flag leaf.
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Figure 4. Percentage frequency (calculated as % of all QTLs identified for the trait on the genome) of significant
QTLs present on a segment of chromosome 2B long arm (700,000,000 — 813,000,000 bp, Chinese Spring
sequence v2.1), for several yield and related traits. Arrows point to the QTL region coincident across all traits.

Thus, the gene(s) responsible for modifying these traits likely affects meristematic cell
division leading to differentiation of more leaf and stem vascular bundles, giving wider
leaves, more vascular tissue in the stem, hence more biomass per stem and per plant, which
would increase assimilate supply to developing ears, giving more grains per spikelet and
hence, eventually, more yield per ear and per plant.

Marker polymorphisms on 2B showed this vascular bundle number QTL to be within a 4 MB
region from 778594252 to 782573401, which encompasses 48 high confidence genes, of
which 30 genes showed SNP polymorphisms between Chinese Spring and SQ1. One of those
genes (TraesCS2B03G1460600, equivalent to TraesCS2B02G583800 of Chinese Spring
RefSeq v1.1, with GIn—Arg at position 62/354) was identified to be a transcription factor
with several gene ontologies consistent with effects on the traits coincident with the vascular
bundle number QTL, including yield/plant, namely being located in the nucleus, DNA
binding, transcription regulation, cell morphogenesis and differentiation.
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Figure 5. Relative gene expression level in several tissues of wheat at different stages of development.

Relative gene expression level

Furthermore, expression of the gene (TraesCS2B02G583800), measured by Chi et al. (2019),
was confined largely to the early stem and young spike at boot (Figure 5), which is consistent
with QTL effects we found on the stem (vascular bundle differentiation) and the yield
component grains per spikelet (Figure 4). The young spike at boot would be typically around
2 weeks before anthesis, at the time potential number of grains per spike would be determined
(Kirby, 1988). Thus, these findings are consistent with TraesCS2B03G1460600
(TraesCS2B02G583800) being the functional gene for this effect on yield and other traits,
though much more work would need to be done to confirm this.

The availability now of DNA technologies to sequence large genomes such as wheat
relatively quickly, gives molecular biologists and breeders new tools and opportunities to
identify genes and their favourable alleles to target yield improvements more effectively in
the coming years. So, for wheat, the recent sequencing of the Watkins collection opens the
way to more rapid progress in developing varieties which are better adapted to our climate
change challenges.

Advances in technologies

Growing crops is becoming ever more sophisticated, with a host of new technologies
providing decision support tools and all manner of air, plant, soil and water sensors to give
farmers opportunities to increase productivity and reduce inputs. Here are a few recent
examples.

Agrivoltaics

The railway from Cambridge to Ely in the UK (bottom right in Figure 6) passes alongside
rows and rows of solar panels on what used to be prime agricultural land. These belong to
AGR, a renewable energy company specialising in low carbon energy generation. Together
with Clarke Energy (a company installing an innovative energy centre for supplying
electricity and heat to the project), the glasshouse facility is being used to grow cucumbers.
The Energy Centre for the glasshouse combines a heat pump system with a combined heat
and power plant (CHP) comprising gas engines with CO, recovery. The heat pumps will
provide renewable hot water heating to glasshouses and will recover renewable heat from
local reservoirs (ponds) on site (Figure 6). The CHP is used to power the glasshouse, the LED
grow-lights and various site auxiliaries. The waste heat generated from the engines is used as
hot water to heat the glasshouses. The CO, recovered from exhaust gases is transferred to the
glasshouse to help accelerate the growth of the crop. The glasshouse facility is expected to be
able to grow 10% of the cucumbers consumed in Britain using 30% less CO;than
conventionally heated glasshouses (https://www.clarke-energy.com/2021/agr-glasshouse-chp-
heat-pump-project).
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Figure 6. Google Earth image of the AGR facility using solar panels and heat pumps to grow cucumbers in
glasshouses.

However, using agricultural land for solar panels does not inevitably mean that the land is lost
from agriculture. A solar energy farm in Kosovo is using animals to keep the grass in check.
A flock of sheep and goats is brought in twice a week to graze around and under the solar
panels.

More sophisticated ways of using land for both solar energy and agriculture (agrivoltaics) are
also available. Agrovoltaics is on the rise across France. Research is being carried in the
north-east of the country by solar-energy company TSE. Here, solar collectors have been
mounted high enough above the field to allow a crop to be grown and combined under the
panels. The panels, which normally cover only about half the surface area of the crop, are able
to rotate to follow the path of the sun and can also shift to a vertical position to let the rain
pass. Horizontally, they can limit the damage of hail or make the ground temperature rise or
cool a few degrees depending on the weather. The aim is to allow farmers to keep producing
food while providing shade to protect crops from climate change, such as the very hot weather
seen this summer across much of Europe, as well as providing renewable energy:
(https://www.euronews.com/green/2022/10/19/french-farmers-are-covering-crops-with-solar-
panels-to-produce-food-and-energy-at-the-same). A similar system of solar panels fixed at
height above the crop IS available from Fraunhofer ISE
(https://www.ise.fraunhofer.de/en/key-topics/integrated-photovoltaics/agrivoltaics.html)  in
Germany. Another, less technically complex approach, particularly suited to temperate
regions, is in trial by the company Next2Sun (https://next2sun.com/en/agripv) using vertical
photo-voltaic panels. In this way, 90% of agricultural land is preserved, yielding more
electricity than flat-inclined solar panels.

While agrivoltaics usually lead to slight reductions in crop yield, the economics can still be
beneficial, and the topic of agrivoltaics has recently been reviewed extensively by Chopdar et
al., 2024 and Garrod et al., 2024.

Sensors and tools

Sensing what is going on in the plant, soil and air and being able to apply that information
through decision-support tools (DSTs) make it possible for farmers and growers to optimise
input use by applying them where and when they are needed, thereby targeting lines a and b
of Figure 2 (using inputs more efficiently to achieve the same yield and increasing yield
towards the theoretical maximum for a crop variety).

More efficient use of fertilisers is a target for the current interest in developing sensors which
monitor nitrate uptake and utilisation. Existing tools for probing nitrogen status in planta rely
primarily on destructive and time-consuming methodologies, with low information content on
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the temporal characteristics of nitrogen uptake. Literature is accumulating on recent
developments with nitrate-selective electrodes, and several sensing materials are summarised
by Ibrahim et al., 2022. However, measuring nitrate concentrations continuously in planta has
only just been demonstrated, using maize as the target crop plant (Ibrahim et al., 2022) and
with a needle sensor giving a 200-2000 ppm nitrate concentration range. This allowed 10-h
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Figure 7. Design elements of an in planta probe to measure nitrate concentrations in pepper (Capsicum annuum)
leaves with measurements based on electrochemical impedance spectroscopy.

Encouraging though this may be, in planta nitrate concentrations in horticultural crops, such
as tomato and pepper, can exceed 4000 ppm (Magéan Cafiadas, personal communication),
where the nitrate-selective electrode signal of Ibrahim et al. (2022) becomes asymptotic. To
address this limitation, a Horizon Europe project (Hort2thefuture,
https://hort2thefuture.eu/homepage-hort2thefuture/) plans to develop an in planta nitrate
electrode allowing nitrate concentrations of pepper plants to be monitored. Design elements
for this sensor are illustrated in Figure 7.

Effective use of such sensors requires the parallel development and application of DSTSs, such
as those recently reviewed by Zhai et al. (2020), Mabhaudbhi et al. (2023) and lakovidis et al.
(2024). However, despite the plethora of such tools now available, their uptake by farmers
and growers has been limited. Thus, even in the UK, Rose et al. (2016) estimated that of 359
DSTs available to farmers and advisers, only 49% of farmers used some form of DST,
compared with 100% of advisers. Farmers found software (28%), paper-based (22%) and
apps (10%) most useful, and 15 characteristics were found to influence effective uptake of
DSTs (Figure 8).

Core factors Enabling factor Driving factors

Fatilitating Compliance Leve! of
Performance (legisiation) marketing

Modifying factors
Figure 8. Theory of uptake and use of decision-support tools in agriculture. Redrawn from Rose et al., 2016.
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Effective marketing of a new DST was, inevitably, a key determinant of tool uptake, and the
authors proposed that instead of just focusing on designing DSTs that are easy to use, other
important, but rarely highlighted, factors could be taken into account. Thus, the ability to help
users satisfy legislative requirements via a DST was particularly helpful in encouraging
uptake.

Balancing environmental, social and economic imperatives

The use of agricultural land by solar panels for the glasshouses growing cucumbers, shown in
Figure 6, illustrates the conflict between using land directly to grow food and using that land
for other purposes. Farmers will inevitably be tempted to use their land for the greatest
economic benefit, so offering them state subsidies and lucrative contracts for anaerobic
digestion of maize (https://www.soilassociation.org/media/4671/runaway-maize-june-
2015.pdf) are encouraging farmers in the UK to cultivate energy crops, rather than food for
either human or animal consumption. While the upward trend in meat eating is stagnating in
high-income countries, expansion of maize production for animal feed to meet demand for
animal feed is predicted to increase significantly in upper middle-income and lower middle-
income countries over the next 10 years (OECD, 2024). Although the OECD report predicts
that the intensity of agriculture’s global greenhouse gas emissions will decline overall by
2033, they will rise in lower and lower-middle income countries. This will be due largely to
expansion of meat eating, where 1 kg of beef, for example, has a CO, footprint about 10 times
that of soybean, and a soybean meat substitute (Herrmann et al., 2024). Policy makers need to
decide where their country’s priorities lie. What is best for society as a whole? Do we need
more food or more biogas, and should policies encourage a reduction in meat consumption? It
is a very complex societal issue and every country will have difficult political choices to make
in the years ahead, particularly in determining how agriculture could mitigate climate change.

Conclusions

The overall prognosis for crop production during the coming decade or so looks encouraging,
with developments in DNA technologies facilitating breeding crop varieties with higher
yields and better adapted to climate change, underpinned by an increasingly sophisticated
supply of sensors and decision-making tools for farmers. However, the extent to which food
production targets are met in the years to come will depend on farmers adopting these new
varieties and practices (accepting behavioural change). Thus, projects such as Hort2thefuture
(Figure 9) which targets reduced use of peat-based substrates and inputs as well as improved
soil health in horticulture, supported by a new in planta nitrate probe and decision-support
tools, includes activities to target behavioural change amongst its stakeholder groups — not
only growers, but consumers and, most importantly, policy makers at the EU, national and
local levels.
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Figure 9. Relationships amongst Work Packages in the Horizon Europe Hort2thefuture project (2024-2028).
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Abstract

Somatic embryogenesis is an efficient method for large-scale date palm propagation, offering
high multiplication rates and rejuvenation of plant material, facilitating consistent
multiplication or the creation of new varieties. Indirect somatic embryogenesis induces callus
formation in Taquerbucht, Teggaza, and Deglet Nour cultivars. This study aims to establish
cell suspensions from embryogenic calli in date palms for protoplast isolation, with the goal
of obtaining somatic hybrids resistant to Bayoud disease through protoplast fusion.
Embryogenic calli initiated cell suspensions in liquid medium, achieving proliferation within
1.5 months. Calli (100 mg) were fragmented into small pieces, transferred to 25 mL of liquid
medium, and stirred at 100 rpm. Subculturing resulted in dissociation of calli and release of
variously shaped cells. For protoplast isolation, the highest yield (5.87x106 protoplasts/g) was
achieved using a 2% cellulase RS and 6% hemicellulase solution after 24 hours of incubation
without agitation. Protoplast yield improved with 45 minutes of stirring and 10 hours of
incubation in the enzymatic solution.Protoplast fusion was achieved using 50% PEG (w/v)
with a molecular weight of 8000 after 20-25 minutes of incubation. Fused protoplasts were
transferred to a regeneration medium to produce callus, somatic embryos, and plantlets.

Key words: Date palm, cultivars, somatic embryogenesis, cell suspensions, isolation and
fusion of protoplasts.

Introduction
The date palm (Phoenix dactylifera L.), named by Linnaeus in 1734, is an ancient fruit tree
cultivated for millennia for its highly nutritious and succulent fruit, the date (Abul-Soad,
2012). It was first domesticated around 10,000 years ago in Mesopotamia and Egypt, later
spreading to the Maghreb countries by the fourth century (Abul-Soad, 2012).For populations
living in Saharan oases, the date palm is a fundamental resource. It not only provides vital
products but also conditions the existence of other agricultural resources in the oasis. Date
palm cultivation holds significant economic importance in Arab countries, particularly in the
Maghreb, where globally renowned cultivars such as ,,Deglet Nour“and ,,Madjhool* are
extensively grown.
Algeria’s palm-growing heritage spans 169,380 hectares, with over 18 million palm trees
producing approximately 1247.403 tonnes annually (FAOSTAT, 2023). Ranking third
globally, Algeria contributes 14% of total date production and exports valued at $37 million
(FAOSTAT, 2023). These economic figures underscore the crop's significance in both
financial terms and for sustaining oasis populations.
However, date palm cultivation faces significant challenges, notably Bayoud disease caused
by the fungus Fusarium oxysporum f. sp. albedinis (Malengon, 1949). Various strategies,
including enhanced farming practices and biological, chemical, and genetic controls, are
employed to mitigate Bayoud's impact and ensure sustainable date palm cultivation.
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Genetic enhancement through biotechnological methods is recognized as the primary
approach for conserving and improving the date palm heritage. In vitro enhancement via
protoplast fusion of of susceptible and resistant cultivars holds promise as a solution to this
challenge. Early advancements in somatic hybridization of date palm were pioneered by Gabr
and Tisserat (1984), who successfully isolated protoplasts that formed calli but did not
survive. Subsequent efforts by Chabane et al. (2007) achieved viable protoplasts that
developed into microcalli and calli, although with a low fusion rate. Yatta et al. (2013)
isolated protoplasts from ,,Deglet Nour“and ,,Taquerbucht* cultivars. Badr-Elden et al. (2017)
established a protocol for isolating protoplasts from ,,Medjool*“ and ,,Khalas*“ cultivars,
regenerating them through somatic embryogenesis. More recently, Yatta et al. (2020)
successfully regenerated protoplasts from cell suspensions of 'Deglet Nour', 'Teggaza', and
‘Taquerbucht' cultivars.This study aims to establish a preventive strategy against Bayoud
disease using chemical fusion facilitated by PEG.

Materials and methods

Plant Material Collection and Dissection
Samples from three cultivars (Deglet Nour, Taquerbucht, and Teggaza) were collected on
March 28, 2019, from palm groves in Adrar and Touggourt cities in Algeria, weighing
between 2.67 to 4.45 kg. Dissection involved removing the roots and woody bases of the
fronds to reveal the white, tender heart.

e Deglet Nour: good date quality, Bayoud susceptible.

e Taquerbucht: average date quality, Bayoud resistant.

e Teggaza: fairly good date quality, Bayoud susceptible.

Callus induction and Cell suspension establishment

Shoot tips were cultured on MS medium supplemented with 45 g I 'sucrose, 1 mg I thiamine
HCI, 100 mg I"myo-inositol, 100 mg I glutamine, 170 mg I”*monosodium phosphate, 100
mg I potassium phosphate monobasic, 200 g I*ammonium citrate, 7 g I™agar, 2,4-D, N6-(2-
Isopentenyl) adenine, and activated charcoal. Cultures were incubated in darkness at 28 + 2°C
for 16 hours.

For cell suspension initiation, 100 mg of callus was chopped into 1 mm pieces and placed in
100 ml Erlenmeyer flasks with liquid medium containing MS elements, sucrose, thiamine
HCI, myo-inositol, glutamine, monosodium phosphate, potassium phosphate monobasic,
Picloram, N6-(2-1sopentenyl)adenine, and polyvinylpyrrolidone (PVP). Flasks were shaken at
100 rpm in darkness at 27 + 1°C for 6 to 10 weeks. Filtration through sterile sieves (380 pm,
250 um, and 60 um) was used to establish an embryogenic cell suspension.

Obtaining and Somatic Hybridization by Chemical Fusion with PEG

We used an enzymatic solution (Cellulase Onozuka RS and Hemicellulase) to isolate
protoplasts from cell suspensions. For fusion, we employed PEG 8000 at 30% and 50%. PEG
solutions were prepared in 100 mL distilled water with 0.5 mM CaCl2, then sterilized by
autoclaving and filtration (Table 1).After enzymatic maceration and purification, protoplasts
are suspended in 12 mL of fusion solution containing 91 g.L™ mannitol and 74 mg.L™
CaCl22H20. In a sterile 25 mL tube, 5 mL of protoplasts from a Bayoud-resistant cultivar
are mixed with 5 mL from a Bayoud-susceptible cultivar. A 300 pL aliquot of this mixture is
placed in a 9 cm Petri dish and settled for 10 minutes. In another sterile 25 mL tube, 10 mL of
PEG is mixed with 10 mL of the fusion solution. A 300 uL of this PEG solution is applied
around the protoplast mixture for 15 minutes at room temperature. Protoplast fusion progress
is monitored using an optical microscope.
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Table 1.Preparation of PEG Solutions for 100 mL of Water.

PEG (8000) 30% 30% 50%
CaCl, 14.8 g 14.8¢ 198 mg
Distilled water Normal Lukewarm Lukewarm
pH / 5.9 7
Sterilization filtration autoclave autoclave

Culture of Fused Protoplasts

A 0.5 mL aliquot of the fused protoplast suspension is spread onto Petri dishes with a nurse
layer and incubated at 28 + 2°C in the dark. Development is monitored every 24 hours under
an inverted microscope (Olympus DP 70) to check survival, cell wall formation, cell division,
and microcalli formation.

Results and discussion

Callus induction andCell suspension establishment

The study aims to obtain cell suspensions from embryogenic calli for protoplast isolation to
produce somatic hybrids via protoplast fusion. Using 8 offshoots with 8 to 12 explants per
cultivar, the explants swell and grow on the culture medium within the first four months, with
some developing faster than others.Some explants develop small white nodular calli which,
after isolation, become embryogenic strains. The first signs of proliferation are visible after 5
to 7 months. Cultures generally respond within 5 months to a year, producing 164 strains for
Deglet Nour, 134 for Taquerbucht, and 159 for Teggaza. Proliferating calli are subdivided
during subcultures based on size (0.5 to 4 cm). After 2-3 subcultures, the number of
embryogenic strains increases to 180 for Taquerbucht, 212 for Teggaza, and 251 for Deglet
Nour. Friable calli grow rapidly, doubling in mass in a month, while compact calli grow more
slowly. The initial phase of culturing Deglet Nour, Taquerbucht, and Teggaza cultivars
showed callus initiation on medium with 2,4-D and IPA, influenced by growth regulator type
and concentration. This supports findings by Abul-Soad (2012) and Yatta EI Djouzi et al.
(2023) that Murashige and Skoog medium enhances callus initiation and guides
morphogenesis. Callogenesis is preceded by significant explant volume increase (Mirani et
al., 2021).

For cell suspensions, calli are transferred to a fresh liquid medium with 5 mgL™ picloram and
1 mgL™ N6 -(2-1sopentenyl)adenine (2iP). After one week, embryogenic masses detach from
the aggregates, with particles 2-3 mm in diameter. Date palm cells multiply easily in liquid
medium, but resulting suspensions have variable regeneration potentials. Subcultures develop
bright to pale yellow embryogenic cell aggregates. Viability, evaluated by Fluorescein
diacetate (FDA) under an inverted microscope (Fig. 1D), shows isolated cells and variable-
sized cell masses. Compact textured calli produce aggregates of dividing amyliferous cells
mixed with elongated non-amyliferous cells. These findings align with Al-Khayri (2012) and
Yatta et al. (2013), who state that these cells are the starting point of viable suspensions.
Embryogenic suspensions typically contain free elongated, oval, or round cells, or cell
aggregates (Al-Khayri, 2012). The increase in cell numbers and aggregates, with maintained
viability (80-99%), indicates the favorable action of the culture medium.
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Fig. 1:Explant placed in culture on medium (A), Three-month-old explant on medium
(B), Embryogenic callus on (C) , Morphology and viability assessment of different
embryogenic cells using fluorescein diacetate (FDA) under an inverted microscope.

Isolation and Somatic Hybridization Testing by Chemical Fusion with PEG

To isolate date palm protoplasts, we followed established methods (Assani et al., 2002 ;
Chabane et al., 2007; Yatta et al., 2020).Protoplasts were isolated from cell suspensions using
an ES enzymatic solution consisting of 2% Cellulase, 6% Hemicellulase, 0.5% CaCl2, 3%
KCI, and 0.05% MES. This enzymatic combination effectively removed cell walls, yielding
high-quality protoplasts.The combination of 2% cellulase RS and 6% hemicellulase was
found to release the highest number of protoplasts, as observed in studies on date palm
(Chabane et al., 2007). However, it's noted that concentrations of cellulase exceeding 2% can
lead to the digestion of the starting plant material (Badr-Elden et al., 2017).Microscopic
observation after purification revealed isolated, perfectly spherical protoplasts of various
sizes. These protoplasts were colorless, lacked visible chloroplasts, and had large vacuoles
(Fig. 2 A). The highest yields were obtained with the Taquerbucht and Teggaza cultivars,
indicating that protoplast morphology depends on both the plant material origin and the cell
suspension quality.Protoplast culture requires sufficient isolation, with yield and viability
rates depending on the base material (Badr-Elden et al., 2017). High yield and viability rates
from cell suspensions make them ideal for protoplast production, aligning with findings by
Chabane et al. (2007). Similar results were reported for rice (Jain et al., 1995).For protoplast
fusion, we used polyethylene glycol (PEG). We performed heterofusions of:
o Deglet Nour x Taquerbucht protoplasts from cell suspension
e Taquerbucht x Teggaza protoplasts from cell suspension

Under the inverted microscope, PEG caused protoplasts to attract, adhere, agglutinate, and
fuse in pairs or groups (Fig.2A-B). The high density and disordered aggregation of fused
protoplasts made it impossible to determine the fusion rate.We observed the entire fusion
process, which took from a few minutes to half an hour (Tab. 2 and Fig. 3 A-F).

=
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exil

Coil o . & p—
Fig.2:Protoplast suspension of cultivar Taquerbucht (A), Fusion of viable protoplasts stained
with FDA using 50% PEG for 25 minutes of incubation (B), Protoplasts burst in 50% PEG

after 30 minutes of incubation (C)
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20um

Fig.3. Fusion of TKB x DN cultivar protoplasts with polyethylene glycol A, B, C,and D:
alignment of two different protoplasts; E and F: beginning of one protoplast penetrating the
other; G and H: two fused protoplasts.
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The results are shown in Table 16. The application of 30% PEG solution did not initiate
protoplast fusion. When this 30% PEG solution was adjusted with warm, sterile distilled
water at pH 5.9, protoplasts began to align after 15 minutes of incubation. However, the
protoplasts remained in this state without adhering or fusing.

Table 2. Effect of different PEG treatments on protoplast fusion (4 repetitions)

) ) PEG Concentration
Incubation Time
30% SS pH 30%, pH 5,9 50% pH 7
15 min No effect Alignment Alignment
20 min No effect No adhesion Adhesion
25 min No effect No fusion fusion
30 min and more Protoplast death

Observation of protoplasts treated with 50% PEG at pH 7 showed alignment. After 15
minutes, protoplasts adhered and fused after 25 minutes (Fig. 3 A, B, C). After 30 minutes of
incubation, the protoplasts began to burst (Fig. 2C). Beyond this point, PEG becomes toxic,
leading to protoplast death (Assani et al., 2002). High density and disordered aggregation
made fusion rate evaluation difficult. Multi-fusion was also observed (Fig. 2B).

In Deglet Nour x Taquerbucht heterofusion, 86% of 15 Petri dishes showed no regeneration or
embryogenic structures, likely due to aging cell suspensions and PEG treatment effects.
Conversely, 33% of Teggaza x Taquerbucht heterofusion cultures developed. After five
weeks, yellowish microcalli formed (Fig. 4A, B). The low division rate of protoplasts
suggests PEG may disrupt mitotic activity (Assani et al., 2002). Electrofusion, using electric
field pulses, yields more embryos and plantlets than PEG fusion (Guo and Deng, 1998).When
transferred to germination medium, globular proembryos appeared after 6-8 months (Fig. 4C),
developing into embryos. These embryos formed the first green leaf, crucial for developing
into plantlets. Some calli necrotized or failed to develop into embryos (Fig. 4B).

47



Proceedings of the XV International Scientific Agricultural Symposium “Agrosym 2024”

Fig 4. Evolution de la culture de protoplastes fusionnés et la cytologie des microcals issus de
fusion. A: microcals issus de I’hétérofusion (Taquerbucht X Teggaza), B: multiplication des
microcals issus de 1’hétérofusion (Taquerbucht X Teggaza), C: obtention des proembryons.

Conclusion

Indirect somatic embryogenesis in date palm cultivars resistant and susceptible to Bayoud
allows for the production of proliferating calli for protoplast isolation, although the PEG used
for fusion results in a low rate of cell division. To improve culture and somatic hybridization,
alternative methods such as cryopreservation, electric fusion, molecular characterization, and
in vitro and greenhouse selection tests are recommended.
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Abstract

Recent data indicates that global cereal production in July was around 7 million tonnes,
bringing the total to 2792 million tonnes. This still marks a 0.6% decline from the 2021
figures. Agriculture's susceptibility to climate change is highlighted by the doubling of
extreme weather events, such as heatwaves, droughts, floods, and storms, since the early
1990s, averaging 213 incidents annually from 1990 to 2016. These phenomena severely
impact agricultural productivity, reducing food availability and income while increasing food
prices. Climate change affects crops directly through heat and water stress and indirectly
through changes in pest and weed dynamics. This research delves into the impacts of climate
change on strategic crop production, with a focus on winter cereals and agricultural adaptation
in Algeria. Various adaptation practices, such as new cropping systems, revised cropping
calendars, and the introduction of resilient crop varieties, have been successfully implemented
to mitigate climate change effects in Algerian drylands. This review synthesizes literature on
climate change impacts and agricultural adaptations in Algeria, particularly concerning winter
cereals. The insights aim to aid national policymakers in developing strategies for agricultural
adaptation and ensuring food security.

Keywords: climate change, winter cereals, adaptation, arid and semi-arid zones.
Introduction

Climate change significantly impacts temperature and precipitation patterns, thereby alters the
agro-climatic resources critical for crop growth and production (Fischer, 2015). In Algeria,
the hot season, lasting about 2.8 months, features daily maximum temperatures exceeding
28°C, with peaks reaching 33°C and lows of 19°C. The cool season spans 4.1 months, with
daily highs below 14°C and lows around 9°C (Weather Spark, 2021). Extreme temperatures,
more than average temperatures, significantly affect vegetation growth, which only occurs
within certain thermal limits—the minimum growth temperature and the maximum growth
temperature (Bechikhi Kheira, 2010). Historical data from 1937 to 2009 show an increase in
annual mean temperatures by more than 0.5°C, with the 1992-2002 decade being the hottest,
witnessing a warming of about 0.7°C (Taibi and Souag, 2012). Additional studies by
Nouaceur et al. (2013) identify four distinct periods of temperature trends from 1970 to 2012,
characterized by varying incidences of cold and warm years. Regions such as the High
Plateaus exhibit significant seasonal and regional temperature variations, with Mediterranean
influences moderating temperatures in coastal provinces like Setif, Bordj Bou Arreridj, and
Tissemsilt. Conversely, the steppe climate experiences extreme temperature fluctuations,
exceeding 40°C in summer and dropping below 0°C in winter, leading to growth slowdowns
and even vegetation destruction (Benchrif, 2011). Drought, defined as a significant water
deficit compared to the norm for a specific period and region, presents a recurring challenge
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in Algeria (Benzerti and Habaieb, 2011). Climate constraints, such as water scarcity and
uneven precipitation distribution, along with temperature extremes, adversely affect cereal
crops. Historical analyses reveal periods of significant dryness in the early 20th century and a
pronounced precipitation deficit from 1973 to 1992, intensifying from east to west (Aggoun
Zoubida, 2022). Droughts impact crops differentially across developmental stages, delaying
germination and potentially preventing crop emergence if water scarcity persists (Ghouer,
2006). During critical growth phases, such as late stem elongation and grain filling, drought
severely affects yield components and overall productivity (Ghouer, 2006). Agricultural
strategies must therefore address drought proactively, implementing measures to mitigate its
impacts. Given these challenges, this paper aims to address the following research questions:
What are the specific impacts of climate change on the production of strategic crops,
particularly winter cereals, in Algeria? What agricultural adaptation practices can be
implemented to mitigate these impacts? This study will explore new cropping systems,
adjusted cropping calendars, and changes in crop varieties, assessing their effectiveness in
enhancing the resilience of Algerian agriculture to climate change. By providing insights into
these adaptation strategies, this review seeks to inform national policymakers and support
efforts to ensure agricultural sustainability and food security in Algeria.

Impacts of Climate Change on Algerian Agriculture
Impacts Yield Potential
Climate change directly impacts agricultural yields, particularly for rainfed cereals, which are
highly susceptible to drought. Insufficient moisture during germination delays crop
emergence, while persistent drought can prevent it entirely. The most drought-sensitive period
for Algerian cereals typically occurs between late stem elongation and the milk stage of
grains, generally around April-May. During this phase, water deficits can significantly reduce
yield components, such as tiller count, ear number, and grain size (Ghouer, 2006).
Simulations by Chourghal and Hartani (2020) on the phenology, water balance, and yields of
durum wheat in Algeria reveal that climate warming shortens the vegetative phase by 31 days,
negatively impacting dry matter accumulation and reducing yields by 36% under fixed
sowing dates. Conversely, dynamic sowing dates, which allow for earlier planting, maintain
yields by balancing the vegetative and reproductive phases more effectively.
Impacts of Agricultural Systems
Warming and reduced precipitation are shifting cultivated lands southward in Algeria. The
southern limit for winter wheat cultivation has moved due to the presence of aquifers
replenished by floodwaters from the Atlas Mountains, where annual precipitation can reach
350-450 mm. Studies indicate that despite limited recharge, these regions can achieve yields
of 50 gx/ha compared to 18 gx/ha in the High Plateaus (MADR, 2023). Adopting multiple
cropping systems, including no-tillage, direct seeding, and reduced tillage, can enhance total
annual production in warmer climates. Transitioning from intensive tillage to simplified
cultivation techniques improves soil porosity, structural stability, and water retention capacity
(Moussadek et al., 2011). Studies indicate that direct seeding improves organic matter content
and soil carbon levels, though the overall soil organic matter remains low, highlighting the
need for increased organic input (Lahmar and Ruellan, 2007).

Climate change poses multifaceted challenges to Algerian agriculture, including reduced
water availability, increased temperatures, and the frequency of extreme weather events.
These factors collectively hinder crop productivity, particularly for water-sensitive crops like
cereals. Analyzing historical climate data and crop yield trends reveals a clear correlation
between rising temperatures, reduced precipitation, and declining agricultural outputs.
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Adaptation Strategies
To counteract the harmful effects of climate change, Algerian agriculture must adopt robust
adaptation strategies. These include changing sowing dates, using drought-resistant crop
varieties and optimizing irrigation practices. Previously, early sowing could help crops avoid
summer heat peaks (Fordyce, 2006), today, with climate change, late sowing of cereals can
give satisfactory results. The period of its growth is limited by the water deficit at the
beginning and end of the cycle combined most of the time with thermal stress (Chennafi et al.,
2008a; Bouzerzour and Benmahammed, 2009). While advanced irrigation techniques can
improve water use efficiency, ensuring that crops receive adequate moisture even during dry
periods.
Crop Varieties

Developing and adopting new crop varieties that are more resilient to climate stressors is
crucial. In northern Algeria, introducing stress-tolerant varieties has shown promise in
mitigating yield losses. These varieties are better equipped to withstand high temperatures and
water deficits, ensuring more stable production levels despite adverse climatic conditions.
Varietal selection has taken on great importance in the cereal growing sector in Algeria, and
there is numerous work in this area for the search for durum wheat varieties adapted to the
semi-arid climate (Benlaribi et al. 1990). Other studies have focused on the modification of
root growth dynamics in relation to the adaptation of varieties cultivated in semi-arid cereal
zones (Benlaribi et al. 1990; Khaldoun et al. 1990).

Conclusion

The impacts of climate change on agriculture are essential to food security in Algeria. In this
article, we examined the impacts on agricultural production associated with climate change
and climatic hazards. We also mentioned recent research advances in Algeria, based on
simulations of regional climate and crop models, as well as the exploration of adaptation
measures. It is interesting to develop a more comprehensive assessment system for the
agricultural impacts of climate change, which integrates cultural aspects, regional
specifications and region-specific adaptation measures. Indeed, a system for evaluating the
impacts of climate change on multiple aspects of agricultural production (potential
productivity, adaptation measures specific to the region and comparative advantages and
disadvantages according to crops) has been gradually established in Algeria. Climate change
has radically modified the specific and temporal distribution of agro-climatic resources in
Algeria. Environmental sustainability is becoming increasingly important, particularly in the
arid and semi-arid growing areas of Algeria, due to an increase in potential evapotranspiration
under a warmer climate. Weather and climate events have become more frequent and have
caused serious damage to agricultural production, but a quantitative assessment is lacking.
Most studies focus on a single aspect of an agroecosystem. A more systematic view of
agroecosystems is needed to achieve multiple goals in food security and environmental
sustainability. Adaptation plays an essential role in mitigating the impacts of climate change
on production in the different growing areas of Algeria. Crop calendar, variety, cropping
system, agronomic technique and field management must be adjusted to maintain production
in the face of climate change. In regions where thermal conditions have improved thanks to
warming, there is potential for agricultural intensification. Given the importance of local
characteristics in agriculture, a more systematic simulation model of agricultural production
and adaptation covering different growing areas across Algeria is crucial. Algeria, faced with
the growing challenges of climate change, must implement agricultural adaptation strategies
to maintain crop productivity and ensure food security. The combination of improved
cropping systems, optimized sowing dates and adapted crop varieties can mitigate the impacts
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of climate change. The results of this study provide a basis for policy and practical
interventions aimed at strengthening the resilience of Algerian agriculture, while providing
guidelines for farmers and national policymakers.
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Abstract

Climate change presents significant challenges to agricultural sustainability and biodiversity,
particularly affecting spice plants valued for their aromatic and honey-producing qualities.
Introducing new species and varieties of these plants holds promise for enhancing rural
development through their aromatic properties and support for beekeeping. In Armenia,
Hyssopus officinalis L., commonly known as hyssop, is recognized as a promising yet
underutilized species. There is a current imperative to explore and evaluate the adaptive and
productive potential of breeding varieties of Hyssopus for introduction in Armenia. To
facilitate the adoption of modern varieties, comprehensive research was conducted on seed
collections from various regions. This involved assessing available varieties and potential
lines, evaluating accessibility to germplasm, and gathering characterization and evaluation
data. To locate significant hyssop collections worldwide, and to determine the number of
accessions held by various seed banks for facilitating the introduction of hyssop varieties to
Armenia for study and cultivation, various online platforms were reviewed. These included
international information systems and databases accessible through national gene banks.
Additionally, field studies were conducted under valley conditions in the Republic aimed to
assess the biological and agronomic characteristics of these plants. These efforts collectively
aim to ensure the effective and well-founded introduction of modern breeding varieties.

Keywords: inventories, origin, distribution, agronomic and biological parameters.
Introduction

Climate change presents substantial challenges to the sustainability and productivity of
agricultural systems and biodiversity, impacting diverse spice plants renowned for their
aromatic and melliferous properties (Kumar et al., 2022). Introducing new species and
varieties of spice plants can significantly boost rural development by tapping into their
potential as aromatic additives and in beekeeping (Torre et al., 2023). One such promising yet
underutilized plant in Armenia is Hyssopus officinalis, commonly known as hyssop. There
remains a gap in understanding the productive and melliferous potential of breeding varieties
of hyssop in Armenia, including the analysis of functionally important components under
introduction conditions.

Hyssopus officinalis, commonly known as hyssop, is a perennial herbaceous plant belonging
to the Lamiaceae family. It is native to the Mediterranean region and parts of Central Asia,
but it has been naturalized in various regions worldwide due to its medicinal and culinary uses
(Tobyn et al., 2011). Historically, hyssop has been revered for its therapeutic properties and
has been mentioned in ancient texts for its medicinal virtues (Bespalyko et al., 2016).
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Hyssopus officinalis holds significant importance both culturally and scientifically. It has been
traditionally used in herbal medicine for its antiseptic, expectorant, and cough-relieving
properties (Fathiazad and Hamedeyazdan, 2011). The herb is also valued in culinary practices,
adding a distinctive flavor to soups, salads, and herbal teas. Moreover, Hyssopus officinalis is
known for its ornamental value, with its attractive purple-blue flowers attracting pollinators,
making it a valuable plant in ecological gardening (Maslova et al., 2021).

The chemical composition of Hyssopus officinalis highlights its medicinal efficacy,
containing bioactive compounds like volatile oils (e.g., pinocamphone, isopinocamphone, f3-
pinene), flavonoids (e.g., hesperidin, diosmin), tannins, and phenolic acids such as rosmarinic
acid (Baj et al., 2018). These compounds contribute to its antioxidant, antimicrobial, and anti-
inflammatory properties crucial for therapeutic applications. In traditional medicine,
Hyssopus officinalis treats respiratory ailments like bronchitis and asthma due to its
expectorant and bronchodilator effects, and its antimicrobial activity supports its use in
wound healing and as a natural antiseptic.

Hyssopus officinalis also serves as a nectar source for honeybees, producing abundant nectar
for hyssop honey (Antonie, 2019). This honey is prized for its distinct flavor and potential
health benefits derived from hyssop's medicinal properties. In Armenia, Hyssopus officinalis
grows on dry stony slopes and rocks across various floristic zones, including Shirak, Lori,
ljevan, and Zangezur (Flora of Armenia, 1987). Despite its cultural, medicinal, and ecological
importance globally, cultivation of Hyssopus officinalis is currently absent in Armenia. To
facilitate the introduction of modern varieties of this plant the study of seed collections across
various regions were studied in terms of available varieties and prospective lines, accessibility
for getting germplasm and catheterization and evaluation data to make the introduction of
modern breeding varieties effective and well-grounded.

The research aimed to gather detailed information on available varieties and prospective lines
through identification of existing suitable germplasm as well as on accessibility of germplasm
through assessing the ease of obtaining seeds or plant material from different sources to
support introduction and cultivation efforts. Based on the gathered information, accessions of
hyssop varieties were obtained, and a field study was conducted under valley conditions in the
Republic to assess the biological and agronomical characteristics of these plants. By
conducting this field study, the goal was to provide valuable insights into selecting hyssop
varieties that can thrive and contribute effectively to agricultural practices in Armenia,
aligning with local farming conditions and economic interests.

By addressing these aspects, the study aimed to establish a robust foundation for the
introduction of modern breeding varieties of Hyssopus officinalis, ensuring that future
cultivation efforts are both effective and scientifically grounded.

Material and Methods

To identify major hyssop collections globally, assess the number of accessions held by
various seed gene banks to facilitate the introduction of hyssop varieties to Armenia for
further study and cultivation, different web-based platforms, including international
information systems and national gene bank’s internet available databases were studied.

These included:

e EURISCO (the European Search Catalogue for Plant Genetic Resources) being
maintained at the Leibniz Institute of Plant Genetics and Crop Plant Research on behalf of
the Secretariat of the FEuropean Cooperative Programme for Plant Genetic
Resources (https://eurisco.ipk-gatersleben.de/apex/eurisco_ws/r/eurisco/home),

e GENESYS portal, a collaborative initiative involving Bioversity International on behalf of
the CGIAR System-wide Genetic Resources Program, the Global Crop Diversity Trust,
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and the Secretariat of the International Treaty on Plant Genetic Resources for Food and
Agriculture (https://www.genesys-pgr.org/).

e Gene Bank of the Slovak Republic, Genetic Resources Information System of Slovakia,
https://griss.vurv.sk/,

e Genebank Information System of the IPK Gatersleben, https://www.ipk-
gatersleben.de/en/research/genebank,

e Institute of Biosciences and Bioresources, Italy, Mediterranean Germplasm Database,
https://www.ibbr.cnr.it/mgd/

e MSBKew Millennium Seed Bank Kew- through Millennium Seed Bank Seed List,
https://apps.kew.org/seedlist/SeedlistServlet

e The NARO Genebank, Research Center of Genetic Resources, Japan,
https://www.naro.go.jp/english/laboratory/ngrc/database/index.html

e USDA ARS, U.S. National Plant Germplasm System, https://www.ars-
grin.gov/Collections#plant-germplasm, and others.

Data from national databases were compared with information obtained from international
databases like EURISCO and GENESYS to prevent the double-counting of accessions and to
provide a clear understanding of the global distribution and availability of hyssop varieties for
potential introduction and cultivation in Armenia.

During the field study, the biological characteristics that include studying the growth habits,
flowering patterns, and overall adaptation to local climatic conditions were investigated. In
addition, agronomical characteristics were studied through evaluating parameters such as
yield potential, resistance to pests and diseases prevalent in the region.

Results and Discussion

The data were compiled from national inventories and genebank’s databases, detailing the
availability of Hyssopus officinalis L. accessions as of 2024. The countries included in the
Figure 1 are encompassing major regions where Hyssopus officinalis L. is conserved ex situ in
seed collections.
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Figure 1. Distribution of Hyssopus officinalis L. accessions per national inventories
The Figure 1 illustrates the distribution of Hyssopus officinalis L. accessions across various
countries' genebanks worldwide. Key findings from the figure include that the countries such
as Ukraine, Polland, Germany have a substantial number of accessions, indicating a strong
presence of genetic diversity for Hyssopus officinalis L. including varieties, prospective lines
and wild forms. Conversely, some countries, such as Austria, Belgium, Czech Republic show

lower numbers of accessions, suggesting potential gaps in conservation efforts or research
focus.
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Understanding the origin of Hyssopus officinalis L. accessions plays a crucial role in decision-
making for selecting varieties to introduce in Armenia. Knowledge of their geographic and
environmental adaptations helps assess potential for acclimatization and suitability to local
growing conditions, ensuring successful cultivation and sustainable utilization in Armenian
agriculture. The Figure 2 displays the distribution of Hyssopus officinalis L. accessions across
various countries.
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Figure 2. Distribution of Hyssopus officinalis L. accessions per origin

The distribution pattern underscores the Central European region as a primary focal point for
research and conservation efforts in the global conservation of Hyssopus officinalis L. genetic
resources.

Other criteria used to evaluate hyssop accessions availability in genebanks was accessions
status. Accessions categorized as "Wild" refer to those collected from wild populations of
Hyssopus officinalis L. make up 39 accessions. "Weedy" accessions, found in spontaneous or
disturbed habitats, account for 1 accession. The category of "Traditional cultivars/landraces”
comprises 63 accessions. The category of "Advanced or improved cultivar” includes 24
accessions crucial for our research, although absence on names of varieties for big number of
accessions posed challenges during selection. A significant challenge in our research stems
from the 84 accessions categorized as “Other” and "Unknown" lacking clear classification
information. These figures underscore the difficulty in selecting appropriate varieties due to
inadequate passport data on accessions stored in seed collections globally.

Table 1. Hyssopus officinalis accessions number per status

Hyssop accessions status Number of accessions
wild 39
Weedy 1
Traditional cultivar/landrace 63
Breeding/research material 8
Advanced or improved cultivar 24
Other 19
Unknown 84

Understanding the distribution of Hyssopus officinalis L. accessions per MLS (Multilateral
System of the International Treaty of Plant Genetic Resources for Food and Agriculture)
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status is crucial because it ensures compliance with the international Treaty on plant genetic
resources for food and agriculture. This knowledge helps in facilitating responsible sharing
and promoting sustainable use of genetic resources under the Treaty's framework. The data
presented in Figure 3 illustrates that while there are a sufficient number of accessions
included in the MLS, a significant number of accessions have an unknown MLS status. This
uncertainty hinders the exchange of data and germplasm, highlighting the importance of
clarifying the MLS status for effective international cooperation and resource sharing.

200 174
150
100

56
50
8
0
No (not included) Yes (included) B unknown

Fig. 3. Distribution of Hyssopus officinalis L. accessions per MLS status

The selection of varieties for introduction in Armenia was prevented by absence of
characterization and evaluation data both in online available databases. Based on analysis of
the data available the following varieties were preliminary selected for introduction: ‘Lekar’,
Inej, ‘Lazur’, ‘Accord’, ‘Belyj’, ‘Rozovyj’, ‘Otradnyj Semko’. To evaluate the adaptability of
the selected hyssop varieties to local conditions the biological and agronomic indicators were
used. Specifically, emphasis was placed on assessing green mass, measuring green mass yield
and 1000-seed weight. Throughout the growing season, biometric measurements,
morphological studies, and phenological observations will be conducted to monitor the
progression and duration of the main developmental stages (Table 2).

Table 2. Agronomic and biological parameters of different hyssop varieties

Hyssop variety | Variables DF Agronomic indicators Biological indicators
Green mass | 1000 seeds | flowering state | ripening
yield (kg/m?) | weight (g) | duration (days)

‘Lekar’ Samples 30 0.51* 1.19* 150* mid-ripening
Errors 105 0,89 0.04 0.96
CV%** - 431 4.83 4.82

‘Inej’ Samples 30 0.58* 1.21* 160* early-
Errors 104 0.41 0.06 0.89 ripening
CV%** - 6.28 4.65 3.83

‘Lazur’ Samples 30 0.41* 1.24* 153* mid-ripening
Errors 104 0.92 0.04 0.87
CV%** - 5.64 3.68 4.68

‘Accord’ Samples 30 0.48* 1.19* 155* late-ripening
Errors 106 0,79 0.03 0.91
CV%** - 4.34 3.97 5.28

‘Belyj’ Samples 30 0.47* 1.14* 158* early-
Errors 104 0.86 0.04 0.89 ripening
CV%** - 5.47 4.58 4.88

‘Rozovyj’ Samples 30 0.42* 1.12* 152* mid-ripening
Errors 104 0.92 0.04 0.97
CV%** 5.03 4.29 4.96

‘Otradnyj Semko’ | Samples 30 0.33* 0.99* 148* mid-ripening
Errors 105 0.88 0.18 0.87
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| | CVoor* | - | 4.39 | 3.96 | 4.96 | |
*correlation is significant at the 0.01 level (2-tailed)
**ratio of the standard deviation to the mean

Conclusions

Based on the findings, the varieties ‘Inej’, ‘Lekar’, ‘Accord’, ‘Bely;j’ that demonstrate optimal
performance and potential for commercial cultivation in Armenia, considering both
agricultural productivity and environmental sustainability.

The conducted gap analysis underscores the importance of international collaboration in the
conservation and utilization of plant genetic resources, particularly for medicinal and aromatic
plants like Hyssopus officinalis L.

The next step of the research will be quality assessment, in particular, the analyzing the
chemical composition of essential oils and other bioactive compounds, which contribute to
the plant's aromatic, medicinal and melliferous properties.
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Abstract

In today's time, with the aim of reducing chemization and increasing yield, the improvement
of plant production is moving towards the introduction of biostimulants. Many biostimulants
help the plant to withstand the effect of biotic and abiotic stresses, increasing quality and
yield, and stimulating physiological processes in the plant. The purpose of this study,
improvement nutritional conditions of cucumber and production with maximum vyield by
using biostimulants so if possible recommend this biostimulants asreplacement of current
chemical fertilizers.The experiment was conducted in 2021.year in a greenhouse as a two-
factorial experiment with a completely randomized block design in four replications on two
cucumber varieties. Treatments included three concentrations of 0 (control), 0.5%, 1%, 1.5%
by foliar application in three phases.The best treatment in this study was the biostimulant at a
concentration of 1.5%, which led to a statistically significant increase in yield. The highest
yield in all tested variants was recorded in the Besta variety (14.64 kg m™) with nutrition with
a biostimulant at a concentration of 1.5%, which is statistically significantly higher compared
to the same variety fed up with a biostimulant at a concentration of 1% (7.33 kg m™) and
0.5% (8.13 kg m?) .

Keywords: cucumber, biostimulant, yield, quality.
Introduction

Cucumbers are important for human nutrition are their consumption is a guarantee of health.
Cucumbers have about 96-97 percent water content, are low in calories and are an essential
part of a healthy diet. Many studies indicate that cucumbers contain a significant amount of
vitamins and minerals necessary for human health (Daneshvar, 2004; Peyvast,2009). In
nutrition of vegetable, organic and mineral fertilizers are used. Organic fertilizers play a major
role in plant growth and developmentas a source of all necessary macro and microelements,
where during mineralization they improve the physical and chemical properties of the soil.
However, according to many studies (Ogbonna, 2008; Ndaeyo et al., 2005; Makinde et al.,
2007) fertilizingthe soil with only organic fertilizers for needs of vegetable nutrition does not
give good results in achieving high and stable yields. Therefore, these types of organic
fertilizers should be used in combination with mineral fertilizers achieve the best yields
(Rasevi¢, 2017).Applying mineral fertilizers achieves high vyields, but their application can
have a harmful impact on plant quality, reduce dry matter content, increase erosion, and
instability of soil aggregates (Adeoluwa and Adeogun, 2010). In order to reduce chemization,
increase yield, and improve plant production, the introduction of biostimulants is necessary.
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Biostimulants with compared to chemical fertilizers have enormous economic and
environmental advantages. Now, biological fertilizers have special significance as a suitable
replacement for chemical fertilizers, aiming to improve of soil fertility and ensure plant health
(Shahdi Komalah, 2010), environmental safety, improved agricultural crop quality, economic
benefits, soil resources stability , long-term production potential protection, and on the other
hand, the production of food crops for raising consumer quality( evaluation of biological
fertilizers) and consumer health protection(Wu et al.,2005). Adediran and Akande (2005)
state that there is a significant difference in the yield growth and plant efficiency due to the
use of biostimulants and mineral fertilizers.

The goal of this research was to improve cucumber nutrition and achieve the highest yield by
applying biostimulants in order to recommend these fertilizers as a substitute for chemical
fertilizers.

Materials and methods

The experiment was conducted in the experimental greenhouse of the Faculty of Agriculture,
University of East Sarajevo (City of East Sarajevo, Entity of Republic of Srpska, Bosnia and
Herzegovina) in 2022. The area where the greenhouse is located is at an average altitude of
about 500m (18°22'59.45" longitude and 43°49'36.95" latitude).Cucumbers were planted et the
beginning of April. The plant spacing was 50 cm, the row spacing was 60 cm. The total area
of the experiment was 100 m?. Cultivation and care were conducted according to standard
method.The study was conducted with completely randomized block design at four replicates.
The biostimulant "Humistar" was used in concentrations: 0 (control),0.5%, 1%, 1.5%. When
cucumber had 7 to 8 leaves conducted the First stage of spraying, and the second stage was
after 15 days of first stage and the three stage of spraying conducted when cucumber in
flowering stage. Two varieties of cucumber were analyzed: Monolit F; and Besta F;. In during
period of harvest were measured the characters like length of fruit, diameter of fruit, mean of
weight single fruit, yield per m Were measured the qualitative characters like of the content
of: dry matter content, total sugars, vitamin C.

The data were processed by the method of analysis of variance of the two-factorial
experiment (ANOVA) using SPSS 4.5 software.We tested the significance of differences
between individual means using the LSD test for general means and interaction.

Results and discussion

The morphometric properties of the plant and variance analysis for the cucumber plants
grown using different concentration biostimulant are given in the Table 1. The effect of
biostimulants on the characteristics of fruit length, fruit diametar average individual fruit
weight was not significant. The findings of the present study were in line with the results of
the studies carried out by Raeisi et al., (2013) in which he was reported that the diferent doses
of biostimulant had insignifikant effect on the number of fruit, diameter of fruit, weight of
single fruit, length of internode and diameter of stem cucumber.

The highest yield was recorded in the Besta variety (14.64 kgm™) when plant nutrition with a
biostimulant in a concentration of 1.5%, which is statistically significantly higher compared to
the same variety nutrition with a biostimulant in a concentration of 1% (7.33 kgm™) and 0.5%
(8.13 kgm™) (tab.2). The qualitative characters like of the content of: dry matter, total sugars,
total acids, vitamin C are given in the Table 3 The average percentage of dry matter in
cucumber was in the range of 3.41% to 4.19%. The highest percentage of dry matter was in
the control variant at the variety Monolit (4.19%), which is statistically highly significant
compared of the biostimulant at a concentration of 0.5% (3.69%),concentration of 1%
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(3.75%) and concentration of 1.5% (3.76%).The percentage of dry matter in cucumber fruits
was not directly dependent on the biostimulant. Besides,many researchers have reported that
the use of biostimulants does not change the chemical characteristics of the fruit (Hassan et
al., 2021; El-Ghadban et al.,2006).

Highest content of total sugar was when using the biostimulant at a concentration of 1.5%
(4.09 g 100g™), which is statistically significantly higher compared of the biostimulant at a
concentration of 0.5% (3.56 g 100g™ ) and concentration of 1% (3.24 g 100g™).

The variety Besta variety had the highest total acids content in the control variant of 1.227 g
100g™, which is statistically significantly higher compared to the same variety fed with a
biostimulant at a concentration 1%( 0.920 g 100g™) and biostimulant at a concentration 0.5%
(1.167 g 100g™). However, the variety Monolit had the highest content of total acids when
using the biostimulant at a concentration of 1.5% (1.277 g 100g™), which is statistically
significantly higher compared to the application of the biostimulant at a concentration of 0.5%
(1.022 g 100g™).

Cucumber provides a large amount of vitamin C (mg 100g™ of fresh base), and in this
experiment the treatments with the highest content were when using biostimulant
concentration 0.5% (4.81 mg 100g™) and concentration 1% (4.79 mg 100g™).The lowest
vitamin C content was in the control treatment (3.70 mg 100g™). Similar results were reported
by Radames et al.,(2018).

Table 1. Variance analysis of the morphometric properties

Different variety Monolit variety Besta
- fruit fruit individual fruit fruit fruit individual fruit
concentrations of . . . .
biostimulants length | diametar weight length diametar weight
(cm) (cm) (9) (cm) (cm) (9)
0 (control) 13.64 4.33 168.13 33.48 4.02 287.93
0.5% 12.36 4.48 177.61 18.24 4.30 237.22
1% 12.66 4.33 179.89 17.20 4.06 223.28
1.5% 11.67 4.09 148.97 21.86 4.33 316.96
LSD fruit length fruit diametar individual fruit weight
A 0.05 7.31 0.29 34.40
0.01 10.39 0.42 48.91
B 0.05 10.34 0.41 48.68
0.01 14.70 0.59 69.20
AxB 0.05 14.60 0.59 68.84
0.01 20.76 0.84 97.85
Table 2. Variance analysis of the yield (kg m™)
Different concentrations Variety
of biostimulants Monolit Besta
0 (control) 5.02 11.10
0.5% 8.44 7.82
1% 7.22 7.45
1.5% 5.98 14.68
LSD
0.05 2.47
A 0.01 3.52
B 0.05 3.50
0.01 4.98
0.05 4.95
AXB 0.01 7.05
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Table 3. Variance analysis of the qualitative characters

variety Monolit variety Besta
Different . .
conc of dry total total vit. C dry total total vit. C
biostimul matter sugars acids (mg 100g™) | matter sugars acids (mg 100g™)
OSIMUL 1 6) | (9100g") | (g100g) (%) | (9100g”) | (g 1009
0 4.19 3.65 1.115 3.45 3.77 3.87 1.227 3.04
(control)
0.5% 3.69 3.69 1.022 5.08 3.50 3.43 1.167 4.54
1% 3.75 3.48 1.150 4.29 3.41 3.01 0.920 5.30
1.5% 3.76 4.09 1.277 4.96 3.67 3.50 1.045 2.88
total total .
LSD dry matter sugars acids vit. C
A 0.05 0.15 0.74 0.021 0.20
0.01 0.21 1.05 0.031 0.29
B 0.05 0.21 0.03 0.030 0.28
0.01 0.30 0.04 0.043 0.41
AxB 0.05 0.30 0.04 0.043 0.41
0.01 0.43 0.06 0.062 0.58
Conclusion

According to the experimental data obtained, authorscan conclude that the use of
biostimulants can reduce the irrational and ecologically harmful use of mineral fertilizers, and
that quality of the fruits will not be reduced.The biostimulant applied in a concentration of
1.5%may be a viable alternative to the conventional fertilizer to increase cucumber
productivity.
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Abstract

Red clover is an important plant species due to the possibility of cultivation on poor quality
soils, it gives high yields of bulky fodder that are characterized by good nutritional values.
The goal of this research was to determine the correlation between yield, productive traits and
yield quality of eight genotypes of red clover grown on acidic soil in the hilly area of the city
of Banja Luka. Field trial were carried out in the first cutting of 2010 and the first cutting of
2011. In both season, 13 characteristics of yield and forage quality were analyzed. In the first
cutting of the first year, the highest correlations was found between green mass yield and hay
yield (0.95**) and between leaf width and leaf and flower content (0.87**). In the first cutting
of the second year, statistically significant (p<0.01) positive correlations were found, which
was the highest between tree thickness and NFE (0.94**), followed by high correlation values
between green mass yield and hay yield (0.90**), fat content and protein content (0.88**),
number of trees per plant and tree thickness (0.86**), leaf and flower content and protein
content (0.85**). A high negative correlation was found for the number of stems per plant
with leaf and with flower content (-0.90**), as well as between ash content and NFE (-
0.89**). Knowledge of the positive correlative relationships of certain productive and
nutritional traits is desirable for breeding programs and production practices in order to
produce high-quality animal feed.

Key words: Red clover, correlative relationships, yield, nutritional value
Introduction

Red clover is a perennial leguminous plant important for fodder production. It can be
successfully cultivated in hilly and mountainous areas, namely on: acidic, poor, shallow, soils
above 250 m above sea level and on soils where alfalfa does not give satisfactory results
(Osztoics et al., 2005). In the Republic of Serbia, the production of coarse fodder on soils with
poor chemical composition and in hilly and mountainous areas is mainly realized by growing
red and white clover, bird foot trefoil and sainfoin (Radovi¢ et al., 2010). The height of the
red clover plant is mainly determined by the genetic characteristics of the variety and
environmental factors (Leto et al., 1998). The width and length of coot red clover was
investigated by Primorac et al. (2008), Gatari¢ et al. (2010), Popovi¢ et al. (2011), Radinovi¢
et al. (2022a). Red clover forage is of good quality with high nutritional value, which favors
the diet of ruminants, especially cattle (Lee et al., 2009). By growing red clover, high yields
of green mass and hay can be achieved, the most productive being the first cutting in the
second year of life (Petkovi¢ et al., 2021). Hay from the first swath is richer in proteins
compared to the second swath from the same production year (Petkovi¢ et al., 2020). In
Europe, due to the high yield of digestible organic matter, protein content and metabolic
energy, red clover is grown on large areas for the production of animal feed (Staniak, 2019).
In the Republic of Serbia, in two-years studies of the correlation between morphological
traits, yield and quality of red clover the highest correlation was found between the yield of
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green mass and the yield of dry matter were were found in the second year of the study
(Radinovi¢ et al., 2022b). Differences in morpho-agronomic traits and forage quality are
conditioned by genetic variability, but are also influenced by production conditions, stage of
maturity at the time of mowing, height and frequency of mowing (Swarup et al., 2021).

The aim of this study was to determine the correlation between yield, productive traits and
yield quality of eight genotypes of red clover grown on acidic soil in the hilly area of the city
of Banja Luka.

Material and methods

For the purpose of these research, the field experiment was carried out at an altitude of 527 m
(44°39' N, 17°00" E). The research was carried out in the first swath of 2010 and the first
swath of 2011. Four genotypes of domestically selected red clover from the breeding program
of the Public Institution Agricultural Institute of the Republic of Srpska (G-1, G-2, G-3 and
G-4) and four varieties of red clover (G-5 Nike, G-6 Viola, G-7 Kolubara and G-8 Start). All
genotypes were sown in four repetitions. Sowing was done (manually) at a depth of 0.015-
0.02 m. The sowing rate was 17 kg ha™, the distance between the rows was 0.2 m. The plot on
which the field tests were carried out was well supplied with humus (5.2%), the phosphorus
content was low (7.0 mg P,0s in 100 g of soil) and well supplied with potassium (30.0 mg
K,0 in 100 g of soil. The following parameters were analyzed: yield of green mass (t ha™),
plant height (cm), number of trees per plant, tree thickness (mm), length and width of coot
(mm), hay yield (t ha™), leaf and flower content (%). The yield of green mass was determined
by measuring immediately after mowing on a field scale. Samples of 1 kg of green mass were
taken from the mowed green mass, which were weighed on a Fisher scale to determine the
yield of hay. The height of the plant (cm) was determined by measuring (five plants per
repetition), the number of stems per plant (pieces) by counting on (five plants per repetition),
the thickness of the tree (mm) was determined by a sliding scale (vernier), thickness
measurement (five stems per repetition), the length and width of the trefoil (mm) was
determined with a sliding scale, by measurement (five trefoils per repetition). Samples for
testing morphological characteristics were taken from the middle rows of plots. Hay yield was
determined from the ratio of the weight of 1 kg of fresh and dried sample. The leaf and flower
content was determined by manually separating the leaf and flower from the stem by
weighing the separated mass and the total mass - in the dry state.

The chemical analysis of hay was performed in the Animal feed quality control laboratory at
the Faculty of Agriculture in Banja Luka, where the proportions of the following parameters
were determined, expressed on the basis of absolute dry matter: dry mass (%), moisture (%),
crude proteins (%), crude fats (%), crude cellulose (%), crude ash (%) and nitrogen-free
extractives (%). After determining the percentage content of leaves and flowers, samples were
prepared for chemical analysis of hay in such a way that the leaf and flower mass was mixed
with the stems and ground on a mill. Chemical analyzes of hay were performed according to
the methodology: crude proteins, using the micro-Kjeldahl method, modified according to
Bermner (1960), i.e. crude proteins by multiplying by a factor of 6.25, crude fats in plant
material, using the Soxhlet method, crude cellulose content in plant material, by the
Henneberg-Stohman method, raw ash content in plant material, by annealing at 550°C until
constant mass. The measurement results were processed in the program version 22, Statistical
Package for Social Sciences and Excel. The results of the investigated properties were
processed by analysis of variance (ANOVA). The significance of the differences between the
tested genotypes, and their ranking for the r=0.05 significance level, was determined by
Duncan's multiple range test (Duncans Multiple Range Test-DMRT). Correlative relations
between the analyzed traits were calculated as Pearson's correlation coefficients and
significance was determined.
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Weather condition

Meteorological data: mean monthly air temperatures and precipitation amounts were taken
from the Hydrometeorological Institute of the Republic of Srpska, from the measuring station
in Banja Luka - located in the Lazarevo settlement. Mean monthly temperatures in both years
of the study were higher than the multi-year average. In relation to the multi-year average
(1960-2010), in the first year, a higher amount of precipitation was found, and in the second, a
lower amount. In the first year of research (2010) compared to the second (2011), a higher
amount of precipitation was recorded (807.6 mm).

Results and Discussion
The obtained results showed differences in the mean values for most of the tested traits which
are statistically significant. However the mean values of plant height in both year were not

significant different. The lowest coefficient of variation in both years was found for NFE
(Table 1).

Table 1. Average values of the examined traits in the first cutting in 2010 and 2011.

Genotype 1 2 3 4 5 6 7 8 f-test/CV %
The first swath in 2010

Green mass 28.38% 30.75® 30.63™ 29.75® 27.00° 24.13% 33.00° 21.887 **

Dry mass 6.94° 8.06°  7.44® 695 6.91° 495° 831° 513° **

Plant hight 80° 79° 80°  80*  80° 75¢ 78 78° ns

Number of plants ~ 7.15® 7.45®  755® 7.45® 7.00® 6.20° 7.90° 6.30° **
Steam of tickness ~ 3.87°  3.897  3.9° 378" 375" 344" 367" 388 **

Leaflet length 46.60° 45.67°  43.75% 44.45® 43.26%™ 31.26° 40.35" 40.20° **
Leaflet width 23.11% 21.73* 2298 22.82° 23.09*° 22.21° 19.98° 21.76% ns
Leaf and flower 46.77%" 4511  4453% 45.22% 46.26® 48.93* 45.30% 40.32° **
Proteins 16.25 1390 19.30 13.74 1350 16.31 14.87 16.04 11.64
Fats 211 219 220 192 1.89 192 185 188  6.86
Cellulose 26.89 30.60 2456 31.05 30.90 27.03 2956 26.29 8.16
Ash 964  8.16 876 898 850 12.64 10.73 10.73 14.45
NFE 4511 4525 4518 4430 4521 4210 4362 4516 2.37
The first swath in 2011
Green mass 43.38% 46.75° 47.63* 44.88° 42.13* 41.50* 49.38% 47.50° ns
Dry mass 8.70° 9.13*  9.15*° 851* 7.897 7.86%° 9.23* 874 ns
Plant hight 82° 81° 82*  81* T7° 78 80  79° ns

Number of plants ~ 10.35* 10.00® 10.40° 10.20* 10.30° 8.90° 10.10% 9.75% **
Steam of tickness  3.79*  3.71° 3.67* 3.60° 3.77% 3.39° 3.65° 3.65° ns

Leaflet length 48.20° 44.72°  46.78° 48.03* 46.85%° 4547° 47.93% 46.22° ns
Leaflet width 27.55% 2529 2566% 28.28° 26.60° 28.94° 24.22° 28.93a **
Leaf and flower 43.83% 4213  41.77° 41.13° 41.14° 49.03° 41.74° 4455 **
Proteins 1524 1475 1319 1475 1437 17.81 1450 1429 8.36
Fats 185  1.74 1.82 184 231 209 238 269 1521
Cellulose 27.03 2897 2969 2831 28.46 2645 2886 29.14 3.62
Ash 9.02 851 839 898 904 1059 935 9.18  6.88
NFE 46.86 46.03  46.91 46.12 4582  43.06 45.09 4470 2.61

* (p<0.05), ns- no significant,*®“% Values denoted by the same letter are not significantly different at the p<0.05 level of
probability (Duncan's Multiple Range Test). NFE - nitrogen-free extract. Genotypes of domestically selected red clover (G-1,
G-2, G-3 and G-4), varieties of red clover (G-5 Nike, G-6 Viola, G-7 Kolubara and G-8 Start).
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Statistically significant differences in the yield of green mass of red clover were also obtained
by Leto et al. (2004), Mihovsky et al. (2011), Tucak et al. (2013) and Radinovi¢ et al.
(2022a). The presented data of these studies show that in the first cut in 2011, the length of
the coot was in the range from 44.72 to 48.2 mm. Primorac et al. (2008) measured the middle
coot of the second year of life in three mean values on 12 populations of red clover, and
determined that its length was from 42.31 to 48.51 mm, in the same research the coot width
was in the range from 21.62 to 27, 74 mm. In the first year (2010), the domestic genotype
(G3) had the highest protein content of 19.3%, in the second (2011) 17.81% of the Viola
variety (G6), in the research of Leto et al. (2004) cultivar Viola had a lower protein content.
Table 2 shows the correlation coefficients of the analyzed traits in the first cut of the first
year. The highest positive correlation was between green mass yield and hay yield (0.95**)
and between leaf width and leaf and flower content (0.87**). A high positive correlation
(0.95**) in the first year of testing between green mass yield and red clover hay yield was
obtained by Radinovi¢ et al. (2022b), Tucak (et al., 2013) (0.93**) and Radi¢ et al. (2024)
between green mass yield and fenugreek hay yield (0.81**).

Table 2. Correlation coefficients between the tested traits in the first cut in 2010

1 2 3 4 5 6 7 8 9 10 11 12 13
0.95**
0.46 0.58

0.50 0.45 0.58

0.21 039 0.80* 0.59

0.62 056 0.14 0.16 -0.16

-0.26 -0.26  0.45 041 026 -0.08

-0.48 -0.47 0.13 035 015 -0.13 0.87**

9 (035 -0.48 -0.48 -0.26 -0.40 -0.63 -0.28 -0.25

10 }0.21 -0.13  -0.23 -0.25 -0.26 -0.27 -0.24 -0.04 0.0

11 +0.05 -0.28 -0.25 0.03 -0.23 -0.37 -0.17 -0.29 0.80* -0.19

12 }0.11 -0.30 -0.61 0.07 -0.28 -0.37 -0.42 -0.22 0.70 0.01 0.74*

13 0.20 0.44 0.45 0.00 065 -0.20 -0.15 -0.26  -0.42 -0.17 -042 -0.36
p<0.05*; p<0.01**; N=8; Properties: 1-green mass, 2-dry mass, 3-plant hight, 4-number of plants, 5-steam of
thickness, 6- leaflet length, 7-leaflet width, 8-leaf and flower, 9-proteins, 10-fats, 11-cellulose, 12-ash, 13-NFE.

O ~NO O WwN

The data obtained in the second year (table 3) show that the correlation coefficients between
the 13 analyzed parameters were highly significant between stem thickness and NFE
(0.94**), green mass yield and hay yield (0.90**), fat content and protein content (0.88*%*),
number of stems per plant and stem thickness (0.86**), leaf and flower content and protein
content (0.85**). A high negative correlation was found between the number of stems per
plant and the content of leaves and flowers (-0.90**) and the content of ash and NFE (-
0.89**).

On the base of the obtained results on the plots was established, a high positive correlation
coefficient between the yield of green mass and the yield of hay (0.90**) (table 3) Similar
values of correlation coefficient between the yield of green mass and the yield of red clover
hay was found (0.86**) in second year of two year study by Radinovi¢ et al. (2022b) and as
well as in study (0.93**) Tucak et al. (2013).
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Table 3. Correlation coefficients between the tested traits in the first cut in 2011
1 2 3 4 5 6 7 8 9 10 11 12 13

2 0.90**

3 045 0.74*

4 0.33 047 051

5 10.20 036 030 0.86**
6

7

8

9

0.08 011 031 0.57 0.33

-0.57  -0.64 -0.29 -0.51 -0.43  -0.06

-0.45  -046 -0.33 -0.90** -0.72* -0.41 0.61

-0.64 -061 -0.39 -0.84** -0.70 -0.29 050 0.85**

10 1(0.18 -0.18 -0.65 -0.25 -0.07 0.03 018 016 -0.04

11 p.79* 065 023 0.54 041 -006 -053 -0.70 -0.89** 0.15

12 (049 -063 -059 -0.86*> -0.77* -0.13 050 0.83* 0.88** 035 -0.75*

13 0.23 048 069 094 081* 043 -041 -0.77* -0.74* -052 043  -0.89**
p<0.05*; p<0.01**; N=8; Properties: 1-green mass, 2-dry mass, 3-plant height, 4-number of plants, 5-steam of
thickness, 6- leaflet length, 7-leaflet width, 8-, leaf and flower, 9-proteins, 10-fats, 11-cellulose, 12-ash, 13-NFE.

In our research, protein content had high positive correlation with leaf and flower (0.85*%*),
with ash (0.88**) and negative correlations of protein content with number og plants (-
0.84**), with cellulose content (-0.89**) and with NFE (-0.74*) table3. However, the authors
of Tucak et al. (2013) did not establish high correlative relationships of protein content with
analyzed characteristics of red clover. Radi¢ et al. (2024) determined positive correlations
between yield and compost yield of green mass and fenugreek seeds.

Conclusion

Positive correlations were established between yield, productive traits and forage quality of
red clover. Leaf width was positively correlated with leaf and flower content, and leaf and
stem with protein content, which indicates that if we have plants with broad leaves and a
higher leaf and flower content in hay, the hay is richer in proteins. A greater number of trees
per plant is positively correlated with NFE and stem thickness, but also negatively correlated
with leaf and flower, protein and fat content. Genotype 7 (Kolubara) had the highest yields of
green mass and hay in both years, domestic genotypes have good forage production potential,
and genotype 6 (Viola) high quality forage.
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Abstract

The paper presents the ecological characteristics of the macrophyte flora of the protected
habitat "Gromizelj". The protected habitat "Gromizelj" is located in the far northeast of
Bosnia and Herzegovina in the Republic of Srpska, within the municipality of Bijeljina. The
protected habitat covers an area of 8.31 km?. In the studied area, the presence of 55 species of
macrophyte flora was recorded. Ecological indices are provided according to Ellenberg, while
data on life forms are taken from Oberdorfer. The analysis of ecological indices for
temperature indicates that the macrophytes in the studied area are predominantly mesothermal
species. In terms of the moisture index values, the most prevalent are species of wet habitats,
while in terms of soil chemical reaction, there is a dominance of plants that mainly grow on
alkaline soils. Regarding nutrient relationships, mesotrophic habitat species dominate, and in
terms of the light regime, these are predominantly full daylight species that are tolerant to
shade. The most present in the studied area are sub-oceanic and oceanic-sub-oceanic species.
According to the ecological index for salinity, most macrophytes in the studied area are
halophobic. The analysis of the biological spectrum of macrophytes determined the
dominance of hydrophytes, followed by hemicryptophytes. Out of the total number of
confirmed macrophyte species in the studied area, 6 species are listed on the Preliminary List
of Species for the future Red Book of Boshia and Herzegovina. According to the IUCN list,
of the 55 identified macrophytes, 41 species are in the category of least concern (LC), while
for Urtica kioviensis, there is insufficient data (DD).

Key words: Macrophytes, Gromizelj, ecological indices, life forms.
Introduction

The protected habitat "Gromizelj" is located in the far northeast of Bosnia and Herzegovina in
the Republic of Srpska, within the municipality of Bijeljina (Map 1).
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Map 1. Location of the Protected Habitat "Gro}niiélj" (1:200 000)
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The protected habitat extends from the southwest to the northeast, spanning 5.5 kilometers
and covering an area of 8.31 km? The Gromizelj wetland has an elliptical shape, 1600 meters
in length (southwest-northeast direction) and 750 meters in width (northwest-southeast
direction). The primary natural values of the "Gromizelj" protected area include the Gromizelj
wetland, located in the central part of the reserve, and the partially channelized Prugnjaca
stream. The remaining areas are predominantly intensively cultivated, with occasional forest
complexes: Mladenovaca, Taborista, Toplik, PiStalovac, Citluk, and Tukar.
Until 2009, floristic research in this area was sparse. In the Flora of Bosnia and Herzegovina,
Beck, Maly, and Bjel¢i¢ (1927, 1950, 1967) reported the presence of Utricularia vulgaris and
Hottonia palustris in Bijeljina, and Glycyrrhiza echinata near Bijeljina and Ra¢a. Sumati¢
(1997) conducted research on weed flora and vegetation in the Pannonian Basin of the
Republic of Srpska, noting the presence of 85 species of weed plants in the Bijeljina area.
Interest in the GromizZelj wetland was sparked by the discovery of the relict fish species
Umbra krameri, prompting the Republic Institute for the Protection of Cultural, Historical,
and Natural Heritage of the Republic of Srpska to initiate multidisciplinary research from
2009 to 2010. During this period, the vascular flora was extensively studied. Petronic et al.
(2011) analyzed the weed flora of the protected habitat Gromizelj. Petronic et al. (2014)
studied the floristic diversity and biodiversity conservation of Gromizelj. Habitat types of
European significance in the Gromizelj area were documented by Petronic et al. (2017).
The protection of the area was carried out based on the Nature Protection Law and the Study
for the Proclamation of the Protected Habitat "GromiZelj," with the declaration act issued by
the Government of the Republic of Srpska ("Official Gazette of the Republic of Srpska™ No.
19/18).

Materials and methods

The study utilized existing literature data from Petroni¢ (2017), which presented the diversity
of vascular flora. The conservation status and protection level were provided according to the
Preliminary Red List of Endangered Plants of Bosnia and Herzegovina (Sili¢, 1996) and the
IUCN (2024). Ecological indices were given according to Ellenberg (Borhidi, 1993), while
data on life forms were taken according to Oberdorfer (2001). Indicator values of plant
species according to Ellenberg (Borhidi, 1995) were represented by indices for basic
ecological parameters, such as temperature, moisture, soil reaction, nitrogen content in the
soil, light intensity, continentality, and salinity. Ecological indices according to Ellenberg are
given on scales of 1 to 9, or 1 to 12 (moisture index). Species names were adjusted according
to the nomenclature from Euro+Med PlantBase (2006-2024).

Results and discussion

Previous research on the flora (Petroni¢, 2017) of the protected habitat "Gromizelj" recorded
55 macrophytes.

Table 1. Overview of macrophytes within the protected habitat "Gromizel;"

No. Species ety fealliieices Life forms
TB | WB | RB | NB | LB | KB |SB

1. | Alisma plantago-aquatica L. 5 10 6 8 7 4 0 Hyd

2. | Caltha palustris L. 5 9 5 5 7 4 0 H

3. | Cardamine dentata Schult. 4 7 6 5 6 4 0 Hyd

4. | Carex elongata L. 5 9 6 6 4 3 0 H

5. | Carex pseudocyperus L. 6 10 6 5 7 3 0 Hyd (H)

6. | Carexacuta L. 5 9 6 4 7 7 0 | G (H, Hyd)

7. | Carex brizoides L. 5 7 5 4 6 4 0 G

8. | Carex elata All. 5 10 6 4 8 2 0 H (Hyd)
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9. | Carexflava L. 5 9 8 4 8 2 0 H
10. | Carex pendula Huds. 6 8 6 5 4 2 0 H
11. | Carex remota L. 5 8 6 6 4 3 0 H
12. | Carex riparia Curtis 7 10 7 4 7 3 0 Hyd (H)
13. | Ceratophyllum demersum L. 7 12 8 8 6 4 0 Hyd
14. | Chrysosplenium alternifolium L. 5 7 7 4 4 4 0 H
15. | Cirsium palustre (L.) Scop. 5 8 5 3 7 3 0 H
16. | Deschampsia caespitosa (L.) P. Beauv. | 6 7 6 3 7 5 0 H
17. | Eleocharis palustris (L.) R. Br. 6 10 7 5 8 5 1 Hyd
18. | Epilobium hirsutum L. 5 9 8 7 7 5 0 H
19. | Glyceria fluitans (L.) R. Br. 5 9 8 5 7 3 0 Hyd
20. | Hottonia palustris L. 6 11 5 4 6 5 0 Hyd
21. | Hydrocharis morsus-ranae L. 6 11 7 7 7 4 0 Hyd
22. | Impatiens noli-tangere L. 5 7 7 6 4 5 0 T
23. | Iris pseudacorus L. 6 9 6 7 7 3 0 Hyd (H)
24. | Juncus articulatus L. 5 8 6 2 8 3 1 H
25. | Juncus conglomeratus L. 5 8 5 5 8 7 0 H
26. | Juncus effusus L. 5 9 6 3 8 3 0 H
27. | Lemna minor L. 5 11 7 6 7 3 0 Hyd
28. | Lemna trisulca L. 5 11 7 6 8 3 0 Hyd
29. | Lycopus europaeus L. 6 9 6 7 7 5 0 Hyd
30. | Lycopus exaltatus L. 6 9 6 6 7 6 0 H, Hyd
31. | Lysimachia nummularia L. 6 7 8 4 5 4 0 Ch
32. | Lysimachia vulgaris L. 5 8 6 4 6 5 0 H
33. | Lythrum salicaria L. 5 9 7 4 7 5 1 H
34. | Mentha aquatica L. 5 9 7 4 7 3 0 H (Hyd)
35. | Myriophyllum verticillatum L. 5 9 7 4 7 3 0 Hyd
36. | Myriophyllum spicatum L. 5 12 8 5 5 4 0 Hyd
37. | Nuphar lutea (L.) Sm. 6 11 7 8 8 4 0 Hyd
38. | Oenanthe aquatica (L.) Poir. 6 10 7 5 7 5 0 Hyd
39. | Persicaria amphibia (L.) Delarbre 5 11 7 7 7 4 0 Hyd, H
40. | Persicaria hydropiper (L.) Delarbre 5 9 7 5 7 4 0 T
41. | Persicaria lapathifolia (L.) Delarbre 6 8 6 8 6 4 0 T
42. | Phragmites australis (Cav.) Steud. 5 10 7 5 7 4 1 Hyd, G
43. | Potamogeton natans L. 4 12 7 4 6 5 0 Hyd
44. | Ranunculus fluitans Lam. - - - - - - - Hyd
45. | Ranunculus repens L. 5 8 6 6 6 4 1 H
46. | Ranunculus trichophyllus Chaix - - - - - - - Hyd
47. | Rorippa amphibia (L.) Besser 6 10 8 8 7 7 0 Hyd
48. | Rumex hydrolapathum Huds. 7 10 7 7 7 3 0 Hyd
49. | Sium latifolium L. 6 10 7 8 7 4 0 Hyd
50. | Thelypteris palustris Schott 4 9 5 5 7 4 0 G
51. | Urtica kioviensis Rogow. 6 9 7 7 7 6 0 H
52. | Utricularia vulgaris L. 6 12 7 5 7 5 0 Hyd
53. | Veronica anagalis-aquatica L. 6 9 7 7 7 3 0 Hyd, H
54. | Veronica beccabunga L. 5 10 7 6 7 3 0 Hyd
55. | Zannichellia palustris L. 6 12 8 8 6 5 5 Hyd

The ecological analysis of macrophytes in the studied area was conducted based on ecological
indices for temperature, soil moisture, soil reaction, mineral nitrogen content in the soil, light
regime, continentality and salinity (Table 2).
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Table 2. Indicator values of ecological indices for the macrophyte flora of the studied area

Indicator Ecological indices
values TB WB RB NB LB CB SB
No. % No. % No. % No. % No. % No. % No. %

0 - - - - - - - - - - - - 47 | 88,7
1. 0 0 0 0 - 0 0 - 5 1943
2. 0 0 0 1 189 | 0 3 566 | 0 -
3. 0 - 0 0 3 |566| 0 - 16 [ 302 ]| O
4, 3 |566| 0 0 - 13 | 245 5 | 943 | 17 | 321 | O -
5. 28 | 528 | 0 - 6 113 | 13 | 245 2 | 3,77 | 12 | 22,6 1 |1,88
6. 19 | 359 | 6 113 | 17 | 321 | 8 15,1 9 17 2 377 | O -
7. 3 |566| 0 - 22 | 415 | 8 151 | 29 | 547 | 3 566 | 0
8. 0 - 8 151 | 8 151 | 7 132 | 8 151 ] 0 - 0
9. 0 17 1321]| O - 0 - 0 - 0 0
10. - 11 | 20,8 - - - -
11. - 6 11,3
12. - - 5 | 943 - - - - - - - - - -
> 53 | 100 | 53 | 100 | 53 | 100 | 53 | 100 | 53 | 100 | 53 | 100 | 53 | 100
X 5,42 9,23 6,6 5,43 6,62 4,06 0,19

The analysis of ecological indices for temperature indicates the dominance of species with an
ecological index TB5 (52.8%). These are plants of the montane mesophilous broad-leaved
forest belt. Species of the submontane broad leaved forest belt (TB6) also have significant
representation (35.85%). Species of the montane needle-leaved forest or taiga belt (TB4) and
species of the thermophilous forest or woodland belt (TB7) are not significantly represented
(5.66%). The mean value of the ecological index for temperature is 5.42, indicating that the
macrophytes in the studied area are predominantly mesothermal species.

Regarding the moisture index values, the most prevalent are plants of wet, not well aerated
soils (WB9) (32.1%). The second most common are species with an index of WB10 (20.8%),
which are plants of frequently flooded soils. The third place (15.1%) is occupied by plants of
moist soils tolerating short floods (WB8). Plants of fresh soils with an index of WB6 and
plants with floating or partly emergent leaves with an index of WB11 are represented by
11.3%. Plants most wholly submersed in water (WB12) are present with 9.43%. The mean
value of the moisture index is 9.22. This value indicates that macrophytes in the studied area
develop in wet habitats, which is expected given that they are species of aquatic habitats.
Regarding the soil's chemical reaction, there is a dominance of basifrequent plants, mostly on
basic soils with an index RB7 (41.5%) and neutrophilic plants with an index RB6 (32.1%),
which grow mostly on neutral soils but also in acid and basic ones, more or less indifferent
plants. Plants of slightly acid soils with an index RB5 are represented by 11.3%, while plants
of basiphilous sites with an index RB8 are present with 15.1%. The average value of the
ecological factor for soil acidity is 6.6. Based on this, we can say that the macrophytes of the
studied area predominantly inhabit basophilic habitats.

Regarding the nutrient content, the most represented are plants of mesotrophic habitats with
an index NB5 (24.5%) and plants of submesotrophic habitats with an index NB4 (24.5%).
Plants of moderately nutrient rich habitats (NB6) and plants of soils rich in mineral nitrogen
(NB7) are present with 15.1%. N-indicator plants of fertilized soils (NB8) are present with
13.2%. Plants of habitats very poor in nitrogen with an index NB2 and plants of moderately
oligotrophic habitats with an index NB3 are not significantly represented (1.89% and 5.66%).
The average value of the ecological index regarding nutrient content is 5.43. This indicates
that the macrophytes of the studied area are predominantly mesotrophic.

In terms of light as an ecological factor, halflight plants, mostly liying in full light but also
shadow tolerants (LB7) have significant representation (54.7%). The second most common
are light plants with photosynthetic minimum above 40% relative light intensity, less only in
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exceptional cases (LB8) (15.1%). Shadow-halfshadow plants with photosynthetic minimum
between 5 and 10% relative light intensity (LB4), are represented by 9.43%. Halfshadow-
halflight plants with photosynthetic minimum between 10 and 40% relative light intensity
(LBG6), are present with 17%, while halfshadow plants receiving more than 10% but less than
100% relative light intensity (LB5), are represented by 3.77%. The average value of
ecological indices for light intensity is 6.62, indicating that the macrophytes of this area are
predominantly full daylight species that are tolerant to shade.

Regarding the continentality index, species with indices CB4 (32.1%) and CB3 (30.2%)
dominate. These are suboceanic species that predominantly inhabit Central Europe but
reaching to East and oceanic-suboceanic species these are in whole Central Europe. Species
of the intermediate type with slight suboceanic-subcontinental character (CB5) are present
with 22.6%. Oceanic species with an index CB2, mainly found in Western Europe and the
western part of Central Europe, and continental-subcontinental species with an index CB7 are
represented with 5.66%. Subcontinental species (CB6) are not significantly represented
(3.77%). Regarding the ecological index for salinity, most macrophytes in the studied area are
halophob species (SBO) (88.7%) not occurring in salty or alkalic soils.

The analysis of the biological spectrum of macrophytes established the dominance of
hydrophytes (52.7%), which is expected since macrophytes are plant species of aquatic
habitats. Hemicryptophytes (34.6%) are the second most common, their significant presence
corresponding with the climatic conditions of the studied area, the biological spectrum of
Bosnia and Herzegovina, and the Balkan Peninsula. Geophytes (5.5%), therophytes (5.5%),
and chamaephytes (1.8%) are insignificantly represented.

Of the total number of macrophyte species recorded in the studied area, 6 species are listed on
the Preliminary List of Species for the Future Red Book of Bosnia and Herzegovina (Sili¢,
1996), categorized as vulnerable species (VU). These are: Thelypteris palustris, Nuphar
luteum, Hottonia palustris, Zanichellia palustris, Hydrocharis morsus-ranae and Utricularia
vulgaris. According to the IUCN list, of the 55 identified macrophyte species, 41 species are
in the least concern category (LC), while for Urtica kioviensis there is insufficient data (DD).
This research recorded the tertiary relict species Urtica kioviensis for the first time in the flora
of Bosnia and Herzegovina.

Conclusion

The protected habitat "Gromizelj" is located in the far northeast of Bosnia and Herzegovina,
in the Republic of Srpska, within the municipality of Bijeljina. The protected habitat covers
an area of 8.31 km? Previous research on the flora of the protected habitat "Gromizel;" has
recorded 55 macrophytes. In the macrophyte flora of the studied area, mesothermal, basic,
mesotrophic, halophobic, suboceanic, and oceanic-suboceanic species dominate. Also, the
most prevalent are species of wet habitats as well as species that thrive in full daylight but are
tolerant of shade. The analysis of the biological spectrum of macrophytes established the
dominance of hydrophytes, with hemicryptophytes being the second most common. Of the
total number of macrophyte species recorded in the studied area, 6 species are listed on the
Preliminary List of Species for the Future Red Book of Bosnia and Herzegovina. According
to the IUCN list, 41 species are in the least concern category (LC), while for Urtica
kioviensis, there is insufficient data (DD).
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Abstract

The goal of the present experiment was to evaluate the effect of organic plant biostimulant
application on the quality parameters of tomato grown under greenhouse conditions. This
study was undertaken to determine the effects of humic acid on the ascorbic acid and total
acids content of two tomato cultivars Rally F1 and Pink Rock F1. The experimental site was
set up in the greenhouse of the Faculty of Agriculture in East Sarajevo, in 2022. Treatment
with biostimulant "Humistar" was started with concentration 0, and 50, 100, 150ml L™ were
applied into soil every 15 days starting with transplanting in greenhouse and during of the
growing seasons. In general,soil application of humic acid presented positive effects on
physicochemical quality of tomato fruits irrespective of the dose of humic acid and the
cultivar investigated. Soil application of humic acid treatment with 50mIL™ al showed
positive effects on the vitamin C of tomato fruits harvested from the cultivar Pink Rock F1.
Higher dose of biostimulant of 100ml L™ showed better results in increasing the content of
total acids in cultivar Pink RockF1, and a lower dose of 50mL™ in increasing the content of
vitamin C in RallyF1 cultivar. Regarding the application of different concentrations of
biostimulators, the highest content of vitamin C was recorded on the variant 50mlIL™ and
total acids in variant with 100mIL™ and that is statistically significant compared to the other
investigated variants. A high level of negative correlation was determined between the
parameters: Vitamin C - Total acids (- 0.8176).

Keywords: tomato, cultivar, humic acid, fruits quality.
Introduction

Plant biostimulants are natural products used to stimulate nutrient uptake and efficiency by
crops, increase tolerance to abiotic/biotic stress and improve quality without negative impacts
on the environment if obtained from renewed sources. Humic substances are some of the most
used plant biostimulants in agriculture and play a central role in plant adaptation. The
definition of plant biostimulants is strongly linked to changes in the physiological functions of
plants (Ricci et al., 2019). The origin of plant biostimulants is diverse, being obtained from
different organic sources, such as microbial fermentation of animal or vegetable raw
materials, humic substances, algae extracts, protein hydrolysates, industrial residues,
beneficial fungi and rhizobacteria that promote plant growth (Nardi et al., 2015; Rouphael et
al., 2015). Humic acid is one of the types of plant organic fertilizer that has a great role in
plant nutrition and soil fertility; in addition, produce higher yields, improved fruit quality and
healthier plant (Pettit, 2004). Humic acid is particularly used to decrease the negative effects
of chemical fertilizers and could have beneficial effects on the nutrition of the plant (Martinez
et al., 1983). It is recognized as a major determinant of soil fertility, which covers physical-
chemical and biological activities (Bronick, 2005). Also, Farahi et al. (2013) suggested that
foliar application of humic acid led to improvement of quantitative and qualitative
characteristics of strawberry (chlorophyll content, fruit number,total yield of plant, TSS,total
acids, vitamin C, and fruit firmness).
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Tomato (Lycopersicon esculentum L.), is one of the leading vegetable specie in protected
areas and in the open field, belongs to the Solanaceae family. Tomato is an annual
dicotyledonous plant in the continental climate. The fruit is used in botanical maturity. The
fruit is rich in potassium, phosphorus, magnesium and iron. It also contains vitamins C, B1,
B2, and vitamin PP. The color of tomatoes is given by lycopene, but it also contains other
dyes, carotenoids (carotene and xanthophyll). It also contains glycoalkaloids which give it a
characteristic smell and bitter taste. The taste of tomatoes is the first and most important step
by which consumers decide for a given product. The leaf and stem contain tomatin, which has
a fungicidal effect and is toxic to some insects. It has a high potential for yield, and the
organization of seedling production is very important. The effects of humic acid on plant
growth and quality of fruit are very complex and can be change depending on many factors.
In this study two tomato varieties were evaluated on influence of humic acid to produce acids,
special attention giving to ascorbic acid as one of the most abundant in tomatoes and very
important for human health.
Material and methods

Plants of two tomato cultivars with indeterminate growth pattern, namely Rally Fland Pink
Rock F1, were transplanted into prepared soil in greenhouse during the third decade of April
in 2022. Rally F1 is an early hybrid, tall, characterized by a semi-open habitus with a very
strong root, and is highly valued for its ease of cultivation. Pink Rock F1 is an indeterminate
pink tomato with short internodes. An early hybrid, very productive, high resistance to
diseases.The experimental site was set up in the greenhouse of the Faculty of Agriculture in
East Sarajevo (Republic of Srpska, Bosnia and Herzegovina). The greenhouse was maintained
at 23 + 1 °C day temperatures with 59.05 + 2% RH during the course of crop growth. Average
and maximum daily temperatures, air humidity and soil moisture values in the greenhouse
during the experimental period are given in Table 1. A recent analysis reveals that the soil (pH
7.38) contains <1% of CaCOs, 6.00% of organic matter, 0.40 mg kg™ of nitrogen, >40 mg kg
! of phosphorus, and 19.60 mg kg™ of potassium. Plants were grown upright and trained onto
a single stem. They were supported by iron wires fixed to their main stems. The experiment
was set-up as a Randomized Complete Block Design arranged in a split plot system replicated
four times. There were 8 combinations with 12 plants per variant. The plants are planted at a
distance of 0.6x0.5 m, which makes an assembly of 333 plants/100m?.

Table 1. Average and maximum daily temperatures, air humidity and soil moisture values in
the greenhouse during the experimental period

Month Greenhouse daily temperature Relative air humidity (%) Soil daily moisture (%)
(°O)
Average max. Average max. Average max.
April 13,45 23,2 59,05 99,9 48,87 78,70
May 28,96 43,6 50,79 90,0 36,54 80,80
June 34,89 44,0 38,15 99,2 40,04 79,80
July 32,68 42,7 44,13 95,5 46,46 78,20

Humistar is a special liquid preparation, which contains a high amount of humic acids. The
product was obtained by extraction from leonardite, without heavy metal content. Humistar
promotes more intensive absorption of all forms of nutrients from the soil, affects the initial
development of roots in plants (after transplanting), improves the structure and water - air
properties of the soil, and promotes the development of beneficial microbiological fauna. In
addition to humic acids, Humistar contains a high amount of other organic compounds (amino
acids, peptides, peptones, proteins, biostimulators, etc.) that the plant can quickly and
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efficiently absorb through the roots. Composition - Total humus supplement: 15% w/w
Humic acid: 12% wi/w, Fulvic acid: 3% w/ w.
The following variants are represented within the second tested factor (B) biostimulator:
B1-control, B2-50 ml L™ (0.5%), B3-100 ml L™ (1%), B4-150 ml L™ (1.5%).
The first application of Humistar was well incorporated into the soil before planting. The
second soil drench was applied under the growing plants, about 10 cm around their main
stems (Salman et al., 2005) using a back-held spray pump and a spade. The thirdtreatment
was in the phenophase of tomato flowering, then after 15 days in the phenophase of fruit
formation, the fourth treatment in the phenophase of fruit ripening and the fifth application of
Humistar in the phenophase of full fruit ripening. The control treatment consisted of soil
applications of water only. Harvesting started in mid Julyand continued periodically,
depending on fruits ripening. Each lot (5 fruits) assigned for analysis of fruits quality was
homogenized in a kitchen blender. Vitamin C content were expressed as mg ascorbic acid 100
g™ fresh weight (FW). The content of total L-ascorbic acid was determined by titration with
the Tillman solution (Tillman’s Method). Plant material (50 g) was mixed with 200 cm? citric
acid, and after 30 min the extract was titrated with the Tillman’s reagent (2,6-dichloro-
indophenol). Content of total acids (g100g™) was determinated using metod (Turhan and
Seniz, 2009), titration with sodium hydroxide solution in the presence of phenolphthalein as
an indicator . A total of 10 ml of tomato juice is put in to a 100 ml measuring flask, diluted to
a tera mark with aquades. Filtered sample, take 20 ml of obtained filtrate and inserted in to
Erlenmeyer. The sample was added 2 drops of Phenolphtalein and titrated with 0.1 N NaOH
until pink. Also, the microclimatic conditions in the greenhouse were monitored using a
digitalization system. The following parameters were monitored: air and soil temperature,
relative air and soil humidity. We monitored all of the above via an application on a mobile
device (Virtuino 6). Through this application, the experimental greenhouse was regularly
ventilated. Identification of significant differences between the studied varieties for the
investigated quality parameters showing a normal distribution was evaluated using the one-
way one-factor analysis of variation (ANOVA) followed by the least significant difference
(LSD). The mean value within each group with different letters showed significant differences
with P < 0.05.

Results and discussion

Application of humic acid has generally been suggested to improve the nutrient-uptake
efficiency of tomato plants from the soil/environment. Atiyeh et al. (2002) reported that
following incorporation of humic acid into the soil-less container medium, tomato seedlings
showed better vegetative growth. They ascribed it to their improved nutrient uptake
efficiency. Similarly, Yildirim (2007) and Ebrahim et al. (2012) found that foliar sprays of
humic acid increased vegetative growth of tomato plants as a result of increased nutrient
uptake. These nutrients are involved in plant bioactivities and plant growth induction (Abdel-
Mawgoud et al., 2007). In addition, humic acid plays a vital role in the uptake and transport of
nutrients as a result of increased cell permeability (Dursun et al., 2013). Since humic acid
seems to have an ability to interact with various structures of phospholipid in cell membranes
thereby serving as carriers of nutrients it might have a role in transport and availability of both
micro- and macro-elements in plants (Asri and Demirtas, 2015). Fruits have the
characteristics and levels of maturity vary so that the content of substances contained there in
also varies. Types of acids are found in many types of plants, especially fruits. These acids are
present in small amounts which are the intermediate results in metabolic processes in the
Krebs cycle of the tri carboxylic acid, the glycoxylic acid, and the shikimic acid cycle. Citric
acid is the most dominant organic acid in tomatoes. In addition to citric acid, malic acid is the
most organic acid that contributes to the taste of tomatoes. Some authors suggest that
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biostimulants improve stress tolerance due to a greater production of anti -oxidants (Ertani et
al., 2013). The present data showed that biostimulant application positively affected lycopene,
but negatively affected b-carotene and vitamin C contents, thus the influence on total
antioxidant activity was not significantly different among the experimental treatments.
Ascorbic acid content also known as vitamin C, is a non-enzymatic antioxidant that possesses
beneficial effects for the human body. According to Malacrida et al. (2006), a higher AA
content in tomatoes improves the postharvest fruit quality. Alenazi et al.(2020) found that
ascorbic acid is responsible for a better plant olerance of biotic and abiotic stress. Thus,
varieties with a high ascorbic acid content are of particular importance for the breeding
programmes and the fresh produce market.

Table 2. Effect of cultivars and humic acid application on vitamine C content mg 100g™* FW

Cultivars
Treatments (ml L™) Average for biostimulant
Rally F1 Pink Rock F1
Control 9,32a 9,26b 9,29ab
50 9,09bc 9,57a 9,33a
100 8,89¢c 8,97¢c 8,93c
150 9,14b 9,29b 9,21b
Average for cultivars 9,11 9,27 9,19

Means followed by the same letter in each season are not significantly different at the 0.05 level

In the present study, the ascorbic acid content differs significantly among the studied
varieties (Table 2.). Regarding the application of different concentrations of biostimulators,
the highest content of vitamin C was recorded on the variant 50mIL™ and was 9.33mg100g™,
which is statistically significant compared to the B3 (100 ml L™*) and B4 (150mIL™) variants.
The variety Pink RokF1 had a statistically higher content of vitamin C 9.27 mg100g-
compared to the other tested variety (9.11mg100g™). The highest vitamin C content were
recorded for the fruits harvested from the plants of Pink Rock F1 cultivar, in treatment with
50ml L™ compared to the other tested concentrations of humic acid and that was statistically
significant. Radzevicius et al. (2013) suggested that environmental conditions and plant
cultivar have major influences on vitamin C content in tomato fruits. Similar results to ours
were obtained by (Zodape et al., 2011) with the foliar application of Kappaphycus alvarezii
sap (seaweed) in tomatoes. There was an increase of more than 20% in the levels of ascorbic
acid, acidity and total soluble solids, in addition to the levels of N, P, K, Mn and Zn compared
with the treatment control. Padem and Ocal (1999) showed that just a single application of
humic acid during the plant growth cycle was sufficient to increase vitamin C content in
tomato fruits grown for processing industry.

Table 3. Effect of cultivar and humic acid application on total acids content g100g™FW

Cultivars
Treatments (ml L™) Rally F1 Pink Rock F1 Average of biostimulant
Control 5,96b 5,92b 5,94b
50 6,11a 5,53¢c 5,82¢c
100 6,09ab 6,20a 6,14a
150 5,74c 5,89bc 5,81c
Average for cultivars 5,97 5,88 5,92

Means followed by the same letter in each season are not significantly different at the 0.05 level

In the present study, the total acids content differs significantly among the studied varieties
(Table 3.). Regarding the application of different concentrations of biostimulators, the highest
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content of total acids was recorded on the variant 100mlIL"and was 6,14g100g™. The Rally
F1 variety had a statistically significant higher average content of total acids (5.97g100g™)
compared to the Pink Rock F1 variety (5.88 g100g™). The highest content of total acids in the
Rally F1 variety was recorded in the 50mIL™(6,11g100g™), which is statistically significant
compared to the other varieties. The content of total acids in the variety Pink RockF1 was
recorded at the variant 100mIL™ (6,20g100g™) which is statistically significant compared to
the control and the treatment B4 with 150mIL™. A high level of negative correlation is
determined between the parameters: Vitamin C — Total acids (- 0.8176). The correlation
analysis showed that the vitamin C content was negatively correlated with the total acids
content. One possible theoretical explanation of this result is that the vitamin C content in
tomato fruit increases till beginning of ripening and then begins to decrease due to an increase
in the ascorbate oxidase activity (Yahia et al.,2001). Asri and Demirtas (2015) recorded that
total acids of tomato fruits has been increased with increasing doses of humic acid
application, though remained in the range of 0.3-0.5% citric acid. It was found that water
stress increased the sugar and acid contents (ascorbic, malic and citric acid) of the tomato
fruits and thus improved the fruit quality. During the experimental period, there were not
favorable conditions when it comes to soil moisture and air temperatures. The relative soil
moisture ranged from 40,04 to 79,80% in June and 46,46 to 78,20% PVK in July, which is not
suitable for successful greenhouse production. Unfavorable conditions were as far as the air
temperature is concerned, they were over max. 44,0 °C in June and 42.7°C in July, which is
not favorable for growth and development of plants.

Conclusion

Tomato contains several health-beneficial compounds and has high commercial importance
throughout the world. Nowadays, water shortage is a challenge for agricultural production,
especially for vegetable crops, and long-term and sustainable strategies should be adopted to
enhance productivity without compromising the quality of fruits and vegetables. Our results
indicate that soil drenching with different concentrations of humic acid influenced to
increases the efficiency of both cultivars to produce of quality fruits under protected
environment.Soil drenching of humic acid 50 and 100mlL-1 increase the efficiency of both
cultivar to produce higher quality fruits under protected environment. A high dose of
biostimulator 150mIL™ did not affect the improvement of the tested quality parameters of
tomatoes in both tested varieties. The occurrence of a negative correlation between total acids
and ascorbic acid in tomato fruit should be investigated in further studies. When analyzing the
results, it is necessary to take into account the characteristics of the variety for the given tested
parameters as well as its resistance to lack of water for a certain period and high temperatures
in the greenhouse. Differences in temperature and soil water content between June and July
can be one of the causes of the low content of vitamin C in the RallyF1 variety and total acids
in the tomato fruit at single treatments in both cultivars. Therefore, further research is needed
to fine-tune the application of those formulations of humic acid that had beneficial effects in
order to suggest an application protocol that may improve processing tomato fruit quality
under water limitation condition, high temperatures or choose a different cultivar.
Biostimulants offered advantages for greenhouse tomato through protection of plants against
abiotic stresses and have a potential to improve yield quality.
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Abstract

Phenological traits and initial and final fruit set of five sweet cherry cultivars (Burlat,
Schneider's Spate Knorpelkirsche, Kordia, Karina and Regina) were studied in the region of
Sarajevo (Bosnia and Herzegovina) over one-year period (2024). The beginning of flowering
of the tested cultivars was at the end of the third decade of March, respectively at the
beginning of the first decade of April. The phenophase of full flowering was in the interval
from April 1 to April 9. The end of flowering of all cultivars was in the second decade of
April. The shortest duration of flowering was 8 days, and the maximum was 12 days, while
the abundance of flowering was in the interval 2.8—-4.5. The initial fruit set in open pollination
was in the interval from 15.2% to 53.2%, while the final fruit set in open pollination was in
interval from 0% to 2.6%. The cultivar Burlat was statistically significantly different from
other cultivars according to the initial and final fruit set in open pollination.

Key words: sweet cherry, phenological properties, initial fruit set, final fruit set.
Introduction

Flowering represents one of the most important phenophases and simultaneously the most
critical phase on which the yield largely depends. The time of flowering varies from year to
year and is conditioned by agro-ecological conditions before and during the flowering. The
start and duration of flowering, depends on the hereditary basis of the variety, but also on the
temperature or the sum of the active temperatures after the end of the dormancy period. A
significant problem in studying the phenology of sweet cherry flowering and its impact on the
proper formation of cultivar composition is determining the temporal overlap of different
cultivars in the full flowering phenophase, which is a prerequisite for potential pollination.
The interval between the flowering of the earliest and the latest sweet cherry cultivar in our
agro-ecological conditions ranges from 8 to 15 days, while in warmer areas, this range is
greater, extending from 15 to 20 days. The flowering of one cultivar on average lasts 12 to 15
days. Cultivars with longer flowering periods have a greater chance for successful pollination
and fertilization. They also have a lower chance of being damaged by late spring frosts.
Observing the flowering time of sweet cherries over a longer period, a tendency for its
advancement can be noticed, which is associated with the phenomenon of global warming.
Fertilization is a process that occurs after pollination and is a necessary condition for the
development of the sweet cherry fruit. This physiological phase is conditioned by biological
factors and ecological conditions. The success of sweet cherry fertilization depends on three
factors: stigma receptivity, the growth rate of pollen tubes, and the vitality of the embryo sac.
The receptivity of the sweet cherry stigma lasts 1 to 7 days depending on weather conditions.
It has been established that at a temperature of 10 °C, sweet cherry stigma receptivity lasts up
to nine days, at 20 °C, five days, and at 30 °C, two to three days (Milatovi¢ et al., 2011).
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Pollen germination does not occur at temperatures lower than 5 °C. The optimal temperature
Is between 20-25 °C, and under these conditions, the period from pollination to fertilization is
2—4 days. In sweet cherry, pollen tubes reach the base of the style in 2-3 days, and it takes 6—
8 days for most pollen tubes to reach the embryo sac. The vitality of the embryo sac primarily
depends on temperature, as low temperatures prolong, while high temperatures shorten the
period of functional ability.

Various biological and ecological factors affect the percentage of initial and final fruit set in
open pollination in sweet cherry. The percentages of initial and final fruit set in open
pollination can serve as indicators of yield, the degree of self-fertilization, the quality of
fertilization, and the suitability of the cultivar as a pollinator. The cause of poor fruit set can
be the absence of pollinators (insects) as well as poor weather conditions during the flowering
phenophase. Glisi¢ et al. (2012) state that the percentage of final set fruits indicates the
suitability of pollinators, as the percentage of initial set fruits includes those that are
degenerated and defective. Fruit set depends on the compatibility and vitality of the
pollinator's pollen, temperature, and insect activity. Low temperatures during the winter
period can result in damage to flower buds, indicating potentially lower yields. Environmental
factors influence different fruit set rates between cultivars and within a cultivar over the years
(Nava et al., 2009). The same authors note that the genetic factor has the greatest impact on
the sensitivity of fruit trees to higher temperatures during the flowering phenophase. In sweet
cherry, higher temperatures during the flowering phenophase can significantly reduce fruit set
(Hedhly et al., 2007). The aim of the study was to examine the flowering phenophases, as
well as the initial and final fruit set in open pollination of sweet cherry cultivars under the
agro-ecological conditions of Sarajevo.

Materials and methods

The research was conducted in 2024, in the area of Sarajevo, within the experimental sweet
cherry orchard of the Federal Institute of Agriculture of Bosnia and Herzegovina, which was
established in the spring of 2007 at an altitude of 600 meters. The rootstock for all the studied
cultivars (Burlat, Schneider's Spate Knorpelkirsche, Kordia, Karina and Regina) was the
vegetative rootstock Gisela 5. The phenological characteristics of flowering and the
percentage of initial and final fruit set were analyzed. Flowering was recorded by
recommendations of the International Working Group on Pollination: start of flowering —
10% open flowers, full bloom — 80% open flowers, end of flowering — 90% of the petal fall
(Wertheim, 1996). The duration of flowering was determined by the number of days from the
beginning to the end of flowering, while abundance was assessed on a scale from 1 to 5 (1-
trees without flowers, 5-abundant flowering). Fruit set was determined based on open
pollination on six selected branches (two repetitions with three branches each) from each
cultivar. The counting of initial fruit set was done three to four weeks after pollination, and
final fruit set at the beginning of the fruit ripening phenophase. The fruit set expressed as a
percentage was calculated by the ratio of the number of set fruits to the number of flowers.
The obtained data for the percentage of initial and final fruit set were statistically processed
using Fisher's model of analysis of variance (ANOVA) for a one-factor experiment, applying
the F-test (Fisher, 1953) for R < 0.05 (using the statistical package IBM SPSS Statistics 20
(SPSS Inc, Chicago, IL, USA)). Differences in the means of the observed traits were
determined using Duncan's multiple range test for a significance level of P < 0.05. Correlation
analysis between individual phenological traits and fruit set was performed using IBM SPSS
Statistics 20 (SPSS Inc, Chicago, IL, USA).
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Chart 1. Dynamics (red line) of mean daily air temperatures during the flowering
phenophases. The blue line inside the graph represents the average value of the average daily
air temperature for the duration of flowering.

Air temperature—the area where the experimental sweet cherry orchard is located is
characterized by a distinctly continental climate, with an average annual air temperature for
the period 1961-1990 of 9.8 °C (http://www.fhmzbih.gov.ba/). According to the same data
source, the average annual air temperature for the period 2000-2018 was 11.6 °C. For the first
five months of 2024., when the research was conducted, the following air temperatures were
recorded: January (0.7 °C), February (6.5 °C), March (9.5 °C), April (12.4 °C), and May (16.1
°C). Observing the flowering period, it is characteristic that the average daily air temperatures
during the first five days were stable, showing a gradual increase, while from the sixth to the
tenth day, slightly lower values than the established average for the flowering period this year
were recorded (Chart 1). After the tenth day, an increase in daily air temperature was
observed. The average value of the mean daily air temperature during the flowering period in
2024. was 15.3 °C.

Results and discussion

The results of the study of the start, full, end and duration of flowering are presented in table
1.

Table 1. The flowering phenophase of sweet cherry cultivars in 2024

Cultivar Flowering dates Duration _ Abundanc_:e
Start Full End of flowering (days) of flowering

Burlat 28.3. 2.4. 9.4. 12 4.5

Schneider's Spate 29.3. 1.4. 10.4. 12 4.3

Knorpelkirsche

Kordia 1.4. 6.4. 11.4. 10 2.8

Karina 2.4. 94. 13.4. 11 4.0

Regina 3.4. 7.4. 11.4. 8 4.1

The earliest flowering start date of the studied cultivars was for the Burlat cultivar (March
28), while the latest flowering start date was recorded for the Regina cultivar (April 3). The
difference between the earliest and latest flowering start dates was small, amounting to six
days. The other flowering phases were consistent with the flowering start dates. For the trees
of the Schneider's Spate Knorpelkirsche cultivar, the smallest number of days (three days)
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was needed for 80% of the flowers to open (April 1). A day later, on April 2, the full
flowering occurred for the Burlat cultivar. For the other cultivars, the full flowering dates
were April 6 (Kordia), April 7 (Regina), and April 9 (Karina). The end of flowering date was
correlated with the flowering start date, with the earliest being for the Burlat cultivar (April
9), and the latest end of flowering was in the Karina cultivar (April 13). Milatovi¢ et al.
(2020) consider that longer flowering duration is a desirable trait as it increases the possibility
of successful pollination. The average duration of flowering was 10.6 days, with variations
ranging from 8 to 12 days (Table 1). The average flowering abundance ranged from poor (2.8)
to excellent (4.5) (Table 1). Hodun and Hodun (2002), examining the characteristics of 80
cultivar, state that the average duration of the sweet cherry flowering phenophase is 8-10
days. Nyéki and Soltész (1996), dealing with the characteristics of the sweet cherry flowering
phenophase as a species, note that the sweet cherry is a species with a short full flowering
period, lasting up to three days. The flowering dates recorded in our studies under the agro-
ecological conditions of Sarajevo were consistent with the dates recorded for the conditions of
the Belgrade (Milatovi¢ et al., 2013), as well as for the agro-ecological conditions of the Sub-
Mediterranean part of Herzegovina (Badzak et al., 2021).

Analyzing the data on fruit set under open pollination presented in Chart 2, we can state that
there are variations in initial and final fruit set among the studied sweet cherry cultivars.

60

304 b
30
5.9
20 152 b 171 b 18.9 b
10
363 05b 0b 03b 0b
0 i—
Burlat Schneider's Spate Kordia Karina Regina
Knorpelkirsche
® Initial = Final

Chart 2. Fruit set of sweet cherry cultivars in 2024
Different letters for individual factors indicate significant differences for R<0.05 using Duncan's test of multiple
intervals

The highest initial and final fruit set in open pollination was in Burlat cultivar (53.2%),
respectively 2.6% (Chart 2). On the other hand, there were no statistically significant
differences in the percentage of initial and final fruit set between the Schneider's Spéte
Knorpelkirsche, Kordia, Karina, and Regina cultivars. The percentage of initial fruit set for
the studied sweet cherry cultivars followed this trend: Karina (30.4%) > Regina (18.9%) >
Kordia (17.1%) > Schneider's Spite Knorpelkirsche (15.2%). However, what can be
concluded from the results of the final fruit set is that this percentage was significantly low,
with the Kordia and Regina cultivars having a final fruit set of 0%. Nyéki et al. (2003)
classified sweet cherry cultivar into three groups based on the degree of fruit set: low fruit set
(below 20%), medium fruit set (20-30%), and high fruit set (above 30%). According to this
classification, most of the studied cultivars in our research had low fruit set. For high sweet
cherry yield, it is necessary to achieve a fruit set of 20-30% during abundant flowering
(Milatovié¢ et al., 2011). In our research, the abundance of flowering ranged from poor to
excellent, but the percentage of fruit set was recorded as low. The reason for this can be found
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in the air temperatures. During the period from the beginning to the end of flowering (a total
of 17 days), the average air temperature was 15.3 °C (Chart 1), which is one of the potential
reasons for poor fruit set of cultivars. Postweiler et al. (1985) note that higher flowering
temperatures shorten the lifespan of the seed embryos of some sweet cherry cultivars, and at a
constant temperature of 20 °C, their vitality is lost within one to two days. Additionally,
during the second half of April, lower air temperatures were recorded, which could have led
to the dropping or rejection of set fruits of sweet cherry cultivars since early degeneration of
primary seed embryos is strongly influenced by environmental factors (Lillecrapp et al.,
1999).

The results shown in Table 2 indicate the correlation relationships between the number of
days from January 1 to full bloom, the duration of flowering in days, the average daily
temperature from January 1 to full bloom, the average daily temperature during the flowering
phenophase, and the final fruit set.

Table 2. Correlation matrix among the examined indicators of flowering, fruit set and air
temperature between sweet cherry cultivars (2024)

Traits FD TFB TFP FFS

NoD -0.62 0.72 -0.11 -0.58
FD 1 -0.927 -0.06 0.61

TFB 1 -0.10 -0.52
TFP 1 -0.72
FFS 1

NoD — number of days from January 1 to full bloom; FD — flowering duration in days; TFB — average daily
temperature from January 1 until full bloom; TFP — mean daily temperature during the flowering phenophase;
FFS — final fruit set.

“Correlation coefficients are statistically significant for R<0.01 based on the t-test.

Analyzing the correlation between the number of days from January 1 to full bloom and the
duration of flowering, a negative correlation (r=-0.62) was observed, without statistical
significance. The studied cultivars with a greater number of days from January 1 to full bloom
(i.e., later flowering time) had a shorter flowering duration. This phenomenon can be
explained by the influence of air temperatures in the period from January 1 to full bloom. A
positive, but not statistically significant, correlation was found between the number of days
from January 1 to full bloom and the average daily temperature from January 1 to full bloom
(r=0.72). Also, a negative correlation without statistical significance was found between the
sum of days from January 1 to full bloom and the average daily temperature during the
flowering phenophase (r=-0.11), as well as with the percentage of final fruit set (r=-0.58). The
duration of flowering had a highly significant negative correlation with the average daily
temperature from January 1 to full bloom (r=-0.92""), indicating that flowering duration was
shorter at higher air temperatures.

Based on the presented results of the correlation analysis, a positive correlation coefficient is
observed between the duration of flowering and the percentage of final fruit set, meaning that
longer flowering resulted in a higher percentage of final fruit set (r=0.61). Negative
correlation coefficients were found between the average daily air temperature from January 1
to full bloom and fruit set (r=-0.52), as well as between the average daily temperature during
the flowering phenophase and fruit set (r=-0.72). Higher air temperatures resulted in a lower
number of final fruit set, as they led to various disturbances in the pollination and fertilization
process.
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Conclusions

Based on the flowering time and the overlap of individual flowering phenophases, we can
conclude that the sweet cherry cultivars are suitable as mutual pollinators and can be
recommended for production orchards. However, meteorological conditions during the
flowering period resulted in poor fruit set. The different behavior of cultivars in terms of final
fruit set is a consequence of genotypic characteristics influenced by ecological factors,
primarily air temperature. One of the possible reasons for the poor fruit set in the studied year
is the air temperatures during the flowering phenophase. Specifically, the somewhat earlier
occurrence of high temperatures in 2024, which led to flowering, created stressful conditions
for the flowers, resulting in poor fruit set. Additionally, another reason that could have led to a
significantly lower percentage of initial and final fruit set in the studied year is precisely the
higher air temperatures during the period of flower bud differentiation.
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Abstract

Corn is one of the most important agricultural crops, with a wide range of uses. In the Bosnia
and Herzegovina, Semberija holds a significant position in the production and cultivation of
corn, owing to its natural characteristics. Previous research has demonstrated that Semberija
possesses all the necessary conditions for high levels of corn production. However, the
question arises whether this undeniable potential of the area has been fully utilized. The goal
of this paper is to address that question. For this research, 50 corn producers from the
Semberija area were included. The study hypothesized and confirmed that corn cultivation in
Semberija is predominantly geared towards meeting the personal needs of producers and the
domestic market rather than the export market. The findings are crucial for assessing the
current status and future prospects of corn cultivation in this region. Additionally, they
provide recommendations for further developing corn production in this naturally fertile area.

Keywords: corn, agriculture, production, export, market research.
Introduction

Corn is utilized for human and animal nutrition, as well as in industrial applications across the
food, pharmaceutical, textile, and chemical sectors. Globally, approximately 889 million tons
of corn are produced annually, equating to 129 kilograms per person. The leading producer of
corn worldwide is the United States of America, accounting for 36% of global production (an
average of 1,020 kilograms per capita), followed by China (22%), Brazil (7%), Argentina
(3%), and Mexico (2%). The United States is also the largest exporter of corn, responsible for
46% of global exports. Other major exporters include Argentina (13%), Brazil (9%), and
France and Ukraine each with 6% (Zlatanovi¢, 2017).

In the Bosnia and Herzegovina, Republic of Srpska, according to data from the Republic
Institute of Statistics in 2022, corn production totaled 372,083 tons (Institute of Statistics RS,
2023). The territory of Republic of Srpska is divided into two main agricultural production
regions based on relief and climatic conditions. The first region includes plains along rivers,
undulating coastal areas, and lower to medium-high mountain areas (such as Banjalucka
Krajina, Posavina, Semberija, and Birac). The second region comprises mountainous areas
with karst fields (including the Sarajevo-Romanija region and Herzegovina). In the first
region, the primary agricultural crops are corn and wheat (Mili¢ et al., 2016). At the level of
the Republic of Srpska, the Semberija area holds particular significance, rich in soil and
climatic conditions conducive to the cultivation of corn.Corn is the predominant and most
significant crop in agricultural production in the Semberija region. Other crops such as wheat,
barley, oats, and rye are cultivated to a much lesser extent. The average annual corn
production from 1997 to 2017 was 114,950.7 tons, while wheat averaged 47,187.4 tons and
barley 6,721.1 tons annually. Corn achieves slightly higher yields per hectare (4.48 tons/ha)
compared to wheat (3.81 tons/ha) and barley (4.03 tons/ha) (Popov and Deli¢, 2019). Despite
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being a staple food in many parts of the world, corn serves various purposes including animal
feed, biofuel, and sweeteners (Chavas and Mitchell, 2018). Global forecasts indicate that by
2025, corn will surpass all other crops, with demand doubling in developing countries
(Nedeljkovi¢, 2019). Globally, corn is grown on over 160 million hectares across 166
countries, under diverse soil, climate, biodiversity, and management conditions. Maize
contributes 40% annually to global food grain production (Kumar et al., 2012). Maize thrives
in varied climatic and ecological conditions, favoring warmer climates. The optimal planting
time is mid to late April, as corn is resilient to colder temperatures (Kazerooni et al., 2019). In
the period from 1997 to 2017, Semberija has experienced a downward trend in corn
production (decreasing by 1,148.3 tons annually) and a minor, insignificant decline in corn
yield by 17.2 kg/ha per year. When a small number of plants survive with poor health
conditions, it becomes impractical to continue producing the same crop due to insufficient
returns to cover costs. Reseeding, if feasible under agroecological and organizational
conditions, is advisable (Simi¢ and Prodanovi¢, 2018). These trends in corn yield and
production are heavily influenced by temperature and moisture availability during critical
development stages. Corn yield is particularly sensitive to weather conditions between 90 to
110 days after planting, coinciding with tasseling and silking stages. High temperatures, low
humidity, and inadequate rainfall during this period adversely affect corn growth.
Precipitation, especially during summer months, significantly impacts annual yield variability.
Unfavorable conditions for corn development include temperatures exceeding 30°C and
relative humidity below 60% (Popov and Deli¢, 2019). The production of hybrid corn seeds is
crucial, requiring substantial investments in labor and professional expertise (Lopandi¢ et al.,
2007). Given corn's importance to Semberija agriculture, this paper aims to explore its
cultivation prospects, analyzing results obtained from surveys of local corn producers. These
findings will assess the extent to which Semberija's natural potential for corn production is
utilized for export markets. The hypothesis explored in this paper is that corn produced in
Semberija is primarily intended for domestic consumption rather than export.

Material and Methods

The paper is based on the analysis of data collected through a survey questionnaire regarding
corn cultivation practices, the purpose of production, and the market orientation of producers.
The research was conducted among corn producers in the Semberija region, Boshia and
Herzegovina. The survey involved 50 corn producers. The survey questions covered, among
other things, the amount of corn yield per hectare, the intended market orientation of the corn,
and the producers' plans for the future. Data analysis was performed using descriptive
statistics.

Results and Discussion

The results regarding the areas planted with corn by the companies that participated in this
study are presented in the following table:

Table 1. Corn areas in surveyed companies

Companies that grow corn in the area of Semberija
Number of companies surveyed 50
Avreas of planted corn Up to 27 hectares individually

*Source: Author’s elaboration based on the questionnaire survey results.
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Graph 1. Achieved corn yield

Based on the presented data, it is evident that the majority of surveyed corn producers in the
Semberija area derive income from corn vyields ranging between 5 and 10 tons per hectare,
with 26 producers, representing over 50% of those surveyed. Following this, 9 producers
achieve yields ranging from 3 to 5 tons per hectare. In third place, 6 producers achieve yields
exceeding 10 tons per hectare. Additionally, 5 producers achieve yields between 1 and 3 tons
per hectare, while 4 producers achieve less than 1 ton per hectare. Regarding the target
markets of the surveyed companies, the research results indicate the following.

Table 2. Presentation of the market towards which the business of the surveyed manufacturers
is oriented.
The market towards which the business of the surveyed companies is oriented

Export Domestic Locally Personal needs
0 25 9 35

Source: Author’s elaboration based on the questionnaire survey results.

The obtained results will be graphically displayed in the following graph:

The market towards which the business of the surveyed companies is oriented

40

) I I
0
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Graph 2. Presentation of the market towards which the business of the surveyed producers is
oriented

Based on the results obtained, it is evident that none of the 50 surveyed producers export corn
outside the territory of Bosnia and Herzegovina. Nine producers are oriented towards the local
market, 25 towards the domestic market within Bosnia and Herzegovina, and a significant 35
producers cultivate corn primarily for personal consumption. Additionally, it is noteworthy
that the surveyed producers expressed their intention to increase corn plantings in the
following manner:
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Table 3. Presentation of the planning of the increase in the area with corn in the following
period by the surveyed producers

Producers who plan to increase corn production in the future period 36

Producers who do not plan to increase corn production in the future | 14

period

Source: Author’s elaboration based on the questionnaire survey results.

It is very important for the further development of this area and provides opportunities for
expanding the placement of this culture.

The presented results confirm the hypothesis that corn cultivation in the Semberija area is
predominantly oriented towards meeting the personal needs of producers and the domestic
market rather than the export market. Despite historically being known as the breadbasket of
Bosnia and Herzegovina, the current situation is concerning. Corn remains the most widely
cultivated crop in this region, with production levels of other crops even lower.

While the natural characteristics of the area, particularly the soil and climate, provide ideal
conditions for high production yields, this potential has not been fully realized in practice.
Factors such as unfavorable weather conditions, drought, and current inflationary trends have
hindered optimal production outcomes. Additionally, the cultivation of corn in Semberija
faces challenges exacerbated by significant emigration, particularly among the younger
population, leading to abandonment of arable lands.

Despite challenges in market orientation reported by surveyed producers, there is some
optimism indicated by their plans to expand corn cultivation areas in the upcoming period.
Specifically, 36 surveyed producers expressed intentions to increase their corn-growing
areas.

To enhance corn cultivation results in the Semberija area, it is essential for state and local
authorities to implement measures aimed at increasing subsidies for farmers. Additional
funding would enable farmers to invest in improved agricultural machinery and irrigation
systems, which can mitigate the adverse impacts of weather conditions on corn production.
Previous research indicates that rainfed systems often outperform irrigated systems in terms
of energy efficiency, productivity, profitability, and overall environmental impact, including
water scarcity and carbon footprint (Mitrovi¢ et al., 2023). However, both systems heavily
rely on non-renewable energy sources, with inputs like fertilization and mechanization
contributing to negative environmental effects. Optimizing these inputs is crucial for reducing
environmental impact and promoting sustainability in maize cultivation in Bosnhia and
Herzegovina. Many small-scale agricultural producers, including those surveyed, lack
resources to implement adequate agrotechnical measures that could significantly boost
production. Addressing issues such as mycotoxin occurrence through investment in protective
treatments is crucial. Furthermore, proper fertilization systems are integral to increasing corn
yields and are among the most important agrotechnical measures in agriculture. Rational and
adequate use of both organic (e.g., manure) and mineral fertilizers is essential for effective
implementation. All the aforementioned measures necessitate substantial financial
investments, making the proactive involvement of the state crucial. This is particularly
significant considering that such investments would yield returns and positively impact the
national economy through increased exports to foreign markets.
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Conclusion

The data presented and analyzed in this paper indicate an inadequate level of development in
corn cultivation within the Semberija basin, suggesting that the region's soil and climatic
potential are not fully utilized. The areas currently planted with corn are insufficient to
achieve significant market results. Regarding market orientation, none of the surveyed
producers export their corn beyond Bosnia and Herzegovina's borders, while 70% grow corn
primarily for personal consumption. Only 50% of the producers operate within Bosnia and
Herzegovina, with 18% focusing exclusively on the local market. These findings underscore
the insufficient development of corn cultivation in this highly fertile area, historically known
as the granary of Bosnia and Herzegovina. Factors contributing to reduced production include
adverse weather conditions, frequent droughts, price increases due to current political
situations and the multi-year COVID-19 pandemic, and high levels of population emigration.
Improving production levels requires significant financial investments in irrigation systems
and higher quality fertilizers to mitigate weather-related impacts. Additionally, greater
investments in protective treatments, quality fungicides, and insecticides are needed to
minimize damage from pests and diseases affecting corn. Given that many farmers lack the
financial means to undertake these measures due to reduced incomes from lower production
levels, the role of state and local governments in allocating budget resources for agricultural
subsidies is crucial. These subsidies aim to enhance national agriculture development and
secure a market position that aligns with the area's natural characteristics.

References

Agricultural Property Semberija. (2022). Annual report on the operations of the Semberija
Agricultural Property.

Chavas J., Mitchell P.D. (2018). Corn Productivity: The Role of Management and
Biotechnology, Corn - Production and Human Health in Changing Climate, Intech
Open.

Kazerooni E.G., Sharif A., Nawaz H., Rehman R., Nisar S. (2019). Maize (Corn)-A useful
source of human nutrition and health: a critical review, International Journal of
Chemical and Biochemical Sciences. International Scientific Organization, 35-41.

Kumar B., Karjagi C.G., Jat S.L., Parihar C.M., Yathish K.R., Singh V., Hooda K.S. Das
AK., Mukri G., Sekhar J.C., Kumar R., Kumar R.S. (2012). Corn biology: An
Introduction. Directorate of maize research, New Delhi.

Lopandi¢ D., Stoj¢i¢ J., Radanovi¢ S., Dubovina J. (2007). Seed production of ZP hybrids in
the Republic of Srpska: situation and possibilities, Selection and Seeding, vol. XIIlI,
No. 3-4, Novi Sad.

Mili¢ V., burdi¢ 1., Govedarica B., Lali¢ S. (2016). Analysis of agricultural production in the
Republic of Srpska, XXI conference on biotechnology - Proceedings of the Council,
vol. 21.

Mitrovi¢ 1., Todorovi¢ M., Markovi¢ M. and Mehmeti A. (2023). Eco-efficiency analysis of
rainfed and irrigated maize systems in Bosnia and Herzegovina. Journal of Water and
Climate Change, Vol 14 No 12.

Nedeljkovi¢ M. (2019). Forecasting production and economic indicators of agricultural
production in the Republic of Srpska, Faculty of Agriculture, University of Novi Sad,
Novi Sad.

Popov T., Deli¢ D. (2019). Recent Climate Change in the area of Semberija - impacts on
agricultural production, Messenger Herald 23, 35-58.

94



Proceedings of the XV International Scientific Agricultural Symposium “Agrosym 2024”

Republic Institute of Statistics of the Republic of Srpska. (2023). Yearbook - Agriculture and
Fisheries 2023.

Simi¢ M., Prodanovi¢ S. (2018). Good agricultural practices and technologies for mitigating
the effects of natural disasters in corn production in Serbia, Food and Agriculture
Organization of the United Nations, Rome.

Zlatanovi¢ V. (2017). The characteristics of production and trade of agricultural and food
products in the world and in the Republic of Serbia, Megatrend Review, Vol. 14, No.1,
Belgrade, 83-106.

95



Proceedings of the XV International Scientific Agricultural Symposium “Agrosym 2024”

YIELD AND CHARACTERISTICS OF BUNCHES OF RED WINE VARIETIES
GROWN IN THE AREA OF TREBINJE (BOSNIA AND HERZEGOVINA)

Tijana BANJANIN'*, Snezana BRKLIAC?, Zorica RANKOVIC VASIC?

YFaculty of Agriculture, University of East Sarajevo, East Sarajevo, Bosnia and Herzegovina
*Faculty of Agriculture, University of Belgrade, Belgrade, Serbia
*Corresponding author: tijana.pekic@pof.ues.rs.ba

Abstract

In this study, we present the three-year results of research on the yield and cluster
characteristics of four red wine grape varieties (Blatina, Vranac, Merlot, and Cabernet
Sauvignon) cultivated in the Trebinje region (Bosnia and Herzegovina). The highest yield per
vine was recorded for the Blatina variety (4.70 kg), while the lowest yield was found in the
Cabernet Sauvignon variety (2.99 kg). Cabernet Sauvignon stood out with the highest number
of clusters per vine (23.5), while Vranac had the fewest (15.0). Vranac led in cluster mass and
peduncle weight with the highest values (350.49 g and 12.37 g, respectively), whereas
Cabernet Sauvignon showed the lowest values (149.17 g and 6.31 g, respectively). Merlot had
the longest and widest clusters and the highest number of berries (19.47 cm, 12.05 cm, 186.9,
respectively), while Cabernet Sauvignon had the shortest and narrowest clusters (15.88 cm,
8.23 cm, respectively), and Blatina had the fewest berries per cluster (107.7). There is a very
significant difference between the observed varieties for all yield indicators and cluster
characteristics. The effect of the year is very significant for yield per vine, cluster length, and
cluster width, but not significant for all other indicators. The combined effect of variety and
year is significant for cluster length and very significant for cluster width and peduncle
weight. For other indicators, the combined effect of variety and year is not significant.

Keywords: Vitis vinifera, varieties, yield, year.
Introduction

Grape vyield per unit area is a fundamental indicator of a variety's fertility and depends on a
multitude of factors. Foremost among these is the variety itself, followed by the climatic and
soil conditions of the cultivation area, and finally, the level of applied agronomic and
ampelotechnical measures in the vineyard (Jovanovi¢-Cvetkovic et al., 2008). The fertility of
the buds is expressed through the average number of blooms or clusters per pruned bud. The
significance of this indicator lies in the fact that, based on it and the average cluster mass, the
number of buds that should be left per vine to achieve a specific, desired grape vyield is
determined. Koji¢ and Lasi¢ (2002) state that cluster characteristics such as shape, size, and
mass largely depend on the biological traits of the variety, and for this reason, these features
are used for ampelographic identification of varieties. The mechanical composition of the
cluster and berry involves the absolute and relative proportion of individual parts within the
cluster and berry (Markovi¢ and Przi¢, 2020). This composition is an important technological
and ampelographic feature of each variety and is of great importance in assessing the quality
of grapes as a raw material for processing. Parameters determined during the mechanical
analysis of the cluster and berry include cluster length, width, and mass, number of berries in
the cluster, peduncle mass, berry mass, skin, mesocarp, and seed mass, and the number of
seeds in the berry. Researching parameters such as bud fertility, cluster characteristics, and
the mechanical composition of the cluster and berry has multiple significances in optimizing
yield, ampelographic identification of varieties, technological quality assessment, and
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improving agronomic practices. The aim of this study is to compare different grapevine
varieties based on vyield indicators and cluster characteristics (such as cluster mass, cluster
length, number of berries per cluster, and peduncle mass) over various years. The results will
help increase productivity and quality in viticulture, enabling producers to better understand
which varieties are best suited to specific growing conditions.

Materials and methods

The field experiment was set up in the production vineyards of AD Popovo Polje-Dubljani
and AD Agrofin Petrovo Polje, located in the Trebinje area (Bosnia and Herzegovina). The
experimental plots belong to the Herzegovina region, specifically the sub-regions of the
middle Neretva and TrebiSnjica and the Mostar wine-growing region. The material used in
these studies included the autochthonous grape variety Blatina and varieties for the production
of high-quality red wines: Vranac, Merlot, and Cabernet Sauvignon. All tested varieties were
grafted onto the Vitis berlandieri x Vitis riparia Kober 5BB rootstock. The study of the
Blatina variety's characteristics was conducted in a vineyard established in 2013, while the
study of the Vranac, Merlot, and Cabernet Sauvignon varieties was conducted in a vineyard
established in 2004. The planting distance for all four varieties was 2.8x1 m. The Blatina
vineyard covers an area of 3.16 ha and is the only large vineyard with this variety in the
Trebinje area. The study of the characteristics of the examined grape varieties was carried out
during the years 2016, 2017, and 2018. The altitude of the plot where the Vranac, Merlot, and
Cabernet Sauvignon varieties were grown is 269 m, located at Petrovo Polje, while the
altitude of the plot where Blatina was grown is 242 m, located at Popovo Polje. The row
direction for all studied varieties is north-south. The number of buds per vine for all studied
varieties is 14. During the grape harvest period, the yield (kg/vine) and the number of clusters
per vine were determined by measuring the mass of all clusters from each vine, and then the
yield per unit area was calculated. In laboratory conditions, the structural composition of the
cluster was determined, including the length (cm), width (cm), and mass of the cluster (g), the
number, mass (g), and percentage of berries (%), and the mass (g) and percentage of the
rachis (%). The mass of the components of the cluster and berry was measured on an
analytical scale, ADL 600, with an accuracy of 1/10 g. The length and width of the cluster
were measured using a caliper, "Meba" brand.

Results and discussion

The average values of yield indicators and cluster characteristics are presented in Table 1. The
highest yield per vine was recorded in the Blatina variety (4.70 kg), while the lowest was in
Cabernet Sauvignon (2.99 kg). The Cabernet Sauvignon variety had the highest number of
clusters per vine (23.57), while Vranac had the fewest (15.0). In terms of cluster mass and
rachis weight, the Vranac variety had the highest values (350.49 g and 12.37 g), while
Cabernet Sauvignon had the lowest (149.17 g and 6.31 g). The Merlot variety had the longest
and widest clusters and the highest number of berries per cluster (19.47 cm, 12.05 cm, 186.9),
while Cabernet Sauvignon had the shortest and narrowest clusters (15.88 cm and 8.23 c¢cm),
and Blatina had the fewest berries per cluster (107.7). The Blatina variety showed the greatest
variation in yield per vine, cluster mass, and number of berries per cluster (Cv=38.76%,
Cv=42.99%, Cv=43.77%), which is considered a consequence of its uneven pollination (due
to its functionally female flower type). The greatest variation in cluster length and rachis
weight was observed in the Merlot variety (Cv=19.12%, Cv=46.44%). Regarding cluster
width, the highest coefficient of variation was found in the Cabernet Sauvignon variety
(Cv=29.68%), while Vranac showed the greatest variation in the total number of clusters
(Cv=31.56%). In his research, Rogi¢ (2009) reports that the average yield per vine of the
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Blatina variety was 1.16 - 2.07 kg, and the average number of clusters per vine was 9.3 - 10.4.
Examining six varieties of Cabernet Sauvignon, Matthew et al. (2006) found that the yield per
vine varied between 1.8 - 2.3 kg, and Gari¢ and Vukosavljevi¢ (2016) report that the average
yield per vine for the same variety ranged from 1.81 - 2.85 kg, and the average number of
clusters per vine was 21 - 38. Kraljevi¢ (2013) in his work states that the average yield of the
Vranac variety under different vine load conditions was from 4.63 - 7.03 kg, while Milanov et
al. (2014) highlight that the average number of clusters per vine for the Vranac variety was
from 10.4 - 20.8, and the average yield per vine was 2.61 - 5.21 kg. Gari¢ et al. (2010) report
that the average yield per vine for the Merlot variety was 1.92 kg. The results of our research
are consistent with those of Kraljevi¢ (2013), Milanov et al. (2014), and Gari¢ and
Vukosavljevi¢ (2016), while they differ from the values reported by Rogi¢ (2009), Matthew et
al. (2006), and Gari¢ et al. (2010).

Table 1. Descriptive statistics for yield and grape cluster characteristics of studied varieties
(2016-2018)

Proprety/variety Blatina Vranac Merlot Cabe_rnet
Sauvignon
X Cv X Cv X Cv X Cv
(%) (%) (%) (%)

Yield per vine (kg) 4.70 38.76 4.58 3150 3.91 3435 2.99 26.79

Total number of 1733 2848 1500 3156 18.27 29.98 2357 23.63
clusters

Cluster mass (g) 302.52 4299 35049 2835 25522 40.11 149.17 40.64

Cluster length (cm) 16.43 18.80 18.03 17.19 1947 19.12 1588 12.95

Cluster width (cm) 11.44 1525 10.53 1895 1205 2451 8.23 29.68

Number of berries 107.70 43.77 147.57 33.81 186.90 42.03 120.47 28.64
per cluster

Rachis mass (g) 9.43 4416 1237 3728 17.35 46.44 6.31 37.00

Analysis of variance revealed that there is a very significant difference among the observed
varieties for all yield indicators and cluster characteristics. The impact of the year is very
significant for yield per vine, cluster length, and cluster width (p<0.01), but it is not
significant for all other indicators (p>0.05). The combined effect of variety and year is
significant for cluster length (0.01<p<0.05), and very significant for cluster width and rachis
mass (p<0.01). The combined effect of variety and year is not significant for the other
indicators (Table 2). The Dunnett test determined that the Blatina variety has significantly
higher values for yield per vine, cluster mass, cluster width, and rachis mass compared to the
Cabernet Sauvignon variety. The total number of clusters in Blatina is statistically
significantly lower than in Cabernet Sauvignon. Comparing the Blatina variety with the
Merlot variety, the differences are not significant except for cluster length and number of
berries per cluster, where the Blatina variety has significantly lower values for these
indicators. The Blatina and Vranac varieties differ significantly in the number of berries per
cluster and very significantly in rachis mass. There are no significant differences for the other
indicators (Table 2). Cluster mass depends on several factors, the most significant of which
are cluster length and width, and the mass and number of berries per cluster. The results of
our research for the Blatina variety partially differ from those of Blesi¢ (2001), who reports an
average cluster mass of 250.39 g, from Rogi¢ (2009), who studied the impact of defoliation
on the quality of Blatina grapes and found that the average cluster mass ranged from 125.00 to
189.88 g, and from Jovanovi¢-Cvetkovi¢ et al. (2015), who report an average mass range of
171.65 - 307.32 g. Koji¢ et al. (2010) observed a significant impact of location on the cluster
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weight of the Blatina variety, with average values ranging between 537.90 and 200.10 g,
which is consistent with our results. The results regarding the average cluster mass of the
Vranac, Merlot, and Cabernet Sauvignon varieties partially differ from the results of previous
studies by Milosavljevi¢ (2012), who states that Merlot has an average cluster mass of 40 to
150 g, Vranac 150 to 300 g, and Cabernet Sauvignon 60 to 130 g. They also differ from the
results of Avramov and Zuni¢ (2001), who report that the Merlot variety had an average
cluster mass of 105.10 — 150.4 g, and Cabernet Sauvignon 90.40 — 130.10 g, and from
Matthew et al. (2006), who state that the cluster mass of Cabernet Sauvignon varies from
171.7 g to 295.1 g. The results of our research are consistent with Banjanin et al. (2018), who
report that the average cluster mass of the Vranac variety is 351.6 - 359.3 g, and Cabernet
Sauvignon 105.1 - 163.1 g. Analyzing the cluster masses of the Blatina, Vranac, Merlot, and
Cabernet Sauvignon varieties over the years of study and comparing them with literature data,
certain discrepancies can be observed. One reason is the influence of ecological factors of the
cultivation site and the response of the varieties to the applied agronomic and ampelotechnical
measures.

Table 2. Statistical significance of the impact of variety and year on yield and grape cluster
characteristics of the studied varieties

Yield Total Cluster Cluster Cluster Number of Rachis
per number mass length  width  berries per mass
vine of cluster

clusters

ANOVA F.quotient.

Variety 10.86° 1528 22897 10.00° 19.93° 12717 17157
Year 13.07° 257" 1.32™ 6737 845 205" 1.46™
Variety x 2.78™  1.38™ 1.94™  250* 397  1.48"™ 3.037
year

DUNNETT-test

Blatina 4.70 17.33 302.52 16.43 11.44 107.70 9.43

Vranac 458"  15.00™ 350.49™ 18.03" 10.53™ 147.57 12.37

Merlot 3.91™  18.27™ 255.22™ 19.47° 12.05" 186.90 7.35"

Cabernet 299~ 2357 149.17° 15.88™ 8237  120.47™ 6.31
Sauvignon

Not significant for p> 0.05; *for p< 0.05; **for p< 0.01.

Table 3. Statistical significance of the impact of year on yield and grape cluster characteristics
of the studied varieties

Year Yield per vine Cluster length Cluster width
Mean differences
2016 2017 -1.05" -2.16%* -1.16*
2018 -0.927 -0.39™ 0.71"
2017 2016 1.05" 2.16%* 1.16*
2018 0.13™ 1.77* 1.87**
2018 2016 0.92" 0.39™ -0.71"
2017 -0.13™ -1.77* -1.87**

Not significant for p> 0.05; *for p< 0.05; **for p< 0.01.
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The impact of the year on yield indicators and cluster characteristics was analyzed using
Tukey's HSD test. The impact of the year is very significant for yield per vine, cluster length,
and cluster width, but not significant for all other indicators (Table 3). The yield per vine was
significantly lower in 2016 compared to 2017 and 2018, while the differences between 2017
and 2018 were not significant. The cluster length was significantly greater in 2017 than in
2016 and significantly greater than in 2018. There is no significant difference in cluster length
between 2016 and 2018. The cluster width in 2017 was statistically significantly greater than
in 2016 and very significantly greater than in 2018. There is no significant difference in
cluster width between 2016 and 2018.

When observing the combined effect of variety and year on cluster characteristics, it is noted
that the cluster length of the Blatina variety in 2018 is significantly shorter than that of the
Vranac variety and very significantly shorter than that of the Merlot variety (Table 4). The
cluster width of the Blatina variety in 2016 is significantly greater than that of the Vranac
variety and very significantly greater than that of the Cabernet Sauvignon variety. In 2017, the
cluster width of the Blatina variety is very significantly smaller than that of the Merlot
variety, while in 2018, it is very significantly greater than that of the Cabernet Sauvignon
variety. The rachis mass of the Blatina variety in 2016 is significantly greater than that of the
Merlot variety and very significantly greater than that of the Cabernet Sauvignon variety. The
differences in rachis mass in 2017 between the Blatina variety and the other varieties are not
statistically significant, while in 2018, the Blatina variety has a very significantly lower rachis
mass than the Vranac variety.

Table 4. Statistical significance of the combined impact of variety and year on grape cluster
characteristics of the studied varieties

) Cluster length  Cluster width  Rachis mass
Proprety/variety

Mean differences

2016 Blatina Vranac -0.64™ 2.47* -2.59™
Merlot -0.14" 1.09™ 4.88*
Cabernet Sauvignon 0.86" 5.36%* 5.99%*
2017 Blatina  Vranac -0.52™ -1.01™ 0.34™
Merlot -2.69" -3.73** 2.51™
Cabernet Sauvignon 2.07™ 0.20™ 3.33"
2018 Blatina  Vranac -3.62° 1.27" -6.59%*
Merlot -6.28" 0.83" -1.15"™
Cabernet Sauvignon -1.27"™ 4.09** 0.02"
Not significant for p> 0.05; *for p< 0.05; **for p< 0.01.
Conclusion

For yield indicators and cluster characteristics (yield per vine, cluster mass, cluster width, and
rachis mass), the Blatina variety has significantly higher values than the Cabernet Sauvignon
variety. The total number of clusters of the Blatina variety is statistically significantly lower
than that of the Cabernet Sauvignon variety. Comparing the Blatina variety with the Merlot
variety, the differences are not significant except for cluster length and the number of berries
per cluster, where the Blatina variety has significantly lower values for these indicators. The
Blatina and Vranac varieties differ significantly in the number of berries per cluster and very
significantly in rachis mass. For other indicators, the differences are not statistically
significant. There is a very significant difference between the observed varieties for all yield
indicators and cluster characteristics. Yield per vine was significantly lower in 2016 than in
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2017 and 2018, while the differences between 2017 and 2018 were not significant. The cluster
length was significantly greater in 2017 than in 2016 and significantly greater than in 2018.
There is no significant difference in cluster length between 2016 and 2018. The cluster width
in 2017 was statistically significantly greater than in 2016 and very significantly greater than
in 2018. There is no significant difference in cluster width between 2016 and 2018. The
impact of the year is very significant for yield per vine, cluster length, and cluster width, but
not significant for all other indicators. The combined effect of variety and year is significant
for cluster length, and very significant for cluster width and rachis mass. The combined effect
of variety and year is not significant for the other indicators. The presented results provide
grape growers and winemakers with important information that can assist in making decisions
regarding the cultivation of different grape varieties, optimizing yields, and improving grape
quality, all of which directly impact wine production.
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Abstract

Potato is one of the main cultivated crops and ranks fourth in terms of sown areas worldwide,
after wheat, maize, and rice. By selecting suitable cultivars and applying modern farming
techniques, it is possible to achieve high yields.Research on five commercial potato cultivars
(Agria, Faluka, Kennebec, Kuroda, and Desiree) was conducted during 2016 and 2017 in the
field conditions of three locations (East Sarajevo, Bijeljina, and Rogatica - Borike) in the
territory of Republika Srpska. The selected areas are located at different altitudes (from 90 to
1100 meters above sea level). The obtained results were analyzed using Analysis of Variance
in the two-factorial design in statistical packages GenStat 12™ and Microsoft Excel 10, and
significance of differences between the mean values were compared in LSD test. The
genotype by environment interaction and the stability were determined using the AMMI
model. The cultivars and environment significantly influenced potato yield. Cultivars Agria
and Kurada had the highest yields in the Rogatica-Borike area, while cultivars Faluka,
Kennebec, and Desiree performed best in the Bijeljina area. Conversely, East Sarajevo
showed the lowest yields for all cultivars except cultivars Desiree. In these studies, yield
variability was most influenced by the environment (42.67%), followed by -cultivars
(34.54%), and genotype by environment interactions (22.79%). The first principal component
(PCAL) explained 71.75% and the second (PCA2) 27.99% of the interaction. This research
provides insights into the stability and adaptability of the tested potato cultivars in our
agroecological conditions, suitability of regions for potato cultivation, and potential benefits
of exploiting G x E interactions to increase tuber yields.

Key words: AMMI analysis, environment, genotip, interaction, potato, yield.
Introduction

Thanks to the existence of numerous varieties adapted to different ecological conditions, the
potato is a cosmopolitan plant species grown around the world, from 47°N to 65°S latitude,
though the most favorable cultivation area is considered to be the temperate zone (40—-60°N).
In the Republic of Srpska, the average production of commercial potatoes takes place on an
area of about 15,000 ha, with an average yield of 11.9 t ha-1 (http://www.rzs.rs.ba). In
addition to tuber yield, assessing the stability of varieties is crucial for evaluating their true
value, along with other agronomically important characteristics. If the productivity and
quality parameters of a cultivars do not change or are approximately the same under different
environmental conditions, it can be said that the cultivars is stable. The concept of biological
or static stability implies that a stable cultivars has minimal variation across different growing
regions (Becker and Leon, 1988). Depending on external environmental conditions, varieties
exhibit different reactions, meaning that varieties interact with the environment in which they
are grown, and the extent of this interaction is determined by genetic composition and the
intensity of environmental factors. Due to the specific combination of predictable and
unpredictable factors, it is important to understand the varieties' reactions to environmental
conditions (Gehan and Hala, 2013), which is crucial for successful breeding. To assess

103


mailto:vesna.milic@pof.ues.rs.ba
http://www.rzs.rs.ba/

Proceedings of the XV International Scientific Agricultural Symposium “Agrosym 2024”

varieties' adaptability to environmental conditions, many statistical models are applied to
analyze genotype-environment interactions (Rodrigues et al., 2008). Multivariate biometric
methods (AMMI method) are used for data processing. This method is considered the most
suitable model for evaluating genotype-environment interactions because it has significant
predictive value when selecting the most stable and adaptable varieties, as well as in
identifying mega-environments. Unstable and non-adaptable varieties and environments are
excluded from further production, while stable varieties and environments are recommended
for continued production. The significance of the AMMI method lies in determining genotype
stability across different agroecological regions, grouping genotypes based on adaptability,
identifying locations with the most favorable conditions based on average yields, detecting
positive and negative specific interactions between genotypes and locations, and facilitating
the selection of locations (Perisi¢, 2016).

Materials and Methods

The research was conducted over two growing seasons (2016 and 2017) at three locations: in
the territory of the City of East Sarajevo (experimental field of the Faculty of Agriculture); on
a private property (Perkovi¢ family) in Bijeljina (village of Koji¢inovac); and on the property
of Solanum Produkt in Rogatica (Borike). The selection of locations was influenced by
abiotic factors characteristic of each site: meteorological conditions, significant differences in
altitude, differences in soil type and fertility, which can significantly affect the yield
components, yield, and tuber quality. The experiment used five commercial potato varieties
that are significantly represented in production in Bosnia and Herzegovina: Agria, Faluka,
Kennebec, Kuroda, and Désirée. The experiment was set up as a two-factorial design in a
randomized block design with four replications, with a layout of 53,333 plants. The area of
the basic plot was 15 m? (four rows 5 m long with 20 plants per row; row spacing 0.75 m and
plant spacing within the row 0.25 m). For determining tuber yield, samples were taken at the
technological maturity of the potatoes, with ten boxes from the middle rows of each
replication, and yield was calculated per hectare (t ha™ '). Basic data about the studied
locations. The experimental field of the Faculty of Agriculture East Sarajevo is located at 550
m a.s.]l. (43°49'01" N, 18°20'57" E). The ecological conditions in East Sarajevo are
characterized by strong continental climate influences. The average annual temperature is
10.2°C, and the average amount of precipitation is around 900 mm. The experiment was set
up on alluvial soil (fluvisol). The second location, Koji¢inovac, is situated at 44°46'02" N;
19°14'01" E at 90 m a.s.l. This location is characterized by a moderately continental climate.
The average annual temperature is 11°C, and the average amount of precipitation is around
850 mm. The experiment was set up on semi-gley soil. The company Solanum Produkt grows
potatoes at 1100 m a.s.l., 43°51'16" N; 19°05'57" E. It is characterized by a mountain climate
with heavy snowfalls, which last until late spring. The average annual temperature is 7°C, and
the average amount of precipitation is around 1500 mm. The experiment was set up on acidic
brown soil (dystic cambisol).

Table 1. Chemical analysis of soil

Locality Depth pH/H,0 pH/KClI Humus N  Soluble mg 100 g™
(cm) % % P,0s K0

East Sarajevo 0-30 7,16 6,39 4,12 0,27 41 36,41

Bijeljina 0-30 7,67 6,61 466 0,3 > 40 36,91

Rogatica - Borike 0-30 502 3,85 2,55 0,16 8,98 25,38
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The optimal soil pH value for potatoes is slightly acidic, ranging from 5.6 to 6.5 (Morar,
2008). Potatoes require high soil permeability, as tubers become deformed in compacted soils.
Potatoes need well-drained soil, as waterlogged soils lead to numerous physiological changes
in the tubers, making them watery and difficult to store. For successful potato production, the
content of organic matter is crucial, as it improves the quality, structure, and water-holding
capacity of the soil (Baniuniene and Zekaite, 2008).

Meteorological Conditions. Based on the data analysis in Table 2, it can be seen that in terms
of temperature and precipitation, the year 2016 was considerably more favorable for growing
potatoes at all three locations compared to 2017 and the multi-year average.

Table 2. Average Monthly Air Temperatures (°C) and Precipitation Amounts (mm) During
the Experiment and Multi-Year Average

onths Average/
Qﬁ\ | 1 1 v \ VI VIE VL IX X X1 Xl Sum

2016  °C 1,2 74 71 129 139 195 211 186 156 98 61 -09 10,9

S mm 46,6 87 1317 605 821 96,4 10451055 71,1 1128 93,1 16,8 1008,1
% 2017 °c 48 52 85 92 153 203 218 22,6 155 104 54 22 11,0
& mm 579 691 436 1324 738 55 665 38,7 932 893 749 1429 937,3
w 1981- °ec 01 14 53 99 150 17,7 198 19,7 151 109 52 11 10,1
2010. mm 67 63 71 78 73 94 72 70 86 85 91 85 932
2016 °C 2,0 81 82 138 166 220 235 212 184 106 70 08 12,68
. mm 70,5 50,7 1205 61,8 86,4 120,7 848 66,0 52,3 581 644 3.2 839,4
£ 2017 ~°Cc 49 52 106 116 179 232 246 247 170 126 74 47 12,88
=) mm 353 451 424 928 675 399 473 354 1023 60,9 457 64,3 678,9
M 1981- °C 0,3 19 69 118 169 199 221 212 172 116 6,0 23 11,5
2010. mm 54,1 435 59,7 66,1 682 1000 74,6 60,7 558 67,6 640 639 778,2
2016 °c -16 42 303 99 111 16,7 18,0 157 123 71 29 -27 8,1
® mm 591 57,8 1864 72,7 70,4 1589 130,3 95,7 67,3 117,7 107,7 10,7 1135
= 2017 °c 80 21 52 60 127 175 186 192 125 74 22 -07 7,9
2 mm 50,6 51,2 438 1651 51,7 90,0 97,8 16,6 858 121,7 67,9 107,7 949,9

1981- °c -35 -19 24 69 118 147 170 163 125 7,7 19 -20 7,0
2010. mm 52,7 529 568 653 739 937 749 721 802 780 886 699 859,0

Statistical Analysis. The obtained data were processed statistically, using the method of
analysis of variance (ANOVA), for individual comparisons the least significant difference test
LSD test (significance level 0.01) was used. The additive main effect and multiplicative
interaction (AMMI) method was used, where an integrated ANOVA and principal component
analysis (PCA) were applied to analyse the MET (Zobel et al. 1988; Crossa et al. 1991).
ANOVA was used to determine the main effects of genotypes and environments and the PCA
for the residual multiplicative interaction amongst genotypes and environments. After
detecting a significant G x E interaction, the data were graphically analysed by biplot
technique to simultaneously classify genotypes and environments (Zobel et al. 1988).
Through this method, cultivars with high productivity and wide adaptability, as well as
cultivars with specific adaptability, were identified.

Results and Discussion
The tuber yield varied from 31.38 t ha™! (Désirée) to 35.67 t ha™! (Kennebec). The lowest
yield was recorded for potatoes at the experimental field in East Sarajevo (31.87 t ha™), while

the differences in yield between the experimental fields in Bijeljina (35.67 t ha™) and
Rogatica — Borike (35 t ha™) were negligible (Tables 3 and 4).
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Table 3. Analysis of variance for the genotype x environment interaction for average tuber
yield of five commercial potato cultivars in the East Sarajevo, Bijeljina, and Rogatica - Borike
trial sites during the 2016/17 potato growing season

d.f. Sum Sq Mean Sq F value Pr(>F)
Repetition 3 11.066 3.689 1.56
Environment 2 164.511 82.256 34.74 <.001
Genotip 4 133.167 33.292 14.06 <.001
EnvxGen 8 87.872 10.984 4.64 <.001
Residual 42 99.459 2.368
Total 59 496.075

Table 4. Variation of yield (t ha™) of potato varieties in different localities

Genotip Environment Average
East Sarajevo | Bijeljina Rogatica - Borike

Agria 30.73° 34.51" 37.84° 34.36°
Faluka 33.08 36.60% 35.79° | 35.15"°°
Kennebec 33.87"° 37.83° 35.31%° 35.67"
Kuroda 31.34% 35.57°° 36.11%° 34.34°
Desiree 30.34° 33.84° 29,94° 31.38°
Average 31.87° 35.67" 35.00" 34.18

The Désirée cultivars had the lowest yield at all locations, while the highest yield at the East
Sarajevo and Bijeljina locations (33.87 t ha™'; 37.83 t ha™) was achieved by the Kennebec
cultivars, and at the Rogatica-Borike location (37.84 t ha™), the highest yield was achieved by
the Agria cultivars. Tuber formation is influenced by temperature, with particularly
unfavorable high night temperatures (optimal around 18°C, and unfavorable above 22°C).
High temperatures lead to a higher percentage of smaller tubers, which affects potato yield
(Kumar et al., 2003). Optimal daytime temperatures and lower nighttime temperatures
favored tuber bulking in the Rogatica area, as did the more evenly distributed precipitation at
this location during the growing season. Low precipitation amounts during the most critical
stages of potato growth and development significantly reduce yield and worsen tuber quality.
Considering the high air temperatures during July and August, it can be conclusively stated
that, apart from higher air temperatures and soil temperatures, one of the limiting factors for
plant growth and tuber bulking in potatoes is the insufficient amount and irregular distribution
of precipitation during the growing period. The first growing season had more favorable
temperature conditions as well as the quantity and distribution of precipitation during the
growing season. In the second growing season, all three locations experienced reduced
precipitation, which was unevenly distributed. At the East Sarajevo location, the lack of
precipitation was from June to August; at Bijeljina from May to August; and at Rogatica part
of July and August, which was reflected in the average potato yield, in agreement with results
obtained by Hassanpanah (2011), Hassanpanah et al. (2011), and Siano et al. (2024).
Environmental conditions for potato cultivation in certain areas are very diverse, and thus the
responses of some varieties under these conditions vary. Breeding can overcome the adverse
effects of environmental factors, especially soil quality, water and air regime of the soil, high
temperatures, and short growing seasons in mountainous areas. Optimal temperatures for
tuber formation and bulking are between 16 and 19°C (Barkley, 2005; Struik, 2007).
Interaction of Genotype x Environment. The environments in which the experiments were
conducted were diverse, causing the majority of the variation in average potato yield (42.67%
environment; 34.54% genotype; and 22.79% genotype x environment interaction).
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Fig. 1 Additive Main Efect and Multiplicative Fig. 2 AMMI2 biplot showing the frst two principal
Interaction (AMMI1) biplot showing the Interaction axes of interaction (PCA2 vs. PCAl) of five
Principal Component Analysis (PCA1) (Factorl) vs. commercial potato cultivars evaluated in three
estimated average tuber yield environments in the Republic of Srpska during the
2016/17 growing season

The significant effect of the G x E interaction showed that genotypes performed differently in
various environments. Stable genotypes have a lower impact on the G x E interaction and can
be indicated by a lower IPCA1 value (Silveira et al. 2013). The Agria cultivars was ranked
third based on average yield but exhibited the highest stability (broad adaptation) compared to
other tested varieties. In contrast, Kuroda was identified as an undesirable genotype due to
low productivity (ranked fourth) and low stability (IPCAL values farthest from zero) (Gauch
and Zobel 1988). The Désirée cultivars showed medium stability but had below-average
yield, while the Faluka and Kennebec varieties had yields above average but displayed high
instability. Genotypes and environments that are close to each other in the biplot have positive
relationships, allowing for the formation of a group of genotypes within the agronomic zone.
Thus, the Kennebec and Faluka genotypes performed better in the Bijeljina and East Sarajevo
environments, while the Kuroda and Agria genotypes performed better in the Rogatica -
Borike environment. The East Sarajevo environment is characterized by the fact that none of
the tested varieties had a yield above the average tuber yield, indicating a stronger presence of
abiotic stress. However, the Bijeljina and Rogatica — Borike environments only had below-
average yield for the Désirée cultivars, indicating a weaker abiotic stress.

Conclusions

Multienvironmental research has shown that in the examined growing seasons, abiotic
stresses associated with climate change, specifically heat and drought stress, have affected the
yield of commercial potato varieties. The varieties displayed different sensitivities to abiotic
stress. G x E analysis revealed location-specific adaptations among the tested commercial
potato varieties. The Agria cultivar was the most stable and adaptable variety across different
environments, while the Kuroda cultivar exhibited the lowest stability. The East Sarajevo
environment is unsuitable for potato production, and this environment was not suitable for
any of the tested cultivars. In the Republic of Srpska, such investigations have not been
conducted so far, and there has been no effort to determine the most suitable areas for potato
production. Additionally, no research has been done on selecting stable cultivars. Failures in
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the application of agrotechnical measures, poor choice of potato growing areas, and selection
of unstable cultivars have contributed to the low average potato yields.
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Abstract

The ability to retain water in soil is influenced by a series of agronomic measures: selection of
suitable plant varieties of specific genotypes, sowing dates, planting density, fertilization,
inter-row cultivation, irrigation, and application of water conservation products. The ultimate
goal of such substances, which began to be used in the 1950s, is to improve the soil's water
regime. These materials can enhance the physical and chemical properties of soil, affect the
content and availability of nutrients in the soil, positively influence soil microorganisms, and
soil fertility. Field trials with seven potato varieties (Agria, Faluka, Kennebek, Marabel,
Laura, Rudolph, and Memphis) involved six variants based on a hydrophilic superabsorbent:
control variant, superabsorbent alone, superabsorbent enriched with growth stimulators,
superabsorbent enriched with microorganisms (Bacillus subtilis), superabsorbent enriched
with micronutrients, and superabsorbent enriched with growth stimulators, microorganisms,
and micronutrients at a rate of 20 kg ha™*. The field trials were arranged in three replications
with a planting density of 41666 plants per hectare. The main goal of these studies was to
determine the impact of superabsorbents of different compositions on the yield of potatoes.
Unfavorable climatic conditions, including high average air temperatures and precipitation
deficits during critical periods (June — August), resulted in lower average potato yields in
2019 compared to 2018. The highest average yield was achieved by the Rudolph variety
(34.35 t ha'), while the lowest average yields were observed for the Laura (24.72 t ha™) and
Kennebek (24.28 t ha™) varieties. The lowest yield was recorded in the control variant (24.77
t ha'), and the highest yield (34.64 t ha-') was in the variant with superabsorbent enriched
with growth stimulators, microorganisms, and micronutrients.

Key words: potato, variety, superabsorbent, year, yield.
Introduction

Increasing potato yields can be achieved through the full application of agronomic practices
and adherence to optimal agronomic timings, as well as better adaptation of varieties to
agronomic and agroecological production conditions (Bro¢i¢ and Stefanovi¢, 2012). To
ensure sufficient food supply for the human population, it is necessary to double the average
yields by 2050 (Ray et al., 2013). Climate change has led to increased water demands in
agricultural production, influencing the development of various models aimed at preserving
soil moisture and reducing water consumption in agriculture. The World Meteorological
Organization (Alcamo et al., 2007) notes that climate change is particularly intense in
Southern Europe, which includes our country. In addition to the continuous trend of rising air
temperatures, further reductions in precipitation, accompanied by lower soil moisture and
availability of water resources, significantly impact agricultural production uncertainty and
cause substantial reductions in yields per unit area. The issue of rational water use is of great
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importance, as water increasingly becomes a source of strategic significance (Bates et al.,
2008). Water conservation in agriculture can be achieved through the use of various
substances (polymers) that alter the properties of water and air, as well as the physical
composition of soil. Water-insoluble polymers (hydrogels) were introduced into agricultural
production in the 1980s. Hydrogels also increase water use efficiency and reduce the
frequency of irrigation (Sivapalan, 2006) and enhance fertilizer use efficiency (El-Hady and
Wanas, 2006). Superabsorbents contain biodegradable fragments within a network structure
obtained through radical polymerization in the presence of a redox system. Humic acids,
microorganisms, and microelements have been incorporated into the superabsorbent matrix.
Raw materials containing starch, pectin, chitosan, and other polymer materials that
decompose into water, carbon dioxide, and nitrogen during degradation are used to produce
superabsorbents. Superabsorbents have demonstrated positive effects on yield increase in
many field and vegetable crops in multi-year experiments conducted in Russia (yield
differences between the control variant and the superabsorbent variant of up to 2.5 times), and
importantly, superabsorbents do not pollute the soil or crops (Lukin and Maraeva, 2018;
Lukin et al., 2017a; Lukin et al., 2017b; Kuznetsov et al., 2017; Lali¢ et al., 2019).

Materials and methods

Over a two-year period, experiments were conducted in the territory of the city of East
Sarajevo, at an altitude of 550 m (43°49'01" N and 18°20'57" E). The agroecological
conditions in East Sarajevo are characterized by the strong influence of the continental
climate. The average annual temperature is 10.2 °C, and the average amount of precipitation
is about 900 mm. The experiment was set on alluvial soil (fluvisol). Soil samples were taken
from experimental parcels and after laboratory analysis it was established that alluvial soil
from East Sarajevo has pH H,O 6.63, it contains 3.62% humus, 0.23% N, and in 100 g™ soil,
it has 14.75 mg of soluble P,0s and 15.59 mg of soluble K;0. The experiment included seven
varieties and applied 6 variants of superabsorbent at a rate of 20 kg ha™'. Field trials were set
up using a randomized block design with three replications, with a density of 41,666 plants
per ha. The plot size was 15 m? (four rows, each 10 m long, with 25 plants per row, a spacing
of 0.6 m between rows, and 0.4 m between plants within the row). For the needs of the
experiment, classic agronomic measures were carried out: primary tillage (plowing),
secondary tillage (disking after plowing), pre-sowing preparation (rotovation), and no mineral
fertilizers were used. Primary soil tillage to a depth of 30 cm and secondary tillage were
performed during the fall. Protection was applied depending on the appearance of pests and
disease pathogens. At technological maturity of the potatoes, samples were taken from each
main plot, consisting of ten hills. The average number of tubers, average tuber mass, and
average tuber yield were determined, and the yield was then converted to t ha™'. The obtained
data were processed statistically, using the method of analysis of variance (ANOVA), for
individual comparisons the least significant difference test LSD test (significance level 0.05)
was used.
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Table 1. Factors covered by field research

Factor Treatments
Varieties A; _Agria
(A) A, _ Faluka
A;_ Kennebek
A, Marabel
As _ Laura
Ags _ Rudolph
A;— Memphis
Adsorbent | Byp_control variant

(B) B, superabsorbent "Tverdaya Voda"
B, _ superabsorbent "Tverdaya VVoda" enriched with growth stimulants
B3 superabsorbent "Tverdaya VVoda" enriched with microorganisms
B4 superabsorbent "Tverdaya VVoda" enriched with microelements
Bs superabsorbent "Tverdaya Voda" enriched with growth stimulants,
microorganisms and microelements
Growing C1—2018. year
seasons (C) | C,—2019. year

Table 2. Average air temperatures and precipitation sumsfrom April to September at East

Sarajevo

Months Temperature (°C) Precipitation (mm)

2018. 2019. 2018. 2019.
April 14.8 114 61.4 98.2
May 16.6 12.3 178.1 102.3
June 17.9 21.1 131.5 97.1
July 19.7 21.0 119.6 67.8
August 20.7 21.9 87.5 69.7
September 16.2 16.5 25.9 441
Average/Sum | 17.7 17.4 604 479.2

Meteorological conditions during the test period are shown in Table 2. During the potato
growing season, the average monthly temperatures in 2018 (17.7 °C) and the amount of
precipitation (604 mm) were higher compared to 2019 (17.4 °C and 479.2 mm). In 2019,
there was 124.8 mm less precipitation compared to 2018. Although 2018 had a higher average
temperature, 2019 was characterized by higher average temperatures in July and August,
along with lower precipitation, which affected tuber bulking.

Results and discussion

Number of Tubers: The number of tubers per plant is a productive trait influenced by the
choice of variety, agronomic practices applied in potato production, and agroecological
conditions. The number of tubers per plant was significantly influenced by the factors
examined, as well as by the interactions between variety and superabsorbent application (AB)
and variety and growing season (AC). The effects of variety, production conditions, and
growing season on potato productive traits have been studied by Razzaque and Ali (2009) and
Zhao et al. (2012), who obtained similar results. Genetic factors determine the potential for
stolon formation, the number of tubers, and their morphological characteristics (Barci¢ et al.,

111



Proceedings of the XV International Scientific Agricultural Symposium “Agrosym 2024”

2003). Posti¢ et al. (2015) confirmed that the number of tubers per plant is a varietal
characteristic.

Table 3. Influence of Superabsorbent and Growing Season on the Number of Tubers per Plant
for the Tested Varieties

Varieties | Growing Adsorbent (B) Average
(A) seasons (C) Bo B, B, Bs B, Bs

Aq Cy 7,7 7,7 9,0 8,3 8,7 9,7 8,5
C, 7,2 7,2 8,5 7,8 8,2 9,2 8,0
Average 7,4 7,4 8,8 8,1 8,4 9,4 8,3
A Cy 7,0 7,7 8,3 7,7 7,7 9,0 7,9
C, 6,7 7,4 8,0 7,4 7,4 8,6 7,6
Average 6,9 7,5 8,2 7,5 7,5 8,8 7,7
Az Cy 5,7 6,7 7,7 7,3 7,0 7,7 7,0
Cy 5,9 6,9 7,9 7,5 7,2 7,9 7,2
Average 5,8 6,8 7,8 7,4 7,1 7,8 7,1
Ay Cy 8,3 9,3 10, 7 8,7 8,3 10,3 9,3
C, 7,7 9,7 11,1 9,1 8,7 10,7 9,5
Average 8,0 9,5 10,9 8,9 8,5 10,5 9,4
As C, 8,0 8,3 8,7 7,3 8,3 9,3 8,3
C, 7,0 8,0 8,4 7,0 8,0 9,0 7,9
Average 75 8,2 8,5 7,2 8,2 9,2 8,1
Ag C, 110 | 113 12,7 10,7 11,3 13,3 11,7
C, 10,4 | 10,7 12,1 10,1 10,7 12,7 11,1
Average 10,7 | 110 12,3 10,4 11,0 13,0 11,4
A7 C, 8,7 8,3 10,3 8,7 10,0 10,0 9,3
C, 7,8 7,4 94 7,8 9,1 9,1 8,4
Average 8,2 7,9 9,9 8,2 9,6 9,6 8,9
Average Cy 8,0 8,5 9,6 8,4 8,8 9,9 8,9
C, 7,5 8,2 9,3 8,1 8,5 9,6 8,5
Average 7,8 8,3 9,5 8,2 8,6 9,8 8,7

A B C AB AC BC ABC

LSDg 05 0,3155 0,2921 0,1687 0,7729  0,4462 0,4131 1,0930

The variety Rudolph achieved the highest average number of tubers per plant (11.4), followed
by Marabel (9.4), Memphis (8.9), Agria (8.3), and Laura (8.1). The lowest number of tubers
per plant was found in the varieties Faluka (7.7) and Kennebek (7.1). The variety Kennebek
had a significantly lower average number of tubers per plant compared to all other tested
varieties. Reduced water use efficiency and the occurrence of water stress affect the reduction
of yield components, including the number of tubers per plant, as confirmed by Alva et al.
(2012). The use of the superabsorbent "Tverdaya Voda" enriched with growth stimulators,
microorganisms, and microelements achieved the highest average number of tubers (9.8),
whereas the control variant had the lowest (7.8). These differences were highly significant, as
were the differences between the control variant and all other variants applied in the
experiment. The superabsorbent "Tverdaya Voda" enriched with growth stimulators,
microorganisms, and microelements had a significantly higher number of tubers per plant
compared to the variants where superabsorbent "Tverdaya Voda" was used alone (8.3), with
microorganisms (8.2), with microelements (8.6), and significantly more compared to the
variant with superabsorbent "Tverdaya Voda" enriched with growth stimulators (9.5). The
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number of tubers per plant is also influenced by meteorological conditions, as confirmed by
Van Dam et al. (1996). These authors found a higher number of tubers per plant at lower
temperatures. Observing by years, the average number of tubers per plant was higher in 2018
(8.9) compared to 2019 (8.5). In 2018, the average monthly temperatures in June (17.9 °C)
and July (19.7 °C) were lower than the temperatures in June (21.1 °C) and July (21 °C) of
2019. The varieties Agria, Faluka, Kennebek, and Marabel had the smallest number of tubers
per plant in the control variant, while Laura and Rudolph had the smallest number in the
variant with the superabsorbent "Tverdaya Voda" enriched with microorganisms. The variety
Memphis had the smallest number of tubers per plant in the variant with superabsorbent
"Tverdaya Voda." The highest number of tubers per plant in the variant with the
superabsorbent "Tverdaya Voda" enriched with growth stimulators, microorganisms, and
microelements was achieved by the varieties Agria, Faluka, Laura, and Rudolph, while
Marabel achieved the best results for the number of tubers per plant with the variant using
superabsorbent "Tverdaya Voda" enriched with growth stimulators. The variety Kennebek
had the highest number of tubers per plant in the variants with superabsorbent "Tverdaya
Voda" enriched with growth stimulators and superabsorbent "Tverdaya Voda" enriched with
growth stimulators, microorganisms, and microelements, while the variety Memphis had the
highest number of tubers per plant in the variants with superabsorbent "Tverdaya Voda"
enriched with microelements and superabsorbent "Tverdaya Voda" enriched with growth
stimulators, microorganisms, and microelements. The varieties Agria, Faluka, Laura,
Rudolph, and Memphis had a higher number of tubers per plant in the first growing season,
while Kennebek and Marabel had a higher number in the second growing season. For some
varieties, higher temperatures can induce branching of primary stolons and create more sites
for tuber formation, as confirmed by Struik et al. (1989).

Tuber Mass: Tuber size is a varietal characteristic but is also influenced by ecological
factors, agronomic practices, the number of tubers per plant, the formation of hills, and stolon
length (Singh and Ahmed, 2008). The average tuber mass was 81.70 g. The varieties Agria
(92.71 g) and Faluka (92.97 g) had the highest average tuber masss, while Laura (72.74 g) and
Rudolph (71.92 g) had the lowest. The highest tuber mass was observed in the variants with
superabsorbent "Tverdaya Voda" enriched with growth stimulators (85.21 g) and
superabsorbent "Tverdaya Voda" enriched with growth stimulators, microorganisms, and
microelements (85.66 g). All variants with different combinations of superabsorbent
"Tverdaya Voda" had significantly higher average tuber masss compared to the control
variant. Significant differences were also found between the different combinations of
superabsorbent "Tverdaya Voda" in terms of average tuber mass. Application of
Superabsorbent Polymers affects the increase in water absorption and retention in the soil, the
storage of essential nutrients for plant development, and the improvement of soil structure.
This positively impacts plant growth and yield (Nazarli et al., 2010), whereas in the control
variant (without the use of superabsorbent polymers), dry years may lead to a reduction in
average tuber mass (Liu et al., 2006). In 2018, the average tuber mass was significantly higher
compared to 2019. This was influenced by optimal daytime temperatures and lower nighttime
temperatures that favored tuber bulking, as well as more evenly distributed rainfall during the
2018 growing season. The obtained results are consistent with findings by Posti¢ (2013), who
established that high temperatures and a deficit of rainfall during critical periods for potato
development significantly affect the average tuber mass. The smallest average tuber masss
were observed in the control variants, except for the Marabel variety, which had the smallest
tubers in the variant with superabsorbent "Tverdaya VVoda".
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Table 4. Influence of Superabsorbent and Growing Season on the Average Tuber Mass (g) for

the Tested Varieties
Varieties | Growing Adsorbent (B) Average
(A) seasons Bo B: Bo B Bo B, Bo
©)
Aq C: | 90,90 92,84 | 95,36 91,75 92,66 98,01 93,59
C, | 87,65 89,59 | 95,94 92,33 91,65 93,80 91,83
Average 91,21 | 95,65 92,04 92,16 95,90 92,71
A C. | 87,95 92,66 | 97,82 92,37 93,62 | 101,15 94,26
C, | 83,74 88,45 | 95,39 90,83 92,08 99,61 91,68
Average 90,55 | 96,61 91,60 92,85 | 100,38 92,97
As C;, | 76,82 83,98 | 88,16 79,68 82,12 86,78 82,92
C, | 75,28 85,03 | 89,21 76,39 76,67 81,33 80,65
Average 84,51 | 88,69 78,03 79,40 84,06 81,79
Ay Cy | 76,53 71,14 | 83,14 77,83 82,07 84,83 79,25
C,| 78,74 73,35 | 85,35 80,04 81,09 83,85 80,40
Average 72,25 | 84,24 78,93 81,58 84,34 79,83
As C; | 65,20 70,65 | 77,36 74,65 73,13 77,38 73,06
C, | 64,93 71,80 | 78,51 74,46 70,26 74,51 72,41
Average 71,23 | 77,93 74,56 71,69 75,94 72,74
Ag C;, | 67,93 69,23 | 72,22 69,58 75,81 78,46 72,21
C, | 67,63 70,21 | 72,25 67,71 73,94 78,01 71,63
Average 69,72 | 72,24 68,65 74,88 78,24 71,92
A7 Cy| 76,26 77,84 | 81,49 81,72 80,21 81,22 79,79
C, | 78,67 80,25 | 80,70 80,93 79,42 80,37 80,05
Average 79,04 | 81,09 81,32 79,81 80,80 79,92
Average C, | 77,37 79,76 | 85,08 81,08 82,80 86,83 82,15
C, | 76,66 79,81 | 85,34 80,38 80,73 84,50 81,24
Average 79,79 | 85,21 80,73 81,77 85,66 81,70
A B C AB AC BC ABC
LSDo 05 1,860 1,722 0,994 4,557 2,631 2,436 6,444

The largest tubers were found in varieties Agria, Marabel, and Memphis in the variants with
superabsorbent "Tverdaya Voda" enriched with growth stimulants and superabsorbent
"Tverdaya Voda" enriched with growth stimulants, microorganisms, and microelements. The
varieties Kennebek and Laura had the largest tubers in the variant with superabsorbent
"Tverdaya Voda" enriched with growth stimulants, while the varieties Faluka and Rudolph
had the largest tubers in the variant with superabsorbent "Tverdaya Voda" enriched with
growth stimulants, microorganisms, and microelements. Tuber Yield. Yield is the most
important quantitative characteristic and is subject to significant influences from agronomic
and agroecological factors, making it variable. One of the primary goals of modern intensive
agriculture is to increase yield. Special attention is given to varieties with high and consistent
yield potential under different agroecological conditions. Previous research by Momirovi¢ et
al. (2016) has highlighted the significant impact of variety and production conditions on tuber
yield, while Esehaghbeygi (2010), Ayas (2013), Salavati et al. (2018), and Starovoitova et al.
(2019) have demonstrated the significant effect of superabsorbent polymers (superabsorbents)
on potato yield. Results presented in Table 5 show that the highest average tuber yield was
achieved with the Rudolph variety (34.35 t ha™ '), followed by Agria (31.93 t ha™ '), Marabel
(31.29 t ha™ '), Faluka (30.08 t ha™ '), and Memphis (29.62 t ha™ !).
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Table 5. Influence of Superabsorbent and Growing Season on the Average Potato Yield (t
ha™ ') for the Tested Varieties

Varieties | Growing Adsorbent (B) Average
(A) seasons Bo B Bo B: Bo B, Bo
©
Aq Ci | 28,99 29,68 | 35,76 31,88 33,41 39,47 33,20
C, | 26,13 26,77 | 33,98 30,16 31,11 35,82 30,66
Average 28,23 | 34,87 31,02 32,26 37,65 31,93
A Ci| 25,71 29,65 | 33,93 29,50 29,84 37,90 31,09
C, | 23,43 27,20 | 31,91 27,88 28,19 35,80 29,07
Average 28,43 | 32,92 28,69 29,02 36,85 30,08
As C,| 18,11 23,37 | 28,15 24,39 23,93 27,74 24,28
C, | 18,37 24,37 | 29,23 24,00 22,98 26,68 24,27
Average 23,87 | 28,69 24,20 23,46 27,21 24,28
Ay C; | 26,58 27,39 | 36,95 28,14 28,52 36,55 30,69
C,| 25,13 29,47 | 39,35 30,27 29,53 37,53 31,88
Average 28,43 | 38,15 29,21 29,02 37,04 31,29
As Ci| 21,77 24,55 | 27,97 22,82 25,42 30,13 25,44
C, | 19,00 24,05 | 27,40 21,85 23,54 28,08 23,99
Average 24,30 | 27,69 22,34 24,48 29,10 24,72
Asg Cy| 31,12 32,69 | 38,13 30,92 35,86 43,57 35,38
C, | 29,34 31,40 | 36,32 28,39 33,13 41,35 33,32
Average 32,04 | 37,23 29,65 34,49 42,46 34,35
A7 C, | 27,58 26,99 | 35,08 29,56 33,45 33,85 31,09
C, | 25,50 24,82 | 31,71 26,24 30,14 30,48 28,15
Average 25,90 | 33,40 27,90 31,80 32,17 29,62
Average C; | 25,69 27,76 | 33,71 28,17 30,06 35,60 30,17
C,| 23,84 26,87 | 32,84 26,97 28,38 33,68 28,76
Average 27,31 | 33,28 27,57 29,22 34,64 29,47
A B C AB AC BC ABC
LSDo o5 1,283 1,188 0,686 3,142 1,814 1,680 4,444

The lowest average yields were observed with the Laura (24.72 t ha™) and Kennebek (24.28 t
ha™) varieties. The lowest yield was recorded in the control variant (24.77 t ha™), and the
highest yield (34.64 t ha™!) was achieved in the variant with superabsorbent "Tverdaya Voda"
enriched with growth stimulants, microorganisms, and microelements. In 2018, the tuber
yield (30.17 t ha™") was significantly higher compared to the yield in 2019 (28.76 t ha™).
Adverse climatic conditions, characterized by high average temperatures and a deficit of
rainfall during the critical period (June—August) for tuber formation and bulking, led to a
lower average tuber yield in 2019, consistent with findings by Lahlou et al. (2003) and
Tomasiewicz et al. (2003).

The lowest tuber yields for the Agria, Faluka, Kennebek, Marabel, and Laura varieties were
observed in the control variant, while the Rudolph variety had the lowest yield in the variant
with superabsorbent "Tverdaya VVoda" enriched with microorganisms. The Memphis variety
had the lowest yield in the variant with superabsorbent "Tverdaya Voda". All varieties had the
highest yield in plots where superabsorbent "Tverdaya Voda" enriched with growth
stimulants, microorganisms, and microelements was applied, except for Kennebek and
Memphis varieties, which had the highest yield in plots with superabsorbent "Tverdaya Voda"
enriched with growth stimulants. In the first growing season (2018), varieties generally had
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higher yields, except for the Marabel variety, which had a higher yield in the second season
(2019).
Conclusions

Meteorological conditions during the trials (2018-2019) varied significantly, which affected
the development of the productive traits of potatoes. The effects of variety, superabsorbent
application, growing season, and their interactions were found for most of the examined traits.
Superabsorbent polymers increase the percentage of water and nutrients in the soil for a
longer period, allowing for more uniform and even water use by the crop, and promoting
faster and healthier crop growth, especially in very hot and dry areas, as well as on light and
sandy soils. Since their application has not been sufficiently studied in our regions, it is
necessary to continue trials not only with potatoes but also with other crops, in order to
address issues arising in plant production due to soil moisture deficits and irrigation problems.
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Abstract

The Ramsar sites of Boshia and Herzegovina, as part of internationally recognized wetland
ecosystems, represent vital ecological resources with rich biodiversity. These areas face
various threats that endanger their biodiversity. This paper presents the diversity of
endangered and protected plant species of the Ramsar sites of Bosnia and Herzegovina. The
aim of the Ramsar Convention is to stop the degradation and ensure the conservation and wise
use of wetlands worldwide. Bosnia and Herzegovina adopted the convention through
succession on March 1, 1993. To date, three sites in Bosnia and Herzegovina have been
designated as Ramsar sites: Bardaca in the Republic of Srpska, and Hutovo Blato and
Livanjsko Polje in the Federation of Bosnhia and Herzegovina. In the investigated areas, 161
endangered and protected plant species have been identified. The Livanjsko Polje area has 94
plant species, Bardaca 69, and Hutovo Blato 59. The status of endangerment and the degree of
protection are given according to the preliminary Red List of endangered plants of Bosnia and
Herzegovina and the IUCN list. According to the IUCN list (globally, IUCN G), 112 species
are in the category of least concern (LC), 4 species are data deficient (DD), 3 species are near
threatened (NT), and 2 species are vulnerable (VU). In Europe (IUCN E), 82 plant species are
least concern (LC), 4 are data deficient (DD), 4 are near threatened (NT), and 1 is vulnerable
(VU).

Keywords: Endangered species, protected species, Bardaca, Hutovo Blato, Livanjsko Polje.

Introduction

The aim of the Ramsar Convention (February 2, 1971) is to stop the degradation and ensure
the conservation and wise use of wetlands worldwide, both for biodiversity conservation and
for securing sufficient natural resources for people who depend on wetland systems
(https://www.ramsar.org). Bosnia and Herzegovina adopted the convention through
succession on March 1, 1993. In Bosnia and Herzegovina, Ramsar sites include: Bardaca
(April 12, 2007) in the Republic of Srpska, and Hutovo Blato (September 24, 2001) and
Livanjsko Polje (April 11, 2008) in the Federation of Bosnia and Herzegovina. The Ramsar
sites of Bosnia and Herzegovina are vital ecosystems that support a wealth of plant life, but
they are also exposed to various threats (http://www.mvteo.gov.ba). Bardaca (3,500 ha) is
located in the northeastern part of LijevCe Polje, in the floodplain between the Sava River and
the left bank of the Vrbas River, in the municipality of Srbac. The sub-Mediterranean wetland
Hutovo Blato (7,411 ha) is located in the south of Herzegovina, in the karst landscape, in the
Neretva River valley, in the municipalities of Capljina and Stolac. Livanjsko Polje is located
in the Cetina River basin and represents an extraordinary natural phenomenon in the karst on
46,000 hectares. Since half of this field is regularly under water, Livanjsko Polje is essentially
a combination of wetlands of exceptional value, important bird habitats, and peatlands and
meadows inhabited by endemic and rare species (Davidovi¢, 2006).
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Materials and Methods

This study used existing literature sources to present the diversity of endangered and protected
species in the Ramsar sites of Bosnia and Herzegovina (Cviji¢, 1900; Bjel¢i¢, 1954; Riter-
Studnicka, 1954, 1955; 1972, 1973, 1974; Riter-Studnicka and Grgi¢, 1971; Nedovi¢ and
Mejaki¢, 1997, Sumatié¢ et al. 2001; Nedovi¢ et al. 2004; Davidovié¢, 2006; Redzi¢ et al. 2008;
Redzi¢, 2012; Milanovi¢ and Stupar 2017; Milanovi¢, 2018). The status of endangerment and
the degree of protection are given according to the preliminary Red List of endangered plants
of Bosnia and Herzegovina (Sili¢, 1996) and IUCN (2024). The species names are adjusted
according to the Euro+Med PlantBase (2006—-2024).

Results and Discussion

Based on the literature data, 161 endangered and protected plant species were identified in the
investigated areas. An overview of the protected and endangered species of the Ramsar sites
of Bosnia and Herzegovina, according to the preliminary list of endangered species of Bosnia
and Herzegovina (PRLBIiH) and the IUCN categorization, globally (IUCN G) and for Europe
(IUCN E), is shown in Table 1.

Table 1. Protected and endangered species in the area od Bardaca, Hutovo blato and
Livanjsko polje

Species Hutovo blato | Livanjsko polje| Bardac¢a | PRLBiH | IUCN (G) |IUCN (E)
Acanthus spinosus L. + \Y
Acorus calamus L. + \ LC
Agrimonia eupatoria L. + LC
Alisma plantago aguatica L. + + LC LC
Allium carinatum L. + LC LC
Allium tuberosum Rottler ex Spreng. + LC
Alnus glutinosa (L.) Gaertn. + + LC
Alopecurus aequalis Sobol. + LC LC
Anacamptis morio (L.) R. M. Bateman, Pridgeon & + NT
M. W. Chase
Anacamptis palustris (Jacq.) R. M. Bateman, + LC LC
Pridgeon & M. W. Chase
Angelica sylvestris L. + LC
Asparagus tenuifolius Lam. + LC LC
Baldellia ranunculoides (L.) Parl. + NT
Berula erecta (Huds.) Coville + + LC LC
Berula latifolium L. + + LC
Bidens cernus L. + LC LC
Butomus umbellatus L. + + + \Y LC
Caltha palustris L. + V LC
Cardamine pratensis subsp. atlantica (Emb. & Maire) + VU
Greuter & Burdet
Carex acutiformis Ehrh. + LC LC
Carex distans L. + LC LC
Carex divisa Hudson + LC
Carex elata All. + LC
Carex elata All. subsp. elata + LC LC
Carex hirta L. + LC)
Carex nigra (L.) Reichard + LC LC
Carex pseudocyperus L. + LC LC
Carex riparia Curtis + LC LC
Carex rostrata Stokes + LC LC
Celtis tournefortii Lam. + \ LC
Centaurea cyanus L. + LC
Centaurium erythraea Rafn + LC
Ceratophyllum demersum L. + + LC
Colchicum autumnale L. + + LC
Convallaria majalis L. + \ NT
Corrigiola litoralis L. + LC
Corylus avellana L. + + LC LC
Cyclamen hederifolium Aiton + \Y
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Cyclamen repandum Sibth. & Sm. +

Cyperus flavescens L. + LC

Cyperus fuscus L. + LC

Cyperus longus L. + LC

Cyperus michelianus (L.) Link + LC
Dactylorhiza incarnata (L.) So6 + LC
Daucus carota L. + + LC LC
Eleocharis acicularis (L.) Roem. & Schult. + LC LC
Eleocharis ovata (Roth) Roem. & Schult. + LC

Epipactis palustris (L.) Crantz + LC LC
Equisetum fluviatile L. + LC

Euphorbia palustris L. + + + LC

Filipendula ulmaria (L.) Maxim. + + LC

Filipendula vulgaris Moench + LC
Fimbristylis bisumbellata (Forssk.) Bubani + LC

Galanthus nivalis L. + NT

Galium palustre L. + + + LC

Galium verum L. + + LC
Galium uliginosum L. + LC LC
Glechoma hederacea L. + DD DD
Glyceria fluitans (L.) R. Br. + + LC LC
Glyceria maxima (Hartm.) Holmb. + LC LC
Gratiola officinalis L. + LC
Gymnadenia conopsea (L.) R. Br. + LC
Hippuris vulgaris L. + + LC

Hordeum geniculatum All. + LC
Hordeum murinum L. + LC

Hordeum secalinum Schreber + LC

Hottonia palustris L. + LC

Hydrocharis morsus-ranae L. + + LC

Hydrocotyle vulgaris L. + LC

Iris pseudacorus L. + + + LC LC
Iris sibirica L. + NT
Juncus articulatus L. + + LC LC
Lathyrus palustris L. + LC

Lathyrus tuberosus L. + LC LC
Lemna gibba L. + LC

Lemna trisulca L. + LC

Leontodon autumnalis L. + LC

Lolium perenne L. + LC
Lolium temulentum L. + LC
Lotus pedunculatus Cav. + LC
Ludwigia palustris (L.) Elliott + LC

Lysimachia vulgaris L. + + LC LC
Lythrum salicaria L. + + LC
Marsilea quadrifolia L. + + LC

Medicago polymorpha L. + LC
Melilotus officinalis (L.) Desrs. + + LC
Mentha aquatica L. + LC

Mentha pulegium L. + LC LC
Menyanthes trifolia L. + LC LC
Molinia caerulea (L.) Moench + LC
Myosotis scorpioides L. + LC
Myriophyllum spicatum L. + LC

Najas marina L. + LC

Najas minor All. + LC LC
Neotinea tridentata (Scop.) R. M. Bateman, Pridgeon + LC
& M. W. Chase

Nuphar lutea (L.) Sm. + + + LC

Nymphaea alba L. + + LC LC
Nymphoides peltata (S. G. Gmel.) Kuntze + + LC LC
Oenanthe fistulosa L. + LC LC
Onobrychis viciifolia Scop. + LC LC
Ophioglossum vulgatum L. + LC

Orchis simia Lam. + + LC
Pedicularis palustris L. + LC

Periploca graeca L. +

Persicaria amphibia (L.) Delarbre + LC LC
Phalaroides arundinacea (L.) Rauschert + LC LC
Phragmites australis (Cav.) Steud. + + + LC LC
Pinguicula vulgaris L. + VU

Plantago lanceolata L. + + LC
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Plantago maritima L. + + LC

Platanthera bifolia (L.) Rich. + LC
Poa palustris L. + LC

Polygonum amphibium L. + + + LC LC
Populus alba L. + + LC LC
Populus nigra L. + + DD

Populus tremula L. + LC LC
Potamogeton acutifolius Link + LC NT
Potamogeton crispus L. + + + LC LC
Potamogeton gramineus L. + LC
Potamogeton lucens L. + + LC LC
Potamogeton natans L. + +

Potamogeton perfoliatus L. + LC LC
Potentilla palustris (L.) Scop. + \Y LC

Prunus avium (L.) L. + LC LC
Pulmonaria officinalis L. + LC LC
Ranunculus lingua L. + + LC LC
Ranunculus ophioglossifolius Vill. +

Rosa gallica L. + + DD
Rumex palustris Sm + LC

Ruscus aculeatus L. + + \Y LC LC
Salix alba L. + LC LC
Salix caprea L. + LC

Salix cinerea L. + LC LC
Salix pentandra L. + \ LC LC
Salix purpurea L. + + LC LC
Salvinia natans (L.) All. + + \ LC NT
Sanguisorba officinalis L. + + LC
Schoenoplectus lacustris (L.) Palla + LC LC
Scilla pratensis Waldst. & Kit., nom. illeg. + \

Scirpus sylvaticus L. + LC LC
Scutellaria galericulata L. + + LC

Serratula lycopifolia (Vill.) A. Kern. + DD DD
Spirodela polyrhiza (L.) Schleid. + + LC

Stratiotes aloides L. + LC

Teucrium chamaedrys L. + LC
Teucrium scordium L. + LC
Thelypteris palustris Schott + V LC

Trapa natans L. + \Y LC

Trifolium hybridum L. + LC
Trifolium pratense L. + + + LC LC
Trifolium repens L. + + + LC
Typha latifolia L. + + + LC LC
Typha shuttleworthii W. D. J. Koch & Sond. + + + DD
Ulmus glabra Huds. + + DD VU
Utricularia vulgaris L. + + + \Y LC

Vallisneria spiralis L. + LC LC
Veronica anagalloides Guss + \Y LC

Veronica serpyllifolia L. + LC

Viburnum opulus L. + + LC
Zannichelia palustris L. + \V;

From the total number across all three areas, there are 13 plant species represented. Bardaca
and Livanjsko Polje share 18 common plant species, while Livanjsko Polje and Hutovo Blato
share 8, as well as Hutovo Blato and Bardaca. According to the preliminary list of endangered
species of Bosnia and Herzegovina (PCLBIiH), 32 species are vulnerable (V), with the highest
number found in Hutovo Blato (20), followed by Bardaca (13) and Livanjsko Polje (10). The
percentage representation of vulnerable species is 19.88%. These species include Acanthus
spinosus, Acorus calamus, Butomus umbellatus, Caltha palustris, Celtis tournefortii,
Convallaria majalis, Cyclamen hederifolium, Cyclamen repandrum, Galanthus nivalis,
Gratiola officinalis, Iris sibirica, Marsilea quadrifolia, and others. According to the ITUCN
categorization (global IUCN G), 112 species are classified as least concern (LC), 4 species
lack sufficient data (DD), 3 species are near threatened (NT), and 2 species are vulnerable
(VU). Some of the species listed on the IUCN global list include: Alisma plantago aquatica,
Angelica sylvestris, Baldellia ranunculoides, Cardamine pratensis, Carex nigra, Pinguicula
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vulgaris, Populus nigra, Corrigiola litoralis, Glechoma hederacea, Hordeum murinum, Iris
pseudacorus. The percentage representation of species by categories is: 69.57% LC; 1.86%
NT; 1.24% VU; 2.48% DD. According to the IUCN categorization (Europe IUCN E), 82
plant species are least concern (LC), 4 are data deficient (DD), 4 are near threatened (NT),
and 1 is vulnerable (VU). These species are: Anacamptis morio, Anacamptis palustris,
Molinia caerulea, Najas minor, Rosa gallica, Salvinia natans, Scripus sylvaticus, Colchicun
autumnale, Juncus articulatus, Meliolotus officinalis, Persicaria amphibia, etc. The
percentage representation of species by categories is: 50.93% LC; 2.48% NT; 0.62% VU;
2.48% DD.
Conclusion

The Ramsar sites provide habitat for many endangered plant species, thus offering vital
support for biodiversity. Through effective protection measures, such as regulation of human
activities, control of invasive species, and promotion of education, we can ensure the long-
term sustainability of these ecosystems. Further research and monitoring of plant species
populations will be essential for the successful conservation of the Ramsar sites of Bosnia and
Herzegovina. To date, three sites in Bosnia and Herzegovina have been designated as Ramsar
sites: Bardaca in the Republic of Srpska, and Hutovo Blato and Livanjsko Polje in the
Federation of Bosnia and Herzegovina. Based on literature data, 161 endangered and
protected plant species have been identified in the investigated areas. The analysis determined
that the Livanjsko Polje area contains 94 plant species, the Bardaca area 69, and Hutovo Blato
59. Of the total number of plant species in the investigated area, 32 species are vulnerable (V)
according to the preliminary Red List of endangered plants of Bosnia and Herzegovina.
According to the IUCN list (globally IUCN G), 112 species are in the category of least
concern (LC), 4 species are data deficient (DD), 3 species are near threatened (NT), and 2
species are vulnerable (VU). In Europe (IUCN E), 82 plant species are least concern (LC), 4
are data deficient (DD), 4 are near threatened (NT), and 1 is vulnerable (VU).
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Abstract

This study was conducted to determine the effect of two chloride salts (NaCl and KCI) and
their concentrations (0, 50, 100, 150, 200, 250, 300 mM) on the germination and early
seedling growth of Aegilops cylindryca seeds. The trials were performed in two replicates of
25 seeds for each variant. Germination was carried out between rolls of filter paper with 20 ml
of the respective test solutions at a temperature of 20 + 1°C, for 10 days. Seeds were counted
as germinated when the germ has reached at least 2 mm. The following characteristics were
calculated: germination percentage (G, %), coefficient of velocity of germination (CVG),
germination rate index (GRI, % day™), mean germination time (MGT, day) and relative injury
rate (RIR). The data for the shoot and root length (cm) (LSh and LR), length of seedling (LS,
cm), fresh weigh (mg plant™) of shoot and root (FWSh and FWR) and dry weight (mg plant™)
of shoot and root (DWSh and DWR) were measured 10 days after germination. The three-way
ANOVA analysis showed that the dose was proven to have the greatest effect on the studied
parameters. The highest value of the relative injury coefficient above 0.80 was recorded when
seeds were treated with NaCl at concentrations of 250-300 mM salt, as well as when they
were treated with KCI at concentrations of 200-300 mM. Application of high salinity
concentrations of both chloride salts had a greater inhibitory effect on shoot growth compared
with root growth.

Keywords: Aegilops cylindrica Host, NaCl, KCI, germination, seedling growth.
Introduction

Salinity represents one of the most significant abiotic constraints on plant growth and
productivity globally. The impact of salinity on plant growth is mediated by its influence on
metabolic rates and pathways within the plant. Salinity affects plant growth at all stages of
development, and the sensitivity to salinity varies between different growth stages (Yohannes
et al., 2020). The presence of excess salts in soils and water can have a detrimental impact on
seed germination and plant growth. This can occur either through osmotic effects, whereby
the absorption of water is limited due to a low water potential, or ionic toxicity, which can
result in cellular injuries and a reduction in metabolic activity due to the presence of excess
ions (Dadach et al., 2023; Hadjadj et al., 2023). The presence of soluble salts, such as calcium
chloride (CaCl,), potassium chloride (KCI) and sodium chloride (NaCl), has been
demonstrated to have a detrimental impact on plant growth. The influx of these ions into the
cells can result in the onset of significant physiological disorders. The accumulation of
sodium ions (Na* ) has been shown to inhibit the absorption of potassium, an essential
element for growth and development. This can lead to a reduction in productivity and, in
severe cases, may even result in death (Kanjevac et al., 2021).
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Seedlings and young plants are much more sensitive to salt stress than mature plants
(Kanjevac et al., 2021). Jasim and Nulit (2019) noted that it is of paramount importance for
plants to adapt to salinity during the germination and early seedling stages, as this is a crucial
factor in the establishment of the plant stand. The adverse effects of salt stress on germination,
seedling growth, and some physiological activities of a number of cultivated plant species
have been extensively investigated (Kiran et al., 2021). A number of studies have indicated
that salt stress tolerance varies among species and also depends on the stage of plant
development, salt type and concentrations (Panuccio et al., 2014; Vishnu Priya et al., 2020).
Consequently, the selection of salt-tolerant plant genotypes at both the germination and
seedling stages represents an effective approach to addressing the issue of soil salinity
(Hadjadj et al., 2023).

The aim of this study was to analyze the effects of NaCl and KCI on germination and seedling
growth of Aegilops cylindrica Host seeds.

Material and Methods

The study examined the effect of six salinization levels (50, 100, 150, 200, 250, and 300 mM)
using two chloride salts (NaCl and KCI) on seed germination and early seedling growth
parameters. Deionized water was used as control variant. An experiment was conducted with
seeds from five Bulgarian populations of Aegilops cylindrica Host, taken from an experiment
established at IPGR-Sadovo in 2023, Bulgaria. For each variant of experiment, two replicates
of 25 seeds were germinated on rolled filter paper (Grade FT 55) with 20 ml of the respective
test solutions. The papers were replaced every 2 days to prevent salt accumulation. The seeds
were allowed to germinate in the dark at 20+1°C for 10 days. Seeds were considered
germinated when the radicle had extended at least 2 mm. The number of germinated seeds
was recorded daily until a constant count was achieved. From the germination counts several
germination characteristics were studied including germination percentage (G, %), coefficient
of velocity of germination (CVG), germination rate index (GRI, % day™), mean germination
time (MGT, day) and relative injury rate (RIR). CVG was calculated according to Kader and
Jutzi (2004), GRI and MGT according to the formula of Kader (2005), while RIR according
to Li (2008).

On the eighth day of the experiment, ten seedlings were randomly selected from each
treatment for the measurement of shoot and root length (LSh and LR in cm) and fresh weight
of shoot and root (FWSh and FWR in mg/plant). Additionally, data for dry weight of shoot
and root (DShW and DRW in mg/plant) were recorded after drying in an oven at 80°C for 24
hours. Seedling height reduction was determined using the method described by Islam and
Karim (2010), and salt tolerance index (STI) was estimated according to Mujeeb-ur-Rahman
et al. (2008).

A three-way analysis of variance (ANOVA) was employed to assess the influence of
genotype, salt type, concentration, and their interaction on germination and seedling
Characteristics. The Duncan’s Multiple Range Test was conducted at a 0.05 probability to
determine the significance of differences between the means of all germination and seedling
parameters for each treatment. A simple correlation with the index (Pearson correlation) was
employed to ascertain the interrelationships between the values of salt concentrations and
germination parameters and seedling metrics. All statistical methods were conducted using
JMP 17 statistical software.
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Results and Discussion

A three-factor ANOVA analysis (Table 1 and Table2) showed a significant individual effect
of genotype, salt type, concentration (dose) and their interaction on the most of studied
parameter, except salt type for MGT, ShL and DRW, genotype for DRW, genotype*salt for
RL and ShL, genotype*salt*dose for FRW. Dose was shown to have the greatest effect on the
all parameters studied.

Table 1. Three-way ANOVA on the effect of genotype, salt type, concentration (dose) and
their interaction on the germination characteristic of Aegilops cylindrica Host

CVG GRI MGT G

Source of variation Sum of Sum of Sum of Sum of

Squares Sig. Squares Sig. Squares Sig. Squares Sig.
Genotype 818.85 0.00 3076.63 0.00 90.61 0.00 26008.33 0.00
Salt 91.00 0.00 856.72 0.00 2.15 0.08 17190.48 0.00
Dose 22882.64 0.00 26339.96 0.00 270.48 0.00 177107.86 0.00
Genotype * Salt 270.93 0.00 208.57 0.00 54.21 0.00 522.62 0.01
Genotype * Dose 2386.28 0.00 1552.36 0.00 120.29 0.00 8918.33 0.00
Salt * Dose 521.04 0.00 1134.36 0.00 57.51 0.00 15437.86 0.00
Genotype * Salt * Dose 1044.14 0.00 791.72 0.00 110.81 0.00 5424.05 0.00

G-germination percentage, CVG-coefficient of velocity of germination, GRI-germination rate index, MGT-mean germination
time

Table 2. Three-way ANOVA on the effect of genotype, salt type, concentration (dose) and
their interaction on the seedling characteristic of Aegilops cylindrica Host

RL ShL FRW FShw DRW DShw
Source of variation Sum of Sum of Sum of Sum of Sum of Sum of
Squares | Sig. | Squares | Sig. | Squares | Sig. Squares Sig. |Squares| Sig. |Squares| Sig.

Genotype 11.68 0.00 17.39 0.00] 298.72 0.00 881.83 0.00 5.83 0.10] 11.72 0.00
Salt 78.02 0.00 131 0.15| 879.13 0.00 118.20 0.01) 0.05 0.80] 10.08]  0.00
Dose 2305.49 0.00| 2736.70 0.00{12136.44| 0.00| 66818.05| 0.00| 167.09| 0.00| 836.67| 0.00
Genotype * Salt 2.02 0.46 2.99 0.31] 141.15 0.00 236.99 0.01] 441 0.21 7.63] 0.00
Genotype * Dose 40.18 0.00 71.91 0.00] 303.18 0.01] 2673.20 0.00] 61.07 0.00] 33.52 0.00
Salt * Dose 27.70 0.00 33.59 0.00| 503.86 0.00 619.49 0.00{ 10.42 0.03] 4.15| 0.04
Genotype * Salt * Dose 30.73 0.00 55.99 0.00] 24841 0.07| 2339.54 0.00] 67.13 0.00] 20.72 0.00

RL-root length, ShL-shoot length, FRW-fresh weight of root, FShW- fresh weight of shoot, DShW-dry weight of shoot,
DRW-dry weight of root

The Aegilops cylindrica seeds exhibited differential responses at the studied chloride salt
concentrations, as illustrated in Fig. 1. The non-saline-treated seeds (control) exhibited the
highest germination rate. The seeds demonstrated a higher germination rate under salinity
stress caused by KCI than under stress caused by NaCl. The lowest germination rate was
observed in seeds treated with 250 mM NaCl, while at the highest salinity levels of 300 mM
NaCl, no seeds germinated in all samples included in the study. Only weak root system
development was observed.
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F|g 1 Varlatlon of the germlnatlon characterlstlcs of Aegllops cyllndrlca seeﬂds treated with
NaCl and KCI. Bars are mean values+ standard error. Similar bars with different letters are
significantly different from each other (Duncan’s Multiple Range Test, P < 0.05).
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The linear regression analysis data presented in Fig. 2 showed a strong negative statistical
correlation (p<0.001) between G, CVG, GRI values and salt doses with coefficients of
determination (R?) ranging from 0.684 to 0.790 and a strong positive statistical correlation
between MGT and salt concentrations with R? ranging from 0.552 to 0.571. These results also
provide clear indication of the inhibitory effect of NaCl and KCI salts on seed germination of
Aegilops cylindrica Host.

Comrnirebme =i NCL wwrmmmaston of K CLw

Fig.2 Regressmn plots for germlnatlon parameters (G- germlnatlon percentage CVG-
coefficient of velocity of germination, GRI-germination rate index, MGT-mean germination
time ) of Aegilops cylindrica seeds treated with NaCl and KCI

The highest value of the relative injury coefficient above 0.80 was recorded when seeds
treated with NaCl at concentrations of 250-300 mM salt, as well as when treated with KCI at
concentrations of 200-300 mM. The results also indicated that seeds treated with NaCl
exhibited a lower relative injury rate at concentrations of 50-200 mM in comparison to those
treated with KCI. However, at the highest salinity concentrations (250-300 mM), NaCl-treated
seeds demonstrated the highest value of the relative i |njury rate (Fig.3).
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Fig.3. Variation of the relatlve m;ury rate (RIR) of Aegllops cylindrica seeds treated with
NaCl and KCI and regression plot for RIR. Similar bars with different letters are significantly
different from each other (Duncan’s Multiple Range Test, P < 0.05)

The results of our study showed that both of mean root and shoot lengths were significantly
declined with the increase in salt levels. The reduction in root growth ranged between (0.11-
0.88) and (0.07-0.91) as compared to those of controls, respectively for NaCl and KCI. For
shoot elongation, the reduction rates ranged between (0.16-1) and (0.11-0.98), in this order
for NaCl and KCI. Hence the growth of shoot was more sensitive to salt stress than root,
particularly at higher salt concentrations (Fig. 4). The significant variations in salt tolerance
indices with increasing salinity concentration for both salt types were found. The highest
values of the indices were recorded at the lowest concentration, respectively the lowest at the
highest concentration (Table 3).
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Fig.4. Variation of the root/shoot helght reductlons of Aegilops cylindrica seeds treated with
NaCl and KCI. Similar bars with different letters are significantly different from each other
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(Duncan’s Multiple Range Test, P < 0.05)

Table 3. Variation in Salt Tolerance Indices of Aegilops cylindrica Host with the salt and

concentration

Concentra-| GSTI,% | GSTI,% | RSTI,% | RSTI, % | ShSTI, % | ShSTI, %
tion (NaCl) (KCI) (NaCl) (KCI) (NaCl) (KCI)
50 mM 96.33f 76.96f 88.91f 92.24f 83.86e 88.71e
100 mM 83.90e 57.56e 81.82¢ 78.50e 55.65d 69.59d
150 mM 74.64d 37.80d 70.49d 62.56d 28.09¢ 47.29¢
200 mM 58.98¢ 15.34C 53.06¢ 32.50c 18.26b 15.35b
250 mM 5.15b 13.73b 25.70b 22.17b 0.55a 7.23ab
300 mM 0.00a 2.66a 12.07a 9.38a 0.00a 2.25a
Average 53.17 34.01 55.35 49.56 31.07 38.41

Germination Salt Tolerance Index (GSTI), Root Salt Tolerance Index (RSTI), Shoot Salt Tolerance Index (ShSTI),
Means within a column that have different superscript letters (a-g) are significant different from each other
(Duncan’s multiple range test, p<0.05)

Aegilops cylindrica seeds showed high to very high tolerance to germination at 50-150 mM
NaCl and 50 mM KCI, moderate tolerance at 100 mM KCI and at 200 mM NaCl, low to very
low tolerance at 250 mM NaCl and 250-300 mM KCI. At the highest concentration of NacCl,
seeds were sensitive to germination. RSTI varied from 9.38% to 92.24%, while ShSTI varied
from 0% to 88.71%. At 50-150 mM doses of both salts, Aegilops cylindrica showed very high
to high tolerance to root growth, while at the highest concentrations of 250-300, root tolerance
varied from low to very low tolerance. In terms of shoot growth, at the highest concentration
Aegilops cylindrica was sensitive to salinization with NaCl and very low resistant to
salinization with KCI. The calculated average salt tolerance indices indicated that Aegilops
cylindrica was more tolerant to NaCl salt in compere to KCI salt.

Conclusion

Genotype, salt type, concentration (dose) and their interactions had significant individual
effect on the most of studied germination and seedling characteristics of Aegilops cylindrica.
Application of increasing concentrations of both type of salts (NaCl and KCI) prolonged
mean germination time and suppressed the studied germination and seedling characteristics
and had a greater inhibitory effect on shoot growth compared with root growth. The relative
injure rate above 0.80 was recorded at 250-300 mM NaCl and 200-300 mM KCI The
significant variations in salt tolerance indices with increasing salinity concentration for both
salt types were found. The effect of salinity on physiology, molecular and biochemical of
properties of Aegilops cylindrica should be studied.

129



Proceedings of the XV International Scientific Agricultural Symposium “Agrosym 2024”

Acknowledgments

This work was financially supported by the Bulgarian National Science Fund, Ministry of
Education and Science, project KI1-06-1TH76/3 ,,Study of the genetic diversity of Aegilops
species in the flora of Bulgaria”.

References

Dadach M., Hameed A., El-Keblawy A. (2023). Differential effects of chloride salts on seed
germination and seedling growth of Cistus monspeliensis: Towards revegetation of the
Mediterranean salt-contaminated soils. Flora, vol. 299, 152209,
https://doi.org/10.1016/j.flora.2022.1522009.

Hadjadj S., Mahdjoubi S., Hidoub Y., Bahaz T., Ghedamsi Z., Regagda S., Arfa Y., Ould El
Hadj-Khelil A. (2023). Comparative effects of NaCl and Na,SO4 on germination and
early seedling stages of the halophyte Carthamus tinctorius L. Journal of Applied
Researchn on  Medicinal and  Aromatic  Plants, vol. 35, 100463,
https://doi.org/10.1016/j.jarmap.2023.100463.

Islam M., Karim M. (2010). Evaluation of Rice (Oryza sativa L.). Genotypes at germination
and early seedling stage for their tolerance to salinity. The agriculturists, vol. 8(2), pp.
57-65.

Jasim M. S., Nulit R. (2019). Impact of NaCl, KCI, MgCl,, MgSO, and CaCl;, on the seed
germination and seedling growth of cucumber (Cucumis sativus cv. Mti2). Plant
Archives vol. 19 (2), pp. 3111-3117.

Kader M. A., Jutzi S. C. (2004). Effects of Thermal and Salt Treatments during Imbibition on
Germination and Seedling Growth of Sorghum at 42/19 C. Journal of Agronomy and
Crop Science, vol. 190(1), pp. 35-38.

Kader M. A. (2005). A comparison of seed germination calculation formulae and the
associated interpretation of resulting data. Journal and Proceeding of the Royal Society
of New SouthWales, 138, 65-75.

Kanjevac M. M., Bojovi¢ B. M., Todorovi¢ M. S., Stankovi¢ M. S. (2021). Effect of seed
halopriming on improving salt tolerance in Raphanus sativus L. Kragujevac Journal of
Science, vol. 43, pp. 87-98.

Kiran N., Khalid S., Hag S. U., Jilani N. S., Khan S. A., Wali S. (2021). Comparative effect
of sodium chloride, potassium chloride and combined salt stress on germination and
growth of Triticum aestivum L. (var. Atta Habib). Pure and Applied Biology, vol. 10(4),
pp.1450-1465, http://dx.doi.org/10.19045/bspab.2021.100151.

Li Y. (2008). Effect of salt stress on seed germination and seedling growth of three salinity
plants. Pakistan journal of biological sciences, vol. 11(9), pp. 1268-1272.

Mujeeb-ur-Rahman U., Soomro A., Zahoor-ul-Hag M., Gul Sh. (2008). Effects of NaCl
salinity on wheat (Triticum aestivum L.) cultivars. World Journal of Agricultural
Sciences, vol. 4 (3), pp. 398-403.

Panuccio M. R., Jacobsen S. E., Akhtar S. S., Muscolo A. (2014). Effect of saline water on
seed germination and early seedling growth of the halophyte quinoa. AoB Plants, vol.
6:plu047, doi: 10.1093/acbpla/plu047. PMID: 25139769; PMCID: PMC4165890.

Vishnu P. S., Elavarasan R., Kumar T. S. (2020). Studies on radish salinity tolerance and their
growth response analysis. International Journal of Advanced Research in Biological
Sciences, vol. 7 (5), pp. 30-39, doi: 10.22192/ijarbs.2020.07.05.004.

Yohannes G., Kidane L., Abraha B., Beyene T. (2020). Effect of salt stresses on seed
germination and early seedling growth of Camelina sativa L. Momona Ethiopian
Journal of Science, vol. 12(1), pp. 1-19, http://dx.doi.org/10.4314/mejs.v12il.1.

130


https://doi.org/10.1016/j.flora.2022.152209
https://doi.org/10.1016/j.jarmap.2023.100463

Proceedings of the XV International Scientific Agricultural Symposium “Agrosym 2024”

SEEDS QUALITY CHARACTERISTICS OF SOME MEDICINAL PLANTS FROM
LAMIACEAE FAMILY USING FLUORESCENCE SPECTROSCOPY

Katya UZUNDZHALIEVA?!, Vanya SLAVOVA?, Veselina MASHEVA®

YInstitute of Plant Genetics Resources, Sadovo, Agricultural Academy Bulgaria
2 Maritsa VVegetable Crops Research Institute, Plovdiv, Agricultural Academy Bulgaria
*Corresponding author: kspasova69@gmail.com

Abstract

In  resent yeas there is a very special attention of the scientific community towards the
investigations connected with the seed quality of the medicinal plants. That is due to the
increased demand for these plants for the pharmaceutical industry together with the necessity
of creation of rational mechanisms for their cultivation. The aim of the study was to determine
the quality of seeds from members of the families. Lamiaceae produced in different years and
to validate fluorescence spectroscopy in the proposed configuration as a non-invasive method
to assess seed moisture, viability and purity. Seeds from 12 accessions from 4 species,
belonging to Lamiaceae botanical family are included in the study and tested using mobile
experimental installation for fluorescence spectroscopy. The water absorption of the seeds
shows differences and similarities between species, between accessions as well as between
variants. The main similarity is the rapid absorption of water of the seeds in all 12 variants
during the first 8 hours, nevertheless that in Ocimum basilicum — lemon the process lasts 4
hours. The seeds of all other variants imbibed rapidly, no matter the year of harvest and obtain
their maximum weight during the first hours. The average water absorption is similar in all
variants (35%). There were no significant differences in % germinated seeds and germination
time between Ocimum basilicum-limon and Ocimum basilicum. Seed germination was high at
96-100% and completed in 7-9 days except for Ocimum basilicum-2012 at 9%. Germination
of salvia samples was longer about 20 days and germination percentage were in the range of
63-93% depending on the year of harvest. A mobile fibre-optic installation using fluorescence
spectroscopy was successfully set up and tested. In the proposed setup, fluorescence
spectroscopy was validated as a non-invasive method to assess seed moisture, viability and

purity.,
Key words: medicinal plants, seeds quality, fluorescence spectroscopy, Lamiaceae family.
Introduction

Plants are an important source of medicinal substances and play key role for the human
health. The increasing population, the insufficient supply with medicinal substances, the
extremely high cost of medical treatments, the negative side effects caused by the synthetic
drugs and development of resistance to many infection diseases has led to increasing demand
of plant materials as a source for medicinal remedies.

Nowadays many medicinal plant species are threatened or nearly extinct. Unfortunately, they
are not actively conserved. For example, there is very little material from them in gene banks.
The quality of the seeds is a very important factor for the successful growing of medicinal
plants. Nowadays, there is a worldwide recognition of the importance of aromatic and
medicinal plants not only on the basis of their medicinal and preventive properties, but also
for their use in food, feed, cosmetic and pesticide industries, which is reflected in the growing
demand for aromatic and medicinal products in the markets.
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Seed germination is a very important stage from the live cycle of the plants ant there is a
tendency to be strongly unpredictive in time.

A number of factors as temperature, salinity, light, water supply, nutrient substances and
moisture content of the soil strongly influence the seed germination. The moisture content of
the seeds as another very important factor for the viability of seeds.

In a well-organized program for production of seeds with high quality, the measurement of
seed moisture content also determines the decision-making policies concerning seed
harvesting, processing and marketing.

It is therefore important that the moisture content is consistent with the seed storage behavior
and desiccation and chilling sensitivity/tolerance of a species,

Water absorption is the first step of seed germination. It starts with the uptake of water by
absorption of the dry seeds, followed by expansion of the embryo.

To produce quality seedlings, good germination is necessary, which includes metabolic and
morphogenetic mechanisms, summarized as follows: 1) absorption of water by the seeds, 2)
activation of metabolism and the process of respiration, protein synthesis and mobilization of
embryonic reserve substances, and 3) elongation of the embryo with rupture of the seed coat,
through which the exit of the root is observed (Suérez and Melgarejo, 2010, Monroy-Vazquez
et al., 2017). Water absorption is the first step of seed germination. It begins with the uptake
of water by imbibition of the dry seeds, followed by expansion of the embryo (Suarez and
Melgarejo, 2010)

Seed dormancy is one of the important limiting factors for exploitation of economically
valuable species.

The chemical composition of seeds that contain essential oils are rich in lipids, in which
specific oxidation processes occur during storage. They are believed to be a limiting factor for
long-term storage depending on their specific chemical composition (Balesevi¢ et al., 2007).
Loss of seed viability is associated with an increase in reactive oxygen species (i.e., singlet
oxygen, hydrogen peroxide, and hydroxyl radical) causing DNA damage, protein adducts, and
lipid peroxidation (Sano et al., 2016, Kurek et al., 2019 ).Therefore, the storage of such seeds
requires special attention, otherwise the oxidation processes can occur too early, which can
lead to the loss of seed germination and viability (Genes and Nyomora Agnes, 2018).
Dormancy is an important component of seed physiological quality, and plants with a long
history of domestication and reproduction generally have lower seed dormancy than wild or
recently domesticated species. (Copeland and McDonald, 2001; Khalid et al., 2016).

Over the past decades, imaging and spectroscopy techniques have been developed rapidly
with widespread applications in non-destructive agro-food quality determination. Seeds are
one of the most fundamental elements of agriculture and forestry. Seed viability is of great
significance in seed quality characteristics reflecting potential seed germination, and there is a
great need for a quick and effective method to determine the germination condition and
viability of seeds prior to cultivate, sale and plant (Xia et al., 2019)

The potential or practical applications in seed industry include the detection of viability,
vigour, defect, disease, cleanness and the seed composition determination (Feng et al 2019).
Fluorescence analysis of plant powders from medicinal plants is also used as a fingerprint for
correct identification of crude drugs when other physical and chemical parameters of crude
drugs are not sensitive enough (Beressa et al., 2021). Fluorescence spectroscopy is a high-
precision method commonly used in the quantitative analysis of heavy metal elements and is
also used to determine nanoscale metal concentrations (Nguyen et al., 2022).

Fluorescence spectroscopy in the analysis of powders can be used to solve the problem of
quality control of herbal medicines, as well as in the initial stages when trying to determine
their molecular properties and quantify photo components of the herbal products from which
they are derived. (Chinese et al., 2020).
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The aim of the study was to determine the quality of seeds from members of the families.
Lamiaceae produced in different years and to validate fluorescence spectroscopy in the
proposed configuration as a non-invasive method to assess seed moisture, viability and purity.

Material and methods
Seeds from 12 accessions from 4 species (table 1), belonging to Lamiaceae botanical family
are included in the study using mobile experimental installation for fluorescence spectroscopy
(Table.1.). They are from the collection of Institute of Plant Genetics Resources (IPGR) -
Sadovo.

Tablel. Seeds from Lamiaceae botanical family are included in the study.

Species year Seeds
Ocimum basillicum, lemon 2022 ;
Ocimum basillicum, lemon 2020 *
Ocimum basillicum, lemon 2017 :
Ocimum basillicum 2022 -
Ocimum basillicum, 2020 ‘
Ocimum basillicum, 2012 Lo
Salvia sclarea 2020
Salvia sclarea 2019
Salvia sclarea 2018
Salvia officinalis 2022 Yo ®
Salvia officinalis 2019 'lo‘
Salvia officinalis 2016 -

Seed moisture %;

Determined individually on 50 seeds of each variant. The seeds were dried for 4 days at a
constant temperature (70+1 °C) in the dark. Initial and final weights were measured on an
analytical balance (Scientech SA120, USA, with an accuracy of £0.0001 g) and seed moisture
was expressed as a percentage of weight loss relative to initial weight (International Seed
Testing Association, 2010)

% Mc = x 100

Seed imbibition %

The seeds of the twelve variants were placed in petri dishes on filter papers moistened with
distilled water. They are then stored in a controlled environment at a constant temperature
(30+1 °C) and in the dark. Three replicates of each variant were evaluated, with 10 seeds each
(n=30). Initial weight was recorded every 8 hours for 48 hours, a final recording was made
after 72 hours from baseline. Absorption is expressed as the percentage increase in seed
weight, by water absorption, relative to the initial weight,

Germination %

Seeds of the twelve variant variants were placed in petri dishes on filter papers moistened
with distilled water with a cotton swab. They are stored at a constant temperature (301 °C)
and in the dark. Four replicates of each variant were evaluated, with 25 seeds each (n=100).
Seed germination (%) - ratio of the total number of normally germinated seeds to the total
number of seeds at the end of the period. Germination was recorded daily for 20 days or until
no germinating seeds were observed for more than five days.
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Fluorescence spectroscopy
The mobile fiber-optical spectral installation for the study of fluorescence signals is designed
specifically, for the rapid analysis of plant biological samples. The mobile experimental setup
used by fluorescence spectroscopy includes the following components:
e Laser diode (LED) with an emission radiation of 245 nm with a supply volt-age in the
range of 3V. It is housed in a hermetically sealed TO39 metal housing.
e Rod lens of the achromatic doublet type. It is composed of two bonded lenses with
different Schott and Corning dispersion coefficients with an anti-reflective coating.
The multimode optical fiber is FG200LEA. It has a core diameter of 200 um and a
step index of refraction.
e Quartz glass area 4 cm2.
e (CMOS detector with photosensitive area 1.9968x1.9968 mm.
e Reception of the emission signal at 45°

Fig. 1. Mobile experimental installation used by fluorescence spectroscopy
Results and discussion

Seed moisture content showed differences between Ocimum basillicum-lemon and Ocimum
basillicum as well as between Salvia sclarea and Salvia officinalis samples (Fig.2).

Seed humidity
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Fig.2. Seed humidity

The process of water absorption of the seeds is very rapid and easy way to be determined
whether the seed coat is water transparent or not. The hard seed coat could cause physical
latent of seeds (Ranber Chauhan, Sobha and JS Chauhan, 2020).

The water absorption of the seeds shows differences and similarities between species,
between accessions as well as between variants (Fig.3). The main similarity is the rapid
absorption of water of the seeds in all 12 variants during the first 8 hours, nevertheless that in
Ocimum basilicum — lemon the process lasts 4 hours. After that rapid phase the average
absorption remains constant during the next 24-32 hours. An exception is Ocimum basilicum -
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2012, whose seeds continue to absorb water rapidly after 32 hours. Similar results are
reported for Opuntia sp. where water absorption in most intensive during the first 8 hours. In
O. megacantha and O. ficus-indica that time is with 4 or 8 h longer. (Monroy-Vazquez M.E
etal.,2017)

The seeds of all other variants imbibed rapidly, no matter the year of harvest and obtain their
maximum weight during the first hours. The average water absorption is similar in all variants
(35%), and that coincides with the results, received by Foschi, M.L. et al.,(2022) in Capparis

seeds (Capparis spinosa L.).
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Fig.3. Cumulative water imbibition by seeds of twelve variants of (a) Ocimum basilicum-
lemon; (b) Ocimum basilicum; (c) Salvia sclarea; (d) Salvia officinalis

The results of the seed germination test are shown in Fig.4. There were no significant
differences in % germinated seeds and germination time between Ocimum basilicum-limon
and Ocimum basilicum. Seed germination was high at 96-100% and completed in 7-9 days
except for Ocimum basilicum-2012 at 9%. Germination of salvia samples was longer about 20
days and germination percentage were in the range of 63-93% depending on the year of

harvest.

Germination

123 456 7 8 9101112131415 1617 18 19 20 21 22

0

days
B Ocimum basil. L 2020 Ocimum%\ésil. L2017 B Ocimum basil.2022
B Ocimum basil.2021 Ocimum basil.2012 M Salvia scl. 2020

Fig.4. Results of the seed germination test.

The 7 species of medicinal plants, subject to that study (Tiwari and Kuntal, 2014) germinate
with different frequency influenced by different storage components - storage materials, effect
of storage temperature, Effect of storage duration, different plant species (R. Tiwari and

Kuntal Das, 2014).
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Results and discussion

Seed purity is directly proportional to the type of spectral distribution of the emission signal.
Seed wetness is directly proportional to signal intensity. The viability is directly proportional
to the intensity level and the spectral distribution along the ordinate of the signal.

Figure 5 presents the spectral distribution with wavelengths of the reflected emission of
Salvia sclarea seeds collected in three different periods. Seeds from 2022 have the highest
viability, the lowest moisture content and the highest purity, and their emission distribution is
close to seeds collected in 2019. Seeds from 2018 have much lower values of these
parameters. The close distributions in 2022 and 2019 of Salvia sclarea seeds show stability on
these parameters for this variety.

Figure 5 presents the spectral distribution with wavelengths of the reflected emission of
Salvia officinalis. Seeds collected from 2022 have the highest viability, lowest moisture
content and highest purity. The close distributions in 2016 and 2019 of Salvia officinalis seeds
indicate that to have stability in these metrics, seeds should not be stored for a longer period.

Salvia ofMcinals

Intensity a.u
\
/J

Wavelength (nm)

Figure 5. Emission wavelengths of Salvia Sclarea seeds harvested in three different periods

Figure 6 shows the spectral distribution with wavelengths of the reflected emission of
Ocimum bacilicum- lemon. Seeds collected in 2022 had the highest viability, lowest moisture
content and highest purity. The emission distributions of seeds collected in 2017 and 2020
were similar. The close distributions in 2017 and 2020 indicate that Ocimum bacilicum -
lemon seeds are stable over a long period of time.

Ocimum bacilicum lemone

Infensiky a.u

Wavelength (nm)

Figure 6. Emission wavelengths of Ocimum bacilicum lemone harvested in three different
period

Figure 7 shows the spectral distribution with wavelengths of the reflected emission of
Ocimum bacilicum. Seeds collected in 2012 had the lowest viability, highest moisture content
and lowest purity. The emission distributions of seeds collected in 2022 and 2021 are
extremely close. The close distributions in 2022 and 2021 of Ocimum bacilicum seeds
indicate that the seeds are stable in these parameters immediately after harvest or for a short
period afterwards.

136



Proceedings of the XV International Scientific Agricultural Symposium “Agrosym 2024”

Ocimum bacilicam
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Figure 7. Emission wavelengths of Ocimum bacilicum harvested in three different periods

The spectral distributions are unique to the seeds of a particular species, cultivar or breeding
line, warranting the use of the plant to identify available seeds of selected members of the
Lamiaceae family harvested in different years and stored for different periods of time in a
non-invasive manner with high accuracy.

Conclusions

The quality of seeds from representatives of the sem. Lamiaceae harvested in different years
by standard and non-invasive methods. A mobile fibre-optic installation using fluorescence
spectroscopy was successfully set up and tested. In the proposed setup, fluorescence
spectroscopy was validated as a non-invasive method to assess seed moisture, viability and
purity. Since the proposed method is quick, cheap and non-invasive, and could be easily
engineered in order, it is our opinion that it could became an asset in the agro industrial sector
helping to determine the quality of seeds in different plants.
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Abstract

The general combining ability (GCA) and specific combining ability (SCA) of seven mid-
early mutant maize lines for the grain yield and length of the ear were assessed using
Savchenko’s mathematical model (1978). The lines were tested in a top-cross scheme with
three testers. In 2021 and 2022, their hybrid combinations were tested in field experiments at
the Maize Institute — Knezha. High GCA for grain yield was demonstrated by lines XM
2014285, XM 2014298, and XM 2014325, and for length of the ear — by XM 2014285, XM
2014298, and XM 2014284. These lines can be utilized as components in the development of
mid-early synthetic populations or as testers when determining GCA in the early stage of the
selection. The mutant lines with high SCA for grain yield — XM 2014325, XM 2014298, XM
2014 301, and XM 2014285, and for length of the ear — XM 2014301, XM 2014284, and XM
2014 298, can be incorporated into heterosis selection programs for the purposes of a direct
production of high-yielding hybrids with long ears. Lines with high GCA and SCA for both
traits can be successfully utilized in both directions of the selection process.

Key words: General and specific combining ability, Maize inbred lines, Grain yield.
Introduction

The question of selecting and improving the genetic basis for maize selection is a fundamental
aspect in the studies of all selection practitioners. In recent years, the introduction and use of
output forms and closely related hybrids in terms of their origin have significantly narrowed
the genetic base and created preconditions for vulnerability under stressful conditions.
Experimental mutagenesis in maize is one of the possibilities for enriching and expanding its
genetic diversity. Its application induces mutations in individual genes or groups of genes,
making it possible to obtain a variety of sorts and lines with new traits, without affecting the
basic genotype.

Chemical mutagenesis-induced phenotypic changes include important quantitative traits, such
as higher grain vyield, high protein content, changes in grain type, improved general and
specific combining ability and other important traits of agronomic importance (Christov, N.,
2004; Kostova, A. et al., 2006; Tomlekova, N., 2010; Gnanamurthy, S. et al. 2011; Eze J. and
Dambo A., 2015; Muhammad A., et al., 2018, etc.).

Since 1973, the Maize Institute - Knezha in Bulgaria, has launched a selection program aimed
at using experimental mutagenesis and mutational selection to accelerate the selection process
by inducing additional genetic variability in elite lines and hybrids (Hristov K. and Hristova
P., 1995). As a result, a large number of mutant lines with valuable biological and economic
traits have been established at the Institute, and in 1980, for the first time in the world, the
first mutant maize hybrids were simultaneously registered in Bulgaria and Ukraine. The
combination of hybridization with the methods of experimental mutagenesis is undoubtedly
the most effective in enriching the genetic potential of maize. Therefore, an important
indicator of the use of a certain selection material in heterosis selection is its combining
ability.
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The assessment of combining ability allows for its more effective inclusion in well-
established selection programs (Petrovska, Genova, 2009; llchovska, 2011; llchovska, 2013,;
Valkova, Petrovska, 2015; Valkova, Petrovska, 2016; Petrovska et al., 2019; Valkova et al.,
2019, etc.). One of the methods for determining the combining ability of newly stabilized
maize lines is the top-cross. In the initial stages of testing, this method allows for a quick and
satisfactory assessment of the selection value of these lines (Savchenko, 1978).

The aim of the present study is to analyse the combining ability for the traits grain yield and
length of the ear of seven newly developed mid-early mutant maize lines with good
productive potential, with a view to their more rational inclusion in appropriate selection
programs.

Materials and methods

Studies for the selection and improvement of output material for maize selection through
experimental mutagenesis were conducted in the period 2015-2022 at the Maize Institute —
Knezha. Heterozygous material treated with a solution of NMU (n-nitroso, n-methyl urea)
solution at concentration of 10™% with an exposure of time of 24 hours was used as the object
of mutagenic treatment. The selection of mutagens, exposures, and solution concentrations
was applied according to the methodology of Morgun (1983).

After self-pollination and selection for economically valuable traits, the newly-developed
mutant lines in the Ms generation were tested in isolations with three testers: XM 92471, K
4652, and PAU 1617. Their hybrid combinations were tested in field trials using the Latin
rectangle method, in three repetitions with a harvest plot size of 10m2, without irrigation,
using an agronomic technique adopted for the region of the Institute.

The statistical analysis of the raw data was performed using the method of analysis of
variance according to Shanin (1977). To evaluate the general and specific combing ability, the
mathematical model of Savchenko (1978) was applied.

Results and Discussion

In the present study, the combining ability of a set of mutant lines was evaluated for the traits
grain yield and length of the ear, tested with three testers K 4652, PAU 1617 and XM 92471,
belonging to two different heterosis groups — Lancaster and Reid. The testers have a high
combining ability and are effective in analysing new source material in the earlier stages of
the selection process.

For maize growing, air temperature during the critical for it phenophases, as well as rainfall
and its equal distribution during period of vegetation, are agro climatic factors of significant
importance. Figure 1 presents data for these factors for the period of the study 2021-2022
compared to a 50-year period (1920-1969). The temperatures for the two years are similar in
value and relatively higher than the average for the 50-year period. In 2021, the average daily
temperature for the period June - August (flowering, pollination, and fertilization of the maize
plant) was 23°C, and the total rainfall amounted to 62.5 1/m?. For 2022, the values for the
respective indicators were 23.6°C and 54.2 1/m? The data for temperatures and the
distribution of rainfall amounts in 2022, especially in July (12.6 1/m?), characterize it as less
favourable for maize cultivation, which explains the lower yields and shorter ears of the tested
variants (Table 1, Table 2). The tables present averaged data for grain yield and length of the
ear of the crosses of the mutant maize lines. The analysis of variance of the field trial data
shows significant differences between them (F>Fcrit) for both traits.
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Figure 1. Average month temperature sum of the rainfall through the hybrids vegetation period

The average yield of the studied top-crosses in the first year was 85.460 kg/ha, and in the
second year, it was 76.618 kg/ha. The best results for the “grain yield” trait, both by year and
on average with the three testers, were shown by the crosses of lines XM 2014285 and XM

2014298 for 2021, and XM 2014325, XM 2014285, and XM 2014344 for 2022. As seen in

Table 1 and Table 2, the hybrid combinations involving line K 4652 had higher yields
compared to those with the other two testers. Two of them, XM 2014285 x K 4652 and XM
2014344 x K 4652 for 2021, distinguishes themselves with yields over 100.0 kg/ha.

Table 1. Grain yield (kg/ha) of the hybrids with medium-early lines mutant maize. 2021-2022

Tester I|r_1es XM 92471 K 4652 PAU1L617 Avera_ge for the
Mutant lines lines
2021
XM 2014284 82.560 95.590 74.653 84.268
XM 2014285 95.387 106.170 65.753 89.103
XM 2014298 78.170 99.533 86.927 88.210
XM 2014301 81.157 96.067 74,747 83.990
XM 2014305 98.063 85.393 68.150 83.869
XM 2014325 105.147 81.130 66.997 84.425
XM 2014344 86.050 100.437 66.567 84.351
Average for the
testers 89.505 94.903 71.971 85.460
LSDse,-55.61
2022
XM 2014284 73.477 87.037 65.573 75.362
XM 2014285 81.983 79.777 73.677 78.479
XM 2014298 76.980 88.800 60.933 75.571
XM 2014301 68.493 96.570 64.250 76.438
XM 2014305 77.940 85.410 56.600 73.317
XM 2014325 83.820 91.893 64.337 80.013
XM 2014344 79.360 83.357 68.720 77.146
Average for the 77.436 87.549 64.870 76.618
testers

LSDse-61.43
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Regarding the trait “length of the ear”, the average length of the ear for 2021 was 25.3 c¢cm,
and for 2022 it was 19.3 cm. The crosses of lines XM 2014285, XM 2014298, and XM
2014325 for 2021, and XM 2014284 and XM 2014285 for 2022 had long ears both in those
years and on average with the three testers. The trend of longer ears in hybrid combinations
involving the tester K 4652 persists here as well. Two of the crosses, XM 2014298 x K 4652
(28.6 cm) and XM 2014325 x K 4652 (28.1 cm) for 2022, distinguished themselves with
length of the ear over 28 cm. All hybrid combinations with high yields and long ears are of
interest for selection, and their testing continues with their inclusion in competitive and
ecological varietal trials.

Table 2. Length of the ear (cm) of the hybrids with medium-early mutant lines maize. 2021-

2022
Tester I|r_1es XM 92471 K 4652 PAU1L617 Average for the
Mutant lines lines
2021

XM 2014284 23.3 25.8 21.4 23.5
XM 2014285 25.8 27.1 25.8 26.2
XM 2014298 23.9 28.6 25.7 26.1
XM 2014301 25.3 24.8 24.4 24.8
XM 2014305 25.1 25.1 25.1 25.1
XM 2014325 23.9 28.1 26.1 26.0
XM 2014344 22.4 27.3 25.9 25.2
Mean for the

testers 24.2 26.7 24.9 25.3

LSDs4-0.66
2022

XM 2014284 20.5 20.3 19.6 20.1
XM 2014285 19.8 19.5 19.1 19.5
XM 2014298 18.3 19.8 19.7 19.3
XM 2014301 18.0 19.8 19.1 19.0
XM 2014305 19.3 19.1 19.0 19.1
XM 2014325 19.0 19.7 18.7 19.1
XM 2014344 19.5 19.5 18.1 19.0
Mean for the

testers 19.2 19.7 19.0 19.3

LSDse,-0.61

Through analysis of variance of the general combining ability (GCA) and the specific
combining ability (SCA) for grain yield and length of the ear, significant differences between
the lines participating in the crosses were established (F>Fcrit). This allows for the
continuation of the analysis for evaluation of their combining ability. The analysis of
variances of the GCA and SCA provides the opportunity to assess the genetic characteristics
of these lines, their selection value, and variability in these traits. The results enable their
effective use and inclusion in appropriate selection programs, as well as the selection of a
suitable selection method (Turbin et al., 1974).

As criteria for this evaluation, the parameters gi, gj for GCA and 62si, 6%sj for SCA were used
(Table 3, Table 4). The comparison of the effects of GCA with the variances of the effects of
SCA for a given line allows for assessing the relative importance of gene action. Lines XM
2014285 and XM 2014298 showed high and positive GCA values for grain yield for 2021,
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and XM 2014325, XM 2014285 for 2022. These lines are suitable for inclusion in selection
programs aimed at obtaining mid-early high-yielding synthetic populations, as they possess
more additive genes determining the trait. They can also be used as testers in analysed crosses
to determine GCA at an earlier stage of the selection process. The high variances of the SCA
effects of line XM 2014325, followed by XM 2014298 for 2021, and lines XM 2014301 and
XM 2014284 for 2022, suggest their successful inclusion in combinations to produce hybrids
with higher yields. They mainly exhibit dominant and epistatic gene effects.

Table 3. Effects of GCA (gi. gj) and variants of the effects of SCA (o2si. 62sj) for traits grain
yield and length of ear of medium-early mutant maize lines. 2021.

Mutant lines Grain yield Length of ear
GSA effects | Variances of GSA Variances of
(0i. gj) SCA effects effects (gi. SCA effects
(o?%si. 6%sj) aj) (o?%si. 6%sj)

XM 2014284 -11.902 2582.804 -1.770 2.184
XM 2014285 36.454 8021.401 0.930 0.309
XM 2014298 27.521 17546.196 0.786 1.318
XM 2014301 -14.679 8530.976 -0.437 2.258
XM 2014305 -15.890 3614.893 -0.181 1.590
XM 2014325 -10.335 22788.860 0.741 0.957
XM 2014344 -11.168 3386.688 0.070 2.306
Standard error (0i-q)) (0i-gj)

+11.24 +0.14
Tester lines
XM 92471 40.468 11173.36 -1.033 1.68
K 4652 94.406 5682.13 1.405 1.25
PAU 1617 -134.875 5301.78 -0.371 0.72
Standard error (0i-gj) (0i-gj)

+17.17 +0.21

Table 4. Effects of GCA (gi. gj) and variants of the effects of SCA (o7si. 6%sj) for traits grain
yield and length of ear of medium-early mutant maize lines. 2022.

Mutant lines Grain yield Length of ear
GSA effects | Variances of | GSA effects | Variances of
(gi. g)) SCA effects (0i. g)) SCA effects
(0%s1. 6%s)) (0%s1. 6%s))
XM 2014284 -12.562 585.050 0.849 0.177
XM 2014285 18.605 7412.984 0.149 0.144
XM 2014298 -10.473 698.991 -0.040 0.587
XM 2014301 -1.806 8081.939 -0.340 0.562
XM 2014305 -33.017 2025.883 -0.151 0.127
XM 2014325 33.983 1263.295 -0.184 0.036
XM 2014344 5.271 1763.298 -0.284 0.362
Standard error (gi-gj) +8.13 (0i-g))
+0.12
Jluaum  Tectepu/  Tester
lines
XM 92471 8.178 1949.98 -0.090 0.37
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K 4652 109.306 3463.62 0.357 0.10
PAU 1617 -117.484 1863.55 -0.267 0.20
Standard error (0i-q)) (0i-gj)

+12.42 +0.19

Regarding the trait length of the ear, lines XM 2014285, XM 2014298 for 2021, and XM
2014284 for 2022 show high and positive GCA values. These lines can be included in
selection programs to develop synthetics with long ears. The high variances of the effects of
the SCA of lines XM 2014301 and XM 2014284 for 2021, and XM 2014298 and XM
2014284 for 2022, allow for their use in selection programs to create hybrids with long ears.
Based on the assessment of the mutant lines, the following most important conclusions are
made:

Conclusions

The mutant lines XM 2014285, XM 2014298, and XM 2014325 are suitable for creating
synthetics with high yield, and for synthetics with long ears, the suitable lines are XM
2014285, XM 2014298, and XM 2014284. These lines can also be used as testers in the
analysis of general combining ability at earlier stages of the selection process.

For obtaining mid-early hybrids with high yields, the mutant lines XM 2014325, XM
2014298, XM 2014301, and XM 2014284, are suitable as parental components, and for those
with long ears are suitable hybrids XM 2014301, XM 2014284, and XM 2014298.

The mutant lines XM 2014325 and XM 2014298 for the trait “grain yield” possess relatively
high GCA and SCA and can be used in both selection directions.

The mutant lines XM 2014284 and XM 2014298 for the trait “length of the ear” can also be
used in both selection directions due to their higher values for both GCA and SCA.
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Abstract

Two hundred and twenty-two landrace and foreign maize populations were included in a
research carried out during the period of 2022 — 2023: 105 of them belonging to the working
assortment of Maize Research Institute — Knezha, 15 — to the genebank of IPGR — Sadovo
and 102 were foreign, introduced synthetics. The trials were conducted in MRI — Knezha
according to block method under non-irrigation conditions and with approval for the regional
agricultural technology. Phenological observations (UPOV) were also performed during
vegetation. Consequently, the vegetation period and FAO maturity group of the populations
were established. Biometric screening of plants and ears (30 of each population) was made.
The elements of yield — ear length, number of rows, number of seeds per row, weight of 1000
seeds — were analysed. The laboratory test included the grain chemical content and content of
protein, oil and starch. The analysis was conducted with Infraliser (SupNIR — 2700). Forty
maize populations, in which the content of protein varied from 10.0 to 14.7 %, that of oil —
from 3.5 to 5.3 % and of starch — up to 69 %, were determined as reliable. The aim of the
current research is to evaluate the assortment of landrace and foreign synthetic populations, as
well as nominate lines for the purposes of hybridisation and creation of new adaptive maize
hybrids for various applications (high-oil, high-protein, high-starch).

Keywords: maize populations, biological and economic properties, chemical content.
Introduction

The field of agriculture is among the most vulnerable ones to the effects of climate change in
any economy. The developing countries that are highly dependent on agriculture and have
fewer resources and options to prevent climate change damages are particularly exposed to
risk. (Abumhadi et al., 2012). The climate change has been pointed out as one of the main
factors leading to a decline in cereal yields in some parts of Europe, despite the continuous
development of cultivation technologies. (Brisson et al., 2010). According to Gracen (2008),
Hammer and Teklu (2008), Rao and Hodgkin (2002), Brown (2010) the most serious threats
to the cultivation of agricultural crops will not be occasional severe droughts or heat waves,
but high temperatures during key periods in the life cycle of any crop. Variability and decline
in crop yields are expected to increase due to increased frequency of extreme climatic events
and the spread of diseases and pests (Martinez, 2016) and the effects of these changes may be
diverse in different parts of Europe (Smith, 2005). The preservation of old varieties and
populations, landraces and wild relatives of cultivated plants is a priority task worldwide.
Many of them have evolved in order to survive in harsh conditions, such as drought, moisture,
high temperatures and poor soils. This means they can be a source of new genetic diversity
that breeders can use to develop more sustainable food systems, as well as increase food
security and ecosystem stability. The knowledge of genetic diversity and its distribution is
essential for its conservation and use in specific breeding programs (Valchinkov and
Valchinkova, 1993; Bespalova et al., 2017; Esquinas-Alcazar, 1993).
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The objective of the current paper is an analysis of the biological and economic qualities of
landraces and foreign maize populations in terms of the following indexes: vegetation period,
grain moisture at harvesting, mass of 1000 grains, ear length, number of rows in the ear, grain
length, protein, oil and starch content. The most valuable ones will be used as source material
for hybridisation and creation of a new generation of stress-tolerant, high-yielding maize
hybrids in various directions, with an enhanced grain quality.

Materials and Methods

The study was conducted during the period of 2022 — 2023 in the experimental field of Maize
Research Institute — Knezha, Bulgaria. Two hundred and twenty-two landraces and foreign
maize populations were analysed: 105 of them belonging to the working assortment of Maize
Research Institute — Knezha, 15 — to the genebank of IPGR — Sadovo and 102 were foreign,
introduced synthetics. The trials were carried out according to block method, in 3 repetitions,
sowing density of 5000 plants per ha, harvest plot of 10 m? under conditions without
irrigation and with approval for the regional agricultural technology. During the vegetation,
phenological observations according to UPOV were carried out. As a result, the vegetation
period of the populations was reported and their FAO maturity groups were determined.
Biometric screening of plants and ears (30 of each population) was made. The structural
elements of yield — ear length, number of rows, number of grains in a row, mass of 1000
grains — were also analysed. The laboratory analysis included chemical composition of grain
(protein, oil and starch content) and was performed on an average plot sample with an
Infraliser (SUpNIR — 2700 SERIES). The grain moisture was recorded with an electronic
moisture meter.
Results and Discussion

The auspicious crosses from the landraces and the foreign populations, which were pointed
out as a consequence of phenotyping a total of 222 samples in relation to some vyield
elements, are displayed in Table 1. In the observations made during the vegetation period all
populations (landraces and foreign ones) were found to be resistant to lodging. No damage
from economically important diseases and enemies in the conditions of a natural infectious
background was noted. The length of the period from emergence to flowering of the ear varies
from 51 to 62 days in different landraces and foreign populations. The flowering periods of
ears within each population itself ranged widely and high variability in terms of this
parameter was observed among individual plants. The populations Svilengrad and Mestna 1
from the first group and Litkaya — Koreyskaya — visokaya and Synth min spons from the
second one silked the earliest.

A slight divergence in the flowering of the ear and the panicle was reported in all populations
(from 1 to 3 days), except for the landraces Glogovo and Pishurka, as well as Bst3 Epom
831575 pollan-3-3-1 from the foreign ones, where the desynchronisation in the flowering of
the reproductive organs exceeds 5 days. This feature must be taken into account in breeding
programs in which the indicated populations are used as parental components for
hybridisation. In these cases, it is advisable to apply date sowing.

The selected populations belong to different maturity groups, from 300 to 600 according to
FAO. The majority of them are members of the mid-late group and have a period of 55-58
days from germination to flowering of the ear and a standard moisture in the grain (up to
14%). After analysing the obtained results, landrace populations with the longest ear length
were selected - Bdintsi, Karamantsi, Bozhentsi, Pishurka, Svilengrad, Spasova mogila,
Gnoinitsa, Florosh and Zemen (18-19 cm). Some of them have 14 rows and a longer grain
length (9-10 mm.)
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Table 1 — Auspicious landraces and foreign maize populations— productivity elements and quality indicators, average values for 2022-2023

No Num Grai | Mass | Days

from Ear Numb er n of until . . .

the F _Landrace . lengt er of Of_ lengt | 1000 ear M0|ostur Prootel C(),'I’ St%rch, FAO
assort oreign population h rows | 9rain h grains | flowe e % n % % % Group
ment (cm.) SPT T (mm) | (@) | ring

row

2 Mestna 1 14 12 22 8 213 51 11.9 12.9 4.7 65.1 300-399
3 Mestna 2 17 12 27 8 235 55 12.5 10.9 4.2 65.5 400-499
4 Mestna 3 13 12 25 8 269 55 12.6 12.4 3.8 65.5 400-499
13 Gnoinica 18 14 35 10 259 57 13.2 10.8 4.3 66.6 500-599
20 Vinishte 15 10 27 7 252 53 14.1 12.6 3.9 64.7 400-499
28 Gloginka 17 14 29 9 310 58 13.9 10.9 4.3 66.3 500-599
31 Sadina 17 12 34 9 272 54 135 12.1 4.3 66.1 400-499
48 Gyulevo 17 12 30 7 244 55 14.1 115 3.5 63.3 400-499
51 Bdintsi 19 12 33 7 285 55 13.6 10.4 3.8 65.9 400-499
56 Sp. Mogila 18 12 36 8 252 53 13.5 11.6 4.2 65.0 400-499
57 Stefanovo 19 12 35 7 269 54 14.0 11.7 45 64.9 400-499
60 Markovo 17 12 31 7 213 53 14.0 10.2 4.5 68.1 400-499
75 Karamantsi 19 12 37 8 205 58 114 11.2 3.7 65.0 500-599
80 Hlevene 15 14 23 9 259 56 12.8 12.3 4.1 66.3 500-599
81 Glogovo 15 14 28 7 239 60 13.9 10.3 5.2 67.0 500-599
83 Bozhentsi 19 14 34 8 256 55 13.7 11.9 4.4 65.6 400-499
86 Svilengrad 18 14 31 8 267 50 13.7 9.92 4.9 67.7 300-399
91 Florosh 18 12 36 7 236 53 13.7 10.4 4.2 67.3 400-499
92 Pishurka 19 14 29 6 306 59 13.1 9.9 3.7 66.9 500-599
95 Zemen 18 12 33 8 288 53 13.1 11.1 3.7 65.3 400-499
7 *Valentanskaya Knezh 17 14 28 8 279 55 135 11.0 4.1 64.3 400-499
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9 *SS 14 12 30 6 193 58 14.0 11.9 | 4.0 65.1 500-599
10 *Yugoslavia - 2 16 16 30 7 215 57 13.1 10.0 3.6 65.2 500-599
15 *Amerikanska 17 12 33 7 221 55 13.3 11.3 5.3 65.5 400-499
16 *Litkaya — Koreyskaya - visokaya 15 16 35 7 169 53 13.2 11.6 | 3.8 64.2 400-499
17 *Po Synth 17 12 33 9 242 58 14.0 11.6 4.3 63.9 500-599
19 *Synth min spons 17 14 33 8 237 54 13.9 11.4 4.3 65. 6 400-499
32 * ICCPT - Fundulla - Hauganse 15 14 27 9 284 58 13.1 11.7 3.6 66. 1 500-599
45 *Population 16 Yugoslavia 18 12 26 7 355 55 13.7 12.6 | 3.9 63.8 400-499
53 *No 13 (Argentina) 17 12 29 7 219 59 14. 7 13.3 4.0 65. 8 500-599
59 * Synthetic 1-4/86 Romania 17 14 36 7 188 57 13.4 10.5 | 3.8 66. 2 500-599
64 * High-protein synthetic 9hp CEP -4 18 16 32 7 242 58 13.4 10.7 | 4.9 69.0 500-599
73 * Synthetic - H 99-6-4-1 17 14 31 7 224 59 13.2 10.6 3.8 68. 1 500-599
75 * Bst3 Epom 831575 pollan-21-2 16 14 34 7 224 58 13.9 9.4 3.9 67.9 500-599
77 * Bst3 Epom 831575 pollan-3-3-1 18 14 35 8 213 62 14. 2 9.8 4.0 68.0 Above 600
82 * Mexican deute pon 831268 -4 - 2 -1 15 16 28 8 241 55 14.2 11.8 4.8 66. 7 400-499
87 * Synthetic L2 (C,) 20 12 37 9 328 56 13.8 11.7 3.6 65.5 500-599
88 * Synthetic (C,) 18 12 31 9 316 57 13.4 10.9 3.9 66. 1 500-599
95 * Synthetic (Cy) 20 12 31 8 330 56 14.0 10.5 4.0 64. 3 500-599
100 * Synthetic 2/96 "L" (C,) 21 14 34 8 317 55 12.9 11.7 4.1 65. 9 400-499
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The populations Gloginka, Pishurka, Zemen and Bdintsi have the highest mass per 1000
grains. In the landraces listed, the combination of these elements of productivity is favourable
and seeds from them have been set aside for testing and determining their combining value.
Synthetic 16 (C,), Synthetic L2 (C,), Synthetic 2/96 "L" (C,) and Synthetic L2 (C,) belonging
to the assortment of foreign populations and in which improvement selection was carried out
using the method of recurrent selection posed an interest. The introduced populations have
longer ears than the landraces. Two of them are also multi-row ones and can be used as
components for synthetics with a long ear or a large number of rows.

The lower absolute weight reported in the populations SS, Litkaya - Koreyskaya - visokaya,
Synthetic 1-4/86 Romania can be explained by the participation of teosinte in the genetic
foundations of these populations or by a targeted selection of certain quality indicators carried
out in them before including them in our breeding programs.

After a chemical analysis of grain quality indicators (Table 1) in the studied populations was
done, those with the highest percentage of protein - Mestna 1 (12.9 %), Mestna 3 (12.4 %)
and Vinishte (12.6 %) were pointed out. Glogovo (5.2%), Mestna 1 (4.7%) and Svilengrad (4,
9%) have the highest oil content. The landrace populations Markovo (68.1 %), Svilengrad
(67.7 %) and Glogovo (67.0 %) have the highest levels of starch content. The populations
Mestna 1 and Vinishte have both a high protein content and a relatively high oil content,
which makes them a suitable starting material for maize breeding, in the direction of
improving the hybrids’ nutritional qualities. The landrace populations Markovo and
Svilengrad are most suitable for the food industry and the creation of hybrids with a high
starch content. The most balanced in terms of quality indicators is the population Mestna 1,
which displays high protein content (12.9 %), oil content (4.7 %), starch content (65.1 %) and
low grain moisture at harvest (11.9 %). Then, we placed the landrace Vinishte, for which a
high content of protein (12.6 %), oil (3.9 %), starch (64.7 %) and standard moisture of the
grain at harvest (14.1 %) were reported. Worthy of interest is the population Mestna 3, which
has a balanced profile of quality indicators - protein (12.4%), oil (3.8%), starch (65, 5%) and
grain moisture — 12.6%. The landrace Hlevene, which is characterized by high content of
protein (12.3%), oil (4.1%), starch (66.3%) and grain moisture — 12.8%, will be included in
the breeding programs of Maize Research Institute — Knezha for improving the grain quality
indicators. These four populations stand out as the best sources for maize breeding in a
direction for enhanced grain quality due to their high protein content, balanced moisture
levels and favourable starch and oil content.

The remaining local samples have good indicators too, but due to the higher grain humidity at
harvest, they may prove problematic under certain agro-climatic conditions or when stored for
a longer period. After analysing the chemical composition of the grain in the foreign
synthetics as well, No. 13 (Argentina) proved to be the population with the highest protein
(13.3 %), oil (4.0 %) and high starch content (65.8 %). This makes it a suitable source of
geneplasm in the selection of high-protein maize hybrids. Population 16 (Yugoslavia) with a
protein content of 12.6 % is also suitable in this direction.

In the direction of high-oil hybrids selection, the population Amerikanska can be successfully
used as starting material due to its highest percentage of oil — 5.3%, as well as a high content
of protein (11.3 %) and starch (65.5 %). The High-protein synthetic 9hp CEP — 4 can also be
used successfully for the listed purposes, with oil content of 4.9 %, protein — 10.7 % and
highest starch content — 69. 0 %. Synthetic - H 99-6-4-1 can effectively be used in the
selection of high-starch corn, since the starch content is 68.1 %.

The listed four synthetic populations of foreign origin can be included in programs to improve
the quality of the grain and as donors of geneplasm to increase the content of protein, oil and
starch. We evaluated them as having a high potential for creating hybrids or improving
selection with a view to creating maize hybrids with a balanced nutritional content.
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Conclusions

The study of genetic diversity in landraces and foreign populations of maize is a huge
resource for breeding under conditions of stress and unpredictable climatic changes.
Phenotyping and evaluation of these starting materials are a reserve for creating adaptively
valuable maize hybrids that respond adequately to environmental changes. After a study of
222 samples of local and foreign origin was done, 40 valuable maize populations suitable for
different directions of use were selected.
For high-protein and high-oil hybrids, the most suitable landrace material is Mestna 1, which
has high protein content (12.9 %), high oil content (4.7 %) and low grain moisture at harvest
(11.9 %). The synthetic Argentina from the introduced populations is suitable for high protein
hybrids.
For high-starch hybrids, it is recommended to use lines originating from the synthetics
Markovo (68.1 %), Svilengrad (67.7 %), Florosh (67.3 %) and Glogovo (67.0 %), and from
the foreign ones the High-protein synthetic Shp CEP — 4 (69.0 %), Synthetic - H 99-6-4-1
(68.1 %) and Bst3 Epom 831575 pollan-3-3-1 (68.0 %) are suitable for this direction.
As a result of the conducted research, the working collection of Maize Research Institute -
Knezha was enriched with 222 new samples, which were studied for biological and economic
qualities.
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Abstract

The grain yield of maize, wheat and barley depending on the nitrogen rate and fertilization
system was studied in a long-term field fertilizer experiment for the period 1959-2015.
Nitrogen fertilization was Ngo, N1go and N24o (for maize); Ngo, N12o and Nigo (for wheat), and
N4o, Ngo, N12o (for barley). The fertilization systems were: Control, N3goP400Keoo+18 t vetch-
oat mixture/ha, NsooP400Ke0o (StOCk fertilization), NoaooP400Keoo, N600P400K600+30 t manure/ha,
NeooP40oKeoot+4 t straw/ha, NeooP4ooKeoo (annual fertilization) (I-IV crop rotations); Control,
N300P300K400, Ne0oP300Ka00, NoooP300Ka00, NeooP300Ka00+40 t manure/ha, NeooPoKaoo, NeooP300Ko
(V-VII rotations); Control, NasoP300K200, NsooP300K200, N750P300K200, NasoP150Ko+60 t
manure/ha, NsgoPoKao, NsooP30Ko (VI rotation). The obtained grain yields without
fertilization were 6127 kg.ha™* for maize, 1453 kg.ha™ for wheat and 1617 kg.ha™ for barley,
on average over a period of eight crop rotations. The rates Ngo, Nigo, and Nago in maize
increased grain yield by 38.4%, 57.3%, and 68.8%, respectively, compared to the control. The
grain yield of wheat and barley increased by 1.9-3 times an average in the nitrogen-fertilized
variants, compared to the yields without fertilization. The regression analysis indicated that
without fertilization in the crop rotation, average grain yields of 6164 kg.ha™* was possible to
expect from maize; 1547 kg. ha from wheat, and 1672 kg. ha™* from barley. The possible
additional grain yield for each kilogram of nitrogen input per hectare was 32.7 kg for maize,
43.2 kg for wheat and 40.4 kg for barley.

Keywords: Maize, Winter Wheat and Barley, Fertilization.
Introduction

The essence of modern concepts for the development of sustainable agriculture consists in
finding the optimal productive level corresponding to each crop, by applying such systems
that guarantee obtaining stable or increasing yields for a long period of time and preserving
natural resources, including the main means of production — the soil (Alexander et al., 2015;
Beckman et al., 2020). The emergence of these concepts is based on the results of long-term
stationary experiments carried out in different regions of the world (Merbach and Deubel,
2008). The oldest permanent fertilizer experiment in the world is in in Rothamsted, England
(Edmeades, 2003). Cereal crops were studied in it and it continues to this day (Edmeades,
2003). Fertilization is one of the most effective the means to increase productivity of the main
cereal crops that require mineral nutrients in large amounts (Traikov et al., 2017). The
different rates of fertilization in the agroecosystems and long-term cultivation of crops
without fertilization allow establish the regulatory functions of fertilization and its absence on
the state of soil fertility and productivity of the studied crops (Kunzova and Hejcman, 2010;
Foulkes, 2009). According of Babulicova (2008) the long-term field fertilizer experiments are
the main factor for managing the productivity and quality of crops according to the
requirements for balanced nutrition and fertilization, for rational use of the land and
preservation of soil qualities, and protection of agro-ecosystems as a whole from pollution.
The fertilization system affects the physical, agrochemical and biological parameters of the
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soil and largely determines the magnitude and stability of yields (Valcheva et al., 2015).
Nitrogen fertilization is one of the most effective means of increasing the productivity of the
main cereal crops that require mineral nutrients in large quantities (Kismanyoky and Toth,
2010; Lopez-Bellido et al., 2005; Traikov et al., 2017). At the same time this nutrient is easily
mobile and its improper use can cause environmental pollution (Fixen et al., 2015).
Agroecosystems in which good agricultural practices are followed demonstrate the increased
yields, economically optimal nutrition and fertilization, minimal losses of soil nutrients and
sustainable soil fertility (Mikkelsen et al., 2012).

The present research aims to study the effect of nitrogen rates and fertilization systems on the
grain yields of the main cereal crops in Bulgaria maize, wheat and barley under conditions of
long-term fertilizer experiment.

Material and Methods

A long-term fertilizer experiment conducted at the educational and experimental base of the
Department of Agrochemistry and Soil Science at the Agricultural University of Plovdiv,
Bulgaria, examined the grain productivity of maize, winter wheat, and winter barley over the
period from 1959 to 2017. The cereal crops were grown under the conditions of field crop
rotation (maize - winter wheat — sunflower - winter barley) with the application of different
fertilization systems (Table 1). Maize was irrigated cultivation. Average data of the grain
yields of the rotations with different fertilization systems were analyzed. The experimental
design included seven variants of system fertilization, which were applied in four replications.
The size of the experimental plots was 150 m®.

Table 1. Fertilization systems by crop rotations

I-1V crop rotations V-VII crop rotations VIII-IX crop rotations
1. Control 1. Control 1. Control
2. N3ooPaooKeoo+18 t vetch-oat | 2. N3goP300Kaoo 2. N25oP300K200
mixture.ha
3. NeooPaooKsoo (stock 3. NeooP300Ka00 3. NsooP300K200
fertilization)
4. NogoP100Ks00 4. NoooP300Ka400 4. N750P300K200
5. NeooPaooKeoo+30 t manure.ha” | 5. NgooP30oKago+40 t| 5. NosgP150Ko+ 60 t
. manure.ha manure.ha*
6.N600P400K600+4 t straw.ha'l 6. N600P0K400 6. NSOOPOKZOO
7. NeooPaooKsoo (annual 7. NeooP300Ko 7. NsooP300Ko
fertilization)

Applied nitrogen fertilization during the studied period was in rates Ngo, N1go and Nagg in the
maize; Ngo, N12o and Nigo in the wheat, and Ngo, Ngo, N12o in barley. Phosphorus fertilization
was done in the form of triple superphosphate and potassium fertilization as potassium
chloride, which together with manure were plowed with deep autumn plowing (25-30 cm).
The maize was fertilized twice with 1/2 of the nitrogen for pre-sowing fertilization, and the
rest of the nitrogen rate for dressing in the 5-6 leaf phase. Nitrogen in wheat and barley was
applied in parts: the half of the ammonium nitrate as pre-sowing fertilization, and the rest of
nitrogen rate as winter-spring top dressing. The experiment was carried out on alluvial-
meadow soil (Mollic Fluvisols) (FAO, 2006), a slightly solontic, a sandy-clay with the depth
of groundwater 100 - 200 cm. The content of physical clay in the upper horizons reached 50%
(in horizon A was 33%). The soil contained 1.63 — 3.00% calcium carbonate, which
determined it favorable physico-chemical and water properties. Horizon Al was up to 28 cm
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deep, brown-black, loose, with a rather well-defined powder-granular structure. The average
content of humus was 3.72 %. The soil reaction, the content of mineral nitrogen (NH;+NO3)
and available phosphorus and potassium after V111 crop rotation was presented in Table 2.

Table 2. Soil reaction and content of available forms of nitrogen, phosphorus and potassium
in the soil (mg.kg™) after V111 crop rotation

Fertilizing systems pH H,O Nmineral P,0s K,O
1. Control 7.36 26.5 58 337
2. N;PK 7.58 33.6 89 392
3. No.PK 7.08 26.9 68 351
4. N3PK 6.84 27.3 48 337
5. NPK + manure 7.16 43.9 81 415
6. NoPK with reduced P 7.25 30.1 50 341
7. N,PK with reduced P 7.19 34.0 93 346

The climate of Plovdiv region is transitional-continental, with frequent invasions of moist air
masses from the warm sector of Mediterranean cyclones during the cold half-year. It is
influenced by the Mediterranean and is called "Western Thracian”, with a relatively low
amount of precipitation. The average annual air temperature was 12°C. The area was
characterized by high temperatures in the summer months of July and August, a mild winter
with not very low average daily temperatures (the lowest average monthly temperature was in
January - 0°C) and frequent warming. Spring comes relatively early and has an average
monthly temperature of 6.5°C. Summer is hot with the highest temperature in July (23°C).
Autumn is usually warmer than spring. The average amount of annual precipitation in the
Plovdiv region was less than the average for the country (512 mm) and was unevenly
distributed by month. Droughts are very common, starting from the beginning of summer and
continuing until the end of October.

The data was analyzed with the ANOVA procedure and Duncan's multiple range test to find
significant differences among the average values of grain yields of the crops. A regression
analysis was applied to model the dependencies between the result parameter grain yield and
the factor characteristic nitrogen fertilization. We used regression models of the type: y =a +
bx + cx?, where: y - theoretical levels of the result attribute and x - actual levels of the factor
attribute.

Results and Discussion

Low productivity of studied cereals was obtained when the crops grown without fertilization
(Table 3). Based on natural soil fertility the average grain yields were 6127 kg.ha™ in maize,
1453 kg.ha™ in wheat, and 1617 kg.ha™* in barley. The lowest yields of corn and barley in the
control variant without fertilization were established within 1-1V crop rotations, and for wheat
in the period of V-VII crop rotations. The lowest yields of maize and barley in the control
variant were established within I-1V crop rotations, and for wheat in the period of V-VII crop
rotations. The highest maize yield without fertilization was 6670 kg.ha™ (V-VII crop
rotations). Within the study the highest grain yield of wheat in control variant was 1610 kg.ha
1 (1-1V crop rotations) and the highest barley yield without fertilization was 1920 kg.ha™ (V-
VII crop rotations). As a result of nitrogen fertilization, the productivity of maize grain was
changed from 7670 kg.ha™ (Ng in I-1V crop rotations) to 10550 kg.ha™ (N4 in V-VII crop
rotations). Low productivity of wheat grain was found at Ng rate in VIII crop rotation (3520
kg.ha™). The application of 180 kg N.ha™ in I-IV crop rotations resulted in a high wheat grain
yield of 4880 within the study. Nitrogen fertilization changed barley grain yield from 3000
kg.ha™ (N4 applied in V-VII crop rotations) to 4210 kg.ha® (N1 applied in VIII crop
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rotations). A positive effect of the applied nitrogen on the grain yield of three crops was
established over the period of the eight crop rotations. Input of Ngo, Nigo, and Nago rates to
maize increased average grain yield by 38.4%, 57.3%, and 68.8%, respectively, over the
control.

Table 3. Grain yield of maize, wheat and barley depending on the nitrogen rates and
fertilization systems, kg.ha™

Fertilizat Maize % to Ng Wheat % to No Barley % to No
ion grain grain grain
systems
I-1V crop rotations
Control 5660 100 1610 100 1270 100
N,PK 7670 135.5 4550 282.6 3240 255.1
N>,PK 9290 164.1 4670 290.1 3290 259.1
N;PK 10130 179.0 4880 303.1 3500 275.6
V-VII crop rotations
Control 6670 100 1190 100 1920 100
N;PK 8470 127.0 3540 297.5 3000 156.3
N,PK 9790 146.8 3680 309.2 3190 166.1
N;PK 10550 158.2 3850 323.5 3380 176.0
VIII crop rotation
Control 6050 100 1560 100 1660 100
N;PK 9300 153.7 3520 225.6 3160 190.4
N,PK 9830 162.5 4340 278.2 3900 234.9
N;PK 10340 170.9 4540 291.0 4210 253.6
Average [-VIII crop rotation
Control | 6127 c* 100 1453 b 100 1617 b 100
N,;PK 8480 b 138.4 3870 a 266.3 3133 a 193.8
N>,PK 9637 a 157.3 4230 a 291.1 3460 a 214.0
N;PK 10340 a 168.8 4423 a 304.4 3697 a 228.6

*Values for each crop followed by the same letters are not significantly different at p<0.05
according to Duncan’s multiple range test

The average grain yield of wheat and barley raised by 1.9-3 times in nitrogen-fertilized
variants, compared to the yields of the control. Higher nitrogen rates (Na4o in maize, Nigo in
wheat, and Niyo in barley) increased grain yields, but the difference with the moderate
nitrogen fertilization (N0 in maize, N1, in wheat, and Ngo in barley) was not significant.

Table 4. Correlations of nitrogen rates with grain yield of maize, wheat and barley

Crop rotation Maize Wheat Barley
I-1v 0.985* 0.827* 0.834*
V-VII 0.984* 0.830* 0.903*
VI 0.895* 0.926* 0.953*
Average I-VIII 0.965* 0.867* 0.906*

*Correlation is significant at the 0.05 level.

A strong positive correlation (r >0.830) was found between the applied nitrogen rates and grain
yields of the cereal crops maize, wheat and barley grown in crop rotations with different
fertilization systems. The correlation coefficient of nitrogen fertilization with maize grain
yields demonstrated the highest average value (r = 0.965*) in the period of I-VIII crop
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rotations. The obtained correlation coefficient of fertilized nitrogen input with the wheat grain
yield was 0.867*. High average value of the correlation coefficient (r = 0.906*) was established
and in regard to barley also.

Table 5. Regression dependences of grain yield (y) of maize, wheat and barley on nitrogen
fertilization (x) under different fertilization systems

Crop rotation Regression model R°

Maize

-1V y = 5640 + 29.7x - 0.045x" 0.999

V-VII y = 6666 + 25.9x - 0.040x" 0.998

VI y = 6185 + 42.4x - 0.045x 0.967

Average I-VIII y = 6164 + 32.7x - 0.07x 0.997
Wheat

-1V y = 1755 + 50.6x - 0.19x 0.941

V-VII y = 1302 + 40.7x - 0.15x° 0.947

VI y = 1586 + 38.2x - 0.12x* 0.997

Average I-VIII y = 1547 + 43.2x - 0.15% 0.968
Barley

-1V y = 1374 + 49.8x - 0.28%° 0.933

V-VII y = 1964 + 28.1x - 0.14x 0.969

VI y = 1675 + 43.2x - 0.19x° 0.998

Average I-VIII y = 1672 + 40.4x - 0.20x 0.977

The applied regression analysis of the dependences between the result parameter (grain yield)
and the factor sign (nitrogen fertilization) in cereal crops indicated that the dependences were
not linear (Table 5). The modeled dependencies were represented by quadratic equations.
High values of the coefficients of determination (R®> > 0.933) were found for all studied
fertilization systems in the crop rotations. The regression model showed that the increase of
grain yields was performed with a delay depending on the nitrogen fertilization up to a rate of
30 kg N.ha™ (in maize), up to a rate of 18 kg N.ha™ (in wheat), and up to a norm of 12 kg
N.ha™* (in barley). Without fertilization, the expected average grain yields from the crops were
as follows: maize 6164 kg.ha™*; wheat 1547 kg.ha™, and barley 1672 kg.ha™. According to the
standard interpretation of the regression coefficients in a quadratic polynomial, each increase
in the amount of nitrogen fertilizer input by one kilogram per hectare will lead to an increase
of the additional grain yield by 32.7 kg of maize, 43.2 kg of wheat and 40.4 kg of barley in
the period I -V11I rotations.

Conclusions

The analysis of the data from the long term fertilizer trail of Department of Agrochemistry
and Soil science of Agricultural University of Plovdiv, Bulgaria demonstrated that obtained
grain yields of cereal crops grown without fertilization were 6127 kg.ha™ (maize), 1453 kg.ha
! (wheat) and 1617 kg.ha™ (barley), on average over a period of eight crop rotations. The Ng,
N160, and Nogo rates in maize increased grain yield by 38.4%, 57.3%, and 68.8%, respectively,
compared to the control. The grain yield of wheat and barley increased by 1.9-3 times an
average in the nitrogen-fertilized variants, compared to the yields without fertilization. The
regression analysis indicated that without fertilization in the crop rotation, average grain
yields of 6164 kg.ha™* was possible to expect from maize; 1547 kg. ha™ from wheat, and 1672
kg. ha™* from barley. The possible additional grain yield for each kilogram of nitrogen input
per hectare was 32.7 kg for maize, 43.2 kg for wheat and 40.4 kg for barley.
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Abstract

The effect of nitrogen No, N2go and Nago on the uptake of nitrogen, phosphorus, potassium,
calcium and magnesium of barley in maturity was studied. A pot experiment was carried out
with five Bulgarian varieties of malting barley grown under greenhouse conditions. Nitrogen
levels were created by adding NH4NO3 dissolved in water. A proven positive effect of the
applied nitrogen on the formed dry biomass and the accumulated macronutrients by the plants
was found. Fertilization Nyoo increased the average productivity of the varieties by 23.8% for
grain, 36.1% for straw and 31.1% for grain+straw, compared to plants grown at Njo.
Accumulated nutrients of grain+straw at Nyoo level were higher by 84.9% for nitrogen, 51.8%
for phosphorus, 54.4% for potassium, 41.3% for calcium, and 47.3% for magnesium, on
average. Grain harvest index decreased from 41.5% at Ny to 39.3% at N4qo. The nitrogen level
had a slight effect on the percentage distribution of accumulated nutrients to the grain,
although a tendency for a lower percentage was observed in regard to nitrogen, phosphorus
and magnesium. A strong positive correlation of nitrogen level with grain and straw yield and
amount of accumulated nitrogen was established. A negative correlation was observed
between applied nitrogen and grain harvest index (r=-0.641*) and nitrogen harvest index (r=-
0.479).

Keywords: Phosphorus, Potassium, Calcium, Magnesium, Malting barley.
Introduction

The specificity of mineral nutrition is rarely taken into account in the selection process of
cereals (Emebiri et al., 2004). Research specifics of mineral nutrition are in two directions:
characterizing the response of varieties and hybrids to mineral nutrition and creation of new
varieties and hybrids that use nutrients efficiently and economically (Gorny, 2009). Efficiency
of nutrient uptake is defined as the ability of plants to absorb a particular nutrient at a low
level of soil availability or nutrient medium (Gastal and Lemaire, 2002). Usually, however,
crop selection is carried out under agrochemical conditions that do not limit their growth and
productivity (Abeledo et al., 2008). It is known that barley productivity is mainly related to
the assimilation of nitrogen and phosphorus, which are the main cause of donor limitation at
grain filling (Popovic er al., 2011; Przulij and Momcilovic, 2001; Rogers et al., 2019).
Nitrogen influences the development and maintenance of leaf area and photosynthetic
efficiency (Abeledo et al., 2001) and the allocation of dry mass to reproductive organs
(Prystupa et al., 2004). Plants take up potassium exclusively from the soil solution, which is
in dynamic equilibrium with the exchangeable and, to a lesser extent, the non-exchangeable
potassium stock in the soil (Marschner, 1997). The effectiveness of mineral nutrition depends
on two integrated groups of plant factors, namely absorption efficiency and utilization
efficiency (Barr et al., 2011). Absorption efficiency is the relative uptake of a given nutrient a
given provision or supply. Utilization efficiency represents the total or primary production
relative to the nutrient uptake. The genotypic specificity of mineral nutrition in agricultural
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crops, including barley, has been proven and in a number of countries work is being done to
adapt plant diagnostics according to the genotype (Collen, 2006).

The aim of the present research was to determine the effect of the soil nitrogen level on the
accumulation and distribution of nitrogen, phosphorus, potassium, calcium and magnesium of
barley in maturity.

Material and Methods

A pot experiment was conducted to study the effect of nitrogen levels No, N2go, and Nggp on
the uptake and distribution of macronutrients in five Bulgarian winter two-row barley
varieties. The study was conducted in a cultivation facility in 2022. The nitrogen levels were
created by adding NH4sNO; dissolved in water. Ten plants of each variety Emon, Obzor,
Krami, Kristi and Kaskadior were grown in plastic pots filled with 5 kg Molic fluvy soil
under greenhouse conditions. The main soil characteristics were as follows: pH20) 7.3;
humus content 3.2%:; mineral nitrogen 43.8 mg N.kg™; available phosphorus 209 mg P,0s.kg"
1- and available potassium 450 mg K,0.kg™. Each experimental treatment was studied in four
replicates. The yield of grain, straw and the amount of nitrogen, phosphorus, potassium,
calcium and magnesium in them were determined in a physiological maturity. Barley grain
and straw were dried at 60°C to a constant weight. The concentration of macronutrients was
analyzed using the common methods (Tomov et al., 2009). The content of macronutrients was
calculated by multiplying the concentration of each of studied nutrient by the dry weight of
plant parts. Grain harvest index was calculated according to the following formula: GHI (%)
= Qrain yield / (Grain+Straw) yield x 100. Nitrogen harvest index (NHI) was defined as the
amount of accumulated nitrogen of grain divided by the amount of accumulated nitrogen of
grain plus straw, and multiplied by 100. The harvest indices of the other macronutrients were
calculated in the same way. An overall analysis of variance (ANOVA) was performed to
evaluate the effect of the experimental treatments on the referred variables, and Duncan’s
multiple range test (o = 0.95) was used in order to establish the difference among the means.

Results and Discussion

The yields of grain, straw and grain+straw proven increased with the higher amount of
applied nitrogen (Table 1). The average grain yield of barley varieties without fertilization
was 13.8 g.pot™. It rose by 14.5% and by 23.8% at Nago and at Nago levels, respectively. Grain
productivity differences between the unfertilized plants and the plants grown at Nyg level
were not established. No mathematically proven difference was found between the two levels
of nitrogen input Nago and Nago either. The obtained straw yield increased by 20.7% an
average at N2go, and by 36.1% an average at Nyqo, relative to Ng level. The grain harvest index
changed from 37.2% (Emon variety at Nggo) to 43.1% (Krami variety at No). Higher nitrogen
fertilization of 400 mg N.kg™ soil lowered the average GHI of barley varieties from 41.5% in
unfertilized plants up to 39.3%.

The accumulated nitrogen, phosphorus and potassium of barley significantly increased in
parallel with the applied nitrogen (Table 2). The highest uptake of nitrogen, phosphorus, and
potassium was found at Nyoo level. Their average values of grain+straw were 558.4 mg N.pot’
! 276.8 mg P,Os.pot™, and 551.2 mg K,O.pot™, respectively. This indicated that the plants
accumulated very similar amounts of nitrogen and potassium in maturity. The absorbed
phosphorus was almost twice less compared to them. The total nitrogen uptake widely varied
from 265.4 mg N.pot™ (Obzor at No) to 651.5 mg N.pot™ (Kaskadior at Nso). The total
phosphorus in maturity changed from 156.3 mg P,Os.pot” (Emon at Ng) to 313.1 mg
P,0s.pot™ (Krami at Nago).
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Table 1. Barley productivity (g.pot™) in dependence of the nitrogen level

Parameter N level Min Max Average % to N

Grain yield No 12.0 15.3 13.8 b*+1.59 100
N20o 14.1 17.6 15.9 ab + 1.66 114.5
Naoo 15.7 18.5 17.2a+1.33 123.8

Straw vyield No 17.2 21.2 195c+1.54 100
N20o 20.9 25.5 23.6 b+ 1.88 120.7
Naoo 24.5 27.6 26.7a+1.24 136.1

Grain+Straw yield No 29.2 36.3 33.4c+3.06 100
N20o 35.2 43.1 39.5b+3.47 118.1
Naoo 40.2 46.1 43.7a+2.43 131.0

GHI, % No 39.5 43.1 415a+1.24 100
N20o 38.3 41.0 40.3ab+1.11 97.0

Naoo 37.2 40.2 39.3b+1.22 94.6

*Values for each parameter followed by the same letters are not significantly different at
p<0.05 according to Duncan’s multiple range test

Table 2. Uptake of nitrogen (N), phosphorus (P,Os) and potassium (K;0) of barley in
dependence of the nitrogen level, mg.pot’

Parameter N level Min Max Average % to No
N grain No 179.6 240.9 201.4* ¢ £25.7 100
N2go 254.9 308.8 274.1b+23.6 136.1
Naoo 314.0 422.7 361.0a+47.1 179.2
N grain+straw Ng 265.4 357.4 302.0c+38.9 100
N2go 374.3 480.4 417.0b +46.2 138.1
Naoo 481.4 651.5 558.4a+72.0 184.9
P grain No 82.6 124.1 97.9b+16.3 100
N2go 102.7 153.4 122.1a+19.5 124.8
Nago 124.9 167.3 141.7 a+ 16.2 144.8
P grain+straw Ng 156.3 219.2 182.4c+ 255 100
Nooo 200.1 280.9 234.7b+33.1 128.7
Nasoo 245.0 313.1 276.8 a+ 27.6 151.8
K grain No 67.8 92.0 83.6 c+10.8 100
N2go 91.5 122.5 1105b+11.7 132.2
Nago 115.4 144.6 131.3a+10.6 157.0
K grain+straw No 289.6 67.4 357.0c+50.1 100
N2go 379.7 529.0 462.3b +63.0 129.5
Naoo 461.8 616.0 551.2a+61.1 154.4

*Values for each parameter followed by the same letters are not significantly different at
p<0.05 according to Duncan’s multiple range test

The content of potassium of grain+straw ranged from 289.6 mg K,0.pot™ (Obzor at No) to
616.0 mg Kzo.pot'1 (Kaskadior at Nyoo). Higher Nyg fertilization increased absorbed nitrogen
by 79.2% an average in terms of grain, by 96.5% of straw, and by 84.9% of grain+straw,
compared to Ng plants. The studied varieties demonstrated a high export of phosphorus and
potassium of the aboveground dry mass when grown at Nyoo level. The average content of
grain phosphorus and potassium of the fertilized plants exceeded by 24.8% - 44.8%, and
32.2% - 57.0% that of the Ny plants, respectively.
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Table 3. Uptake of calcium (CaO) and magnesium (MgO) of barley in dependence of the
nitrogen level, mg.pot™

Parameter N level Min Max Average % to Np
Cagrain No 25.2 38.3 344b+5.4 100
N20o 32.8 47.3 425a+5.7 123.7
Naoo 37.7 54.9 485a+6.4 141.1
Ca grain+straw No 160.7 284.6 226.8 b +47.7 100
N2go 202.3 323.4 276.5a+51.7 121.9
Naoo 245.8 364.3 320.5a+49.1 141.3
Mg grain No 13.2 21.1 16.1b+3.1 100
N2go 17.1 25.9 204a+34 126.7
Naoo 17.3 25.9 21.1a+3.3 130.8
Mg grain+straw No 28.0 38.1 305b+4.3 100
N2oo 36.0 48.6 40.0a+5.1 131.3
Naoo 41.1 56.3 449a+6.4 147.3

*Values for each parameter followed by the same letters are not significantly different at
p<0.05 according to Duncan’s multiple range test

The amount of calcium and magnesium proven increased in the fertilized variants compared
to No (Table 3). The average uptake of grain+straw calcium was higher by 21.9 — 41.3%, and
that of magnesium by 31.3 — 47.3%. However, no proven difference was found in regard to
the calcium and magnesium content of the barley varieties grown at N2go and Nggo. Total
calcium uptake varied from 160.7 mg CaO.pot” (Obzor at Ng) to 364.3 mg CaO.pot™
(Kaskadior at Nago), and that of magnesium from 28.0 mg MgO.pot™ (Kristi at No) to 56.3 mg
MgO.pot™ (Kaskadior at Nggo). Within the study, variety Kristi accumulated the most grain
calcium 54.9 mg CaO.pot™ and variety Kaskadior accumulated the most grain magnesium
25.9 mg MgO.pot™.

Nutrient harvest indices indicate what percentage of the absorbed nutrient in the grain+straw
at maturity is allocated to the grain, similar to the grain harvest index. The results of Table 4
showed that the barley plants alocated into the grain the most of accumulated nitrogen in
maturity (64.6-66.7%), followed by the share of phosphorus (51.2-53.6%) and that of the
magnesium (47.0-52.7%). The studied varieties distributed to the grain the least amount of
calcium from its content of grain+staw in maturity, which averaged 15%. Low values of
23.5%-24.1% were also found regarding to the potassium harvest index. The nitrogen studied
levels no significantly affect the percentage of nitrogen, phosphorus, potassium, calcium and
magnesium distributed into the grain at maturity. There was a tendency to decrease the mean
values of NHI, PHI and MgHI in the nitrogen-fertilized variants.

Our results indicated no proven varietal differences in the average yields of grain and straw
(Table 5). The assimilated nitrogen, phosphorus and potassium in these parts had similar
values. Significant difference was observed only in the uptake of grain phosphorus between
Krami variety (average 148.3 mg P,Os.pot™) and Emon variety (average 103.4 mg P,Os.pot
1). The Kristi variety accumulated more grain calcium and the Kaskadior variety more grain
magnesium. The Emon variety was distinguished by a lower Grain harvest index of 38.3%,
compared to the rest of varieties, where GHI was 40.3-41.3%, on average. The Kaskadior
variety allocated less of the absorbed phosphorus (PHI1=48.7%) and calcium (CaHI1=13.1%) to
the grain. Emon variety had a low KHI=21.9%, and the Obzor variety had a low MgHI=43.4.
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Table 4. Harvest index of nitrogen, phosphorus, potassium, calcium and magnesium in
dependence of the nitrogen level, %

Parameter N level Min Max Average % to Np

NHI No 64.2 69.0 66.7ns+2.1 100
Nogo 63.8 68.1 65.9+1.8 98.8

Naoo 62.6 65.8 64.6+1.2 96.9

PHI No 49.9 56.6 53.6ns+2.4 100
N2go 48.4 54.6 52.0+2.3 97.0

Naoo 47.8 53.4 51.2+2.1 95.5

KHI No 21.3 26.6 23.5ns+2.0 100
N2go 22.1 28.9 241+ 2.7 102.5

Naoo 22.3 27.9 24.0+2.2 101.9

CaHl No 12.2 17.9 15.4ns+2.1 100
N2oo 13.3 18.0 15.6+1.7 101.1

Naoo 13.7 16.5 152+1.0 98.7

MgHI No 46.1 58.1 52.7ns+ 4.6 100
N2go 42.6 54.4 50.9+5.0 96.7

Naoo 41.4 53.1 47.0+4.7 89.1

ns* Not significantly different at p<0.05

Table 5. Average productivity (g.pot™) and content of nitrogen, phosphorus, potassium,
calcium and magnesium (mg.pot™) of barley varieties

Var; Grain

ariety Yield N P,05 K0 Ca0 MgO
Obzor 14.0 ns** | 258.5 ns 109.4 ab* | 105.2 ns 319b 159b
Emon 14.1 257.9 10340 91.6 42.8 ab 17.4b
Krami 17.1 299.7 1483 a 113.8 45.0 ab 19.9 ab
Kristi 16.2 253.9 123.5 ab 112.2 46.8 a 18.5b
Kaskadior 17.0 324.1 118.3 ab 119.7 42.6 ab 243 a

Grain + Straw
Obzor 349 ns 385.0 ns 206.9 ns 377.1 ns 203.0b 36.9 ns
Emon 36.8 400.9 200.5 416.9 246.8 ab 35.8
Krami 41.5 464.9 271.1 487.3 294.7 a 36.4
Kristi 39.7 381.7 234.5 486.9 3044 a 35.8
Kaskadior | 41.6 496.4 243.5 516.1 324.1a 47.6
HI

Obzor 40.3 a 67.4 ns 53.0 ab 27.8 a 15.7b 43.4b
Emon 383D 64.5 51.7b 21.9¢ 174 a 49.1 ab
Krami 413 a 64.5 549 a 234b 153b 552a
Kristi 41.0a 66.9 52.9 ab 23.0b 154b 51.8a
Kaskadior | 40.8 a 65.5 48.7 ¢ 23.1b 13.1c¢c 51.6a

*Values for each nutrient in the plant parts followed by the same letters are not significantly
different at p<0.05 according to Duncan’s multiple range test
ns** Not significantly different at p<0.05

Correlation analysis indicated that the nitrogen level in the range of Ng to Nago was strongly
positively related to straw, grain+straw yields, as well as to the absorbed grain nitrogen
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(r=0.906**) and straw nitrogen (r =0.894**). Nitrogen fertilization was negatively related to
GHI (-0.641%*).
Conclusions

Fertilization N4go increased the average productivity of the varieties by 23.8% for grain and
31.1% for grain+straw, compared to plants grown at Npo. Nutrients accumulated of
grain+straw at Nago level were higher by 84.9% for nitrogen, 51.8% for phosphorus, 54.4%
for potassium, 41.3% for calcium, and 47.3% for magnesium, on average. Grain harvest index
decreased from 41.5% at No to 39.3% at N4oo. The nitrogen level had a slight effect on the
percentage distribution of accumulated nutrients to the grain, although a tendency for a lower
percentage was observed in regard to the nitrogen, phosphorus and magnesium. A strong
positive correlation of nitrogen level with grain and straw yield and amount of accumulated
nitrogen was established. A negative correlation was observed between applied nitrogen and
grain harvest index (r=-0.641*) and nitrogen harvest index (r=-0.479).
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Abstract

Kneja 652 is a new high-yielding, stress-tolerant maize hybrid from the FAO Group 600+,
selected for grain, silage and biogas production. Suitable for extensive and intensive
cultivation. The hybrid is a single cross created by interline hybridisation of inbred lines XM
1617 and XM 9923. The hybrid is for early sowing with a fast initial rate of development. It
has a tall, well formed stem, resistant to lodging and has good synchrony in the flowering
period of the reproductive organs (ASI = 0-2). The cob is characterised by compact, large
cobs 24-25 cm long; 16 rows; 50-52 grains per row, 230 g grain weight per cob; 273.5 g.
MNV; hectolitre weight - 75 kg/hl. Kneja 652 has high quality indicators for grain and silage
use, as follows: 10.38-10.43 % protein content in grain; 68,01 % starch; 2,07 % fibre. The
hybrid is resistant to the economically important maize diseases Helminthosporium turcicum,
Ustilago zea and Fusarium ssp. Kneja 652 is recognized by the Expert Commission, after two
years of testing, by the Executive Agency for Variety Testing, Approbation and Seed Control
and by order RD12-2/15.03.2023 is included in the Official Variety List of the Republic of
Bulgaria. Hybrid Kneja 652 has certificate No 11294/25.01.2024 of the Patent Office of the
Republic of Bulgaria. The hybrid was developed at the Scientific Research Institute of Maize
- Kneja by Assoc. Prof. Valentina Vulkova. The Minister of Agriculture and Food presented
an award for Kneja 652 hybrid for scientific activity and development in the innovation
competition.

Keywords: New maize hybrid, Kneja 652, Maize research Institute — Knezha.
Introduction

As a consequence of the increasing human population worldwide; unfavourable agro-
meteorological environmental conditions for plant development caused by the onset of
climate change; reduced availability of arable land and soil erosion; and water scarcity, the
need for increased agricultural production is growing.

Maize is the most produced crop in the world (FAO Statistical Yearbook, 2023). It is a major
forage crop, with the highest feed and energy value of the cereal forage crops. According to
Kostova A. (2012), it is a raw material for over 2000 industrial and technical products. Maize
breeding in recent years has been very successful both at home and abroad. After the joining
of Bulgaria to the European Union, a prerequisite was created for opening the seed market to
foreign companies, expanding the varietal list and unhindered dissemination of foreign
breeding achievements. The new conditions require radically different approaches to research
and higher criteria for our hybrids to survive in the highly competitive environment of the
European market.

Along with the requirement for new hybrids to be high yielding, there is an increasing
demand for other qualities: resistance to diseases and pests; tolerance to abiotic stress factors;
efficient water and nutrient use; grain quality; increased harvest index; rapid initial rate of
development; rapid moisture release from the grain and stable yield. At the same time, the
production life of maize hybrids is declining at a rapid rate. According to Duvick et al. (1999),
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hybrids persist in production for an average of seven years. For this reason, maize selection
has a permanent character. Each newly recognized hybrid must be tested under different
ecological-geographical regions and compared with the best standards of its maturity group to
really evaluate its qualities.

In its 100-year history, more than 117 maize hybrids of different maturity groups and uses
have been developed at the Maize Research Institute - Knezha, Bulgaria (Genov et al., 2005;
Genova et al, 2009; Gacovski et al, 2011; llchovska et al, 2014, Petrovska et al, 2018;
Valkova et al, 2018; Yordanov, 2019, 2021). Each newly recognized hybrid is better than the
previous ones and builds on their qualities. According to a number of scientists
(Yugenheimer, 1979; Russel, 1986; Hallauer, 1988; Reid et al, 2014), even the most thorough
research and technological developments in breeding would be meaningless if they did not
lead to the creation of new higher yielding, quality, sustainable and adapted hybrids and the
achievement of real breeding progress.

The objective of this publication is to show the main characteristics, morphological and
economic qualities of the new hybrid of the Maize Research Institute, Knezha, Bulgaria -
Kneja 652.

Material and methods

Hybrid Kneja 652 is a late maize hybrid intended for grain, silage and biogas production. It
was developed in 2017 as a topcross cross to evaluate the combinability of newly stabilized
lines with testers that have proven over the years their high general and specific combinability
for grain yield. The cross XM 1617 x XM 9923 (Kneja 652) was voted as high yielding in
2018 after testing in a preliminary variety trial. The results were confirmed in competitive and
environmental variety trials over the next two years, and in 2021 the hybrid was submitted for
evaluation for Distinctness, Homogeneity and Stability (DHS) and Biological and Economic
Qualities (BEC) in the official country trial (Executive Agency for Variety Testing, Field
Inspection and Seed Control). The trials were conducted under non-irrigated conditions in
2021 and 2022 at 3 sites - Selanovci, Brashlen and Radnevo. High temperatures and minimal
rainfall at the latter site led to the scrapping of the trials there. Due to the convincing
superiority of the yield of hybrid Kneja 652 over the Executive Agency for Variety Testing,
Field Inspection and Seed Control standards, the hybrid was recognised after two years of
testing. With Order No 12-2/15.03.2023 The Minister of Agriculture approved the recognition
and entry in the Official Variety List of the Republic of Bulgaria of hybrid Kneja 652. The
hybrid has certificate No 11294/25.01.2024 of the Patent Office of the Republic of Bulgaria

In 2021 and 2023, the Kneja 652 hybrid was tested under non-irrigated conditions, in
randomized block trials in the Republic of Serbia and Romania, where it was compared to
their own and foreign standards. The following parameters were studied: grain yield at
standard moisture of 14% and moisture at harvest

The parental components of the hybrid are the product of mutational selection. Descriptions
of the paternal form - XM 99 23 are available in two previous publications (Valkova V.,
2006; Valkova et al, 2018). The maternal line of the hybrid XM 1617 was produced by
treatment with chemical mutagens DES (diethyl sulfate) - 0.1% and NMU (nitroso methyl
urea) on a heterozygous genotype. It was stabilized in M4 inbred generation in 2016.

Results and discussion
The maize hybrid Kneja 652 is a straightline cross between the inbred lines XM 1617 x XM

9923. According to the FAO classification, the hybrid belongs to the late genotypes - group
over 600 with a growing period of 117-124 days. This period is extended by 3-5 days when
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grown under irrigated conditions. The hybrid is suitable for early sowing (10°C soil) with a
rapid initial rate of development. Suitable for extensive and intensive cultivation. Kneja 652 is
characterised by a tall stem (260-280 cm), well frondose (13-15 pcs.), resistant to lodging. It
has good synchrony in the flowering period of the reproductive organs (ASI = 0-2). The
hybrid is monocot. The cob is cylindrical, 24-25 cm long (Fig. 1). There are 16 rows and 50-
52 grains per row in the cob. The kernel is orange horse tooth type, 10-12 mm long, and the
weight of the kernel per cob is 220 -240 g. The weight of 1000 seeds is 273.5 g and the
hectolitre weight is 75 kg/hl. The percentage of grain in the cob measured during the seed cast
showed that the Kneja 652 hybrid also has a high percentage of 85-86%. The chemical
analysis of the grain showed that the hybrid has an increased protein content in the grain -
10.38-10.43%, and on this indicator it significantly exceeds the standard P9903 with a protein
content of 8.5% and the standard Kneja 435 - 9.5%. In the grain of the hybrid the percentage
of starch is 68,01 and of fibre — 2.07%. These results give grounds to recommend hybrid
Kneja 652 for production of quality forage.
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Figure 1. Kneja 652

The results of the first two stages of the hybrid field trial at the Maize Research Institute are
shown in Table 1.

Table 1. Results from the testing of Kneja 652 hybrid in condition without irrigation
(2018-2019)

% the yields to the

Grain moisture at harvest, %
standart

Grain yield, kg/ha
Year

Kneja | Kneja Kneja Kneja Kneja Kneja Kneja Kneja
683A | M625 652 683A | M625 683A | M625 652

PVT -2018 |1203.1| 1116.3 | 1289.7 | 107.2 115.5 16.5 16.2 15.7

CVT-2019 |1083.6| 1178.6 | 1183.9 | 109.3 100.4 15.8 15.0 15.3

CVT-2020 | 713.3 | 699.2 767.2 107.6 109.7 14.2 15.8 14.0

*PVT - preliminary varietal trails, CVT - competititve varietal trails
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The trials were carried out under non-irrigated conditions and following the agronomic
technique adopted for the region. The highest yield of the hybrid was obtained in 2018 and its
variation from year to year was due to different agro-climatic conditions. The excess of the
yield of hybrid Kneja 652 over that of the standards ranged from 0.4% over hybrid Kneja
M625 in 2019 to 15.5% for the same hybrid in 2018. The excess of the hybrid's productivity
over that of the standards allowed the testing of the hybrid to continue in the ecological
network of the country. The trial was conducted again under non-irrigated conditions at three
sites - Kneja, Ruse and Pavlikeni. The trials were sown and harvested manually, in three
replications, harvest plot size of 10 m? and plant density of 55.000 plants/ha (Table 2). It is
noticeable that the yields at Pavlikeni are much lower than those at the other two sites. This is
due to the late sowing of the experiment (11-12.05.2020), which was hampered by the
complicated situation throughout the country, in relation to the spread of Covid 19, and the
scarce rainfall in July (6.6 mm/m?), when flowering and fertilization of reproductive organs
took place. For this reason, a high percentage of infertile plants were recorded during the
harvesting trials, which inevitably led to yield reductions. In the ecological variety trials the
hybrid exceeded the Kneja 683A standard in yield by 23.1% and was 97.1% to that of Kneja
M625.

Table 2. Results from the testing of Kneja 652 hybrid in ecological variety trails (2011)

% the yields to the

Grain moisture at harvest, %
standart

Year Grain yield, kg/ha

EVT Kneja Kneja Kneja Kneja Kneja Kneja Kneja Kneja
683A M625 652 683A M625 683A M625 652

Knezha | 656.7 838.2 830.8 126.5 99.1 15.6 16.4 17.1

Rousse | 678.9 751.1 777.1 114.5 103.5 16.0 17.0 17.1

Pavlikeni| 346.2 501.1 443.8 128.2 88.6 15.2 15.8 16.3

In order to continue testing the productive potential of the hybrid under study, it was included
in the country's official variety trial. Testing was carried out under non-irrigated conditions in
three locations in the country - Selanovtsi, Brashlen and Radnevo (Table 3). In 2021, Kneja
652 realized a grain yield of 7645 kg/ha, 112.4% of the official standards. The yield in 2022
was 5650 kg/ha - 99.5% towards the standards, where the differences with the average
standard are mathematically unreliable. The average yield from the six locations over the two
years is 6647.5 kg/ha, with an average exceedance of 106% over the Kneja 683A and Kneja
M625 standards. Yields in the official trial were quite low, on one hand because of the
climatic conditions at the time of pollination, fertilisation and grain filling and on the other
hand because of the inclusion of the Radnevo site, where conditions for maize cultivation are
not favourable and low yields are obtained. According to reports from the IACAC, Kneja 652
is resistant to the economically important maize diseases Helminthosporium turcicum,
Ustilago zea and Fusarium ssr. The hybrid is recognized after two years of testing by the
Executive Agency for Variety Testing, Field Inspection and Seed Control and holds certificate
No 11294/25.01.2024 of the Patent Office of the Republic of Bulgaria.
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Table 3. Results from official testing of Kneja 652 hybrid in EAVTFISC

Grain | % average Standart | number of days from Grain moisture
Hybrid yield, (Kneja M625 and germination to
. at harvest, %
kg/h Kneja 683A) harvest
2021
Kneja 652 764.5 112.4 121 14.9
Kneja M625 and
Kneja 683A 684.9 100 121 14.8
2022
Kneja 652 565 99.5 117 12.8
Kneja M625 and
Kneja 683A 567 100 117 13.9

*Executive Agency of Variety Testing, Field Inspection and Seed Control (EAVTFISC)

In the years 2021 and 2023, the hybrid was included under international cooperation for
bilateral hybrid testing by the Maize Research Institute - Knezha, Bulgaria with related
institutes in Zemun Polje Serbia and Fundula, Romania. In the first year of the trial, the
hybrid performed better in Romania (7925 kg/ha) and in Zemun Pole the yield was 7285
kg/ha. In 2023, due to unfavourable conditions (lack of rainfall and high temperatures), the
trial in Romania was scrapped. In Serbia, higher yields were obtained in Tovarishevo - 8663
kg/ha and in Zemun Pole - 7792 kg/ha.

The technology of seed production of hybrid Kneja 652 requires simultaneous sowing of the
parental components. The sowing scheme can be 6:2, because the panicle of the parent
component is very rich and retains its fertilisation capacity 8-10 days. The recommended and
optimum sowing densities are: under non-irrigated conditions 55 000 pl/ha and under irrigated
conditions 65 000 pl/ha. Seed production of the hybrid is so far on a fertile basis with
complete detasseling of the mother rows. A sterile analogue of the maternal form is in the
process of being created to switch seed production to the fertility restoration method. This is
possible because the paternal component, the XM 9923 line, is a universal restorer, and this in
turn will lower the cost of hybrid seed produced. The breeding coefficient of the maternal
form - line XM 1617 reaches 3900-4200 kg/ha of standard seed. The hybrid is suitable for
inclusion in System Plus with all late hybrids to increase grain yield per unit area.

At the International Agra 2024 exhibition, the Kneja 652 hybrid was awarded a prize for
research and development in the innovation competition.

Conclusions

Hybrid Kneja 652 has high productive potential and very good resistance to economically
important diseases in maize Helminthosporium turcicum, Ustilago zea and Fusarium ssr.
Once a sterile analogue of line XM 1617 is developed, seed production of the hybrid will be
carried out using the fertility restoration method, which will eliminate manual detasseling and
increase profit per unit area.

The grain of the hybrid has very good quality indicators: protein content 10.38-10.43%, starch
68.01% and fiber 2.07%.
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Abstract

The maize hybrids Kn-442, Kn-509, Kn-511, Kn-M625 and P35F38 of different maturity
groups were studied for a period of four years (2014-2015 and 2017-2018). Each hybrid has
three variants - 100% fertile; 50% fertile and 50% sterile; 100% sterile plants. Sterility was
achieved by means of castration (detasseling) before anthesis. The trials were carried out in
the field of the Maize Research Institute - Knezha, by the randomized block design, on a 10
m? harvest plot, in 3 replications, without irrigated conditions. The results of the three-factor
Analysis of Variance (ANOVA) points out significant variances for hybrids, years
(environmental conditions) and the interaction between them. The remaining variances,
including: variants of the hybrids with percentage of sterility; first-order interactions — hybrids
X variants; years x variants, as well as the triple interaction — hybrid x years x variants, are not
significant. Significant differences in mean yields between the tested variants (100% fertile,
50:50% and 100% sterile) are observed in some cases at P=5%. The effect of variants with
50% castrated tassels tended to be higher yielding by 0.4 to 12.1% in 2014. With 100% sterile
plants, there is a relative excess of yield compared to 100% fertile ones in 4 out of 5 hyrids
with a range of 1.3-5.0%. For the period of the study, the highest yield was performed by
hybrid Kn-442, followed by P35F38.

Key words: maize hybrids, percent of detasseling, yield and stability.
Introduction

According to FAO-data from 2023 worldwide maize production amounts to more than 1.2
bn/t, witch mades it the most produce cereal crop on the planet. Maize has good ecological
stability and is grown on all five continents from 50°N to 35°S latitude. Mainly used for grain
and silage, food for people in developing countries, it is a raw material for the production of
over 2,000 products for the food, pharmaceutical and chemical industries (Ranum et al.,
2014). Due to its major economic importance, it is the object of constantly increasing
scientific and practical interest (FAO Statistical Yearbook, 2023). In recent years, in relation
with the global climate changes, the yields of all cultural crops are threatened by yields
reduction, including those of maize too. In the Third National Action Plan on Climate Change
(Ministry of Environment and Water, Republic of Bulgaria, 2012) it is stated that spring
agricultural crops will be increasingly vulnerable to these changes in the future. Increasing the
resistance of maize to drought is an extremely important problem not only for Bulgaria, but
also for other countries where this crop is grown, due to a significant reduction in yields.

The hybrid is the most important, effective and intensive factor in maize production. The
yield obtained and the added value per unit of area largely depends on the correct choice of
hybrid, and on the other hand, the choice of correct agricultural techniques. In the last 20-25
years, to deal with this problem, as well as to increase the yield from a unit of area without
additional costs for the producers, the so-called “Plus System” has been implemented. It was
proposed by Weingartner et al. (2002) and is a mixed crop of two or more maize hybrids of
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the same vegetation group, some of them obtained by the mixing method. The expected
higher yield results from the combined effect of the higher yielding sterile plants and the
higher seed mass obtained from non-exogenous pollination. The combined effect of this
system affects two components of the yield — the cytoplasmic male sterility (CMS) leads
mainly to an increased number of grains, and the xenic effect increases the 1000 seeds weight
(Weider et al., 2010; Vulchinkov et al., 2014). A large part of the newly recognized hybrids of
the Maize Research Institute - Knezha have sterile analogues of the maternal component. The
use of maternally sterile counterparts in hybrid maize seed production results in greater
production efficiency and purity of the resulting hybrid seeds by eliminating hand or machine
detasseling. The data on the impact of CMS on yield are contradictory. According to a
number of authors (Duvick, 1958; Beckett, 1971; lichovska, 1991), the yield of sterile forms
is higher than that of their fertile parent lines, due to the weakened competition for assimilates
between the ear and the tassel. On the contrary opinion are Valkova (2012) and Vulchinkov et
al., (2014), according to which the yield of sterile forms is influenced by the genotype, the
year of the study, as well as the genotype-environment interaction. The same thesis has been
confirmed by a resent studies by Costa et al., (2019), Ghete et al., (2020) and Prodanovi¢ et al.
(2022), as well as the significant importance of the method of detasseling — by hand or
mechanized. In some hybrids with sterile counterparts of the maternal form, the paternal
component lacks fertility restorer genes. This necessitates the use of a “compromise” mixing
scheme (Valkova, 2012). With it, 1/3 of the plants in the mass hybrid are fertile (flowering),
which in practice is also a "Plus"” system. If at least two hybrids produced according to such a
scheme are sown, their sterile plants will cross-pollinate, resulting in a xenia effect.

The aim of the study is to determine the influence of different levels of detasseling on the
grain yield of the exanimated hybrids from different vegetation groups over a four-year
period.

Materials and Methods

The experiment is conducted in the experimental field of the Maize Research Institute -
Knezha during the periods 2014-2015 and 2017-2018. The trails are set in a randomized
complete block design with 10,0 m? experimental plot size in three replications for each
genotype tested; under non-irrigated conditions. Hybrids of different maturity groups were
studied - Kneja 442, Kneja 509, Kneja 511, Kneja M 625 and P35F38. Each hybrid is tested
in three variants — 100% fertile (1), 50% fertile and 50% sterile (2) and 100% sterile plants
(3). Sterility is achieved by hand detasseling the plants immediately after tassel emerging and
before anthesis. The grain yield is measured in kg/dka with 14% moisture content at harvest.
A three-factor Analysis of Variance (ANOVA) on the data is performed. The data processing
is done by Microsoft Excel and SPSS 25 Statistical program.

Results and discussion

Of the climatic conditions, rainfall, temperature, and relative humidity are of greatest
importance for the growth and development of maize. According to Vulchinkov S., (personal
correspondence), a year with a sum of precipitation during the growing season (April-
September) higher than 400 ml is defined as favorable for the maize development, and one
with less than 300 ml of precipitation can be considered as dry. According to these, two of the
years of the study period (2014 and 2018) are considered as favorable with rainfall totals of
627.2 ml and 447.5 ml, respectively. With a more even distribution of rainfall and lower
temperatures during pollination, 2014 was the most favorable year during the study period

(Fig. 1).
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Figure 1. Average mount values of temperatures and precipitation for April-October for the
study period (2014-2015, 2017-2018)

The results of the multifactorial Analysis of Variance (ANOVA) show significant differences
both between the years of study and between the hybrids and the interaction of environmental
conditions and studied genotypes (Table 1). The other factors: the variants of the hybrids with
percentage of sterility; hybrid by variants; years by variants, as well as the triple interaction —
hybrid, year, variant do not have significant variances.

Table 1. Thee-factor ANOVA analys

F-table

Source df SS MS F-count P-value
5% 1%

S 3 123,917.2073 41,305.7358
L 2 3,859.0143 1,929.5072
S*L 6 46,950.5710 7,825.0952
REP*S*L 24 354,103.3613 14,754.3067
G 4 679,965.8231 169,991.4558 491" 2,93 4,59 0,0076
G*S 12 360,115.1738 30,009.5978 3.91" 1,85 2,38 0,0001
G*L 8 49,337.7096 6,167.2137 0.80™ 2,04 2,7 0,634
G*S*L 24 184,251.2229 7,677.1343 0.95™ 1,63 1,99 0,5335
Error 96 773,622.2587 8,058.5652
Corrected 179 2,576,122.3420

Total

CV =11.19 %; S — Years; L — Variants; G - Genotypes (hybrids); Rep — repetitions

Table 2. Average grain yields of five hybrids from different vegetation group with in
different levels of detasseling for four years period

. . Grain yield by years .

Hybrid | Variants 2014 1 2015 | 2017 | 2018 Average Min Max | STDEV | CV.%
€))] 898.3 | 894.1 | 851.8 | 986.5 | 907.7 851.8 986.5 56.6 6.2

Kn 442 2 926.9 | 849.6 | 900.2 | 893.9 | 892.7 849.6 926.9 321 3.6
(3) 942.8 | 851.3 | 1190.3 | 932.1 | 979.1 851.3 | 1190.3 146.6 15.0
@N)] 730.3 | 654.8 | 704.5 | 8959 | 746.4 654.8 | 895.9 104.5 14.0

Kn 509 2 785.7 | 673.6 | 653.7 | 650.6 | 690.9 650.6 785.7 64.0 9.3
3 740.1 | 691.8 | 7319 | 8159 | 7449 691.8 | 815.9 51.8 7.0
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) 786.8 | 783.1 | 770.7 | 8065 | 7868 | 7707 | 8065 | 148 | 1.9
Knsil | (2) 789.9 | 797.7 | 7457 | 9358 | 817.3 | 7457 | 9358 | 823 | 101
(3) | 8244 | 7686 | 7346 | 8269 | 7886 | 7346 | 8269 | 450 | 57
) 7750 | 7829 | 7728 | 6204 | 7378 | 6204 | 7829 | 784 | 106
o @) 869.1 | 777.8 | 7249 | 642.0 | 7535 | 6420 | 8691 | 952 | 126
3) | 796.1 | 7455 | 8782 | 623.7 | 7609 | 623.7 | 8782 | 1066 | 140
) 950.0 | 8112 | 8951 | 807.9| 8661 | 807.9 | 950.0 | 69.0 | 80
3;%8 @ 9831 | 8415 | 7834 | 7383 | 8366 | 7383 | 9831 | 1064 | 127
@) | 8947 | 7766 | 7622 | 8161 | 8124 | 7622 | 8947 | 594 | 7.3

(1) 100 % fertile plants; (2) 50 % fertile / 50 % sterile; (3) 100 % sterile plants.
LSD at P=5 % is 102,6 kg

Averaged over the years of the study (Table 2), the highest yield is obtained from hybrid Kn
442 (979.1 kg/ha) under complete detasseling, followed by PR 35F38 (866.1 kg/ha) at 100%
flowering plants, Kn 511 (817.3 kg/ha) when 50% of the tassels are removed, Kn M625
(760.9 kg/ha) with 100 % castration and Kn 509 (746.4 kg/ha) in fully flowering plants.

Of the calculated least significant differences at a probability level of 5% for the entire trial is
LSD=102.6 kg. This means that in hybrid Kn 442 in 2017, the variant with complete
detasseling (1190.3 kg/dka) proved to be different from those with partial and no detasseling.
This is also the highest yield of all hybrids for the entire research period. Hybrid Kn 509 in
2018, the variant with 50/50 sterility clearly differs from the one with fully fertile plants. A
proven difference was also reported in 2018 hybrid Kn 511 for dust 50/ castration, compared
to the other variants in the experiment. Differences in the levels of detasseling levels were
also observed for Kn M 625 and PR 35F38 in 2017.

Quantitatively, the yield picture is as follows. The sterile variant in hybrid Kn 442 had a
higher yield than that of fertile plants by 7.9% on average over the test period and varied from
(39.7% in 2017 to 5% in 2014). In the other two years, the yield of the sterile variants is lower
than that of the fertile plants by an average of 5%. In the hybrids Kn M625 and Kn 509,
higher yields is obtained than the sterile variants in three of the years and in two of those with
50% participation of sterile plants. The excess in yields of sterile variants over that of 100%
fertile plants in hybrid Kn M625 varies from 13.6% (2017) to 0.5% (2018), and in Kn 509
from 5.6 (2015) to 1.3 (2014). In hybrid Kn 511, higher yields than the mixed variant ape
reported in three of the studied years and in two of 100 % sterile plants. The influence of the
number of sterile plants in the crop with the foreign hybrid PR 35F38 is insignificant. Excess
in the grain yield from the variants with 50% fertile and 50% sterile plants over that with
fertile plants was in 60% of the tested cases. The largest excess is reported for the hybrid Kn
511 with 16% (2018) to 0.4% (2014) for the same hybrid.

The results show that there is relation between the yields of the individual variants and the
years of testing in some cases. There is no tendency for a higher yield from the sterile plants
in drier conditions, on the contrary, in 2014, the most favorable year, of all the Bulgarian
hybrids from the variants with the participation of sterile plants, higher yields are obtained
than the variant with 100% fertile plants. These results are in coherency with the results
obtained earlier by Valkova. (2012) and contrary to what was demonstrated by Kannenberg
(1974) and Hoekstra et al. (1985).
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Conclusions

The results of the three-factor Analysis of Variance (ANOVA) points out significant
variances for hybrids, years (environmental conditions) and the interaction between them. The
remaining variances, including: variants of the hybrids with percentage of sterility; first-order
interactions — hybrids X variants; years x variants, as well as the triple interaction — hybrid x
years X variants, are not significant. Least significant differences in mean yields between the
tested variants (100% fertile, 50:50% and 100% sterile) are observed in some cases at P=5%.
The effect of variants with 50% castrated tassels tended to be higher yielding by 0.4 to 12.1%
in 2014. With 100% sterile plants, there is a relative excess of yield compared to 100% fertile
ones in 4 out of 5 hyrids with a range of 1.3-5.0%. For the period of the study, the highest
yield was performed by hybrid Kn-442, followed by P35F38.
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Abstract

The phenomenon of heterosis has opened wide perspectives in a number of crops and
continues to play a crucial role in the genetic improvement of plants. The heterosis effect is
most expressed in cross-pollinated plants, however, they are also the most sensitive to
inbreeding depression. Heterosis is less expressed in self-pollinating species, but inbreeding
depression is lesser. The crosses in sesame were made in an incomplete diallel pattern.
Biometric measurements of major yield elements were made on the parental forms from the
working collection of IPGR - Sadovo and the hybrid progeny. Seed mass per plant, number of
the branches, total number of boxes per plant were recorded. The mean total parent height
(MPH) and heterosis (BPH) were determined. The variation in MPH and BPH among
different hybrids was measured. The level of genotypic variance (62G) was determined by its
components, the levels of additive variance (62A), dominance variance (62D) and epistasis
variance (62E). The inheritance coefficients were determined in the broad (H2) and narrow
(h2) sense, as a possibility to compare them. Selection success (R) was accounted for by the
selection differential (S) and heritability in the broad sense.

Key words: sesame, heterosis, genotypic and phenotypic variance.
Introduction

Sesame (Sesamum indicum L.) is an oilseed crop that has been cultivated and used by humans
since ancient times. It originates from Africa, although India is considered to be the first place
of appearance of cultivars. The high nutritional value and health benefits of sesame
consumption are undisputed and the interest is growing rapidly (Noureldin S. and
Butovchenko A. 2019; Wu 2007). Sesame seed oil is among the most expensive and
desirable edible oils in the world. It is one of the healthiest, containing 38.84% oleic acid and
46.26% linoleic acid, which are high in unsaturated fatty acidy. They call it the "Queen™ of
oils because it reduces the LDL-cholesterol complex, regulates blood sugar, and in addition
the antioxidant properties of sesamin, sesamol and sesamolin not only contribute to its high
level of resistance against oxidation, but also make it a unique and very high-quality
functional food (Oboulbiga et al., 2023)

The production of sesame seed, according to FAO estimates, is 7 706 642 tons in 2020. This
is 3.89% more than the previous year and 57.37% more than 10 years ago. In 2019, the 12.8
million hectares used for sesame production resulted in a total of only 6.5 million tons of
sesame produced, which must be considered a low yield for such a huge area (FAO statistics
database: production, trade, supply. 2019).

Selection for new sesame varieties has focused on several morphological traits and issues
related to overcoming biotic and abiotic stress (Teklu et al., 2022). Heterosis in sesame has
been reported in a number of works (Disowja et al., 2021; Mishra & Sikarvar, 2021;
Chaudhary et al., 2017; Aladji et al., 2014).
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The aim of the present study was to determine the heterosis in the inheritance of key
morphological traits related to yield, including seed mass per plant, number of branches, and
total number of pods.

Material and method

Crosses in sesame were conducted using an incomplete diallel pattern. Biometric
measurements of major yield components were taken on both the parental forms and the
hybrid progeny, recording seed mass per plant, number of branches, and total number of pods.
In the first cross Milena x Sadovo 3959 105 progeny were processed in the F; population, in
the second Sadovo 3959 x Milena - 83, in the third Sadovo 1 x Sadovo 3959 - 82 and in the
fourth Sadovo 3959 x Sadovo 1- 70 progeny. The mean (x), mean error (Sx %), mean square
deviation (S %) were determined. Biological characteristics as heterosis - hypothetical and
true (%) and heterosis effect (BPH) were analyzed. The type of inheritance of traits in F;
hybrids was determined by the ratio of the dominant to the additive parameter, d/a (Mather &
Jinks, 1971). The heritability coefficients in broad (H?) and narrow (h?) sense. The additive
variance (62A), dominance variance (62D) and epistasis variance (62E) were calculated. The
selection differential (S) was determined - S = Sx defenses in F, - Sx in F;. The (R) was
calculated by the formula: R = S x H?.The optimal genetic distance (GD) at which the highest
heterosis effect is obtained was determined using the quadratic deviation between parents
(Nei, 1979).

Results and discussion

The heterosis behaviors of progeny in different hybrid combinations of seed mass per plant
are presented in Fig. 1. The average seed mass per plant of F1 progeny in the combination
Milena x Sadovo 3959 was 21.50 g. It was 11.70 g in Milena and 7.20 g in Sadovo 3959.
Heterozygosity is highly expressed (82.90%) and is manifested by overdominance of the
higher yielding parent. Heterosis for seed yield has been reported in a number of studies by
Vekaria and Dhadak (2018), Chauhan et al. (2019) and Dela and Sharma (2019). In the
reciprocal cross (Sadovo 3959 x Milena), seed mass of a plant is inherited through incomplete
dominance of the higher yielding parent, but here heterosis is absent. In a cross with the
parents Sadovo 1 x Sadovo 3959, the seed mass per plant for Sadovo 1 is 18.50 g and for
Sadovo 3959 is 2.40 g. The resulting average plant mass of the hybrid population was 25.30
g. The observed heterosis effect of 36.60% was due to overdominance of the maternal parent.
Daba C., (2019) also found that seed yield, number of capsules and number of tillers are under
the influence of dominant gene effects and provide opportunity for heterosis selection in
sesame. In the reciprocal cross the seed mass obtained from one plant for Sadovo 3959 was
12.40 g and for Sadovo 1- 45.10 g, and the progeny plants formed a seed mass from one plant
of 25.50 g. The indicator d/a has a negative value less than one. Inheritance occurs by
incomplete dominance of the lower-yielding parent.

In the combination Milena x Sadovo 3959 variants of additive genes, has a minimum value of
5.1, while dominant and epistatic gene effects have values of 147.7 and 127.1, respectively.
The selection differential (Table 1) has a negative sign, indicating the high degree of
depression in F, of this trait. In the inheritance of the trait in the reciprocal cross, the variance
of additive interactions matters the most.
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Fig. 1. Heterosis effect by seed yield Fig. 2. Gene effects in inheritance by seed
yield

This, together with the equalized broad and narrow - sense inheritance coefficients (Table 1),
indicate independent genetic control of seed mass per plant in the hybrid population as
opposed to epistatic control in the straight cross. Again, the depression in the F, generation is
strong and the selection differential is negative (-7.78 g). Because of this, selection by
phenotype is appropriate and higher yielding progeny can be selected. In the combination
Sadovo 1 x Sadovo 3959 the variance of additive and epistatic interaction between genes is
almost equal 64.80 - 65.10 with the highest value being the dominant interaction 219.40. This
and the higher coefficient of inheritance in a broad sense over that in a narrow sense, make
the progeny under consideration suitable for heterosis selection for the trait seed mass per
plant. The selection differential was of negative sign (-3.8 g), which was due to inbreeding
depression in the F, progeny. The epistatic interaction of genes in the reciprocal cross in this
trait has the highest score. The selection differential is negative sign (-2.5g) due to inbreeding
depression in F, progeny. Plant height and number of branches per plant are the bearing
surface of capsules and are considered important attributes of biological yield. The heterosis
manifestations of progeny in different hybrid combinations are presented in Fig. 3. The
number of branches in the hybrid combination Sadovo 1 x Sadovo 3959 was 3.00 for Sadovo
1 and 2.50- Sadovo 3959. In the progeny the average number is 4.00. The dominance (d/a)
was 5.00. Inheritance was overdominant, to the parent with the higher number of branches. In
this combination, there is a heterosis effect in terms of the number of branches, 33.30%. On
this trait, high value heterosis has been reported by Rao (2011), Monpara B.A. and Pawar
A.K., (2016). In the reciprocal cross, inheritance of the trait was incompletely dominant, to
the parent with fewer branches, the d/a index has a negative value less than one, and heterosis
is absent. The values of additive, dominant and epistatic gene interaction in the combination
Milena x Sadovo 3959 showed that the highest proportion of epistasis. Inheritance in the
broad sense has a higher value than inheritance in the narrow sense, and allelic and non-allelic
epistatic interactions were involved in the formation of the number of branches. The selection
differential is low and the success of selection by phenotype is unfortunate.
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Fig. 3. Heterosis effect by number of Fig.4. Gene effects in inheritance by number
branches of branches

Additive interactions have the strongest influence on the number of branches in the reciprocal
cross. The coefficient of inheritance in the narrow sense, greatly exceeds that in the broad
sense. Selection by phenotype for the trait number of branches was successful.

In the combination Sadovo 1 x Sadovo 3959 the highest value were dominant genes effects.
The coefficient of inheritance in the broad sense significantly exceeds that in the narrow
sense, indicating the interaction of non-allelic and allelic genes. Forms with fewer branches
are suitable for mechanized harvesting, the selection differential is negative (-0.27 counts),
and the team success is low 5.80. The high value of the inheritance coefficient in a broad
sense gives us a reason for successful selection by phenotype. The selection differential is
0.20, and the success of the team has a high value.

In the cross Milena x Sadovo 3959, cultivar Milena formed 92 number of boxes in
plant, Sadovo 3959 - 181, and the progeny of F1 population 163.90. The inheritance of the
trait was incompletely dominant to the parent with higher number of boxes, and heterosis was
absent. In the reciprocal cross, heterosis is again absent, and inheritance of the trait follows
the same pattern (fig 5). In the reciprocal cross, the d/a index has a negative value lower than
unity inheritance was incomplete to the parent with the lower number of boxes and heterosis
was absent. In a study by Rani S., et al. (2015), thirty-three hybrids showed positive heterosis
for the number of capsules, while five hybrids showed negative heterosis to the mean parent,
supporting our findings.

heterosis Nember of capsules

0 00 A0 s §000

s o1 Bdmsly  Sakw 18N EPRNINGC gone e Woonrance Jeee efects @ addtive pons elf e
Sadaz Al NAm Saac S8 xhuwd

Fig. 5. Heterosis effect by number of boxes Fig.6. Gene effects in inheritance by number
of boxes

Additive gene interactions have the highest proportion in inheritance of this trait in reciprocal

cross. This fact combined with the fact that the narrow sense inheritance coefficient has a
higher value than the broad sense makes the team in the early generations unsuccessful.
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Table. 1 Inheritance coefficients (H?, h?) selection differential (S) and team success R

Hybrid Seeds per plant, g | Nimber of | Total number of
combinations branches boxes
Q Milena x & Sadovo 3959

H* 23,3 30,0 12,8
h? 1,5 27,0 10,7
S 3.4 -0,4 -23,873
R -80,3 -12,0 -304,8
QSadovo 3959 xJ& Milena

H* 75,2 17,8 43

h? 75,1 1,3 4,1

S -7,8 -1,1 -46,0
R -585,2 -191,1 -195,7
Q Sadovo 1x & Sadovo 3959

H* 57,3 21,5 37,5
h? 21,3 1,6 5,8

S -3,8 -0,27 -11,3
R -217,7 -5,8 4227
@ Sadovo 3959 x & Sadovo 1

H? 89,0 35,0 71,9
h? 74,8 31 84,1
S 2.5 0,2 -0,1

R -134.2 141,9 1,2

Genetic distance and heterosis.

In the inheritance of all yield elements in sesame, the interaction between allelic and non-
allelic genes were too complex, and in this case no optimal genetic distance can be established
in the parents used to justify obtaining the maximum heterosis effect. The nature of the
resulting curve has no direction.

Conclusion

In the incomplete diallel scheme used, the manifestation of heterosis and gene effects depend

on the direction of crossing. In combinations with high heritability coefficients, where the
influence of gene factors in the overall phenotypic manifestation of traits was greater,
effective selection in earlier hybrid generations (F, - F3) is expected. This analysis model
confirms the hypotheses of heterosis manifestation (dominance, overdominance or epistasis)
and can be used with success in any specific hybrid combination included in breeding
programs and in other crops.
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Abstract

Twenty Bulgarian maize hybrids (FAO 400-600), including one check — Zp560, are tested in
three locations — Zemun Polje, Pancevo and Becej in 2018 and 2019. ANOVA results pointed
out a significance of all variances — locations, hybrids and GXE with the first ones’
predomination (51.42%). PC; and PC; scores occupied 61.6% and 18.2% of the interactions
variability. Grain yield stability of hybrids was determined by regression, variation and
AMMI analyses. The first three hybrids ranking by grain yield are: Zp-560, Kn-564 and Kn-
648. Three hybrids with lowest AMMI stability values (ASV) are Kn-466, Kn-571 and Kn-
320, well adapted to all environments. Kn-466 is located almost in the theoretical center of the
AMMI-2 biplot — zero point of PC; and PC,. That hybrid also took first rank by ASV.
According AMMI-2 analysis five hybrids are unstable — Kn-573, Kn-649, Kn-648, Kn-321
and Kn-572. They had also the biggest values of o;” — first parameter of Shukla. Ten hybrids
(50% from the trial) are located in the more productive zone of AMMI-1 biplot — above grand
mean. Five of them are with negative scores of PC; including check Zp-560, and the rest five
have positive PC;. A distribution of all hybrids, according yield general mean and mean value
(bi=1.0) of the first stability parameter from Eberhart and Russel model is very similar to
AMMI-1 biplot, that confirmed a previous study of ours. Conditions of the three locations in
2018 are better for hybrids performance than in 2019, but Pancevo had biggest PC; and PC,
scores for both years. Vectors of Zp-2018 and Zp-2019 are closest to the center of AMMI-2
biplot.

Key words: maize hybrids, stability parameters, AMMI, ASV.
Introduction

The multienvironments testing of maize hybrids is one of the final stages of the breeding
process. The main purpose of that testing is the genotypes stability assessment as a result of
the genotype-environment (GxE) interaction and determining of the best locations for their
zoning as well. A significant GXE interaction has very important consequences for the
breeding programs. For such an important quantitative trait as the grain yield, this interaction
can seriously limit the efforts in the selection of new genotypes that are important for the final
stage of the selection process. The agronomical (phenotype) stability can be defined by means
of parametrical methods — most often the regression or variation analysis, or by
nonparametrical ones — the rang and cluster analysis (Delic, Stankovic, & Konstantinov,
2009; Brankovi¢-Radojci¢ et al., 2022). Contemporary methods like the AMMI analysis — the
Additive Main Effects and Multiplicative Interaction effects model (Zobel et al., 1988) and its
modification — the GGE biplot analysis (Yan and Tinker, 2006; Gauch, 2006; Gauch, Piepho
and Annicchiarico, 2008) are also applied for determining of the genotype stability and
suitable cultivation areas. As hybrid models they use the Analysis of Variance (ANOVA) and
the Principle Component Analysis (PCA) with coordinates placement of genotypes and
environment in the biplot for a final data interpretation. Purchase et al. (2000) developed the
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AMMI Stability Value (ASV) indicator, based on the AMMI-model, in which the ANOVA
and the Principal Component Analyses are used simultaneously as a quantitative parameter, in
order to the genotypes to be ranked according to the stability of their yields. According to
Mitrovi¢ et al. (2012) there is not a significant difference between the AMMI and the GGE-
biplot analysis and they could be used with equal success for maize hybrids stability
evaluation at testing in different environments (locations). Brancovic et al. (2018) make a
comparison between linear regression models with the AMMI-analysis in relation to maize
hybrids stability. A similarity is observed, but regression models evaluate this stability by one
axis — the regression line, while the AMMI-analysis makes rates by two ones — PC; and PC,
(Shojaei et al., 2021). At the prediction of genotype performance and their yield stability in
different locations some unpredictable factors may occur — the so-called “noise” (Crossa,
1990; Crossa et al. 1990).

The aim of this study is to evaluate the stability of Bulgarian maize hybrids tested in multi-
location field trails in Serbia.

Materials and Methods

Based on a cooperation agreement twenty Bulgarian maize hybrids (FAO 300-600), including
one check — Zp560, are evaluated in multi-location field trails in Serbia for a two years’
period (2018-2019). The locations are Zemun Polje (Zp), Pancevo (Pan) and Becej (Be). The
climatic conditions of test locations are shown in Figure 1. Combination of years (2018 and
2019) and 3 locations (Zp, Pan and Be) are treated as 6 environments. The trails are set in a
randomized complete block design with 7,5 m? experimental plot size in two replications for
each genotype tested; under non-irrigated conditions. The standard agro-technical practices
according to local agro-ecological conditions are applied. The grain yield is measured in
kg/ha with 14% moisture at harvest. A two-factor Analysis of Variance (ANOVA) on the data
is performed. The parameters of stability of genotypes are determined according to the models
of Eberhart & Russell (1966) and first parameter of Shukla (1972). Additive Main Effects and
Multiplicative Interaction effects (AMMI) — according to Zobel at al., (1988) and Gauch
(2006); AMMI Stability Value — ASV (Purchase J. L. et al, 2000) and Principle Component
Analysis (PCA) with coordinates placement of genotypes and environment in biplot figures
for a final data interpretation are applied. The data processing and analyses are done by
Microsoft Excel and SPSS 25 Statistical program.

Results and Discussion

The average monthly values of the sum of precipitations and temperatures for a ten-year
period (2010-2019), which also includes those of the study (2018-2019), are shown in Figure
1. According to these values, the precipitation in 2019 appears to be average for the period,
while 2018 has less rainfall. Rainfall amounts in 2019 at all three locations are over 400 mm
(April — October), as follows: ZP (426.6 mm); Pan (460.3) and Be (438.6). In 2018, two of
the locations (ZP and Pan) had a lower total rainfall of 313.4 and 344.4 mm, respectively,
while Be had 443.3 mm. The results of the ANOVA and AMMI analyses of the trials are
shown in Table 1. The variances are significant for all sources of variation — locations,
hybrids and their interaction. Locations have the largest variance, followed by genotype (that
of hybrids). The genotype-environment interaction has a lesser appearance. In principal
components analysis, PC1 accounted for 61.6% of this interaction and PC2 accounted for
18.2%. These results confirm the research of several authors (summarized by Zobel et al.,
(1988) and Gauch, 2006) on the dominant role of variation in environmental conditions and
on PC1 of the genotype-environment interaction.
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Figure 1. Average mount values of temperatures and precipitation for April-October for the
three locations for ten years’ period (2010-2019)

Table 1. ANOVA results for grain yield of 20 maize hybrids tested at 6 locations (2018-
2019), and AMMI (PC scores)

ANOVA
Source of Variation SS df MS F P-value F crit
Locations 5989430.718 5 1197886.144 75.13263 0.00 2.289851
Reps in loc. 459705.3105 6 76617.55176 4.805531 0.00 4.38075
GEN (hybrids) 1947356.983 19 102492.4728 6.428432 0.00 1.673879
Interaction LxG 3711844.509 95 39072.04747 2.450638 0.00 1.373607
Error 1817572.637 114  15943.61962
Total 13925910.16 239

SS PORCENT |PORCENAC |DF MS F PROBF
Locations 5989430.72 51.42 51.42 5| 1197886.14| 63.12 0.00
GEN (hybrids) | 1947356.98 16.72 68.13 19| 102492.47 5.40 0.00
Interaction LxG | 3711844.51 31.87 100.00 95 39072.05 2.06 0.00
PC, 2288783.80 61.66 61.66 23 99512.34 5.85 0.00
PC, 675442.21 18.20 79.86 21 32163.91 1.89 0.02
Residuals 2277277.95 0 0 120| 18977.31623 | NA NA

Table 2 presents the results of the test for grain yield from 6 environmental conditions - two
years and three locations. Yields ranged from 8552.1 kg/ha for Kn-M-625 to 12021.8 kg/ha
for the ZP-560 standard. A wide range of hybrids by vegetation groups were included in the
trial. In the early FAO group (300-400) there are two hybrids; the mid-early FAO group (400-
500) — five hybrids; mid-late FAO (500-600) — ten hybrids (including the standard); and in the
late FAO (over 600) are three hybrids. This spectrum of hybrids roughly reflects the
distribution of Bulgarian hybrids by FAO groups in the official variety list of the Republic of
Bulgaria, where the mid-late group are most represented, although not all hybrids from the
experiment are included in it. The arrangement by grain yield puts the standard ZP-560 in first
place, but as can be seen from the LSD value at P=5%, a total of 8 hybrids do not differ from
it significantly. The yield of the ninth ranked Kn-320 is 88.5% of the standard. These nine
hybrids represent 45% of the experiment, as from the early group is Kn-320; the middle early
group — Kn-466 and Kn-472; the mid-late group — Kn-564, Kn-568 and Kn-572; from the late
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group — Kn-648 and Kn-649. As a sample, the distribution by vegetation groups is
approximately the same as their distribution in the entire experiment. The lack of significant
differences between hybrids from different vegetation groups partially confirms the larger
study of Videnovi¢ et al. (2013) on this matter.

Table 2. Ranking of hybrids by means of the grain yield (kg/ha) and ranking by ASV and PC
scores by hybrids and locations

Hybrids Name Yield, kg/ha| Rank PC, PC, ASV” Rank
1 Kn-320 10635.1 9 -0.28 0.11 0.954 3
2 Kn-321 10470.8 10 -0.75 0.5 2.595 18
3 Kn-466 10829.9 8 0.05 0.02 0.165 1
4 Kn-467 9367.4 18 -0.46 0.43 1.632 9
5 Kn-471 9294.6 19 0.43 -0.5 1.548 7
6 Kn-472 11100.8 5 -0.35 0.07 1.19 4
7 Kn-473 9943.0 13 -0.43 -0.25 1.493 6
8 Kn-509 9664.4 17 0.49 -0.15 1.655 10
9 Kn-564 11927.4 2 0.35 -0.33 1.248 5
10 Kn-565 9924.2 14 -0.49 0.43 1.713 12
11 Kn-568 11533.1 4 0.46 0.55 1.655 11
12 Kn-569 10140.7 12 -0.51 -0.23 1.738 14
13 Kn-570A 10191.1 11 -0.47 -0.31 1.629 8
14 Kn-571 9895.9 15 0.07 -0.18 0.304
15 Kn-572 10837.1 7 -0.7 -0.43 2.421 16
16 Kn-573 9822.7 16 0.81 1 2.926 19
17 Kn-648 11583.5 3 0.73 -0.56 2.523 17
18 Kn-649 10946.4 6 0.92 -0.27 3.142 20
19 M-625 8552.1 20 0.64 0.2 2.188 15
20 ZP 560 12021.8 1 -0.51 -0.08 1.715 13

LSD 5% 1450.7
LSD 1% 1917.2
LSD 0.1 % 2464.0

*AMMI Stability Value (Purchase J. L. at al, 2000)

Locations™ Yiled, kg/ha PC, PC,
Zp 2018 1 10277.1 0.19 0.18
Pan 2018 2 12218.4 0.50 -0.47
Be 2018 3 12596.4 0.47 -0.21
Zp 2019 4 8548.4 0.06 0.39
Pan 2019 5 8554.5 -1.00 -0.38
Be 2019 6 10409.9 -0.22 0.50

** Zp — Zemun Polje; Pan — Pancevo; Be - Becej

ASV appears as a parametric evaluation of the stability of genotypes, resulting from AMMI-
analysis (Purchase et al., 2000). Lower ASV values characterize hybrids as more stable under
less favorable conditions. Table 2 shows three groups of this parameter: with values of
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ASV<1.0 there are three hybrids; ASV=1.0 to 2.0 are eleven hybrids (the most common
group); ASV>2.0 are six hybrids, the last ones can be defined as unstable. The 3 hybrids with
ASV<1.0 are Kn-466, Kn-571, Kn-320, which are from three different vegetation groups, and
Kn-571 is significantly lower yielding than the standard. There is no overlap between the
yield ranking and ASV in the studied hybrids. Hybrids Kn-565 and Kn-569 have a relatively
close ranking, the latter is not significantly different from the yield standard.

In the following Table 3, besides the average yield, the variation by hybrids, the stability
parameters from the model of Eberhart & Russell (1966) and the first parameter from the
model of Shukla (1972) are presented. We commented on the scope of the yield in the
previous table, and the variation for the experiment is 8.85%, which defines it as weak.
Variation by hybrids ranges from 10.17 to 32.24%, with ten accessions averaging between 10-
20% and the other 10 genotypes is over 20 %, which defines it as strong. The first parameter
bi according to Eberhard & Russell model has values <1.0 in ten hybrids, which can
characterize them as stable under unfavorable conditions. In six hybrids, S2di had negative
values that were determined to be zero (according to Russell 1988, personal communication).

Table 3. Means of the grain yield (kg/ha), variation and stability parameters (Eberhart &
Russel, 1966) and first stability parameter of Shukla, (1972).

Gen. Eberhart & Russell Shukla
Hybrids | Yiled, kg/ha| CV/(%) b; Sd; R oi’
1. Kn-320 10635.1 16.80 0.61 18081.14 0.35 27171.32
2. Kn-321 10470.8 10.48 0.22 5225.90 0.12 30746.70
3. Kn-466 10829.9 17.30 1.00 -1522.73* 0.85 4647.18
4, Kn-467 9367.4 14.95 0.58 3972.08 0.51 15418.35
5. Kn-471 9294.6 29.08 1.46 3665.84 0.87 16264.15
6. Kn-472 11100.8 10.24 0.61 -5767.31* 0.86 5929.25
7. Kn-473 9943.0 17.08 0.78 5226.53* 0.63 12236.58
8. Kn-509 9664.4 28.66 1.58 -5706.01* 0.98 12178.28
9. Kn-564 119275 22.93 1.56 -6103.51* 0.98 11168.16
10. Kn-565 9924.2 10.17 0.41 -1470.45* 0.49 16339.57
11. Kn-568 11533.1 21.12 1.24 9086.55 0.77 15918.80
12. Kn-569 10140.7 11.51 0.45 1496.95 0.44 17421.85
13. Kn-570A 10191.1 14.32 0.62 4368.71 0.54 14741.85
14. Kn-571 9895.9 19.94 1.13 -7150.08* 0.98 214.50
15. Kn-572 10837.1 14.16 0.48 12792.06 0.29 26319.49
16. Kn-573 9822.7 31.63 1.32 47440.14 0.54 51587.67
17. Kn-648 115835 27.78 1.75 6443.43 0.89 30583.59
18. Kn-649 10946.4 32.19 1.93 7956.39 0.90 41781.72
19. M-625 8552.1 32.24 1.42 11507.71 0.80 22121.22
20. ZP 560 12021.8 16.20 0.85 12549.97 0.57 17930.26
Average 10434.1
Min 8552.1
Max 12021.8
STDEV 924.2
CV, % 8.85
*S°di=0

Hybrid Kn-466 has parameters bi=1.0 and S%d;i=0, which exactly correspond to the theoretical
model. Ten of the hybrids studied had b; values, including Kn-466, of 1 and above 1, and the
rest are below this value. The coefficient of determination R?, which is taken as an indicator
of genetic stability, in four hybrids (Kn-321; Kn-565; Kn-569 and Kn-572) has a value lower
than 0.5. The first parameter (¢i°) of Shukla characterizes the stability of genotypes, as a
result of their linear interactions with the environmental conditions. Good convergence with
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the S°d; variance from the Eberhart & Russell model is observed. The six hybrids with zero
values of this parameter also have low values of oi*. The results are in good coherency with
the study performed by Pavlov et al. (2023) on different stability evaluations in late maize
hybrids.

The following Figure 2 describes the distribution of the studied hybrids by the general mean
for grain yield of the trials and the first stability parameter b; from the model of Eberhart &
Russell (1966). In previous research (Vulchinkov., et al., 2021); this distribution was shown
to be more correct in characterizing the genotypes in terms of their yield and stability, than the
well-known model of Francis & Kannenberg (1978) using mean yield and coefficient of
variation. In the figure, half of the hybrids are in the high-yield zone above the general mean
of the trials, and also half of them are of the stable type (bi<1.0). In the most interesting
quadrant — higher than average yield and lower value of bi<1.0, there are five hybrids — Kn-
321, Kn-572, Kn-570, Kn-320, Kn-472 plus the standard ZP-560, and Kn-466 with a value of
bi=1.0 can also be added to them. Four hybrids — Kn-568, Kn-564, Kn-648 and Kn-649,
which are in the highly productive zone, but of the “responsive” type (b >1.0), are also of
interest for the selection. The hybrids with low ASV values (see Table 2), four accessions
(Kn-320; Kn-466; Kn-472 and Kn-473) fal